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EDITORIAL PREFACE
Jordan Journal of Biological Sciences (JJBS) is a refereed, quarterly international
journal financed by the Scientific Research and Innovation Support Fund, Ministry of
Higher Education and Scientific Research in cooperation with the Hashemite
University, Jordan. JJBS celebrated its 11th commencement this past January, 2019.
JJBS was founded in 2008 to create a peer-reviewed journal that publishes highquality research articles, reviews and short communications on novel and innovative
aspects of a wide variety of biological sciences such as cell biology, developmental
biology, structural biology, microbiology, entomology, molecular biology,
biochemistry, medical biotechnology, biodiversity, ecology, marine biology, plant and
animal biology, plant and animal physiology, genomics and bioinformatics.
We have watched the growth and success of JJBS over the years. JJBS has published
11 volumes, 45 issues and 479 articles. JJBS has been indexed by SCOPUS, CABI’s
Full-Text Repository, EBSCO, Clarivate Analytics- Zoological Record and recently
has been included in the UGC India approved journals. JJBS Cite Score has improved
from 0.18 in 2015 to 0.60 in 2018.
A group of highly valuable scholars have agreed to serve on the editorial board and
this places JJBS in a position of most authoritative on biological sciences. I am
honored to have six eminent associate editors from various countries. I am also
delighted with our group of international advisory board members coming from 15
countries worldwide for their continuous support of JJBS. With our editorial board's
cumulative experience in various fields of biological sciences, this journal brings a
substantial representation of biological sciences in different disciplines. Without the
service and dedication of our editorial; associate editorial and international advisory
board members, JJBS would have never existed.
In the coming year, we hope that JJBS will be indexed in Clarivate Analytics and
MEDLINE (the U.S. National Library of Medicine database) and others. As you read
throughout this volume of JJBS, I would like to remind you that the success of our
journal depends on the number of quality articles submitted for review. Accordingly, I
would like to request your participation and colleagues by submitting quality
manuscripts for review. One of the great benefits we can provide to our prospective
authors, regardless of acceptance of their manuscripts or not, is the feedback of our
review process. JJBS provides authors with high quality, helpful reviews to improve
their manuscripts.
Finally, JJBS would not have succeeded without the collaboration of authors and
referees. Their work is greatly appreciated. Furthermore, my thanks are also extended
to The Hashemite University and the Scientific Research and Innovation Support
Fund, Ministry of Higher Education and Scientific Research for their continuous
financial and administrative support to JJBS.

Professor Khaled H. Abu-Elteen
March, 2019
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Abstract
The Tomato yellow leaf curl virus (TYLCV) is transmitted by the whitefly vector (Bemisia tabaci) and can cause big losses
in tomato yields in Egypt and worldwide. Several genes linked to resistance to TYLCV (Ty-1, Ty-2 and Ty-3) and whitefly
(Mi-1.2) in wild species and cultivated tomatoes were detected. Cleaved amplified Polymorphic Sequence (CAPS) and
Sequence Characterized Amplified Region (SCAR) markers are used as tools in tomato lines carrying different combinations
of Ty-1, Ty-2, Ty-3 and Mi-1.2 alleles. In this study, a total of nineteen tomato genotypes have been selected for the existence
of resistance alleles, using five CAPS and three SCAR markers. Resistant allele-specific fragments for TYLCV and whitefly
have been identified in some of the genotypes used in the current research. Thus, CAPS markers closely linked to Ty-1 and
Mi-1.2 discriminated homozygous and heterozygous tomato genotypes. In addition, Sequence Characterized Amplified
Region (SCAR) markers linked to Ty-2 and Ty-3 genes separated both dominant and recessive alleles in tomato plant
materials. On the contrary, CAPS (Ty-2 and Ty-3) and SCAR (Mi-1.2) markers gave false positive results. These molecular
markers are considered advantageous tools for pyramiding resistance genes of several genotypes into a single line,
improving the resistance to begomoviruses.
Keywords: Solanum lycopersicon, Wild tomato, Ty-1, Ty-2, Ty-3, Mi-1.2, Disease resistance.

1. Introduction
Tomatoes (Solanum lycopersicum) are economically
important horticultural crops which belong to the
Solanaceae family, and are used as food for humans
(Peralta et al., 2008). Tomato yields are often infected by
the Tomato yellow leaf curl virus (TYLCV) which causes
100% significant losses in tomato crops in the tropical and
subtropical regions around the world (Czosnek, 2007;
Mahfouze et al., 2015). TYLCV belongs to the genus
Begomovirus (family Geminiviridae) (Belabess et al.,
2016). The virus is transmitted by the sweetpotato whitefly
vector (Bemisia tabaci) in a persistent and circulative
manner (Mahfouze et al., 2017; Geng et al., 2018).
Although, the use of insecticides for the sake of whitefly
insect control can reduce the spread of the virus, epidemics
can appear and resistance of whitefly to insecticides has
been reported (Feng et al., 2010; Schuster et al., 2010).
The breeding of tomatoes resistant or tolerant to TYLCV
is one of the most effective strategies to reduce the yield
losses. No resistance has been recorded to date in the S.
lycopersicum genotype, though some tomato lines have
been found to be less susceptible than others. Fortunately,
new sources of resistance to TYLCV have been found in
several wild tomato species (Ji et al., 2007a; Scott, 2007).
Several resistance genes to TYLCV have been identified
*
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(Ji et al., 2007a, 2009; Anbinder et al., 2009). The TYLCV
resistance gene Ty-1 originated from S. chilense line
LA1969 and is located on chromosome 6 of tomato (Zamir
et al., 1994). The Ty-2 locus (Hanson et al., 2000), was
identified in S. habrochaites B6013 (Kalloo and Banerjee,
1990), mapped on the long arm of chromosome 11
(Hanson et al., 2006). The third TYLCV resistance gene
Ty-3 was identified in resistant tomato genotypes derived
from accessions LA2779 and LA1932 of S. chilense and is
located on the long arm of chromosome 6, 15 cM away
from Ty-1 locus (Ji et al., 2007a). The dominant whitefly
or root-knot nematode resistance gene Mi-1 was
introgressed from S. peruvianum into cultivated tomato
(Messeguer et al., 1991; Chen et al., 2015). The
introgressed DNA region carries many genes and
pseudogenes, among which only Mi-1.2 was proven to
give resistance to whiteflies (Nombela et al., 2003),
nematodes (Milligan et al., 1998) and aphids (Rossi et al.,
1998).
A significant advance has been made in the
development of molecular markers associated with disease
resistance genes (Ji et al., 2007b; Pérez de Castro et al.,
2007; Anbinder et al., 2009). The markers associated with
resistance genes can be used to select novel resistant
sources at early stages without inoculation with the
pathogen, hence shortening the length in breeding
programs. In addition, molecular markers are powerful
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tools in pyramiding programs, in which different resistance
gene alleles are introgressed in a single tomato line to
increase the effectiveness and durability of resistance
against diseases, also reducing the cost of breeding
resistant plants (Vidavski et al., 2008; Slater et al., 2013).
The objective of this study is to identify and compare
two functional molecular markers, namely CAPS and
SCAR linked to resistance genes for TYLCV (Ty-1, Ty-2
and Ty-3) and whitefly resistance locus (Mi-1.2) in wild
and cultivated tomato genotypes, which can be used as
marker-assisted selection (MAS) in breeding programs.
2. Materials and Methods
2.1. Plant Materials
A total of nineteen tomato genotypes, including
commercial cultivars and accessions were used in this
research. Fifteen tomato accessions were provided by the
Tomato Genetics Resource Center (TGRC), Department of
Plant Sciences, University of California, Davis, CA 95616
(http://tgrc.ucdavis.edu) and two accessions supported by
the Centre for Genetic Resources (CGN), Netherlands
(http://www.wur.nl). In addition, two commercial cultivars
were obtained from the Egyptian Company for Seeds, Oils
and Chemicals, Egypt to be used in this study (Table 1).
Twenty tomato seeds of each genotype were germinated in
a greenhouse until true leaves developed at a temperature
regime of 27°C:16°C (Light: Dark), a photoperiod of
L16:D8 h, and a relative humidity of 68-75%. The
seedlings were planted in peatmoss: sand (2:1) in pots
irrigated with a nutritive complex N: P: K (20:20:20).
Table 1. Tomato genotypes used in this study.
No. Genotype

Source No. Genotype

Source

1

Solanum hirsutum
24036

CGN

CGN

2

S. galapagense 0317 TGRC 12 S. lycopersicon cv.
Super Marmande

Egypt

3

S. neoricki 0247

TGRC 13 S. lycopersicon cv.
Strain B F1

Egypt

4

S. arcanum 1346

TGRC 14 S. corneliomulleri 1283 TGRC

5

S. corneliomulleri
1274

TGRC 15 S. habrochaites 1739

TGRC

6

S. pennellii 1733

TGRC 16 S. pimpinellifolium
1279

TGRC

7

S. huaylasense 1358 TGRC 17 S. pimpinellifolium
1332

TGRC

8

S. pimpinellifolium
1342

TGRC 18 S. pennellii 2963

TGRC

9

S. peruvianum 1333 TGRC 19 S. pennellii 1942

TGRC

10

S. habrochaites
1352

11 S. chilense 56139

TGRC

CGN= Centre for Genetic Resources, The Netherlands; TGRC= Tomato
Genetics Resource Center (TGRC), Department of Plant Sciences,
University of California, Davis.

2.2. Virus Resistance Tests
2.2.1. Source of TYLCV Isolate
The Tomato yellow leaf curl virus (TYLCV) isolate
was obtained from the Virology Laboratory, Department
of Agricultural Microbiology, Faculty of Agriculture,
University of Ain Shams, and was previously isolated and
identified from systemically infected tomato plants. The

isolate was maintained on tomato plants cv. Super
Marmande. Systemically, the infected leaves were used as
sources of inoculum in all experiments.
2.2.2. TYLCV Inoculation
One-month age tomato genotypes (15 plants/genotype)
grown in the greenhouse were inoculated by syringes using
TYLCV infected tomato sap according to Allam et al.,
(1994). Inoculated plants were observed for the
development of TYLCV symptoms for eight weeks postinoculation. All of the TYLCV inoculated tomato plants
were tested for the presence of viral DNA by PCR using
the TYLCV specific primer sets. These materials were
evaluated in two seasons during 2015/16 and 2016/17 in
the greenhouse.
2.2.3. Extraction of DNA
DNA was extracted from healthy and TYLCVinoculated fresh tomato leaves, after two months of
inoculation. Around 30 mg of tissue was ground in liquid
nitrogen and extracted with the DNA purification Kit (Bio
Basic, Inc., Markham, Canada) following the
manufacturer's instructions. DNA quality and quantity
were determined by agarose gel electrophoresis and
Spectrophotometer. DNA concentrations were adjusted to
50 ng/µL and the extracts were frozen at -20oC.
2.2.4. Detection of TYLCV by PCR
TYLCV-specific primer sets were designed based on
the sequence of TYLCV isolate (KP725055.1) from the
GenBank database using the primer3 software program
(Rozen and Skaletsky, 2000). The primers set TYLCVF̸
TYLCVR were designed to amplify the AV1 gene
(encodes a coat protein) of the TYLCV isolate
(manufactured by Bio Basic, Canada) (Table 2). PCR
reaction mixtures of 25 µL contained: 2.5 µL of 2.5 mM
dNTPs; 2.5 µL 10X PCR buffer; 2.5 µL 25 mM MgCl 2 ; 1
µL 2 U Taq DNA polymerase; 2.5 µL each forward and
reverse-sense primer at 10 µM; 1 µL sample DNA and
11.5 µL dsH 2 O. The PCR was carried out in Thermocycler
((Biometra, biomedizinische Analytik, Germany GmbH).
The PCR was carried out by denaturing DNA template at
94°C for four minutes, followed by thirty-five cycles of
denaturing at 94°C for one minute, primer annealing at
55°C for one minute and DNA extension at 72°C for one
minute. Then, it was followed by a final DNA extension at
72°C for seven minute.
2.3. PCR Amplification of Alleles Resistant to TYLCV
(Ty-1, Ty-2 and Ty-3) and Whitefly (Mi-1.2)
2.3.1. Cleaved Amplified Polymorphic Sequence (CAPS)
Markers
Five markers TY-1CAPS-TG178, JB1, TY-2CAPSTG105A, TY-3CAPS-FER-G8 and MI-REXCAPS
(manufactured by Bio Basic, Canada) and the sequence of
primers are shown in Table 2. PCRs were performed in 25
µL reaction volumes containing 1 µL of 50 ng/µL genomic
DNA, 1X buffer, 0.5 µM of each primer, 0.6 mM dNTPs,
1.4 mM MgCl 2 and 1 unit of Taq polymerase (Promega,
USA). The following conditions were used: an initial
denaturation step at 95°C for two minutes, followed by
thirty-five cycles of 95°C for forty seconds, annealing
temperature (Table 2) for forty seconds, 72°C for sixty
seconds and a final extension at 72°C for five minutes.
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Table 2. Primer sequences used in this study.

Primer and
markers

R- Chromosome
gene*
No

Single nucleotide sequence (5’-3’)

TYLCV AV1 F

-

-

TGACAAAGACATGCGGACCA

TYLCV AV1R

-

-

TGGGCTGTCGAAGTTGAGAC

Ty1

6

TY-1CAPSTG178F

Molecular
Annealing
Molecular size after
Restriction
digestion References
temperature
size of
enzyme
band (bp) with TaqI
(AT)°C
(bp)
55

-

335

56

TaqI

1000

CACGCTGGTTCTGTTGTATCTC

JB1CAPSF

450

6

53

JB1CAPSR

TTTCCATTCCTTGTTTCTCTG

TY-2CAPSTG105A F

CTTCAGAATTCCTGTTTTAGTCAGTTGAACC
Ty2

11

TY-3CAPSFER-G8F

TaqI

950
500

330
62

TY-2CAPSTG105AR

200

TaqI

500
220

ATGTCACATTTGTTGCTTGGACCATCC

Ty3

6

TaqI

500
300

CTAAGGGTGTACCCCAAGGGAAC

Jensen et
al., (2007)

500

MI -REX CAPS
F

180

TCGGAGCCTTGGTCTGAATT
Mi1.2

MI-REX
CAPSR

55
6

Ty-2SCAR
T0302F

TaqI

900
55

-

AGTGTACATCCTTGCCATTGACT

53

Mi1.2SCARMi23F

-

GCTCTGCCTATTGTCCCATATATAACC

GCATACTATATGGCTTGTTTACCC

-

Ji et al.,
(2008)

-

Seah et al.,
(2007)

380
57

6

450
660

TGGAAAAATGTTGAATTTCTTTTG
Mi1.2

Yang et al.,
(2014)

320

GGTAGTGGAAATGATGCTGCTC
6

Michelson
et al.,
(1994)

800

Ty3
Ty-3SCAR P625R

570
750

TGGCTCATCCTGAAGCTGATAGCGC
11

750

GCCAGAGATGATTCGTGAGA

Ty2

Ty-3SCAR P625F

Mi1.2SCARMi23R

Maxwell et
al., (2006)

200
250

Ty-2SCAR
T0302R

Pérez et al.,
(2007)

50

CATCCC GTGCATCATCCAAAGTGAC

55
TY-3CAPSFER-G8R

Barbieri et
al., (2010)

160

AACCATTATCCGGTTCACTC
Ty1

Present
study

>200

GGTACTCCTGGAAGGGTTAAGG

TY-1CAPSTG178R

-

430

*

Tomato yellow leaf curl virus (TYLCV) resistance genes.

2.3.1.1. Restriction Digestion and Analysis
CAPS-based markers were digested by the restriction
enzymes TaqI (Table 2). 20 µL reaction mixture
containing 16.3 µL dsH 2 O, 2 µL restriction enzyme 10X
buffer, 0.2 µL BSA (Bovine serum albumin), 0.5 µL TaqI
restriction enzyme 10 U/µL (Promega Corp.) and 1 µL
DNA. The reaction mixture was placed in a 65°C water
bath for about two hours according to the manufacturer’s
instructions.
2.3.2. Sequence Characterized Amplified Region (SCAR)
Markers
Three markers Ty-2SCART0302, Ty-3SCARP6-25 and
Mi-1.2SCARMi23 (manufactured by Bio Basic, Canada)
and the sequence of primers are shown in Table 2. PCR
parameters were for 25 µL reactions containing 2.5 µL 2.5

mM dNTPs, 5 µL 5X buffer, 2.5 µL 2.5 mM MgCl 2 , 0.1
µL (0.5 units) Taq DNA polymerase (Promega Corp.,
Madison, WI), 2.5 µL each forward and reverse primers at
10 μM, 1 µL of DNA extract and 8.9 µL dsH 2 O. PCR
cycles were 94°C for four minutes, thirty-five cycles of
94°C for thirty seconds, annealing temperature (Table 2)
for one minute and 72°C for 1.5 minute. These cycles were
followed by 72°C for ten minutes and then the reaction
was held at 4°C. PCR reactions were performed in the
Thermocycler.
All of the PCR and restriction-digested products were
analyzed with 1.5% agarose gel electrophoresis in 1X TBE
buffer (89 mM Tris-HCl, 89 mM boric acid, 2.5 mM
EDTA, pH 8.3), and were stained with ethidium bromide,
and visualized with UV light.
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3. Results
3.1. Evaluation of TYLCV Resistance in the Tomato
Genotypes
TYLCV inoculation tests were performed on nineteen
tomato genotypes which showed different responses to the
TYLCV infection (Table 3). Resistant tomato line S.
corneliomulleri 1274 has not shown TYLCV symptoms
eight weeks after inoculation. However, ten tomato
genotypes were tolerant to TYLCV which showed mild to
no-symptoms including leaf cup shape and necrosis. On

the contrary, eight susceptible tomato accessions displayed
moderate to severe symptoms involved leaf curling,
crinkle, epinasty, vein clearing, small leaf size, yellowing,
veinal necrosis and deformation (Figure 1 and Table 3).
The researchers have designed AV1 primer specific of
the TYLCV coat protein gene (AV1), in order to detect
TYLCV in the nineteen tomato genotypes. The results
showed that all tested tomato lines recorded of one
amplicon of 335 bp except S. corneliomulleri 1274 have
not recorded any product, which displayed resistance to
the TYLCV isolate.

Table 3. Tomato genotypes used to evaluate gene-based markers for resistances to TYLCV.
Tomato yellow leaf curl virus (TYLCV) resistance genes and DNA markers
Ty-1
No.

1
2
3

Ty-2

Ty-3

Mi-1.2

Genotype

Solanum
hirsutum 24036
S. galapagense
0317

CAPSTG105

SCAR
T0302

SCAR- P625

MIREX
CAPS

SCARMi23

R(Ty3/Ty3)

Mi/mi

-

H(Ty3a/ty3) S(ty 3 /ty 3 )

mi/mi

mi/mi

S(ty 3 /ty 3 )

mi/mi

-

JB1CAPS

CAPSTG178

H(Ty1/
ty 1 )

S(ty 1 /ty 1 ) R(Ty2/Ty2) H(Ty2/ ty 2 ) H(Ty3/ty3)

S(ty 1 /ty 1 ) S(ty 1 /ty 1 ) H(Ty2/ ty 2 ) S(ty 2 /ty 2 )

S. neoricki 0247 S(ty 1 /ty 1 ) S(ty 1 /ty 1 ) R(Ty2/Ty2) S(ty 2 /ty 2 )

CAPSFER-G8

S(ty 3 /ty 3 )

Detection
Result of
of
infection test
TYLCV
by PCR
LC, Y, C
(Susceptible)
LC, C
(Susceptible)
LC, Y, C
(Susceptible)
LCS
(Tolerant)

+
+
+

S. arcanum
H(Ty1/
H(Ty3b/
S(ty 1 /ty 1 )
R(Ty2/Ty2) S(ty 2 /ty 2 )
H(Ty3a/ty3)
Mi/mi Mi/mi
+
1346
ty 1 )
ty 3 )
S.
H(Ty1/
NS
5
H(Ty2/ ty 2 ) H(Ty2/ ty 2 ) H(Ty3a/ty3) R(Ty3/Ty3) Mi/mi corneliomulleri S(ty 1 /ty 1 )
ty 1 )
(Resistant)
1274
S. pennellii
SL, D
6
S(ty 1 /ty 1 ) S(ty 1 /ty 1 ) H(Ty2/ ty 2 ) R(Ty2/Ty2) H(Ty3/ty3) R(Ty3/Ty3) Mi/mi Mi/mi
+
1733
(Susceptible)
S. huaylasense
R(Ty1/
LCS
S(ty 1 /ty 1 )
H(Ty2/ ty 2 ) R(Ty2/Ty2) H(Ty3a/ty3) H(Ty3/ ty 3 ) Mi/mi +
7
1358
Ty1)
(Tolerant)
S.
LC, SL, D
+
pimpinellifolium S(ty 1 /ty 1 ) S(ty 1 /ty 1 ) R(Ty2/Ty2) S(ty 2 /ty 2 )
H(Ty3a/ty3) S(ty 3 /ty 3 )
mi/mi mi/mi
8
(Susceptible)
1342
S. peruvianum
H(Ty1/
R(Ty1/
NS
9
H(Ty2/ ty 2 ) S(ty 2 /ty 2 )
H(Ty3a/ty3) H(Ty3b/ty3) Mi/mi mi/mi
+
1333
ty 1 )
Ty1)
(Tolerant)
S. habrochaites H(Ty1/
NS
S(ty 1 /ty 1 ) R(Ty2/Ty2) R(Ty2/Ty2) H(Ty3a/ty3) R(Ty3/Ty3) Mi/mi mi/mi
+
10
1352
ty 1 )
(Tolerant)
S. chilense
H(Ty1/
NS
S(ty 1 /ty 1 ) H(Ty2/ ty 2 ) S(ty 2 /ty 2 )
H(Ty3a/ty3) H(Ty3/ ty 3 ) Mi/mi +
11
56139
ty 1 )
(Tolerant)
S. lycopersicon
LC, C, SL,
H(Ty1/
S(ty 1 /ty 1 ) H(Ty2/ ty 2 ) S(ty 2 /ty 2 )
cv. Super
H(Ty3a/ty3) S(ty 3 /ty 3 )
mi/mi mi/mi
VN
+
12
ty 1 )
Marmande
(Susceptible)
S. lycopersicon H(Ty1/
LC, C
S(ty 1 /ty 1 ) R(Ty2/Ty2) S(ty 2 /ty 2 )
H(Ty3a/ty3) S(ty 3 /ty 3 )
Mi/mi Mi/mi
+
13
cv. Strain B F1 ty 1 )
(Susceptible)
S.
LCS, N
H(Ty1/
R(Ty1/
+
14
H(Ty2/ ty 2 ) R(Ty2/Ty2) H(Ty3a/ty3) R(Ty3/Ty3) Mi/mi corneliomulleri
(Tolerant)
ty 1 )
Ty1)
1283
S. habrochaites
NS
15
S(ty 1 /ty 1 ) S(ty 1 /ty 1 ) H(Ty2/ ty 2 ) R(Ty2/Ty2) H(Ty3a/ty3) H(Ty3/ ty 3 ) Mi/mi +
1739
(Tolerant)
S.
E,VC
+
pimpinellifolium S(ty 1 /ty 1 ) S(ty 1 /ty 1 ) R(Ty2/Ty2) S(ty 2 /ty 2 )
H(Ty3a/ty3) S(ty 3 /ty 3 )
mi/mi mi/mi
16
(Susceptible)
1279
S.
NS
17
+
pimpinellifolium S(ty 1 /ty 1 ) S(ty 1 /ty 1 ) R(Ty2/Ty2) S(ty 2 /ty 2 )
H(Ty3a/ty3) S(ty 3 /ty 3 )
mi/mi mi/mi
(Tolerant)
1332
S. pennellii
NS
18
S(ty 1 /ty 1 ) S(ty 1 /ty 1 ) H(Ty2/ ty 2 ) H(Ty2/ ty 2 ) H(Ty3a/ty3) R(Ty3/Ty3) mi/mi Mi/mi
+
2963
(Tolerant)
S. pennellii
H(Ty1/
NS
S(ty 1 /ty 1 )
H(Ty2/ ty 2 ) H(Ty2/ ty 2 ) H(Ty3a/ty3) R(Ty3/Ty3) mi/mi Mi/mi
+
19
1942
ty 1 )
(Tolerant)
R: Resistance allele, homozygote (Ty/Ty), S: Susceptibility allele, homozygote (ty/ty), H: Heterozygote (Ty/ty), PCR= Polymerase chain reaction,
CAPS=Cleaved amplified polymorphic sequence, SCAR= Sequence characterized amplified region, (+)= Positive result, (-)= Negative result, C=
Crinkle, D= deformation, E= Epinasty, LC=Leaf curl, LCS=Leaf cup shape, NS= No symptoms, SL= Small leaf size, Y= Yellowing, VC= Vein
clearing, VN= Veinal necrosis.
4
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and band slightly larger than 200 bp which were
heterozygous (Ty1/ty1) e.g., S. arcanum 1346, S.
corneliomulleri 1274 and S. pennellii 1942. Besides, the
other thirteen genotypes were homozygous plants for ty-1
(ty1/ty1) showed two alleles with molecular sizes 200 and
160 bp (Figure 3 and Table 3).

(a)
Figure 1. TYLCV symptoms in different tomato genotypes
compared with the healthy control.
1-The healthy control of S. lycopersicon cv. Super Marmande; 2- S.
lycopersicon cv. Super Marmande infected with TYLCV, showing leaf curl
and small leaf size; 3-The healthy control of S. lycopersicon cv. Super
Marmande; 4- S. lycopersicon cv. Super Marmande diseased with TYLCV,
showing veinal necrosis; 5- The healthy control of S. corneliomulleri 1283;
6- S. corneliomulleri 1283 inoculated with TYLCV, showing leaf cup
shape; 7- The healthy control of S. habrochaites 1739; 8- S. habrochaites
1739 inoculated with TYLCV, showing no symptoms; 9- The healthy
control of S. hirsutum 24036; 10- S. hirsutum 24036 diseased with TYLCV,
showing leaf curl, crinkle and yellowing; 11- The healthy control of S.
Pennellii 1733; 12- S. Pennellii 1733 infected with TYLCV showing small
leaf size; 13- S. Pennellii 1733 infected with TYLCV, showing
deformation.

3.2. Screening Markers Linked to Ty-1, Ty-2, Ty-3 and
Mi-1.2 Resistance Loci
Validation of PCR-based markers is linked to the three
TYLCV resistance loci (Ty-1, Ty-2 and Ty-3) and one
whitefly resistance gene (Mi-1.2) in nineteen tomato
genotypes (Table 3).
3.2.1. Ty-1 Locus
PCR amplification of DNA from the tomato genotypes
and subsequent digestion by TaqI were performed using
JB-1 CAPS marker, and scored a unique band of 950 bp
with nineteen lines tested before restriction (Figure 2 and
Table 3). After restriction with TaqI, twelve tomato lines
revealed a susceptible allele (ty-1) size of 450 bp, which
confirms the gene absence Ty-1 such as S. galapagense
0317, S. neoricki 0247, S. arcanum 1346, S.
corneliomulleri 1274, S. huaylasense 1358, S.
pimpinellifolium 1342, 1279 and 1332, S. habrochaites
1739 and S. pennellii 1733, 2963 and 1942. On the other
hand, seven accessions exhibited heterozygous alleles
(Ty1/ty1) of 450 and 500 bp which confer the presence of
the Ty-1 gene i.e., S. hirsutum 24036, S. peruvianum 1333,
S. habrochaites 1352, S. chilense 56139, Super Marmande,
Strain B F1 and S. corneliomulleri 1283 (Figure 2 and
Table 3). None of the tomato lines recorded dominant
homozygous for Ty1 (Ty1/Ty1). JB-1 CAPS has not
discriminated between resistant and susceptible genotypes.
The TY-1CAPS-TG178 primer pair gave one amplicon
of 1000 bp with all of the tomato genotypes (Figure 3). Its
nucleotide sequence was 500 bp longer than the sequence
deduced from unigene because of the presence of four
intron sequences in the genomic DNA. PCR products were
distinguishable after digestion with restriction enzyme
TaqI. Three lines which were homozygous plants for Ty1
(Ty1/Ty1) exhibited two alleles (200 and band slightly
larger than 200 bp) viz., S. huaylasense 1358, S.
peruvianum 1333 and S. corneliomulleri 1283. Three
tomato genotypes had three different alleles of 160, 200

(b)
Figure 2. (a) PCR profiles of Ty-1 locus amplified by JB-1CAPS
primer from 19 tomato genotypes, lane M= 100 bp DNA ladder.
(b) TaqI digestion of PCR products amplified by JB1CAPS
primer. Lane 1: Solanum hirsutum 24036 (resistant, heterozygous); lane 2:
S. galapagense 0317 (susceptible, homozygous); lane 3: S. neoricki 0247
(susceptible, homozygous); lane 4: S. arcanum 1346 (susceptible,
homozygous); lane 5: S. corneliomulleri 1274 (susceptible, homozygous);
lane 6: S. pennellii 1733 (susceptible, homozygous); lane 7: S. huaylasense
1358 (susceptible, homozygous) ; lane 8: S. pimpinellifolium 1342
(susceptible, homozygous); lane 9: S. peruvianum 1333(resistant,
heterozygous); lane 10: S. habrochaites 1352 (resistant, heterozygous); lane
11: S. chilense 56139 (resistant, heterozygous); lane 12: S. lycopersicon cv.
Super Marmande (resistant, heterozygous); lane 13: S. lycopersicon cv.
Strain B F1 (resistant, heterozygous); lane 14: S. corneliomulleri
1283(resistant, heterozygous); lane 15: S. habrochaites 1739 (susceptible,
homozygous); lane 16: S. pimpinellifolium 1279 (susceptible,
homozygous); lane 17: S. pimpinellifolium 1332 (susceptible,
homozygous); lane 18: S. pennellii 2963 (susceptible, homozygous) and
lane 19: S. pennellii 1942 (susceptible, homozygous).

(a)

(b)
Figure 3. (a) PCR profiles of Ty-1 locus amplified by TY1CAPS-TG178 primer from 19 tomato genotypes, lane M= 100
bp DNA ladder. (b) TaqI digestion of PCR products amplified by
TY-1CAPS-TG178 primer. Lane 1: Solanum hirsutum 24036
(susceptible, homozygous); lane 2: S. galapagense 0317 (susceptible,
homozygous); lane 3: S. neoricki 0247 (susceptible, homozygous); lane 4:
S. arcanum 1346 (resistant, heterozygous); lane 5: S. corneliomulleri 1274
(resistant, heterozygous); lane 6: S. pennellii 1733 (susceptible,
homozygous); lane 7: S. huaylasense 1358 (resistant, homozygous); lane 8:
S. pimpinellifolium 1342 (susceptible, homozygous); lane 9: S. peruvianum
1333(resistant, homozygous); lane 10: S. habrochaites 1352 (susceptible,
homozygous); lane 11: S. chilense 56139 (susceptible, homozygous); lane
12: S. lycopersicon cv. Super Marmande (susceptible, homozygous); lane
13: S. lycopersicon cv. Strain B F1 (susceptible, homozygous); lane 14: S.
corneliomulleri 1283(resistant, homozygous); lane 15: S. habrochaites
1739 (susceptible, homozygous); lane 16: S. pimpinellifolium 1279
(susceptible, homozygous); lane 17: S. pimpinellifolium 1332 (susceptible,
homozygous); lane 18: S. pennellii 2963 (susceptible, homozygous) and
lane 19: S. pennellii 1942 (resistant, heterozygous).
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3.2.2. Ty-2 Locus
TY-2CAPS-TG105A marker was used to select the
tomato lines carrying the Ty-2 gene. One amplicon of 500
bp was obtained from all of the tested tomato genotypes.
The PCR products were distinguishable after the cleavage
with restriction enzyme TaqI (Figure 4). Two different
alleles appeared in tomato plant materials; resistant allele 1
consisted of a fragment of 330 bp and appeared in
homozygous eight tomato genotypes for Ty2 (Ty2/Ty2)
i.e., S. hirsutum 24036, S. neoricki 0247, S. arcanum 1346,
S. pimpinellifolium 1342, S. habrochaites 1352, Strain B
F1, and S. pimpinellifolium 1279 and 1332. Both alleles
330 and 200 bp appeared in heterozygous 11 tomato lines
(Ty2/ty2) as shown in Table (3). On the other hand, there is
not any homozygous susceptible accessions carry allele 2
of 200 bp (ty2/ty2) (Figure 4 and Table 3). This marker did
not discriminate between homozygous and heterozygous
accessions from each other.
The two co-dominant TY-2CAPS-TG105A marker
scored false positive results for the presence of the Ty-2
locus. This marker did not separate resistant and
susceptible alleles. On the contrary, the PCR products of
Ty-2SCAR T0302 marker were well separated from each
susceptible or resistance allele at each locus. The PCR
results successfully amplified DNA fragments for the Ty-2
locus from all homozygous and heterozygous tomato lines.
The five resistant lines (Ty2/Ty2) viz., S. pennellii 1733, S.
huaylasense 1358, S. habrochaites 1352 and 1739 and S.
corneliomulleri 1283 scored one allele of 900 bp (Figure
5). Moreover, ten susceptible accessions (ty2/ty2) gave
PCR fragments of 800 bp e.g., S. galapagense 0317, S.
neoricki 0247, S. arcanum 1346, S. peruvianum 1333, S.
chilense 56139, Super Marmande, Strain B F1 and S.
pimpinellifolium 1342, 1279 and 1332. The four
heterozygous tomato genotypes scored two alleles 800 and
900 bp, for example, Solanum hirsutum 24036, S.
corneliomulleri 1274, and S. pennellii 2963 and 1942
(Figure 5 and Table 3).
3.2.3. Ty-3 Locus
PCR amplification of DNA from the tomato genotypes
using primer TY-3CAPS-FER-G8, gave one fragment with
a molecular size of 500 bp in all of the homozygous and
heterozygous tomato genotypes as shown in Figure (6). A
subsequent digestion, when possible, was performed using
TaqI restriction enzyme. Two accessions S. hirsutum
24036 and S. pennellii 1733 which were heterozygous for
Ty-3 showed three different alleles of 50, 250 and 300 bp
in the presence of two TaqI sites. On the other hand, S.
neoricki 0247 which was homozygous of ty-3 had one
fragment of 500 bp without being digested due to lack of a
TaqI site in this fragment. However, the rest of the sixteen
tomato lines which were heterozygous for Ty-3a exhibited
two different bands with molecular sizes 200 and 300 bp,
in the result of these accessions having one TaqI site
(Figure 6 and Table 3). TY-3CAPS-FER-G8 marker gave
false positive results for the presence of the Ty-3 locus. In
addition, it has not distinguished between Ty-3, Ty-3a,
Ty3-b and ty-3 alleles of resistant and susceptible tomato
lines.

(a)

(b)

Figure 4. (a) PCR products of Ty-2 locus amplified by TY2CAPS-TG105A primer from 19 tomato genotypes, lane M= 100
bp DNA ladder. (b) TaqI digestion of PCR products amplified by
TY-2CAPS-TG105A primer. Lane 1: Solanum hirsutum 24036
(resistant, homozygous); lane 2: S. galapagense 0317 (resistant,
heterozygous); lane 3: S. neoricki 0247 (resistant, homozygous); lane 4: S.
arcanum 1346 (resistant, homozygous); lane 5: S. corneliomulleri 1274
(resistant, heterozygous); lane 6: S. pennellii 1733 (resistant, heterozygous);
lane 7: S. huaylasense 1358 (resistant, heterozygous); lane 8: S.
pimpinellifolium 1342 (resistant, homozygous); lane 9: S. peruvianum 1333
(resistant, heterozygous); lane 10: S. habrochaites 1352 (resistant,
homozygous); lane 11: S. chilense 56139 (resistant, heterozygous); lane 12:
S. lycopersicon cv. Super Marmande (resistant, heterozygous); lane 13: S.
lycopersicon cv. Strain B F1 (resistant, homozygous); lane 14: S.
corneliomulleri 1283 (resistant, heterozygous); lane 15: S. habrochaites
1739 (resistant, heterozygous); lane 16: S. pimpinellifolium 1279 (resistant,
homozygous); lane 17: S. pimpinellifolium 1332 (resistant, homozygous);
lane 18: S. pennellii 2963 (resistant, heterozygous) and lane 19: S. pennellii
1942 (resistant, heterozygous).

Figure 5. PCR amplicons of Ty-2 locus amplified by primer Ty2SCAR T0302 from 19 tomato genotypes, lane M= 100 bp DNA
ladder. Lane 1: Solanum hirsutum 24036 (resistant, heterozygous); lane 2:
S. galapagense 0317(susceptible, homozygous); lane 3: S. neoricki 0247
(susceptible, homozygous); lane 4: S. arcanum 1346 (susceptible,
homozygous); lane 5: S. corneliomulleri 1274 (resistant, heterozygous);
lane 6: S. pennellii 1733 (resistant, homozygous); lane 7: S. huaylasense
1358 (resistant, homozygous); lane 8: S. pimpinellifolium 1342 (susceptible,
homozygous); lane 9: S. peruvianum 1333 (susceptible, homozygous); lane
10: S. habrochaites 1352 (resistant, homozygous); lane 11: S. chilense
56139 (susceptible, homozygous); lane 12: S. lycopersicon cv. Super
Marmande (susceptible, homozygous); lane 13: S. lycopersicon cv. Strain B
F1 (susceptible, homozygous); lane 14: S. corneliomulleri 1283 (resistant,
homozygous); lane 15: S. habrochaites 1739 (resistant, homozygous); lane
16: S. pimpinellifolium 1279 (susceptible, homozygous); lane 17: S.
pimpinellifolium 1332 (susceptible, homozygous); lane 18: S. pennellii
2963 (resistant, heterozygous) and lane 19: S. pennellii 1942 (resistant,
heterozygous).

Ty3SCAR P6-25 gave one amplified fragment with a
molecular size of 450 bp in seven resistant tomato
genotypes which were homozygous (Ty3/Ty3) e.g., S.
hirsutum 24036, S. corneliomulleri 1274 and 1283, S.
pennellii 1733, 2963 and 1942 and S. habrochaites 1352.
Besides, S. peruvianum 1333 and S. arcanum 1346 which
were heterozygous (Ty3b/ty3) recorded two amplicons of
320 and 660 bp (Figure 7 and Table 3). On the other hand,
three heterozygous tomato lines (Ty3/ty3) scored two
alleles 320 and 450 bp such as S. huaylasense 1358, S.
chilense 56139 and S. habrochaites 1739. The other seven
susceptible accessions which were recessive homozygous
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(ty3/ty3) gave PCR fragments of 320 bp (Figure 7 and
Table 3). Furthermore, there are no tomato genotypes that
have the Ty3a locus.

(a)

(b)

Figure 6. (a) PCR products of Ty-3 locus amplified by TY3CAPS-FER-G8 primer from 19 tomato genotypes, lane M= 100
bp DNA ladder. (b) TaqI digestion of PCR products amplified by
TY-3CAPS-FER-G8 primer. Lane 1: Solanum hirsutum 24036
(resistant, heterozygous); lane 2: S. galapagense 0317 (resistant,
heterozygous); lane 3: S. neoricki 0247(susceptible, homozygous); lane 4:
S. arcanum 1346 (resistant, heterozygous); lane 5: S. corneliomulleri 1274
(resistant, heterozygous); lane 6: S. pennellii 1733 (resistant, heterozygous);
lane 7: S. huaylasense 1358 (resistant, heterozygous); lane 8: S.
pimpinellifolium 1342 (resistant, heterozygous); lane 9: S. peruvianum 1333
(resistant, heterozygous); lane 10: S. habrochaites 1352 (resistant,
heterozygous); lane 11: S. chilense 56139 (resistant, heterozygous); lane 12:
S. lycopersicon cv. Super Marmande (resistant, heterozygous); lane 13: S.
lycopersicon cv. Strain B F1 (resistant, heterozygous); lane 14: S.
corneliomulleri 1283 (resistant, heterozygous); lane 15: S. habrochaites
1739 (resistant, heterozygous); lane 16: S. pimpinellifolium 1279 (resistant,
heterozygous); lane 17: S. pimpinellifolium 1332 (resistant, heterozygous);
lane 18: S. pennellii 2963 (resistant, heterozygous) and lane 19: S. pennellii
1942 (resistant, heterozygous).

Figure 7. PCR amplicons of Ty-3 locus amplified with primer
Ty3SCAR P6-25 from 19 tomato genotypes, lane M= 100 bp
DNA ladder. Lane 1: Solanum hirsutum 24036 (resistant, homozygous);
lane 2: S. galapagense 0317 (susceptible, homozygous); lane 3: S. neoricki
0247(susceptible, homozygous); lane 4: S. arcanum 1346 (resistant,
heterozygous); lane 5: S. corneliomulleri 1274 (resistant, homozygous);
lane 6: S. pennellii 1733 (resistant, homozygous); lane 7: S. huaylasense
1358 (resistant, heterozygous); lane 8: S. pimpinellifolium 1342
(susceptible, homozygous); lane 9: S. peruvianum 1333 (resistant,
heterozygous); lane 10: S. habrochaites 1352 (resistant, homozygous); lane
11: S. chilense 56139 (resistant, heterozygous); lane 12: S. lycopersicon cv.
Super Marmande (susceptible, homozygous); lane 13: S. lycopersicon cv.
Strain B F1 (susceptible, homozygous); lane 14: S. corneliomulleri 1283
(resistant, homozygous); lane 15: S. habrochaites 1739 (resistant,
heterozygous); lane 16: S. pimpinellifolium 1279 (susceptible,
homozygous); lane 17: S. pimpinellifolium 1332 (susceptible,
homozygous); Lane 18: S. pennellii 2963 (resistant, homozygous) and lane
19: S. pennellii 1942 (resistant, homozygous).

3.2.4. Mi-1.2 Locus
The PCR using MI-REXCAPS primer pairs yielded a
750 bp DNA fragment in all of the studied genotypes,
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before digestion with TaqI (Figure 8). After digestion, a
single 750 bp fragment for recessive homozygous eight
genotypes (mi/mi) was observed. For instance, S.
galapagense 0317, S. neoricki 0247, S. pimpinellifolium
1342, 1279 and 1332, Super Marmande and S. pennellii
2963 and 1942. However, the remaining eleven genotypes
had three loci of 750, 570 and 180 bp which were
heterozygous (Mi/mi) such as S. hirsutum 24036, S.
arcanum 1346, S. corneliomulleri 1274 and 1283, S.
pennellii 1733, S. huaylasense 1358, peruvianum 1333, S.
habrochaites 1352 and 1739, S. chilense 56139, and Strain
B F1 (Figure 8 and Table 3). The MI-REXCAPS marker
distinguished between susceptibility and resistance alleles
at Mi-1.2 locus of the homozygous and heterozygous
genotypes.
The Mi-1.2SCARMi23 gave different results from the
MI-REXCAPS primer in the genotypes carrying Mi-1.2 or
not carrying Mi-1.2. The PCR with Mi-1.2SCARMi23
primer pairs yielded 430 band with homozygous seven
susceptible lines (mi/mi) such as S. galapagense 0317, S.
pimpinellifolium 1342, 1279 and 1332, S. peruvianum
1333, S. habrochaites 1352 and Super Marmande.
Heteroduplex five genotypes (Mi/mi) exhibited two
amplified fragments of 430 and 380 bp viz., S. arcanum
1346, Strain B F1 and S. pennellii 1733, 2963 and 1942.
Furthermore, the other seven accessions have not scored
any bands (Figure 9 and Table 3).

(a)

(b)

Figure 8. (a) PCR products of Mi-1.2 locus amplified by MI-REX
CAPS primer from 19 tomato genotypes, lane M= 100 bp DNA
ladder. (b) TaqI digestion of PCR products amplified by MI-REX
hirsutum 24036 (resistant,
CAPS primer. Lane 1: Solanum
heterozygous); lane 2: S. galapagense 0317 (susceptible, homozygous);
lane 3: S. neoricki 0247 (susceptible, homozygous); lane 4: S. arcanum
1346 (resistant, heterozygous); lane 5: S. corneliomulleri 1274 (resistant,
heterozygous); lane 6: S. pennellii 1733 (resistant, heterozygous); lane 7: S.
huaylasense 1358 (resistant, heterozygous); lane 8: S. pimpinellifolium
1342 (susceptible, homozygous); lane 9: S. peruvianum 1333 (resistant,
heterozygous); lane 10: S. habrochaites 1352 (resistant, heterozygous); lane
11: S. chilense 56139 (resistant, heterozygous); lane 12: S. lycopersicon cv.
Super Marmande (susceptible, homozygous); lane 13: S. lycopersicon cv.
Strain B F1 (resistant, heterozygous); lane 14: S. corneliomulleri 1283
(resistant, heterozygous); lane 15: S. habrochaites 1739 (resistant,
heterozygous); lane 16: S. pimpinellifolium 1279 (susceptible,
homozygous); lane 17: S. pimpinellifolium 1332 (susceptible,
homozygous); lane 18: S. pennellii 2963 (susceptible, homozygous) and
lane 19: S. pennellii 1942 (susceptible, homozygous).
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Figure 9. PCR amplicons of Mi-1,2 locus amplified with primer
Mi-1.2SCARMi23 from 19 tomato genotypes, lane M= 100 bp
DNA ladder. Lane 1: Solanum hirsutum 24036 (no alleles); lane 2: S.
galapagense 0317 (susceptible, homozygous); lane 3: S. neoricki 0247 (no
alleles); lane 4: S. arcanum 1346 (resistant, heterozygous); lane 5: S.
corneliomuelleri 1274 (no alleles); lane 6: S. pennellii 1733 (resistant,
heterozygous); lane 7: S. huaylasense 1358 (no alleles); lane 8: S.
pimpinellifolium 1342 (susceptible, homozygous); lane 9: S. peruvianum
1333 (susceptible, homozygous); lane 10: S. habrochaites 1352
(susceptible, homozygous); lane 11: S. chilense 56139 (no alleles); lane 12:
S. lycopersicon cv. Super Marmande (susceptible, homozygous); lane 13: S.
lycopersicon cv. Strain B F1 (resistant, heterozygous); lane 14: S.
corneliomulleri 1283 (no alleles); lane 15: S. habrochaites 1739 (no
alleles); lane 16: S. pimpinellifolium 1279 (susceptible, homozygous); Lane
17: S. pimpinellifolium 1332 (susceptible, homozygous); lane 18: S.
pennellii 2963 (resistant, heterozygous) and lane 19: S. pennellii 1942
(resistant, heterozygous).

4. Discussion
Molecular markers have several applications in plant
breeding programs. The availability of molecular markers
associated with genes which suggest desirable traits allows
the shortening of the breeding programs. Many resistance
genes discovered in different wild tomato species have
been introgressed in the cultivated tomato. Some of them
are mapped to chromosome 6, and are genetically very
close. Identifying the loci of a marker linked specifically
with one of these resistance genes can be complex. Some
tomato genotypes integrating many genes from different
wild species often share the same alleles for a marker. This
can give false positive results (Slater et al., 2013).
In the present study, one wild accession S.
corneliomulleri 1274 was resistant to TYLCV which has
not recorded any symptoms. Also, it was observed in this
study that most the genotypes viz., S. arcanum 1346, S.
huaylasense 1358, S. peruvianum 1333, S. habrochaites
1352 and 1739, S. chilense 56139, S. corneliomulleri 1283,
S. pimpinellifolium 1332, and S. pennellii 2963 and 1942
were tolerant to the TYLCV infection. In contrast, eight
tomato lines, including S. hirsutum 24036, S. galapagense
0317, S. neoricki 0247, S. pennellii 1733, S.
pimpinellifolium 1342 and 1279, Super Marmande, and
Strain B F1 were susceptible to TYLCV which showed the
typical symptoms to TYLCV. These results were
confirmed by amplification of 335 bp TYLCV DNA band
in all of the studied tomato genotypes except S.
corneliomulleri 1274. Similar studies were made by
Chomdej et al., (2007), Abdulbaset et al., (2008) and Seo
et al., (2018) found that all genotypes of S. lycopersicum
had shown various degrees of disease symptoms. Thus, six
lines of S. peruvianum were resistant and remained
symptomless.
In this study, five CAPS and three SCAR molecular
markers tightly linked to Ty-1, Ty-2, Ty-3 and Mi-1.2
genes have been employed for nineteen tomato genotypes.
Such data can assist plant breeders in fast screening
against TYLCV resistance at the seedling stage and in the
development of stable resistant lines by gene pyramiding
through MAS. PCR amplification of DNA from nineteen

tomato lines and subsequent digestion by TaqI were
performed using both JB-1 CAPS and TY-1CAPS-TG178
markers. For the JB-1CAPS marker, after restriction with
TaqI, twelve tomato lines had a susceptible allele (ty-1)
size of 450 bp such as S. galapagense 0317, S. neoricki
0247, S. arcanum 1346, S. corneliomulleri 1274, S.
huaylasense 1358, S. pimpinellifolium 1342, 1279 and
1332, S. habrochaites 1739, and S. pennellii 1733, 2963
and 1942. Moreover, seven accessions exhibited
heterozygous alleles (Ty1/ty1) of 450 and 500 bp including
S. hirsutum 24036, S. peruvianum 1333, S. habrochaites
1352, S. chilense 56139, Super Marmande, Strain B F1
and S. corneliomulleri 1283. JB-1 CAPS have not
discriminated between resistant and susceptible genotypes.
These findings were in agreement with Prasanna et al.,
(2015) who observed that the JB1 marker linked to
TYLCV
resistance
Ty-1
showed
inconsistent
amplification, and hence was not considered for further
evaluation.
For the TY-1CAPS-TG178 marker, three genotypes
showed two homozygous bands of 200 and band slightly
larger than 200 bp thus conferring the presence of the
dominant gene Ty-1 such as S. huaylasense 1358, S.
peruvianum 1333 and S. corneliomulleri 1283. These
accessions appeared tolerant or resistant to TYLCV.
Moreover, the other genotypes which showed three
amplicons of 160, 200 and band slightly larger than 200 bp
were heterozygous (Ty1/ty1) such as S. arcanum 1346, S.
corneliomulleri 1274, and S. pennellii 1942. They
displayed resistance or tolerance to the TYLCV infection.
However, the remaining genotypes which had a recessive
gene for ty-1 showed two alleles with the molecular sizes
of 200 and 160 bp. Ji et al., (2007b) mentioned that Ty-1,
which originated from S. chilense LA1969 accession and
Ty-1 is almost completely dominant to TYLCV. Milo,
(2001) found out that resistance to TYLCV is controlled
by Ty-1 dominant gene, which has been mapped to
chromosome 6.
For Ty-2, the two markers, TY-2CAPS-TG105A and
Ty-2SCAR T0302 were used for the detection of
homozygous Ty-2/Ty-2 and ty-2/ty-2 and heterozygous Ty2/ty-2 in nineteen tomato genotypes. In this study, Ty2SCAR T0302 primer set separated the homozygous and
heterozygous plants better than the TY-2CAPS-TG105
primer. Thus, the latter primer gave false positive results,
when nineteen lines were evaluated. Also, this marker has
not detected all the lines that have the Ty-2 gene. In
addition, TY-2CAPS-TG105 marker amplified PCR
fragments from the recessive homozygous tomato such as
Super Marmande, Strain B F1, S. pimpinellifolium 1279,
1332 and 1342, S. peruvianum 1333, S. chilense 56139, S.
galapagense 0317, S. neoricki 0247 and S. arcanum 1346.
So, the Ty-2SCAR T0302 primer has been a better marker
than the TY-2CAPS-TG105 marker. These results
concerning this marker are consistent with the results
previously observed by Garcia et al., (2007) who
mentioned that the SCAR T0302 primer is a better marker
than the TG105 CAPS marker, as the latter may also
discover an introgression that might be linked with the I2
gene, and this would give false positive results. Kalloo and
Banerjee, (1990) found out that Ty-2 originated from S.
habrochaites in the resistant tomato line H24 and showed
completely dominant TYLCV inheritance (Ji et al.,
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2007b). Ty-2 has been mapped to a 19-cM region on the
long arm of chromosome 11 (Barbieri et al., 2010).
In the current study, the two markers TY-3CAPS-FERG8 and Ty3SCAR P6-25 have been used for the detection
of the Ty-3 gene. Only, co-dominant Ty3SCAR P6-25
marker distinguished between Ty-3, Ty-3a, Ty-3b and ty-3
alleles. In contrast, TY-3CAPS-FER-G8 gave false
positive results. Thus, all of the tested tomato lines
recorded resistance to TYLCV except S. neoricki 0247,
using TY-3CAPS-FER-G8. On the other hand, one locus
of 450 bp (Ty3/Ty3) revealed using Ty3SCAR P6-25
primer in homozygous seven tomato accessions e.g., S.
hirsutum 24036, S. corneliomulleri 1274, S. habrochaites
1352, S. corneliomulleri 1283 and S. pennellii 1733, 2963
and 1942. The expected 320 bp ty3 fragment was recorded
in the susceptible seven tomato genotypes such as S.
galapagense 0317, S. neoricki 0247, S. pimpinellifolium
1342, 1279 and 1332, Super Marmande, and Strain B F1.
Two alleles of 660 and 320 bp, were amplified from
heterozygous lines (Ty3b/ty3) such as S. arcanum 1346
and S. peruvianum 1333. In addition, three heterozygous
lines (Ty3/ty3), namely S. huaylasense 1358, S. chilense
56139, and S. habrochaites 1739 were easily detected by
this primer which amplified two alleles of 320 and 450 bp.
Moreover, there have not been any tomato lines which
have the Ty3a gene. These results are in agreement with
Neha et al., (2016) and Ji et al., (2007b) who used a codominant SCAR analysis to differentiate between the S.
lycopersicum recessive allele ty-3 and the S. chilense
dominant allele Ty-3. Jensen Katie et al., (2007) detected a
new locus of introgression (Ty-3b) in the tomato. Mejia et
al., (2010) found out that Ty-2 alone gave no resistance to
TYLCV in the tomato, but pyramiding Ty-2 and Ty-3
together supplied a higher level of resistance better than
Ty-3 alone.
For the Mi-1.2 locus, it was observed that MIREXCAPS scored more accurate results than the Mi1.2SCARMi23 marker. Some accessions gave results with
MI-REXCAPS and have not recorded any results with Mi1.2SCARMi23 such as S. hirsutum 24036, S. neoricki
0247, S. corneliomulleri 1274 and 1283, S. huaylasense
1358, S. chilense 56139, and S. habrochaites 1739.
Furthermore, eleven heterozygous tomato lines (Mi/mi)
displayed three alleles of 180, 570 and 750 bp, using MIREXCAPS i.e., S. hirsutum 24036, S. arcanum 1346, S.
corneliomulleri 1274 and 1283, S. pennellii 1733, S.
huaylasense 1358, peruvianum 1333, S. habrochaites 1352
and 1739, S. chilense 56139, and Strain B F1. In contrast,
the other eight genotypes were recessive homozygous have
not digestion site by TaqI using the MI-REXCAPS
marker. Veremis and Roberts, (2000) mentioned that
resistance to whitefly or root-knot nematodes originates
from wild tomatoes e.g., S. peruvianum, S. arcunum, S.
corneliomulleri and S. huaylasense. The latter formerly
belongs to S. peruvianum complex for tomato. Cortada et
al., (2010) reported that S. huaylasense accession LA1358
is a new source of whitefly or root-knot nematode
resistance; this resistance can be attributed to the presence
of Mi-genes. Firdaus et al., (2012) discovered different
levels of whiteﬂy resistance in tomato wild relatives such
as S. chilense, S. pimpinellifolium, S. pennellii, S.
habrochaites, and S. habrochaites f. glabratum. In the
current study, the MI-REXCAPS marker has been
explored alternatively to the SCAR method because CAPS
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detected new accessions carrying the Mi-1.2 resistant gene
to whitefly or root-knot nematode. These results were in
agreement with Williamson et al., (1994) who mentioned
that The CAPS marker is widely applied to detect the Mi1.2 in the tomato, and has been reported relatively reliable.
El-Mehrach et al., (2005) found out that the REXCAPS
marker could not be applied in tomato hybrid lines with
introgressions of S. chilense and S. habrochaites.
5. Conclusion
In this study, CAPS and SCAR markers have been
employed to detect resistance genes to TYLCV and
whitefly in nineteen tomato accessions. The researchers
have identified one line S. corneliomulleri 1274 carrying
(Ty-1, Ty-2, Ty-3) and (Mi-1.2) and showing resistance to
TYLCV and whitefly, respectively. In addition, ten
genotypes were TYLCV tolerant carrying one or more
TYLCV and whitefly resistant alleles. So, molecular
markers can be applied in the breeding programs to
expedite the procedures of pyramiding these resistance
genes of several genotypes into a single line, hence
improving the resistance to begomoviruses.
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Abstract
The Titanium dioxide nanoparticles (TiO 2 NPs) have been synthesized via biological methods using Aspergillus flavus, and
were subjected to numerous tests to confirm the formation of nanoparticles such as UV visible spectroscopy X-ray
diffraction (XRD), Fourier transform infrared (FTIR), Atomic force microscope (AFM) and Scanning electron microscope
(SEM) analysis. This study evaluates the immunogenic and hematologic effects of TiO 2 NPs in vivo in rabbit groups as
treatment after infection by two pathogenic bacteria; Escherichia coli (G1) and Staphylococcus aureus (G2). A dosage of 20
mg/kg of TiO 2 NPs was administrated orally to the rabbit groups (G1, G2) and the results were compared with the control
group (G3) which received the same dosage of TiO 2 NPs without any prior bacterial infection. The infected groups showed a
significant reduction in the values of RBC, PCV, Hb compared with the control group (G3) and the groups (TG1, TG2, TG3)
that were treated with TiO 2 NPs. Neutrophils percentages were higher than Lymphocytes in the infected groups compared
with the control group before and after the treatment. The titers of IgG and IgM showed a significant increase in the infected
animals compared with the control group and the group that was administrated TiO 2 NPs only. The levels of IL-10, IL-6,
IFN-γ and TNF-α showed a significant elevation (P <0.05) in the serum of infected groups (G1, G2) compared to those
treated with TiO 2 NPs or that found in the control. The oral dosage of TiO 2 NPs showed no significant differences at (P
>0.05) in group (TG3) compared with the control group (G3).
Key words: TiO 2 NPs, Hematological parameters, Immunoglobulin level, Cytokines

1. Introduction
According to recent studies, the effectiveness of
nanoparticles has been evaluated in stimulating the
immune system. Nanoparticles that target immune cells
can manipulate or control the immunological diseases such
as infectious diseases or tumor therapy. If the immune
system cannot recognize any foreign substance as bodythreatening, this substance is ignored or tolerated.
Therefore, the immune response must be considered when
it deals with nanoparticles within the body of the
organism, (Moyano et al., 2012). There are critical issues
that should be highlighted in this regard; the most
important of which is the immune system’s rejection of
nanoparticles, which the body identifies as foreign
substances. The toxicity of nanoparticles should be
assessed and considered, as they could introduce
pathological changes to the immune system, and that
would render the nanoparticles incompatible with the
immune system (Boraschi et al., 2012). Nanoparticles can
be used as adjuvants (Li et al., 2014), for example, the
HIV-2
virus
vaccine
in
mice
consists
of
Polymethylmethacrylate (PMMA) nanoparticles which are
*
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used as adjuvants that can enhance the response of the
antibodies one hundred times higher than the conventional
adjuvant aluminum hydroxide [Al(OH)3] (Stieneker et al.,
1991). The mechanism of nanoparticle usage as an
adjuvant is not well understood, but nanoparticles are
thought to improve the ingestion of antigen, or stimulate
the action of antigen-presenting cells (APCs)
(Dobrovolskaia and McNeil, 2007). A number of studies
are carried out in vitro and in vivo focusing on the direct
toxic effects, crystal phase composition, size, charge, the
route of administration, and amount of dosage of TiO 2
NPs. These are important factors when considering TiO 2
NPs as a drug (Ivo Iavicoli et al., 2012). The American
Food and Drug Administration (FDA) has determined that
TiO 2 NPs are non-toxic, and have been used in human
food, medicine, food contact materials (Wist et al., 2004).
The continual resistance of microorganisms to
conventional antibiotics stimulates scientific researchers to
find out alternatives to them especially against the
multidrug-resistant bacteria. The unique properties of TiO 2
NPs render them important in the pharmaceutical and
medical industries (Gerhardt et al., 2007). TiO 2 NPs have
a broad spectrum of activity against microorganisms,
including Gram-negative, Gram-positive and fungi as well
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(Josset et al., 2008). The other prosperity is that when
manipulating TiO 2 NPs biologically, no toxic substances
will be produced. Consequently, TiO 2 NPs are
environmental friendly (Llorens et al., 2012).
2. Material and Methods
TiO 2 NPs have been synthesized from Aspergillus
flavus. The biomass of the fungus was prepared by
cultivation according to Baskar et al. (2013), and the
synthesis of TiO 2 NPs was preformed according to
Tarafdar et al. (2013). The manufactured nanoparticles
were subjected to numerous tests to confirm the formation
of nanoparticles such as UV visible spectroscopy ((UV1800 series-Shimadzu/Japan), X-ray diffraction (XRD)
(XRD-6000- Shimadzu/ Japan), Fourier transform infrared
(FTIR) (Bruker/ Germany), atomic force microscope
(AFM) (Phywe measure nano/ England), and scanning
electron microscope (SEM) (Angstrom/ advanced/ USA)
analysis.

other with EDTA for hematological tests (Theml, et.
al., 2004).
3. Third Experiment: Treatment
The animals that were subjected to the infection (G1, G2)
and the control group (G3) were administrated TiO 2 NPs
with a concentration of 20 mg/ mL (Sankar et al., 2013)
via mouth. The health status of all animals was monitored,
and the procedure continued until the complete
disappearance of the disease symptoms. Again, their safety
was checked by a specialist veterinarian. Then, the blood
samples were withdrawn in two sets of tubes.

2.1. Preparation of Bacterial Suspension
The bacterial suspension was prepared according to
(Baron et al., 1998), which used to induce experimental
infection in rabbits.
2.2. Preparation of Laboratory Animals
Twelve males of local rabbits (laguscaniculus orycto/
SDI/ Samarra) were used in this experiment. Their ages are
6 months, and their weights range from 700 to 950 g. To
ensure their safety, they were examined by a specialist
veterinarian, and were set under observation for seven
days before the experiment, providing adequate ventilation
and lighting conditions and a temperature between 23 and
25oC. The rabbits were fed the optimal formula according
to (NAS-NRC, 2002). Food was provided, and the
cleanliness of the cages has been observed, and sawdust
was periodically changed throughout the experiment.
2.3. Distribution of Experimental Animals
As illustrated in Figure 1, three laboratory experiments
were carried out as follows:
1. First experiment: Incubation Period
In the first stage of the experiment, all the animals were
incubated under the same conditions.
2. Second experiment: Feeding
The animals were divided into three groups (each group
has four animals): G1 was given the bacterial
suspension of Escherichia coli (E. coli), and G2 was
given a bacterial suspension of Staphylococcus aureus
(S. aureus) with an amount of 1 mL per day (1× 108
cell/ mL). G3 was left without being given any kind of
dosage. The health status of the animals was monitored
and the changes were recorded daily. Symptoms began
to appear clearly on the fifth day, and were clearer on
the seventh day; these include inactivity, solitude, lack
of movement, lack of appetite, as well as diarrhea in the
animals infected with E. coli, and conjunctivitis in the
animals infected with S. aureus. All the animals have
been examined by a specialist veterinarian to ascertain
their infection. Blood samples were withdrawn from
the animals, and these samples were dispensed in two
tubes, one without EDTA for serological tests, and the

Figure 1. Illustrate the experiment design
G1: animals infected with E. coli; G2: animals infected with S.
aureus; G3: control group; TG1: Infected G1 treated with TiO 2
NPs; TG2: Infected G2 treated with TiO 2 NPs; TG3: G3 treated
with TiO 2 NPs.

2.4. Parameters Studies
2.4.1. Hematological Parameters
Blood was withdrawn from all groups to perform
the hematological tests. One mL of blood was withdrawn
by cardiac puncturing using sterile medical syringes.
Blood was collected in plastic tubes containing
anticoagulant EDTA. The total number of white blood
cells and the differential number of white blood cells (the
lymphocyte and granulocyte), RBC, Hb, PCV and PLT
were calculated using automation automatic analysis
(Company/ Minaray BC-3000 plus/ Germany).
2.4.2. Serological Parameters
Immunological tests were carried out on the serum of
the rabbits to detect the presence of IL-6, IL-10, IFN-γ,
TNF-α, IgG and IgM in all groups. Blood was collected by
cardiac puncture. 5 ml of blood was collected in plastic
tubes free of anticoagulant to obtain the serum using
centrifuge 3000 rpm for five minutes. The serum samples
were kept at -20°C until the time of testing using (Elisa kit/
eBioscience and Abnovo / UK).
3. Results and Discussion
3.1. Hematological Parameters
Only few studies have investigated the influence of
TiO 2 NP exposure on the hematological parameters (Ivo
Iavicoli et al., 2012). Table 1 illustrates some of these
parameters in the treated rabbit groups. The results
revealed that there are many effects of E. coli and S.
aureus infection in male rabbit’s blood parameters. The
hematological parameters in the infected groups (G1, G2)
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which are administered 1 mL of E. coli and S. aureus
suspension, showed significant changes (p<0.05) when
compared with the normal control group (G3). The total
white blood cells (WBC) count was found to be increased
with the reduction in the total red blood cell (RBC) count,
hemoglobin (Hb), PCV and PLT. The total white blood
cells count in the group infected with E. coli and S. aureus
reached 17.5, 16.1(×103 cell / mm3) respectively compared
with 3.9 (×103 cell / mm3) in the control group.
The increase in the number of white blood cells after
being infected with bacteria is attributed to inflammation,
which usually occurs after bacterial infections. The
lipopolysaccharide (endotoxin) of gram negative and
exotoxin of gram positive was found to be immunogenic
and mitogenic for many immune cells such as B cells and
T cells (Pulendran et al., 2001; Su et al., 2002). However,
there were no significant changes of these parameters in
the treated groups (G1 and G2) which received oral doses
of 20 mg/mL of TiO 2 NPs compared with the control
group. The results of this study agree with (Aysa, 2017).
Table 1 shows the significant reduction in the
hemoglobin level (p< 0.05) for the study groups compared
with the control group; for the groups infected with E. coli
and S. aureus it decreased to 9.1, 8.9 (dl/mL) respectively
while for the control group it was 12.5 (dl/mL). The
groups infected with E. coli and S. aureus showed a
significant reduction in the percentage of PCV reaching
29.1%, 27 % respectively, compared to 41% for the
control group. Also, there was a significant decrease in
platelets count in the infected groups compared with the
control group. This table shows that the treatment of the
groups, (G1, G2), with TiO 2 NPs restored the number of
white blood cells close to the control groups. This can be
ascribed to the positive effects of these inorganic oxides in
removing the harmful effects of bacteria and the recovery
of the natural parameters’ values. Accordingly, there was a
significant decrease in the white blood cells numbers in the
infected groups after being treated with TiO 2 NPs reaching
4.9, 4.6 (×103 cell / mm3) respectively. The reason for this
significant decrease in the level of Hb and PCV can be
attributed to the ability of the pathogenic bacteria to
produce hemolysin enzyme (Nester et al., 2001). Since
PCV is a measure of the volume of packed cells, the
hemolysin in red blood cells leads to a decrease in their
level. It can also be attributed to the bacterial infection
impact on the animals’ appetite and the lack of nutritional
elements that are necessary for the formation of red blood
cells such as minerals and vitamins. The results were
consistent with those found in Al-Zamely and Shaymaa
(2011) regarding the experimental infection in male rats
with E. coli which resulted in a significant decrease in
PCV and Hb compared to the control group. Also, the
results showed that the treatment of the infected groups
(G1 and G2) with TiO 2 NPs leads to a significant increase
R

R
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in Hb and PCV levels. Table 1 indicates an improvement
in the condition of animals and a recovery of red blood
cells to their natural composition and formation of
hemoglobin. This can be ascribed to the ability of TiO 2
NPs to control the infection in a short time, and the high
oxidizing power of the free radicals that can directly
destroy bacteria. TiO 2 NPs can inhibit the activity of
ATPase which leads to the reduction of the essential ATP
to sustain the bacterial cell life (Cui et al., 2011).
Table 2 shows that the types of white blood cells
(eosinophils, monocytes, and basophils) of G1 and G2
after infection have no significant changes in their levels
when compared to the control group (P >0.05). The results
showed that the percentages of neutrophils in the G1 and
G2 were 19.0 %, 22.3 % respectively, while in the control
group (G3) it was 53.3 % demonstrating a significant
decrease. The Lymphocytes showed a significant increase
in the percentages in G1 and G2 after infection reaching
47.6 %, 50.7 % respectively compared to the control group
which reached to 22.6 %. The increased number of
lymphocytes may be attributed to the infection by the two
types of bacteria which stimulated the immune system to
form defensive cells that caused an increase in the total
number of white blood cells generally and lymphocytes
particularly. These cells play an important role in
immunity by secreting the chemical immunoglobulins
consequently, controlling the pathogenic microorganisms
(Stites, 1987). The reason behind the decrease of
neutrophils is the production of leucocidin that destroys
neutrophils through the lysis of the granule cytoplasm
(Todar, 2004). When the bacterial infection is severe, these
cells cannot resist the infection, and the body is forced to
use lymphocytes as a second line of defense. After
treatment with TiO 2 NPs, the results showed a significant
increase in the neutrophils proportions at 43.0 % and
47.3% respectively compared to the proportion in the
infected groups (G1 and G2) before treatment. The
outcomes of the treatment resulted in the lymphocytes
reduction reaching 30.3, 26.6 in G1 and G2, respectively.
The reason for the ability of the cells to recover their
normal level is the action of nano-oxides in inhibiting
pathogenic bacteria. The small size enables the
nanoparticles to penetrate the cell membrane and to
destruct it leading to loss of minerals, proteins, genetic
material and finally to the cell death (Foster et al., 2011).
Adams et al., (2006) noted that ZnO NPs can inhibit about
90 % of the Gram-positive bacteria and less than that in
the case of Gram-negative bacteria. The mechanisms of
cellular toxicity of nanoparticles, including ROS, increase
the antioxidant system; consequently the cells enter
oxidative stress that leads to the breakdown of cellular
components such as lipids, proteins, and genetic material
(Lovric et al., 2005).
R
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Table 1. Effect of TiO 2 NPs in some hematological parameters in infected animals.
Parameters
Groups

WBC
(×103 cell / mm3)

PCV
%

RBC
(×103cell / mm3)

Hb
(dl/ml)

PLT
(×106 cell / mm3)

infection stage
G1
G2
G3

17.5± 1.17 a
16.1± 1.08 a
3.9± 0.64 b

29.1± 1.2 b
27.0± 2.7 b
41.2± 4.1 a

2.6± 0.35 b
2.5± 0.50 b
4.8 ± 0.34 a

9.1± 1.1 c
8.9± 0.4 c
12.5± 0.8 a

34.6± 14.1c
28.0± 4.3 c
253.6±55.5a

37.4±3.0 a
36.4± 1.2 a
39.1± 2.7 a

3.7± 0.20 a
3.4± 0.5 ab
4.3± 0.9 a

11.7± 0.6ab
10.5± 1. cb
11.6± 0.7ab

136.7± 41.6 b
123.3± 25.1 b
190± 45.8 ab

treatment stage with TiO 2 NPs
TG1
TG2
TG3

4.9± 0.50 b
4.6± 0.80 b
3.7± 1.00 b

a,c: Values within columns followed by different letters differ significantly at (p<0.05).
Table 2. The effect of oral administration of TiO 2 NPs in the differential number of white blood cells in rabbits infected with bacteria.
Parameters
Groups

Neutrophils
%

Lymphocytes
%

Monocytes
%

Eosinophils
%

Basophils
%

19.0± 3.6 c
22.3± 3.0 c
53.3± 4.7 a

47.6±2.6 a
50.7±6 a
22.6±2.5 c

0.0± 0.0 a
0.0± 0.0 a
1.0± 0.0 a

0.0± 0.0 a
0.0± 0.0 a
0.0± 0.0 a

0.0± 0.0 a
0.0± 0.0 a
0.0± 0.0 a

30.3±3.2 b
26.6± 2.8 b
23.6± 4 bc

0.6 ±0.5 a
1.0± 1.0 a
1.0± 0.0 a

0.0± 0.0 a
0.0± 0.0 a
0.0± 0.0 a

0.0± 0.0 a
0.0± 0.0 a
0.0± 0.0 a

infection stage
G1
G2
G3

treatment stage with TiO 2 NPs
TG1
TG2
TG3

43.0± 3 b
47.3±6.8 ab
50.6± 4 a b

a, b: Values within columns followed by different letters differ significantly at (p<0.05).

3.2. Immunological Parameters
Table 3 demonstrates the levels of immuneglobulins; IgG, IgM that are produced as a result of the
infection with pathogenic bacteria and treatment with TiO 2
NPs using Elisa kit. The effects of the pathogenic bacteria
E. coli and S. aureus on the level of IgG and IgM are clear
through the significant increase (P < 0.05) in the titers
values 10.3, 12.3 for IgG and 15.3, 13.3 for IgM in
comparison to the results obtained from the samples before
infection which were 6.7 and 10.3 respectively. It was
found that the oral administration of TiO 2 NPs
significantly increased the titer of IgM, and IgG in G1 and
G2 respectively. Table 3 reveals that the value of IgG in
G3 treated with TiO 2 NPs was higher than that in the
control group, while IgM is the same in both groups.
However, the statistical results show that there are no
significant differences between G3 and TG3. The slight
elevation can be attributed to different factors such as the
genetic effects on the IgG levels including the immune
state and environmental factors. The results concerning the
elevation of the immunoglobulin might be interpreted as a
beneficial host response for recovery from the injury.
R

R

Table 3. The effect of oral administration of TiO 2 NPs on
immunoglobulin values in the infected animals.
Parameters

IgG. mg/dl

IgM mg/dl

10.3± 1.5 ab
12.3± 2.3 a
6.7± 0.5 c

15.3± 1.5 a
13.3± 1.4 ab
10.3± 1.5 c

Groups
infection stage
G1
G2
G3

treatment stage with TiO 2 NPs
G1T
G2 T
G3 T

11.0± 1.0 ab
10.6± 1.5 ab
9.0± 1.0 bc

11.0± 1.0 bc
10.0± 2.0 c
10.0± 1.0 c

a, c: Values within columns followed by different letters differ
significantly at (p<0.05).

The treatment of animals with TiO 2 NPs showed lower
levels of TNF-α and IL-6 in the control group (G3) and in
the pre samples that were collected before the beginning of
the experiment compared with G1 and G2 before treatment
with TiO 2 NPs (Table 4). For cytokines TNF-α and IL-6,
high expression levels were observed in rabbits seven days
following the bacterial infection. Thus seven days postinfection, the TNF-α was 11.0, 11.2 pg/mL in the infected
groups (G1 and G2) respectively, while IL-6 level was
31.6, 27.6 pg/mL in the same groups. Under such
conditions, feeding the infected animals with TiO 2 NPs
can reduce the expression level of both cytokines (TNF-α,
IL-6) significantly, and enhance the anti-inflammatory
cytokines that could reduce the inflammatory response of
animals (Chih-Yuan et al., 2013). A recent study (Rossi et
al., 2010) demonstrated that, in ovalbumin-sensitized
mice, silica, coated rutile TiO 2 NP inhalation decreased
TNF-α and IL-13 expression in spleen cells. The results of
the present study show a significant increase in the IL-10
R
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concentration (P <0.05) 32.4, 31.1 pg/ mL for the G1 and
G2 after infection compared with 18.3 pg/ mL values
obtained from control group (G3) before infection. These
results are similar to those obtained by Moore et al. (2002)
and Yoshida et al. (2001) who indicated that the level of
IL-10 increased in rats injected with K. pnemaniae. The
IL-10 is characterized by an immunological regulation that
includes positive and negative effects. As shown in Table
4, the level of IFN-γ significantly increased in the infected
groups (G1, G2) compared to the control group (G3). This
finding agrees with the results of (AL-Refaei, 2016) who
found that the concentration rate of the IFN-γ in serum
after the injection with (O), and (K) antigen of K.
pneumoniae was elevated in the experimental animals.
When all groups are treated with TiO 2 NP, the level of
IFN-γ significantly decreased to be closer to the value of
the control group. IFN-γ is an immune regulator of
macrophages and T and B cells (Talaro, 2012).

AL-Refaei, OMS. 2016. Effect some antigens of Klebsiella
pneumonia as a immune catalyzer for laboratory rabbits against
infected by Entamoeba histolytica. Ph.D thesis. College of
Education for pure Science. University of Tikrit.
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Parameters
IL-6
pg/mL
Groups

IL-10
pg/mL

IFN-γ
pg/mL

TNF-α
pg/mL

Infection stage
G1

31.6± 3.2a

32.4± 3a

53.0± 8.1a

11.0± 1.0 a

G2

27.6± 3.7a
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4. Conclusion
The laboratory animals that have been infected with
pathogenic bacteria and treated with TiO 2 NPs showed
improvement in the values of hematological and
immunological parameters in addition to the significant
restore of the rates of white blood cells, lymphocytes, and
granules after treatment with TiO 2 NPs. Also, the results
indicate stimulating the immune response of
immunoglobulins by increasing the value of IgG and IgM
in the rabbits treated with TiO 2 NPs. Cytokines showed
different levels of cellular interleukins, IFN-γ and TNF-α.
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Abstract
An altered expression of glycans on the cell surface can act as a marker of various diseases including cancer and AIDS. The
identification of these altered glycans can be easily achieved by using glycan binding proteins, specifically antibodies and
lectins. Identifying lectins, specific towards carbohydrates that are markers of various diseases will help towards an early
diagnosis of diseases. The present study describes the isolation, carbohydrate specificity, and heat stability of lectin from the
Calotropis gigantea seeds. Calotropis gigantea lectin (CGL), showed a blood group non-specificity strongly inhibited by
glycans of mucin glycoprotein. The Ammonium sulphate precipitation of Calotropis gigantean crude extract results in the
concentration of hemagglutination activity at 30-60 % saturation. Lectin retained its activity when exposed to as high as
50°C for one hour. Since Calotropis gigantean is commonly used as a medicinal plant, lectin from this plant may have
haematological applications and can be used in the purification of glycoproteins.
Keywords: Lectins, Glycans, Hemagglutination, Calotropis gigantean, Hapten

1. Introduction
Various key biological processes including cell-cell
interactions, cell migration, and induction of apoptosis,
molecular trafficking, receptor activation, signal
transduction and endocytosis are invariably mediated by
carbohydrate ligands (Zeng et al., 2012). Understanding
the qualitative as well as quantitative expression of these
glycans which tend to change at various conditions of cell,
can provide useful information on whether the cell is
normal or diseased along with their mechanisms. Among
different molecules that recognize carbohydrates both in
qualitative and quantitative manners are lectins (Sharon
and Lis, 2004). Lectins are the carbohydrate binding
proteins of a non-immune origin which recognize glycans
that are specifically either expressed on cell surface or free
in solutions. This glycan recognition property of lectins
has been exploited in different fields of life sciences
(Sharon and Lis, 2004). Some lectins bind specifically to
tumor-associated carbohydrates, and therefore have the
potential to serve as biomarkers to differentiate between
normal and cancerous conditions of mammalian cells.
Many of these specific glycans are considered as disease
markers and are targets for diagnosis as well as for
therapeutics (Brockhausen, 2006). Lectins from plant
sources were the first proteins of this class to be studied,
and to date most of the lectins studied so far are mainly
from plant sources. Since the discovery of the first lectin
from castor bean by Stillmark in 1888, many lectins from
almost all parts of plants have been reported (Van Damme
EJ, 2014). Although numerous plant lectins have been

*
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studied for their great structural detail, the physiological
role of these proteins is still poorly understood. Recently,
there are many speculated roles for plant lectins ‘as storage
proteins’, and ‘as defense molecules’, in symbiosis that
have been assigned. A number of lectins have been
isolated from storage tissues in plants (seeds or vegetative
storage tissues) where they make for a very large
proportion of the total protein content in the tissue (Van
Damme et al., 1995). Some plant lectins have been
implicated in the defense mechanism of plants (Bellande et
al., 2017). In contrast, some plant lectins are involved in
the cell wall extension and recognition (Ghequire et al.,
2012).
Considering the application of lectins in various fields
such as immunology (Ashraf and Khan, 2003), cancer
biology (Gastman et al., 2004), microbiology
(Oppenheimer et al., 2008), insect biology (Fitches et al,.
2010), the current research is conducted to screen lectin
activity in various plant sources. The study describes the,
isolation and partial purification of lectin from Calotropis
gigantea and its carbohydrate specificity.
2. Materials and Methods
Calotropis gigantea seeds were collected during March
month from botanical garden, Karnatak University,
Dharwad. Seeds were separated and used for lectin
extraction, EDTA, Trypsin, Bovine serum albumin (BSA),
Ammonium sulphate, Folin-Ciocalteau reagent, Sodium
dodecyl sulfate, Acrylamide, N,N1-Methylene-bisacrylamide, N,N,N1,N1-tetra methyl ethylene diamine
(TEMED), and Commassie brilliant blue were from either
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Sisco Research Laboratory or from Himedia Laboratory,
India. Sugars used for hapten inhibition studies were from
Sigma Chemicals, USA. All other chemicals, plastic
wares, glassware are of analytical grade unless they are
specified with company names.
2.1. Extraction of Lectin from Calotropis gigantea Seeds
To extract lectin, Calotropis gigantea seeds were
collected, washed with distilled water and dried. Next, the
seeds were homogenized (5 gm in 25 mL) using mortar
and pestle at room temperature with phosphate buffered
saline (pH 7.2; 100 mM), containing 200 mM EDTA and
200 mM PMSF (Phenylmethylsulphonyl fluoride). The
extraction procedure was carried out for overnight at 4ºC.
The extract was filtered through muslin cloth and was
clarified by centrifugation at 8000 rpm for fifteen minutes
at 4ºC. The supernatant was stored at 4ºC till further
analysis. A similar procedure was also adopted for other
plant seeds.
2.2. Preparation of Trypsinized Erythrocytes
Human blood of different blood groups (A, B and O)
was collected in 1 mL of 4 % sodium citrate solution. The
erythrocytes were separated by centrifugation at 1500 rpm
for five minutes. Erythrocytes were washed three times
with saline and finally in PBS, and were adjusted to an OD
of 2.5 at 660 nm. The total volume was measured, and a
final concentration of 0.025 % trypsin was added and
incubated at 37 ºC for one hour. The excess trypsin was
removed by repeated washing in saline and was finally
adjusted to OD 3.5 at 660 nm and used for
hemagglutination assay and inhibition assays.
2.3. Hemagglutination Assay (HA)
To perform the hemagglutination assay, U-bottom 96well micro titer plates were used. Initially, 50 µl of saline
was added to all the wells of respective rows. Next, to the
first well of each row, 50 µl of assay solution was added
and 2-fold serial dilution was made up to the 11th well.
From the 11th well, 50 µl was discarded. Trypsinized
erythrocytes of each blood groups were added (50 µl per
well) to each row in the plate. For each blood group and
sample, the wells containing only saline and erythrocytes
were included as negative controls. The plates were
incubated at room temperature for one hour and visualized.
The plates were photographed, and the geometric mean
titers (GMTs) were calculated. The highest dilution of the
extract causing visible agglutination was arbitrarily
considered as the “titer”, and the lowest concentration of
the protein required for hemagglutination was considered
as the “Minimum Concentration of Agglutinin” (MCA)
which equals one unit of hemagglutinating activity (1
HAU) The specific activity of hemagglutination was
expressed as activity in 1 mg of (unit mg -1) protein.
2.4. Hapten Inhibition Assay
Inhibition assays were carried out by incubating the
lectin sample in serially diluted sugar/glycoproteins prior
to the addition of erythrocytes in 25 µl of assay solution.
The lowest concentration of the sugar/glycoprotein, which
inhibited the agglutination, was taken as the inhibitory titre
of the hapten. To the 10th well, saline is added instead of
sugar/glycoproteins solutions, while in 11th well, saline is
added instead of lectin. These wells served as both positive

and negative controls respectively for inhibition studies.
The 12th well served as the regular control which had
received only 50 µL of saline and erythrocyte suspension.
The wells were mixed and incubated for one hour at room
temperature, and then 50 µL of erythrocyte suspension was
added and incubated further for one hour at room
temperature. Finally, Inhibition of lectin activity was
visualized and photographed as described earlier, and the
minimum inhibitory concentration (MIC) which is defined
as “the lowest concentration of the sugar/glycoprotein,
which inhibited the agglutination” was determined for
each sugars/glycoprotein.
2.5. Effect of pH
In order to know the optimum pH for lectin activity,
lectin was extracted in different buffers with varied pH.
For extraction, the same procedure was followed as
described above containing appropriate protease inhibitors
and sodium chloride. Various buffer systems used for
obtaining the desired pH are sodium acetate (pH 4.0),
phosphate buffer (pH 7.2), and carbonate buffer (pH 9.5).
After extraction, the clear extract was used to determine
the lectin activity using trypsinized erythrocytes.
2.6. Ammonium Sulphate Precipitation
The crude extract was subjected to 0-30, 30-60 and 6090 % ammonium sulfate [(NH 4 ) 2 SO 4 ] precipitation.
Ammonium sulfate was added at room temperature and the
precipitated proteins were separated by centrifugation at
8000 rpm for thirty minutes. The supernatant was saved
while the precipitate (residue) was re–dissolved in 2 mL of
PBS. Both the precipitate and the supernatant were
extensively
dialyzed
against
PBS,
and
the
hemagglutination activity was determined in all fractions.
2.7. SDS-PAGE
Protein samples from the crude extract, and ammonium
sulfate precipitations were separated on 15 % acrylamide
gel. The protein sample was treated with 6x SDS buffer
and boiled for five minutes at 100℃. The cooled protein
was loaded into the wells, and electrophoresed at 80 V for
four hours. After completion of electrophoresis, the gels
were stained with Coomassie brilliant blue R-250. A
standard molecular weight protein ladder ranging from
14.3-97.4 kDa was also processed and electrophoresed
under similar conditions.
2.8. Protein Estimation
The protein content in various steps including crude
extracts was estimated according to the protocol described
by Lowry et al., (Lowery et al., 1951).
3. Results
Among different plant seeds, , only seeds of Calotropis
gigantea exhibited highest hemagglutination activity
(Titre-16) as determined by serial two-fold dilution
technique using rabbit erythrocytes (Table 1). Apart from
Calotropis gigantean, seeds of Lantana camara has also
exhibited hemagglutination activity but with lower titer
(04). Since maximum hemagglutination activity was
observed in Calotropis gigantean plant, further studies
were carried out using this plant for lectin isolation, hapten
inhibition assay etc.
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Table 1. Hemagglutination activity in different plant seeds
Activity
titer*

Protein conc.

Sl
No.

Plant name

1

Chenopodium album -

1.18

2

Lantana camara

04

2.76

029

3

Barnyard grass

-

1.09

-

4

Calotropis gigantea

16

4.10

312

5

Parthenium
hysterophorus

-

0.98

-

6

Chromolaena
odarata

-

0.66

-

(mg/mL)

Specific
activity

*Hemagglutination activity was determined using rabbit
erythrocytes

3.1. Calotropis gigantean lectin (CGL) did not discriminate
human blood group erythrocytes.
Since lectin agglutinated rabbit erythrocytes, A, B, and
O human blood group erythrocytes were used for the
assay. It was found that CGL did not discriminate between
A, B, and O blood group erythrocytes. However, lectin did
bind with varied intensity, and recognized the “O” blood
group erythrocytes with the maximum titer (64) and the
“B” blood group erythrocytes with the least titer (08).
These results are presented in Figure 1. For further studies,
blood group O erythrocytes were used and maximum
activity was obtained with these RBCs.

Figure 1. Hemagglutination activity of Calotropis gigantean
lectin with different human blood group erythrocytes. CGL did
not exhibited blood group specific agglutination of erythrocytes.

3.2. CGL lectin is strongly inhibited by glycans of mucin
glycoproteins.
To determine the carbohydrate specificity of lectin,
various monosaccharides, disaccharides and glycoproteins
were used to perform hapten inhibition assay. The list of
different sugars and glycoproteins used for this assay is
given in table 2. As presented in Figure 2,
hemagglutination activity of CGL lectin was strongly
inhibited by mucin followed by fetuin. The lectin activity
was not inhibited by any of the monosaccharides and
disaccharides tested. These results indicate that lectin is
not specific for simple sugars but recognizes complex
sugars that are present in mucin or fetuin glycoproteins.
This could be another reason why this lectin is blood group
non-specific in nature.
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Table 2. Sugars/glycoproteins used for hapten inhibition assay
Sl No.

Sugars/Glycoprotein

Inhibition

MIC*

1

Glucose (200 mM)

No

---

2

Galactose (200 mM)

No

---

3

Mannose (200 mM)

No

---

4

Xylose (200 mM)

No

---

5

Arabinose (200 mM)

No

---

6

D-Fucose (200 mM)

No

---

7

Lactose (200 mM)

No

---

8

Glucosamine (200 mM)

No

---

9

Mucin (1 mg/mL)

Yes

3.12 µg

10

Fetuin (1 mg/mL)

Yes

12.5 µg

Minimum inhibitory concentration (MIC)

Figure 2. Hapten inhibition assay of CGL. Mucin and fetuin
inhibited the lectin activity while other sugars did not show any
inhibition. Mucin showed strong inhibition compared to fetuin.

3.3. Lectin activity is stable at 60°C temperature.
In order to determine the stability of lectin activity over
different temperature, lectin was extracted and incubated at
different temperature for one hour, and then, the
hemagglutination activity was determined. As depicted in
Figure. 3, lectin exhibited steady stability in its activity
from 40°C-60°C. Although the titer decreased in 40°C60°C treatments, but the same activity remained for
several days. This may be attributed by the inactivation of
proteases that are present in the extract. Furthermore,
lectin activity was also stable for at least seven days, when
it was kept at room temperature.
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Figure 3. Lectin stability at different temperature.
Hemagglutination activity of CGL remained constant after
exposing lectin to different temperature for 1 h. Lectin also
exhibited sustained stability at room temperature even after seven
days.

Figure 5. SDS-PAGE analysis of proteins precipitated from
Calotropis gigantean crude extract. Common bands that are
present in crude extract (lane-1), 0-30% (lane-2) and 30-60%
(lane-3) ammonium sulphate precipitated proteins are closely
associated with molecular weight from 40 to 50 kDa.

3.4. Maximum hemagglutination activity of CGL was
found in 30-60 % of ammonium sulphate saturation.

3.6. Fold purification of lectin.

Next, ammonium sulphate precipitation of crude
extract was performed to fractionate the proteins. The
results of ammonium sulphate precipitation are presented
in Figure 4. The results indicate that lectin concentration
has increased in 30-60 % of ammonium sulphate
precipitated fraction as evidenced by increased
hemagglutination activity (titre-64). It is evident from
Figure. 4 that some of the contaminated proteins can be
removed by this step. Fraction 0-30 % showed some
hemagglutination activity with titer 08. This may be
attributed by the residual presence of lectin in this fraction.
Although a good quantity of proteins was precipitated in
60-80 % fraction, but it did not show any hemagglutination
activity.

Since lectin activity was increased in ammonium
sulphate precipitated fraction, fold increase in purification
of lectin was calculated based on a specific activity present
in each step. Table 3 summarizes the fold purification of
lectin in each step. In accordance with SDS-PAGE, it is
clear from table 3 that there is a removal of some of the
contaminated proteins in 30-60 % of ammonium sulphate
fraction as evidenced by the increase in specific activity by
5.7-fold.
Table 3. Fold change in hemagglutination activity of CGL after
ammonium sulphate fractionation.
Sl
No.

Steps

Protein
Activity
Conc.
(titer)
(mg/mL)

Specific
MCA
Activity
(µg)
(HAU)

1

Crude

64

4.10

3.203 312

1.00

2

0-30%

08

1.07

6.687 149

0.47

3

30-60%

64

0.72

0.563 1776

5.70

Fold change
in activity

4. Discussion

Figure 4. Ammonium sulphate precipitation of CGL. Crude
extract of Calotropis gigantean seeds was subjected to 0-30, 3060 and 60-80% saturation of ammonium sulphate. Lectin activity
was mainly concentrated in 30-60% fraction.

3.5. SDS-PAGE analysis of partially purified lectin.
SDS-Polyacrylamide gel electrophoresis of crude and
ammonium sulphate precipitated fractions was performed
to analyze the number of proteins present in the samples.
As shown in Figure 5, after 30-60 % of ammonium
sulphate precipitation, the number of protein bands was
reduced significantly (Lane-3) compared to the crude
sample (Lane-1). The common protein bands that are
present in all the fractions are near the molecular weight
ranging from 40 to 50 kDa. These could be the protein
bands which may be associated with lectin activity.

In the current study, the presence of lectin activity was
screened in many plant sources. It was found that the seeds
of Calotropis gigantean exhibited maximum lectin activity
with all the human blood group erythrocytes. Calotropis
gigantean plant is widely used as a medicinal plant
(Kadiyala et al., 2013), therefore, the researchers carried
out a detailed study on the seeds of this plant to isolate and
purify lectin.
Since the crude extract of Calotropis gigantean did not
agglutinate any of the human blood group erythrocytes
specifically, it was assumed that lectin probably recognizes
complex sugars that are present on the cell surface of
erythrocytes. This prediction was confirmed by hapten
inhibition assay which revealed that lectin indeed
exhibited specificity towards O-linked glycans of mucin
and fetuin. These results are inconsistent with the blood
group non-specificity of lectin.
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In order to know the stability of lectin, the lectin extract
was exposed to different temperatures and it was found
that lectin is stable up to 60°C and when it was kept at
room temperature for more than seven days. This result
suggested that lectin is less prone to protease attack
making it easy to operate during purification procedures.
Many lectins are heat-liable (Devi et al., 2011); however,
CGL did not denatured at high temperature. Ammonium
sulphate fractionation not only increased the lectin
concentration. In addition, it has also helped to remove
most of the contaminated proteins that are present in the
crude extract. The electrophoretic pattern of crude and
ammonium sulphate precipitated proteins revealed that
bands below 30 kDa are effectively removed during the
ammonium sulphate precipitation step.
5. Conclusion
The current study describes the isolation and partial
purification of lectin from Calotropis gigantean seeds and
its carbohydrate specificity. Given the fact that Calotropis
gigantean is regularly used as a medicinal plant, the
presence of lectin activity may have implication in its
medicinal properties. Furthermore, the results of the
ammonium sulphate precipitation and SDS-PAGE steps
provide important information that this lectin could be
purified to homogeneity by employing these steps coupled
with other chromatographic techniques.
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Abstract
Nigella sativa (Black seed or Black cumin or Habbat Albaraka), which belongs to the Ranunculacea family, is an annual
herb used in food as a spice. In addition, N. sativa is an important medicinal herb used traditionally against a wide range of
diseases. This herb has been well-studied for its pharmacological activities. However, there is limited information regarding
its effects on the female reproductive system. This study describes the effects of the aqueous extract of the seeds of N. sativa
on the endometrium in female rats. A single daily dose of 0.2g / 100g body weight (B\wt) of the crude aqueous extract of the
seeds of N. sativa was administered orally to mature fertile female albino rats for ten days. The rats were subdivided into
subgroups, according to the phase of the estrus cycle. The utera of these animals were routinely processed for general
histological studies, using carboy’s fixed paraffin embedded sections. Compared with the control subgroups, the results
showed an increase in the uterine wet weight of all the experimental subgroups, with a profound and persistent diffuse
endometrial hypertrophy, and enhanced glandulogenesis. In conclusion, the crude aqueous extract of the seeds of N. sativa
seemed to have achieved its effects via stimulating the endogenous release of estrogen and/or progesterone. However, direct
estrogen and/or progesterone-like actions of the seeds could not be excluded.
Keywords: Black seeds (Nigella sativa L), Uterine wet weight, Glandulogenesis, Subnuclear Zone, Metrail gland, Diffuse Endometrial
hypertrophy.

1. Introduction
The black seed Nigella sativa is an indigenous
herbaceous plant, more commonly known as the fennel
flower plant, which belongs to the buttercup or
Ranunculacea family. It is a native plant from the
Mediterranean area, and found growing in some other
regions in the world such as Saudi Arabia and North
Africa. The herb is widely cultivated throughout South
Europe, Asia, Turkey, Pakistan, and India. The plant is
used especially in the Middle East and South Asia as a
spice, condiment, carminative, and for aromatic and
medical purposes. There are several names attributed to N
sativa in various countries around the world (Gilani et al.,
2004; El-Tahir et al., 2006; Assi et al., 2016; Randhawa
and Alenazi, 2016). In Arab countries, the seeds are called
'Alhabba Alswda', “Habbat Albaraka” or 'Alkamoun
Alaswad'. In Urdu and Hindi, they are 'Kalonji', and in
Sanskirt 'Krishnajirika'. Moreover, they are referred to as
'Kalajira' in Bangali, 'Shonaiz' or 'Siyah Daneh' in Persian,
and 'cörek Out' in Turkish. In English, they are called
Black cumin', ‘Ajenue’ in Europe, 'Schwarz' in Germany,
and 'Black Caraway' in American English. The scientific
name is a derivative of the Latin word 'niger' meaning
'black'.
The active constituents of the seeds include volatile oil.
Pharmacologically active constituents of volatile oil are:
thymoquinone, dithymoquinone, thyohydroquinone, and
*

Corresponding author e-mail: Raith_alsaffar@yahoo.com.

thymol (Ghosheh et al., 1999). Among these active
components, thymoquinone (TQ) is the most abundant
constituent (57-78 %) of the volatile oil of the N. sativa
seeds (Gilani et al., 2004), and is the constituent to which
most properties of this herb are attributed (Tavakkoli et al.,
2018).
During the last two decades, literature has been replete
with the subject of the pharmacological activities of
Nigella sativa seeds. These studies revealed that N. sativa
seeds, its oil, various extracts, and its active components
have
several
therapeutic
activities
including:
Bronchodilatory, anti-allergic (anti-histaminic), antiinflammatory, analgesic, antipyretic, hypoglycemic,
antibacterial, antifungal, anti-parasitic, antivirus, anticancer, antihypertensive, antioxidant, anticonvulsant, antiparkinsonism, antidepressant, and antianexiety effects. The
seeds have also been reported to reduce the volume of
gastric acid secretion and ulcer index, and modulate the
lipid profile (Khan, 1999; Gelani et al., 2004; Kanter et al.,
2005; El-Tahir and Bakeet, 2006; Ahmad et al., 2013;
Sandhu and Rana, 2013; Latiff et al., 2014; Heshmati et
al., 2015; Randhawa and Alenazi, 2016; Zafar et al., 2016;
Daryabeygi-Khotbehsara et al., 2017; Tavakkoli et al.,
2018). However very few studies have discussed the
influence of the N. sativa seeds on the reproductive
system, yet most of these limited studies have focused on
the male reproductive system only (Agarwal et al., 1990;
Gilani et al., 2004). Therefore, the effects of the seeds on
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the female reproductive system have remained largely
unknown (Kabir et al., 2001; Yildiz and Balikci, 2016).
Moreover, the various preparations of N. sativa and its
constituents have relaxant effects on various types of
smooth muscles (Chakma et al., 2001; Keyhanmanesh et
al., 2014). Aqel and Shaheen (1996) stated that the volatile
oil of the black seeds of N. sativa prevents the spontaneous
contraction of the uterine smooth muscle of rats and
guinea pigs, and those induced by oxytocin.
Agarwal et al. (1990) stated that N. sativa ethanolic
extract showed antifertility effects in male rats, probably
due to its inherent estrogenic nature. In another study,
(Kolahadooz et al., 2014) stated that N. sativa could
enhance sperm parameters, including sperm count, motility
and morphology, semen volumes and pH. Other beneficial
effects of the seeds on leydig cells and sexual hormones in
infertile men have also been confirmed (Mahdavi et al.,
2015). In Unani medicine, N. sativa is recommended for
use in the oligomenorrhoea therapy, infertility, and for
inducing menstruation (Al-Jishi and Hozaifa, 2000).
Parhizkar et al. (2016) stated that N. sativa plays a
beneficial role in the treatment of postmenopausal
symptoms, as its extracts displayed estrogenic activities.
Other studies (Saha et al., 1961; Agarwala et al., 1971and
1986, Al-Snafi et al., 2014) showed that the seeds have
beneficial effects on breast milk production in lactating
women.
In 1995, a group of Indian workers (Keshri et al.) used
the hexane extract of the seeds as a post-coital
contraceptive in rats, when given at a single oral daily dose
of 0.2g/100 g B.wt. on day 1-10 post-coitum. They
reported a mild uterotrophic effect of such an extract,
comparable almost to the ovulation dose of 17-α-estuarial,
in the ovariectomized immature rat bioassay.
Accordingly, this study was conducted to investigate,
for the first time, the effect of the crude aqueous extract of
the seeds of Nigella sativa on the endometrium of mature
rats during different physiological states. Comparative
histological procedures at the level of light microscopy are
attempted for this purpose.
2. Materials and Methods

weeks. (3) Having regular estrus cycles, as judged by their
vaginal smears cytology, done on a regular daily basis.
The animals were grouped according to their
physiological state and the substance they received (Table
1). All rats were kept in air-conditioned quarters (30 +
2C°), under standard husbandry conditions, with alternated
12h /12h dark/light cycle (Parhizkar et al., 2016). Animals
were fed with a protein-standard pellet diet.
2.2. Experimental Animals
Thirty animals were used in this experiment. They were
divided into three subgroups: (1) Proestrus (P), (2) Estrus
(E), and (3) Diestrus (D), as shown in Table 1. Each rat
received the crude aqueous extract of the crushed N. sativa
seeds at the dose of 0.2g/100g B. wt (Keshri et al., 1995),
starting at the P, E, and D phase, respectively (Table 1).
The seeds’ powder was mixed with 4 mL of distilled water
(Al-Khateeb, 1996; Sakran, 1999), administered via an
orogastric tube (5.5 X 0.13), and was given once a day for
the duration of ten days (Keshri et al., 1995).
2.3. Control Animals
Twenty animals were used as control animals. They
were divided into two subgroups: (1) Non-treated controls
(C n ), which were used as standard reference models, and
(2) A treated subgroup (C R ) which received four mL of
distilled water (D.W.) only, via the orogastric tube, once a
day for the duration of ten days (Table 1).
2.4. Uterine Wet Weight Measurement and Tissue
Processing
For each animal (experimental and control), the exposure
of the peritoneal cavity, and the removal of the body of
uterus were done under open ether anesthesia. The wet
weight of each respected uterus was recorded. Immediately
afterwards, the specimens were fixed for a period of two
hours in Carnoy’s fluid (6 volumes absolute ethanol: 3
volumes chloroform: 1 volume Glacial acetic acid). The
fixed tissue-specimens were processed for routine paraffin
wax-embedding. Serial sections, each of a 5µ thickness
were stained with the progressive Hematoxylin and Eosin
stain.
2.5. Counts (Metrial Gland and Eosinophils Count)

2.1. Animals Used
Fifty fertile Norway albino female rats, aged 12-16
weeks, and weighting 194-199 g, were used in this study.
Each animal was carefully selected to match the following
criteria: (1) Being a mature female rat of a proven fertility
that is decided by the history of previous deliveries. The
last delivery should not be less than four weeks. (2) Had
not been mixed with male partner(s) for the last two

The point-counting technique (Weibel and Gomez,
1962) with a Zeiss point-counting eyepiece graticule had
been attempted in counting metrial gland sections per unit
area at estrus. This was achieved by counting the number
of metrial gland sections on each of a total of sixteen
power fields (each of 0.37 mm diameter), in corresponding
areas of adjacent sections.

Table 1. Animal groups and subgroups used in this study. All animals, were sacrificed after ten days.
Groups

Control

Experimental

Subgroups

No. of Animals Substance received

Specific Phase of
the cycle during which
treatment commenced.

Dosage

C

n

10

None

_______

_______

C

R

10

D.W. only

Irrespective

_______

D

10

Crude aqueous extract of the N. sativa seeds

Diestrus

0.2

P

10

Crude aqueous extract of the N. sativa seeds

Proestrus

0.2

E

10

Crude aqueous extract of the N, sativa seeds.

Estrus

0.2

(g/100 g B.wt.)
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Counting the infiltrating eosinophils was achieved by
virtue of the method described by Al-Hadithi, 1994: the
mean count of five randomly selected high power fields;
they were taken to represent the eosinophils count of an
individual section. For individual animals, the mean of at
least four serial sections was taken to represent its
infiltrating eosinophils count.
2.6. Data Analysis
The statistically significant difference between two
groups’ mean values, with continuous variables was
calculated, using the two-tailed student t-test, and P<0.05
was taken as significant. The Schiff’s f-test was also used
for multiple comparisons between pairs of means when
appropriate (Daniel, 1983).
3. Results
Vaginal smears of rats treated with the crude aqueous
extract of the seeds of Nigella sativa showed a shortening
of the vaginal cycle with prolongation of both the estrus
and the metestrus phases; the diestrus phase was
undetectable.
The experimental rats treated with the aqueous extract
of the Nigella sativa seeds showed a significant increase in
their uterine weights (almost ten times elevation)
compared to their control fellows (P<0.05). No significant
differences among the individual experimental subgroups
were found (Figure 1).
Control rats’ uteri , under a low power objective (X 22),
were seen as pear-shaped elongated, cylindrical organs.
The two uterine horns were diverging proximally;
while their outlets, approaching each other at the cervix,
and were directed distally.
The examination of sections of the control rats’ uteri
at the proestrus phase showed that the uterine lumen was
seen as distended, and the luminal epithelium was low
cuboidal (Figure 2 A, inset arrow). The endometrial
surface was thrown into marked longitudinal folds, but
with very narrow crypts (Figure 4 A). The endometrial
stromal glands were relatively scarce (Figure 2 B head
arrows), and are lined with a single layer of low cuboidal
cells (Figure 2C, head arrow); the stromal cells were
generally elongated or spindle in shape with darkly stained
oval nuclei. Nucleoli were generally absent, and the
chromatin granules were evenly distributed. (Figure 2 C,
thin arrow). Eosinophilic granulocytes were seen
moderately infiltrating the stroma (Figure 2C inset), and
different types of blood vessels were seen throughout the
stroma (Figure 2B small arrows).
Sections of the control rats’ uteri at the estrus phase
showed that the luminal epithelium was tall columnar in
type with large vesicular nuclei occupying a parabasal
position (Figure 3 A inset arrows). Luminal crypts were
dilated, and its lumen was distended with fluid (Figure 3
A). At a low power, the endometrial stroma showed
increased cellularity (Figure 3 B). The metrial glands were
lined with darkly stained columnar cells (Figure 3C head
arrow). Endometrial stroma was heavily infiltrated with
eosinophil granulocyte (Figure 3 C double arrow), and
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stromal cells were more or less spindle-shaped with darkly
stained elongated nuclei. Mitosis was quite frequent
amongst these cells (Figure 3 C, thin arrow).
The examination of sections of the control rats’ uteri at
the metestrus, showed that the endometrium was found
shrunk, with a general distorted appearance. The
functional layer of the endometrium (superficial layer) was
disintegrated, and sheets of stromal elements, as well as
surface epithelium were seen casted-off the endometrium
(Figure 4 A, B, and C). However, the basalis layer of the
endometrium (containing the deep part of the endometrial
glands as well as its blood vessels) were relatively intact.
Eosinophil granulocytes were remarkably absent amongst
the stromal section (Figure 4 C).
The uterine sections of rats treated with N. sativa at the
proestrus
phase,
showed
profound
endometrial
hyperatrophy, with enhanced glandulogenesis (Figure 5 A
and B). The luminal epithelium consists of tall columnar
cells, with a characteristic subnuclear zone (Figure 5 C,
white arrows), and subepithelial decidualization.
The uterine sections of the rats treated with N. sativa, at
the esterus phase, showed diffuse endometrial
hyperatrophy, with enhanced glandulogenesis (Figure 6A
and B). Eosinophil granulocytes were absence (Figure 6
A). The surface epithelium was high columnar in shape,
with well-developed subnuclear zones (Figure 6 C, thin
arrows).
Stromal cells showed marked nuclear changes; being
large and round or oval with coarsely granular and
unevenly distributed chromatin materials, and eccentric
nucleoli (Figure 6 C). Cells with reniform nuclei were also
seen scattered throughout the stroma (Figure 6C, open
arrow). Vascularity of the endometrium was wellestablished (Figure 6 C, open arrow). Mitosis of many
stromal cells was frequent.
During the metestrus phase, the uterine sections of
rats treated with N. sativa showed the persistence of
metrial glands (Figure 7 A, arrows), as well as welldeveloped endometrial stroma and subepithelial
decidualization reaction (Figure 7B, arrows), with a
pseudostratification of nuclei (Figure 7B, head arrow). The
luminal epithelium showed subnuclear vacular spaces
(Figure 7 C, head arrow). The stromal cells nuclei showed
vesicular patterns (Figure 7C, long arrow), and those of the
reniform type (Figure 7 C, small head arrow).
The statistical analysis of eosinophil count, as well
as mean numbers of metrial gland sections, counted per
unit area of the estrus specimens, for both the control and
the experimental rats, are presented in Table 2,
respectively. Statistically, these data showed: (1) A
significant increase in the mean number of glandular
sections per unit area amongst the estrus endometrial
sections of experimental rats (P < 0.05). However, no
significant differences could be elicited amongst individual
subgroups of the same group (Table 2); (2) A significant
decline in the number of infiltrating eosinophils
granulocytes endometrial sections (P < 0.005) amongst all
experimental rats, at the estrus (Table 2).
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Table 2. Mean number of infiltrating eosinophils granulocytes per HPF, and that of metrial gland sections per unit area of estrus endometrial
sections. Data expressed as means of at least forty sections (ten rats) ± SD.
Group

Subgroups

Control

Experimental

Eosinophils per HPF±SD

Metrial gland sections/unit area±SD

Treated

111±4.5

1.3±0.47

Non-treated

113±6.4

1.4±0.35

D

4.3±3.8

5.2±0.49

P

5.3±3.5

5.1±1.1

E

5.6±3.5

4.7±1.2

Figure 1. Frequency histogram showing values for uterine wet
weight for the control and the experimental rats. Data expressed as
mean ± SD of readings obtained from ten rats at the end of
experiment.

Figure 2. Proestrus section of control animals. A: Endometrial
surface was thrown into marked longitudinal folds and narrow
crypts (X 330); Note the low cuboidal lining of the crypts [inset
arrow, (X 1320)]. B: General architecture of the endometrial
stroma (X 330); Note the scarcity of the glands (head arrows), and
relative abundance of the blood vessels (small arrows). C:
Finer details of the stroma (X 1320), showing the low cuboidal
lining of the glands (head arrow), the moderate eosinophils
granulocytes infiltration [ inset, (X 1320) ], and the generally
spindle shaped stromal cells with darkly stained oval nuclei (thin
arrow).

Figure 3. Estrus section of control animals. A: Dilatation and
widening of the luminal crypts (X 330). Note the columnar type
luminal epithelium, and the parabasal position of the nuclei [inset
arrows (X 1320)]. B Endometrial stroma. showing increased
stromal cellularity (X 1320). C: Finer stromal details. Note the
increased eosinophils granulocytes infiltration (double arrow),
frequent mitotic figures (thin arrow) and the columnar lining of
the glands (head arrow), cf , Fig. (4C). (X 1320).

Figure 4. Metestrus section of control animals. A: General
appearance of the sloughing endometrium (X 330). Note the
absence of glands and loss of normal tissue architecture, of the
superficial layers [inset, (X 1320)]. B: Degenerated luminal
epithelium (X 1320). C: Loss of normal glands architecture (head
arrow), and sheets of degenerated stromal elements (thin arrow).
Note the absence of eosinophils granulocytes, cf . Fig. (5C) (X
1320).

Figure 5. Habbat-Baraka (Nigella sativa Linn. seeds) treated
proestrus. A & B: Showing profound endometrial hypertrophy,
with enhanced glandulogenesis, cf. Fig (4A & B). [B (X 330)]. C:
Luminal epithelium showing well-developed tall columnar cell,
with characteristic subnuclear zones (white arrows), and
subepithelial decidualization, cf. Fig (4 C). (X 1320).

Figure 6. Habbat-Baraka (Nigella sativa Linn. seeds) treated
Estrus. A & B: showing diffuse endometrial hyperatrophy, with
enhanced glandulogenesis [B (X 330)]. Note the absence of
eosinophils granulocytes infiltration of the stroma, cf. Fig.(5 C).
[A, inset (X 1320)]. C: luminal epithelium showing welldeveloped sub-nuclear zones (thin arrows). Note the vesicular
pattern of stromal cells nuclei, and those of reniform type (open
arrow). (X 1320).
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Figure 7. Habbat-Baraka (Nigella sativa Linn. Seeds) treated
metestrus. A: showing the persistence of metrial glands (arrows),
and well-maintained endometrial stroma, cf. Fig.(6 A). (X 330).
B: Subepithelial decidualization reaction (arrows). Note the
pseudostratification of nuclei (head arrow). (X 1320). C: Luminal
epithelium showing subnuclear vacuolar spaces (head arrow).
Note the vesicular pattern of the stromal cells nuclei (long arrow),
and those of the reniform type (small head arrow). (X 1320)

4. Discussion
Vaginal smears of rats treated with the crude aqueous
extract of Nigella sativa seeds showed a shortening of the
vaginal cycles with the prolongation of both the estrus and
the metestrus phases; the diestrus was undetectable.
The shortening of a five-day vaginal cycle reported
earlier (Vander-Schoot and Uilenbroek, 1983), suggested
mechanism of a prolonged exposure to progesterone after
the metestrus, a consecutive effect to the inhibition of
luteolysis. Nigella sativa was shown to prolong the lifespan expectancy of the ovulatory corpus luteum, amongst
locally bred hybrid albino female rats (Hassen, 2000). This
provides supplementary evidence to the observed postovulatory, progesterone-like action of the administrated
crude aqueous extract of the N. sativa seeds as shown from
the vaginal smears of treated rats. Thus, this provides a
clue that whole N. sativa might have achieved its effects
by stimulating the endogenous release of estrogen and/or
progesterone. However, direct estrogen and /or
progesterone-like actions of the Black seeds, could not be
excluded.
The results of this study showed that the crude aqueous
extract of the N. sativa L. seeds at the dose of 0.2g/100g B.
wt, leads to a significant increase (P<0.05) in the uterine
weights of rats (almost ten times elevation) compared to
their control fellows (Figure 1). Similar results were
obtained by Parhizkar et al., 2016. The number of the
metrial glands was significantly elevated (Table 2),
suggesting an increased rate of glandulogenesis. On the
other hand, the vesicular pattern of the stromal cells nuclei,
and the ostensibly increased nucleo-cytoplasmic ratio
among such cells, can be a suggestive histological feature
indicating an increase in the metabolic activities
(Robertson, 1981; Junqueira and Carnneiro, 2005). Berene
and Levy, 1988; Ganong, 2010 stated that estrogen has a
rapid effect on cell replication, but has a slower effect on
cytoplasmic differentiation.
Mitosis was frequently seen amongst the stromal
cells, and cells with indented, bilobed and/or reniform
nuclei, were also produced and were predominantly seen at
the immediate subepithelial zones. Such types of stromal
cells had been reported (Robertson, 1981). These cells
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were implicated in the process of decidualization of the
rodent endometrial, and are shown to be responsible for
the endometrial production of the polypeptide hormone
Relaxin (Robertson, 1981). Relaxin has been found to
stimulate the uterine edema via the activation of estrogen
receptors (Pillai et al., 1999). Such endometrial edematous
changes might be responsible for some of the observed
increment in the uterine wet weight values obtained in this
study.
The luminal epithelial cells were persistently high
columnar in type. Throughout the phases of the
endometrial cycle, these cells developed the characteristic
sub-nuclear vacuolar spaces. Since estrogen supports the
growth of the luminal epithelial cells (Berene and Levy,
1988), the height of these cells was taken as a sensitive
parameter in assessing the estrogen site of a given
compound (Fuhrman et al., 1998), and in accordance with
the fact that the development of the sub-nuclear spaces
amongst the luminal epithelium was shown to be
functionally associated with ovulation (Lesson et al.,
1988), and is brought out by progesterone actions on the
estrogen-primed luminal epithelium (Stenchever, 1987;
Lesson et al., 1988). The results obtained from this study
indicate that the crude aqueous extract of the Nigella
sativa seeds might possibly have an estrogen and/or
progesterone-like action on mature rats’ endometrium.
Such indication is supported by other authors (Liu et al.,
2004; Parhizkar et al., 2011, 2012, and 2016).
The failure to detect diestrus on the vaginal cytology
(Hassen, 2000) of the experimental rats is supported by
their endometrial histology: the absence of degenerative
changes amongst metestrus endometrial sections was quite
evident when compared with those of their controls
(Figure 6) since the mechanisms of endometrial sloughing
involved estrogen and/or progesterone withdrawal
(Ganong, 2010) because blood estrogen concentrations
should be above a critical level together with progesterone
for both the maintenance and the proliferation of the
secretory phase of the endometrium of the uterus
(Laurence et al., 1997). These findings provide further
supporting evidence that the crude aqueous extract of the
N. sativa seeds has an estrogen and/or progesterone-like
action(s).
Stromal infiltration with eosinophils granulocytes is a
unique feature of rodents’ Estrus, which coincides with the
periovulatory peak of estrogen (Hebel and Stromberg,
1986), and is considered as one of the histological
parameters in assessing the uterotrophic effect of a given
compound (Patriarca et al., 1996). In this study,
eosinophils granulocytes infiltration of the endometrial
stroma, at Estrus, was significantly reduced after the
administration of the aqueous extract of the N. sativa
seeds. A low eosinophils count, at the Estrus of rats, had
been reported earlier, \and showed that anti-estrogens can
induce it with intrinsic estrogen-agonist activity (Patriarca
et al., 1996).
However,
inhibited
eosinophils
granulocytes
infiltration of the decidualized endometrium is a wellknown fact amongst rodents, and this suggests a possible
role of these cells in the initiation of implantation (Hebel
and Stromberg, 1986).
The current study reported that the inhibition of
eosinophils granulocytes infiltration of the endometrial
stroma at Estrus, suggests the presence of anti-estrogens
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with intrinsic estrogen-agonist activity (Patriarca et al.,
1996); or this could be a consecutive effect of the observed
utilization of the promoting effects of the herb on rats’
ovaries (Hassen, 2000; Parhizkar et al., 2011). However,
direct decidualization promoting effect(s) of the crude
aqueous extract of the seeds on the endometrial-stromal
elements might not be ruled out by the present work.
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Abstract
The cochineal scale, Dactylopius opuntiae (Cockerell, 1896) (Hemiptera: Dactylopiidae), is reported from Jordan for the
first time from several localities in the north of the country. This scale insect attacks the Indian-fig prickly pear, Opuntia
ficus-indica (L.) Miller (Cactaceae), and plants are killed by heavy infestations. The distribution and the relative degree of
infestations in Jordan are shown in a map. Voucher specimens of the collected samples were preserved in the University of
Jordan Insect Museum. Slides of adult females were prepared, and digital images were taken to illustrate important
diagnostic characters. World distribution, morphology, control methods, natural enemies and the probable means of the
introduction of this serious pest are discussed.
Keywords: Cochineal scale insect, Prickly-pear cactus.

1. Introduction
The cochineal insects are sources of red dye. They are
potential agents for the control of certain pest species of
Opuntia or prickly pears (De Lotto, 1974). They have been
used for commercial purposes since the 16th century in
Central and South America, in Mexico and Spain (De
Lotto 1974 and Chávez-Moreno et al., 2009). D. opuntiae,
was described by Cockerell in 1896 from Mexico (De
Lotto, 1974). It was introduced into Australia, India, South
Africa, and Saudi Arabia to control the prickly pear cacti
which were considered noxious weeds (Hosking et al.,
1994; Foxcroft and Hoffmann 2000; Aldawood and
Tuwariqi, 2014). The current distribution of this insect
includes twenty countries: Australia (New South Wales),
Brazil Cape Verde, France, Hawaii, India, Jamaica,
Kenya, Lebanon, Madagascar, Mauritius, Mexico,
Morocco, Pakistan, Palestine, Reunion, South Africa, Sri
Lanka, United States (Arizona California Texas ), and
Zimbabwe (García et al., 2016). Additionally, it is found
in Lebanon (Moussa et al., 2017), Saudi Arabia
(Aldawood and Tuwariqi, 2014), Morocco (Bouharroud et
al., 2016) and Cyprus (EPPO Reporting Service, 2017).
D. opuntiae females have three developmental stages –
egg, nymph (two instars) and adult- whereas males have
egg, nymph, pre-pupa, pupa and adult stages (De Lotto,
1974). This cochineal scale produces carminic acid to
protect itself from predators (Eisner et al., 1994). The
longevity of the female is 38.4 days, while male longevity
is only 4.2 days. The complete biological cycle is 77 and
43 days for the female and male insects respectively.
Sexual reproduction is most common, but parthenogenetic
females were found (Flores-Hernandez et al., 2006).
*
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Cactus was introduced into Palestine centuries (400
years) ago from Central America (Protasov et al., 2017). In
Jordan, Opuntia ficus-indica is planted at the edges of
farms and gardens as a fence, and also for its fruits, which
have a good market value. It can also be used as animal
feed. The cultivated area of this plant in Jordan is
estimated at 3000,000 m2 mainly in the Jordan Valley and
Madaba area. Recently, farmers from the northern parts of
Jordan complained from the scale insect that attacked
cactus severely. The objective of the current work is to
document the first record of D. opuntiae (Cockerell) in
Jordan, its recent distribution in the country, and to
propose effective control pest methods.
2. Materials and Methods
Six field trips were conducted on the 9th, 14th, 17th, 24th
of February and the 3rd of March in 2018 to several
localities in northern Jordan (Map 1). The elevations of
sites were recorded by GPS. All cactus plants were
observed, and examined for the presence of the Cochineal
scale insect in all of the visited sites. The severity of
infestation was estimated as follows: 0, no infestation; 1,
low infestation if less than 25 % of the pad surface was
infested; 2, medium infestation if 25-50 % of the pad
surface was infested; 3, high infestation if more than 50 %
of the pad surface was infested (Moussa et al., 2017).
The heavily infested cladodes of cactus were collected
from several sites in the northern parts of Jordan. The
specimens were removed from the cladodes with a fine
brush, and were boiled gently in 75 % alcohol for few
minutes. They were then washed with distilled water, and
placed in 10 % KOH for 24 hours until the specimens
became translucent. Afterwards, all body contents were
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removed by pressing the insect with a small spatula. The
specimens were then rinsed in distilled water for about ten
minutes placed in few drops of glacial acetic acid and acid
fuchsine, and were then washed in absolute alcohol. Slide
mounts were prepared in clove oil. Voucher specimens of
the collected samples and the prepared slides were

preserved at the University of Jordan Insect Museum. The
adult female was photographed using a dissecting
microscope (Leica M165 C) provided with a dome
illumination unit. Enlargements were carried out under
light microscope by a digital camera (CMEX 5.0 M pixel
digital USB2 camera Euromex) attached to the eye tube.

Map 1. Current distribution of Dactylopius opuntiae in Jordan.

3. Results
The mounted specimens of the examined scale insect
were found by the first author to belong to D. opuntiae
(Cockerell) according to the key of (De Lotto, 1974).
Mounted adult female is elongate oval (Plate 1, A), dorsal
and ventral lateral modified body setae short, cylindrical,
moderately to strongly stout; rather numerous (Plate 1, B).
Antennae with seven segments (Plate 1, C). Anterior and
posterior spiracles large with the sclerotized operculum
well developed and having the lateral edges rough or
provided with a few minute indentations (Plate 1, D). Legs
short and stout (Plate 1, E). D. opuntiae was recorded from
few sites in the north of the country (Map 1). The
infestation was high (cladodes totally covered with the
scale) in Saham and Rafaid where D. opuntiae was first
observed (Plate 1, F) and low (few colonies on the
cladode) in Alshouna Shamaliyah (Table 1). Heavy
infestation led to the death of cactus plants (Plate 1, G).

Table 1. Cactus localities sampled, their elevations and the
severity of Dactylopius opuntiae in Jordan.
Location

Sampling date

Elevation (m)

Severity*

Saham

14.2.18

330

3

Kufr Soom

14.2.18

380

3

Rafaid

9.2.18

440

3

Rafaid

9.2.18

380

3

Sama Rousan

14.2.18

470

0

Al-Qasrin

14.2.18

470

0

Malka

17.2.18

390

0

Um-Qias

17.2.18

310

0

Alshouna
Shamaliyah

24.2.18

-210 (below sea
level)

1

Zmalyeh

3.3.18

-190 (below sea
level)

0

Mukhaibah

3.3.18

20

0

* Severity scale: 0 (no infestation); 1 (low infestation, less than 25
% of the pad surface was infested); 2 (medium infestation, 25-50
% of the pad surface was infested; 3 (high infestation, more than
50 % of the pad surface was infested).
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Plate 1. D. opuntiae: A. Adult female (3 mm length); B. Dorsal cylindrical setae (40x); C. Antenna (40x); D. Spiracle (40x); E. leg (40x); F.
Cochineal scale infested cladode; G. Dead cactus due to heavy infestation.

4. Discussion
This is the first record of D. opuntiae from Jordan.
Subsequent observations on cactus plants in areas
southwards from the sites of initial records during March
and April of 2018 in Amman area, Madaba, Wadi Al
Walah and Wadi al Hidan, Dayr Alla, Wadi Al Huwarat,
Abu Az Zeeghan, Sawalhah showed that cactus plants
were uninfested which may suggest that the introduction of
this insect into Jordan is recent. It may have been
introduced naturally by wind, livestock, or birds coming
from Palestine and/or Lebanon. It is highly expected that it
has been recently introduced into Syria because most of
the study records were from areas close to the Syrian
border. It is probable that this invasive insect will spread

southwards in Jordan, and may infest most cactus
plantations in the country unless an effective control
program is implemented.
Moussa et al., (2017) stated that the risk of the spread
of this pest to new areas in Lebanon is very high and
urgent eradication programs must be implemented. The
predator Cryptolaemus montrouzieri Mulsant (Coleoptera:
Coccinellidae) was found in association with the colonies
of D. opuntiae, but its densities were too low to regulate
the population of this new invasive pest.
After the first detection of D. opuntiae in Palestine in
2013 (Spodek et al., 2014), its management with inundated
releases of 100,000 adult predatory beetles of C.
montrouzieri was apparently unsuccessful. Accordingly,
two natural enemies were introduced from Mexico into
Palestine; a predatory beetle, Hyperaspis trifurcata
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(Coleoptera: Coccinellidae) and a predatory fly, Leucopis
bellula (Diptera: Chamaemyiidae). Recently, individuals
of H. trifurcata were released in the cochineal infested
sites in the Galilee (Protasov et al., 2017). The efficiency
of these bioagents is not reported so far.
D. opuntiae is not attacked by parasitoids due to the
presence of the carminic acid. Its predators in Mexico were
studied by Vanegas-Rico et al. (2010). The most common
species were Leucopis bellula (Diptera: Chamaemyiidae),
Sympherobius barberi (Neuroptera: Hemerobiidae), and
Laetilia coccidivora (Lepidoptera: Pyralidae). García et
al., (2016) listed the natural enemies of this pest which
included the predatory fly larvae of Chamaemyiidae
(Leucopis bellula), beetles of Coccinellidae (Chilocorus
cacti, Cryptolaemus montrouzieri, Exochomus sp.
Hyperaspis trifurcata and
Tenuisvalvae notata), the
brown lacewings of Hemerobiidae (Sympherobius
angustus and Sympherobius barberi ), the moth larvae of
Pyralidae (Laetilia coccidivora), and larvae of the syrphid
flies of Syrphidae (Eosalpingogaster cochenillivora and
Salpingogaster sp.).
Resistant cactus cultivars may be used to control D.
opuntiae (Borges et al., 2013). One biotype of
D.
opuntiae, the 'stricta' biotype, only survives on lowgrowing species such as O. stricta, while the other, the
'ticus' biotype, is associated with tree-like cacti, including
O. ficus-indica. The 'stricta' biotype was used, with
considerable success, for the biological control of O.
stricta in Australia for over sixty years (Githure et al.,
1999).
The application of pyrethroid and organophosphate
insecticides, mineral oils and neem oils were used in
Mexico (Vannegas-Rico et al., 2010) giving partial
control. Heavy rain was reported to reduce the
development of cochineal insects by dropping crawlers
from the cladodes (Moran et al., 1987).
An urgent action plan for controlling D. opuntiae in
Jordan is needed. First of all, the current distribution of
this pest should be determined by surveying all cactus
plantations in Jordan. Heavily infested plantations should
be eradicated which may include the destruction of the
first clusters of infested plants, collecting fallen cladodes
and burning abandoned cultivations. The transport of
cactus plants or fruits from infested areas to pest-free areas
must be prevented through internal quarantine regulations.
The search for local natural enemies (predators) is
important, and the release of introduced bioagents may be
implemented if native populations were found insufficient
or ineffective. The use of entomopathogenes such as
Fusarium incarnatum–equiseti in combination with plant
extracts may be a good option (Santos et al., 2016;
Carneiro-Leao et al., 2017). Insecticidal sprays including
powdered soap or liquid detergents in urgent situations
could be used. In addition, Jordanian farmers should be
encouraged to plant the resistant variety, Nopalea
cochenillifera after conducting the necessary assessments
regarding the suitability of this variety to Jordanian soils
and climate.
5. Conclusions
The cochineal scale insect, D. opuntiae (Cockerell),
was recorded from Jordan for the first time in several
localities in the northern parts of the country. This invasive

insect species was most probably introduced from nearby
countries only recently. Controlling procedures must be
implemented urgently.
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Abstract
To determine the genotoxicity of alugbati (Basella alba Linn. var. rubra) leaf extracts on breast adenocarcinoma, the Comet
assay was employed on MCF-7 cells incubated with the following: lyophilized alugbati juice extracts reconstituted with 2 %
DMSO (AJ) and in aqueous media (AJ2), and lyophilized alugbati hydrolysate (exogenous myrosinase (E.C. 3.2.3.1)
assisted) re- dissolved with 2 % DMSO in culture media (AH). Untreated MCF-7 cells in 2 % DMSO served as the negative
control. MANOVA and Post hoc Tukey’s HSD were employed to determine statistically significant differences among the
samples. First, mutant cells in AJ and AH formed pronounced comet tails indicating that DNA damage had occurred
significantly compared to that of the control. Post hoc comparisons between AJ and AH indicated that both samples
exhibited comparable effects to MCF-7 cells. Due to the similarity of AJ to AH, it was presumed that hydrolysis occurred
during the mechanical process of juice extraction. Second, AJ2 exhibited analogous results with the control; whereas, AJ
was found to be statistically different. Aberrant cells incubated with the control and AJ2 trials exhibited relatively minimal
genotoxicity as evidenced by intact nuclei. Overall, multiple comparisons illustrated that the most prominent DNA damage
was observed by extracts AJ and AH in all parameters. The results of this study suggested that alugbati leaves subjected to
enzyme-assisted hydrolysis or juice extractions prepared in DMSO caused considerable DNA damage in MCF-7 cells.
Keywords: Alugbati, Glucosinolates, Myrosinase, Genotoxicity, Comet Assay, MCF-7, Basella alba Linn. var. rubra

1. Introduction
As of 2014, statistics showed that Asia accounts for
approximately 50 % of the global incidence of cancer, and
is projected to increase from 6.1 million in 2008 to 10.6
million cases in 2030 (Sankaranarayanan et al., 2014).
Among the fifteen Asian countries assessed by the Pfizer
Medical Division, the Philippines was found to be ranked
third with the highest cancer prevalence (McDonald et al.,
2008). In fact, the occurrence of malignant neoplasm
continued to increase in the ten leading causes of mortality
in the Philippines from 9th to 3rd in occurrence in only a
span of two decades in the Philippines (Tayag et al.,
2011). In this regard, different dietary practices and
nutrition have become a focus of several researches which
are associated with the prevention of noncommunicable
diseases such as cancer (Vainio and Weiderpass, 2006);
(Key, 2011). Several epidemiological studies show that the
consumption of fruits and vegetables was strongly linked
to risk reduction of prevailing forms of cancer and that a
diet rich in this food was suggested as a primary
preventive factor (Tayag et al., 2011; Rick et al., 2013).
Riboli and Norat (2003) proposed an intake of
approximately of 350 grams of fruits and vegetables per
day as proportional to the preventable level of cancer types
*
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such as colorectal, esophageal and gastric. The high intake
of fruits and vegetables were also correlated to the risk
reduction of breast cancer by the hormone steroid receptor
status (Emaus et al., 2015). In addition, a large cohort of
case studies recommended that the intake of cruciferous
vegetables, such as broccoli, reduces the risk of stomach,
colon and lung cancer. In general, dietary components
such as flavonoids, phenolic compounds, and
glucosinolates are the potential factors contributing to such
health benefits (Johnson, 2002).

Figure 1. Basella alba Linn. var. rubra (alugbati).

B. alba, a relatively understudied but widely consumed
vegetable grown in Asia is believed to exhibit a wide range
of biological functions. This plant is very popular in the
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central and southern Philippines, and is often a popular
component of a concoction vegetable dish called “laswa”
with its characteristic jelly-like consistency (Figure 1).
Alugbati is recognized as a medicinal plant known for its
antioxidant, antibacterial and anticancer potentials (Sushila
et al., 2010). The leaves and stem of alugbati have been
used in Indian Ayurvedic treatments for curing diseases
such as melanoma, leukemia and oral cancer. The
traditional use of alugbati has been attributed and
correlated to the presence of bioactive phenolics and
flavonoids in the plant (Adhikari et al., 2012). Moreover,
preliminary screening in the laboratory showed that the
extracts of alugbati species contain significant levels of
glucosinolates (GSLs) (Malabed and Sandoval, De La
Salle University – Manila, unpublished data). GSLs are
phytochemicals and secondary metabolites known for the
anticancer properties of their hydrolysis products. They are
present along with myrosinase which is responsible for
their enzymatic breakdown into various hydrolytic
products such as isothiocyanates (ITCs) which are known
to possess a number of marked biological activities
(Calmes et al., 2015). For instance, isothiocyanates were
established to block metabolic activation and enhance the
detoxification of chemically-induced carcinogens. Other
breakdown products such as allyl-ITCs and benzyl-ITCs
exhibited high bioavailabity of up to 90 % in orally
administered trials in bladder cancer cells, and decreased
the growth of pancreatic tumor cells (Zhang, 2010;
Boreddy et al., 2011). Several studies have led to the
proposal of some mechanisms and actions of GSL
hydrolysis products on cancer. The induction of Phase II
enzymes such as glucoronosyl transferase (GT) and
glutathione S-transferase (GST), modification of steroid
hormone metabolism, and protection against oxidative
damages are the general ways by which these compounds
exhibit their anticancer properties (Das et al., 2000).
This research is aimed at determining the genotoxic
capabilities of the juice and semi-purified enzymaticallyhydrolyzed preparations of B. alba on breast
adenocarcinoma immortalized cell line. To the best of the
researchers’ knowledge, this is the first reported study
using this methodology of genotoxicity analyses on the
extracts of B. alba against the aforementioned MCF-7
cells.
2. Materials and Methods
2.1. Preparation of Alugbati Juice Samples
Fresh alugbati leaves were chopped and blended with a
small amount of water. The mixture was filtered to
separate the juice from the pulp. The alugbati juice was
frozen and lyophilized using a Labconco Freeze Dry
System/Frozone®. Prior to the assay, 0.034 g lyophilized
alugbati juice was reconstituted in 10 mL DMSO (AJ), and
0.095 g of the powdered sample was reconstituted in 10
mL distilled water (AJ2).
2.2. Preparation of Alugbati Hydrolysate
Fresh alugbati leaves were cut into small pieces, and
were frozen and lyophilized. About 2.0 g of ground freezedried samples were mixed with 30.0 mL distilled water,
and 100.0 μL myrosinase (E.C. 3.2.3.1) (3 units/mL). The
hydrolysis mixture was homogenized and incubated for
one hour at room temperature. 30.0 mL of the solvent

DCM was added to the hydrolysate. The mixture was
centrifuged for three minutes at 4000 rpm, and the organic
layer was separated from the aqueous layer. The organic
layer was dried over anhydrous Na2SO4 and was
subsequently concentrated in a rotary evaorator (Malabed
and Noel, 2012). The extract weighing 0.017g was
dissolved in 10 mL DMSO (AH).
2.3. Comet Assay (Single cell gel electrophoresis)
Human breast adenocarcinoma cell line (MCF-7) was
treated with extracts AJ, AJ2 and AH. Untreated MCF-7
cells in DMSO served as the negative control. MCF-7
cells, in complete growth medium, composed of
Dulbecco’s
Modified
Eagle
Medium
(DMEM,
ThermoFisher Scientific Gibco®, USA) containing 10 %
fetal bovine serum (FBS, Thermo Fisher Scientific,
Gibco®, USA), and 1x antibiotic‑ antimycotic (Thermo
Fisher Scientific, Gibco®, USA), and kept at 37°C with 5
% CO2 in a 98 % humidified incubator, were placed in
separate flat-sided culture test tubes and were incubated
with 15 μL extract AJ, 10 μL of extract AJ2 and 25 μL of
hydrolysate AH resulting in 0.75 % (v/v) DMSO, 0.53 %
(v/v) water and 1.25 % (v/v) DMSO in solution,
respectively. After twenty-four hours, the cells were
harvested and incubated with 2 mL trypsin-EDTA and 5 %
CO2 at 37oC for five minutes. Subsequently, 4 mL 1 x PBS
was added, and the mixture was centrifuged for ten
minutes at 22oC and 1,200 rpm. The pellet was redissolved in PBS, transferred to an Eppendorf tube, and
subjected to comet assay.
The bioassay was performed using Trevigen’s reagent
kit for Comet Assay® and the assay protocol specified by
Trevigen Inc. (Gaithersburg, USA) was followed. About
50 μL of the cell culture mixture (250 μL low melting
agarose and 25 μL of the MCF-7 cells) was layered onto
the wells of the Comet slide and placed in the dark at 4 oC
until the mixture solidified. After that, the slides were
immersed in a pre-chilled lysis solution for one hour at
4oC. Consequently, the slides were incubated in the dark
with 50 mL alkaline unwinding solution (pH>13 (200 mM
NaOH, 1 mM EDTA)) for twenty minutes at room
temperature. Electrophoresis was performed as described
in the Trevigen’s Alkaline Comet Assay protocol.
Following electrophoresis, the air-dried slides were stained
with 50 μL of SYBR Green, and after subsequent drying,
the images were captured using fluorescence microscopy.
Statistical evaluations of the different preparations of B.
alba leaves (AJ, AJ2, and AH) were done on all the
accumulated data gathered from the Comet assay. DNA
damage was evaluated by measuring three parameters: tail
length (TL) of the resulting fragmented DNA, the
percentage of DNA in tail (%DNA), and the tail moment
(TM). Cells with extensive DNA single and double
stranded fragmentations were characterized according to
the degree of nucleic dispersion and migration visualized
as pronounced tails. The resulting images of cells or
comets were scrutinized using OpenComet and ImageJ
software.
2.4. Statistical Analyses
Multivariate analysis of variance (MANOVA) test was
performed using SAS 9.3 Software and graphical
representations were plotted using GraphPad Prism 7.04.
Pillai’s Trace was used with statistical significance level
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(ɑ) of p≤0.05. Post-hoc Tukey’s honest significant
difference (Tukey’s HSD) was performed in the three
dependent variables, and values of the least square means
were also compared. Treatments having the same letter
were considered not significantly different at 95 %
confidence level.
3. Results
3.1. Comparison of the Alugbati Juice Extract and
Hydrolysates in DMSO
Lyophilized alugbati juice (AJ) and alugbati
hydrolysate (AH), both in DMSO, were assessed for
possible genotoxic effects on MCF-7 cell lines. The mean
scores and corresponding standard deviations (SD) in the
three parameters (TL, %DNA, and TM) for the control, AJ
and AH were presented in Table 1 and Figure 2. The
control exhibited minimal DNA damage for TL (36.98 ±
10.56), %DNA (15.55 ± 8.66) and TM (40.95 ± 6.37).
Table 1. Post hoc comparison: Tukey’s HSD on B. alba trials.
Parameter

Extract
control
AJ
AH
AJ2

TL

%DNA

TM

36.99±10.56b
119.74±71.61a
118.18±114.11a
61.40±53.47b

40.95±8.66b
72.27±18.65a
78.64±16.69a
40.96±27.89b

15.55±6.37b
81.40±51.30a
84.22±83.75a
32.44±40.12b

* Means with the same letter are not significantly different.

MCF-7 cells incubated with AJ and AH extracts
showed loss of DNA integrity and substantial migration
represented in numerous comets with extensive tails
compared to the control with intact nuclei (Figure 3).
Moreover, comets parameters of AJ (TL = 119.74 ± 71.61;
% DNA= 72.27 ± 18.65; TM = 81.40 ± 51.30) and AH
(TL = 118.18 ± 114.11; % DNA = 78.64 ± 16.69; TM =
84.22 ± 83.75) (Table 1 and Figure 2). Multivariate testing
indicated that there was a statistically significant
difference between the parameters of the control with both
AJ and AH (F (6, 292) = 31.30, p = 0.0001; Pillai’s trace =
0.78).
F

250

6, 292

= 1 6 .8 5

p = 0 .0 0 0 1
200

Figure 3. Images of MCF-7 cells subjected to Comet assay: (a)
control (b) AJ (c) AH (d) AJ2.

3.2. Comparison of Alugbati Juice Extracts in Water and
DMSO
The effect of changes in the matrix (lyophilized
alugbati juice in DMSO (AJ) and in water (AJ2)) was
observed to verify if the solubility of the constituents
played a role in the genotoxicity of B. alba extracts. In
addition, untreated MCF-7 cells in 2 % DMSO served as
the negative control, and the results of the assay divulged
that the solvent did not exhibit significant genotoxicity to
the untreated cells. As seen in Table 1, data gathered for
AJ were considerably different compared to the control
(TL = 36.98 ± 10.56; %DNA = 40.95 ± 8.66; TM = 15.55
± 6.37) and AJ2 (TL = 61.40 ± 53.47; %DNA = 40.96 ±
27.89; TM = 32.44 ± 40.12) in all the generated data. AJ
(TL = 119.74 ± 71.61, %DNA = 72.27 ± 18.65 and TM =
81.40 ± 51.30) showed the most substantial DNA damage.
However, the resulting images for AJ2 (Figure 3)
exhibited fewer moderate to extensive diffused nuclei. In
comparison with AJ, comets from AJ2 exhibited relatively
shorter comet tails and the fluorescence of the comets were
faint and less prominent. The findings dictate that greater
DNA damage occurred in MCF-7 incubated with AJ
compared to AJ2.
The outcome of the Pillai’s trace statistics, F (6, 292) =
16.85, p = 0.0001; Pillai’s trace = 0.51, signified that there
were statistical differences between the control, AJ, and
AJ2. Post hoc analyses showed that AJ was significantly
different from the control and AJ2. This implied that the
alugbati juice in DMSO exhibited significant DNA
damage and genotoxicity to MCF-7 cell lines. On the other
hand, the control and AJ2 were statistically equivalent
indicating that the two exhibited the same effect.
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Figure 2. Comparison of the comet assay parameters incubated
with the (a) AJ and AH and with (b) AJ and AJ2.

The Comet assay is one of the most sensitive
techniques that can observe genotoxic effects in cancer
cells (Florent et al., 1999). Several factors could initiate
DNA damage such as ionizing radicals, topoisomerases
inhibitors, alkylating agents, sulfonates, etc. (Cann and
Hicks, 2007). Bioactive constituents have been found to
initiate DNA double strand breaks through the alkylation
of DNA bases; consequently, DNA helices are disrupted
and DNA breaks are induced. Elevation of reactive oxygen
species levels trigger oxidative stress which also leads to
unstable genomic processes of cells and double strand
breaks (George and Rupasinghe, 2017). The appearance
and formation of comets with pronounced tails in the assay
were indicative of DNA strand breaks caused by
pretreatments of the cells. The present investigation was
performed to determine whether the extracts from B. alba
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leaves could cause substantial DNA damage on MCF-7
cells and possess chemopreventive properties.
Alugbati juice’s pharmacognosy has been reported to
be linked to constituents such as flavonoids, phenolics and
intact GSLs (Tongco et al., 2015); Myrosinase assisted
hydrolysis of GSLs primarily produce degradation
products specifically ITCs (Angelino et al., 2015). The
evaluation of the collected images of comets from AJ and
AH trials suggested that the presence of bioactive
compounds in the juice extract which could consist of
hydrolysis products can cause genotoxicity against breast
adenocarcinoma. During the preparation of extracts AJ
and AJ2, it was observed that powdered alugbati juice was
soluble in DMSO, but partially dissolved in water. The
results of the Comet assay exhibited that the extracts
reconstituted with DMSO had greater efficacy due to the
polar-aprotic solvent which had the capability to dissolve
both polar and small nonpolar compounds (Capriotti and
Capriotti, 2012). Even though the results of the water
extract did cause minimal nucleic fragmentation, the
bioactive constituents may not have been completely
soluble, and therefore did not contribute to substantial
genotoxicity on the MCF-7 cell line. Since the two
extracts, AJ and AJ2, were prepared using the same
freeze-dried alugbati juice, it may be inferred that the
difference in their genotoxicity could be attributed to the
solvent used.
Herbal extracts of B. alba were shown to exhibit
immense anti-inflammatory, antioxidant, antibacterial,
antifungal, and anti-ulcer activities (Sushila et al., 2010).
Such observations were correlated to the considerable
concentrations of flavonoids, phenolics and betalains
present in the plant (Kumar et al., 2015). Cytotoxicity
studies proposed that alugbati extracts exhibit
chemotherapeutic actions through the following:
modification of the permeability of mutagens through
membranes, and prevention of mutagen transfer into
cytosols by binding or inserting phenolics into the
transporters of the outer cell membrane (Adhikari et al.,
2012). In another research, MTT assay showed that the
red-stem variety of alugbati showed strong cytotoxicity
against cervical carcinoma cells after a twenty-four-hour
treatment with 50 mg/mL B. alba extract. Morphological
changes, such as shrinkage and blebbing of the cancer
cells, and the significant decrease of the live cancer cell
count were indicative of the genotoxic activity of the
alugbati extract (Kumar et al., 2015).
It was found from preliminary studies in the laboratory
that alugbati contained significant levels of GSLs which
could be a possible cause of its genotoxic activities against
MCF-7 cells. Fifteen local vegetables were analyzed for
their total GSL content, and it was found that alugbati
contains the highest levels of GSLs (85.30 μmol/g)
(Malabed and Sandoval, De La Salle University – Manila,
unpublished data). Moreover, initial identification of GSLs
in B. alba indicated that extracts could also contain
breakdown products such as isothiocyanates. Tan, et al.
(2017) proposed pathways by which ITCs which could
direct cell death. Inhibition of Phase I enzyme generates
electrophiles, and introduces polar groups to xenobiotics.
Consequently, activation of Phase II enzymes via
antioxidant response factors (ARE) detoxifies and aids in
the excretion of these carcinogens. It was observed that
ITCs participate in mercapturic acid pathway in certain

cancer cells. In this pathway, depletion of GSH level result
in the activation of caspase dependent pathways, and the
increase of S-thiocarbamoyl derivatives activates the
expression of tumor suppressor genes (p53, Ink 4A, BRCA
1 & 2, ATF 2) both of which leads to cell death. Cell
toxicity of hydrolysis products such as ITCs and indole-3carbinol had been primarily studied on human lung, breast
and prostate cancer cell lines in order to determine their
anti-tumor activities. ITCs are known to cause pathogen
and fungal death through the induction of cellular
oxidative stress and redox homeostasis which causes
glutathione depletion. It was found that such mechanisms
were similar to its cellular targets in the said mammalian
cancer cells. This observation corroborates the effects of
ITCs in human lung, breast and prostate cancer cell lines
(Calmes et al., 2015).
5. Conclusion
The analyses of the Comet assay on MCF-7 cells
exhibited that lyophilized alugbati juice (AJ) and
hydrolysate (AH) trials, both in 2 % DMSO, displayed
notable DNA damage to the mutant cells observed by the
appearance of pronounced tails. No significant differences
were found between the genotoxic effects of the AJ and
AH extracts which were attributed to the possibility of
hydrolysis also taking place during the juice extraction.
Moreover, determining the effects of change in the matrix
revealed that alugbati juice in 2 % DMSO (AJ) exhibited
greater DNA damage compared to the alugbati juice
extract reconstituted in water (AJ2). Evidence was found
to indicate that the bioactive constituents which possibly
induced nucleic fragmentation were more soluble in
DMSO than in water. Generally, extracts AJ (TL = 119.74
± 71.61; PD = 72.27 ± 18.65; TM = 81.40 ± 51.30) and
AH (TL = 118.18 ± 114.11; PD = 78.64 ± 16.69; TM =
84.22 ± 83.75) resulted in the most significant damage to
MCF-7 cells. Overall, the current research shows that the
extracts from B. alba caused significant DNA damage to
MCF-7 cells. It supports preliminary studies on the
biochemical constituents of alugbati as well as possible
GSLs affirming significant chemotherapeutic properties of
the plant extracts. To the researchers’ knowledge, this is
the first research that reports the genotoxic activity of
alugbati extracts against breast cancer cells. A thorough
and extensive investigation is recommended to further
characterize the bioactive compounds and glucosinolates
present in alugbati, and it will now be of interest to
establish specific mechanisms by which alugbati
constituents trigger cell cycle arrest on MCF-7 cells.
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Abstract
Rhizosphere bacteria are a group of metal-mobilizing and plant growth-promoting bacteria having the ability to solubilize
minerals such as zinc. This plant growth-promoting bacterium, which lives symbiotically in/on the root surface, helps
directly or indirectly in promoting plant growth. Zinc is one of the essential micronutrients required for optimum plant
growth, and plays a vital role in metabolism. It is necessary in low concentrations, and is critically required for the
functioning of several plant physiological processes. Zinc deficiency is the most widespread micronutrient disorder in rice
(Oryza sativa). Out of the twenty-five isolates used in this study, two selected ones, namely, Bacillus pumilus and
Pseudomonas pseudoalcaligenes, were evaluated for the ability to solubilize zinc and for their growth-promotion efficiency
on rice in the greenhouse. Zinc- mobilizing bacteria protect plants from salinity injuries by enhancing their growth-related
physiology, such as chlorophyll, carotenoid, and antioxidant enzymes catalase (CAT), peroxidase (PO). Plants inoculated
with Zn-mobilizing bacteria (ZMB) also accumulate soluble carbohydrates in leaves under salinity, which helps plants
overcome osmotic stress.
KeyWords- Zinc mobilizing bacteria, Paddy, Salinity, Chlorophyll, Carotenoid, Catalase (CAT), Peroxidase (PO).

1. Introduction
Salt stress is an increasingly global problem which
affects major parts of the global agricultural lands. Some
states of India, such as the Gujarat state, have a total
coastal length of about 1600 Km, as many districts of the
Gujarat state including Valsad, Navsari, Surat and Bharuch
have their western boundaries on the Arabian Sea (Garg
and Patel, 2007). A high amount of salinity may affect the
plant in several ways such as water stress, reduction and
expansion of cell division, oxidative stress, and nutritional
disorders (Zhu, 2007). The long-term exposure of plants to
salinity makes plants experience ionic stress, which may
lead to a premature deterioration of adult leaves, affecting
the photosynthetic area available to support the continued
growth. In fact, excess sodium and more importantly
chloride have the potential to affect plant enzymes and
cause cell swelling, resulting in reduced energy production
and other physiological changes (Larcher, 1980). Hence,
arid and semiarid areas of Indian agro ecosystems are
often deficient in important minerals including
phosphorus, potassium, and zinc. For a proper growth and
development, plants need several macro- and
micronutrients. The macronutrients including nitrogen (N),
phosphorus (P), potassium (K), calcium (Ca), and the
micronutrients including iron (Fe), boron (B), chlorine
(Cl), manganese (Mn), zinc (Zn), and copper (Cu) are
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supplemented through inorganic or organic forms when
taken up by the plant roots along with water.
Zinc (Zn) is one of the eight essential micronutrients
required for the healthy growth and reproduction of crop
plants. For an optimum plant growth, Zinc is required
relatively in small concentrations (5–100mg kg−1), and
plays an important role in metabolism. Similar to nitrogen,
phosphorus and potassium, zinc deficiency has been found
widespread and responsible for yield reduction in rice
(Fageria et al. 2002). In plants, zinc also acts as a regulator
being a constituent of more than sixty-five different
enzyme systems of drought tolerance and water-use
efficiency (Assunção et al. 2010). Cereal species greatly
differ in their zinc efficiency which is defined as the ability
of a plant to grow and yield well under Zn deficiency. All
crops require Zn, especially high carbohydrate plants such
as rice, potatoes, etc. Although Zn is not an essential
component of cell structure, it regulates many biochemical
processes essential for growth, development and seed
production. Zn solubility is highly dependent upon soil pH
and moisture. Bacteria play an important role in
mobilizing nutrients’ requisites by the plants to some
extent. Microbes are a potential alternate which can
provide plant zinc requirements by solubilizing the
complex zinc in the soil. Microbes solubilize the metal
forms by protons, chelated ligands, and oxido-reductive
systems that are present on the cell surface and membranes
(Hughes and Poole, 1991). Rhizobacteria genera belonging
to Pseudomonas spp. and Bacillus spp. are reported to
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solubilize zinc. Thus, the identification of efficient
microbial strains capable of solubilizing minerals rapidly
can conserve the existing resources, and avoid
environmental pollution hazards caused by the excessive
usage of chemical fertilizers.
Salt stress adversely affects plant nutrient acquisition,
especially in the root, resulting in a significant decrease in
shoots dry biomass (Jha and Subramanian, 2016). The
collaboration of plant growth-promoting bacteria,
especially Zn-mobilizing bacteria (ZMB), and their effect
on the biological growth response of plants under soil
salinity are complex. The effect of the inoculation of ZMB
in plants, alone or in groups in conferring tolerance to
plants against adverse environmental conditions has been
analysed. Its effect in improving other nutrient availability
to help the plant overcome osmotic stress by the
accumulation of soluble sugar has also been analysed.
Such change has been correlated with variation in the
antioxidant enzymes such as catalase and peroxidase
activity, photosynthesis rate, leaf greenness, and other
growth-promotion parameters including plant height, dry
weight, etc.
2. Materials and Methods

2.3. Influence of Zinc Solubilizing Organisms on pH of
the Growth Medium
The selected strains were inoculated in the flasks
containing 50 mL of sterilized modified Pikovskaya
medium containing 0.1% of ZnO, ZnCO 3 and Zn(PO 3 )4 as
insoluble sources. An un-inoculated sample was also
maintained. The samples were analyzed on the sixth,
eighth, and tenth day after incubation. The bacterial
cultures were centrifuged at 15,000 rpm for ten minutes
and were filtered using Whatman No. 42 filter paper. The
pH of the ZMB culture filtrates was measured using a pH
meter (Elico).
2.4. Quantitative Estimation of IAA by Zinc
Solubilization
The selected bacterial isolates were tested for their
ability to produce IAA by inoculation in the flasks
containing 50 mL of sterilized modified Pikovskaya
medium supplemented with 0.1 % ZnO. Another set
devoid of Zn material was also inoculated. All the
treatments were amended with 0.1 % tryptophan and were
incubated for seven days. The quantity of IAA produced
by the organisms was estimated by the method of Brick et
al. (1991).
2.5. Rice Cultivation and Inoculation

2.1. Isolation, Identification and Zinc Solubilization
Assay
Rhizobacteria were isolated and identified by 16S
rDNA analysis from the rice field as per the researchers’
published method (Jha, 2017). The growth-promotion
efficiency of the isolates was analyzed in terms of their
ability to solubilize zinc by inoculating it on to the
modified
Pikovskaya
medium (Pikovskaya,1948),
containing 1 % insoluble zinc compounds (a) ZnO, (b)
ZnCO 3 , and (c) Zn (PO 3 )4. A loopful of a forty-eight-hour
bacterial culture was inoculated on the prepared plates. All
the plates were incubated for forty-eight hours at 28°C for
five days. The halo zone around the colony and the colony
growth were measured, and the Zn solubilization
efficiency was tested (Gontia-Mishra et al., 2017).
Solubilization efficiency = Solubilization diameter/
Diameter of colony growth X 100.
They were subjected to further experimental studies
such as quantitative estimation (broth assay), the influence
of the isolates on the pH of the medium, and the
production of gluconic acid and auxin.
2.2. Quantitative Estimation of Zinc Mobilization
A loopful of a forty-eight- hour bacterial culture was
inoculated into 25 mL modified Pikovskaya broth in a 50
mL capacity flask and was incubated at 28±2°C for ten
days. The growth suspension was centrifuged at 7,000 g
for ten minutes to separate the supernatant from the cell
growth and the insoluble Zn. One mL of the supernatant
was taken in a 50 mL volumetric flask, and the volume
was made to 50 mL with distilled water and was mixed
thoroughly. The solution was fed to an atomic absorption
spectrometer to determine the Zn content. A standard
curve was prepared using various concentrations of a 10
ppm ZnCl solution. The amount of zinc solubilized by the
bacterial isolates was calculated from the standard curve.

Seeds of rice, variety GJ17, were germinated, and the
seedling was inoculated with isolates as per the published
method of the researchers (Jha and Subramanian, 2014a).
Seven-day-old ZMB inoculated rice plants were carefully
removed from different test tubes inoculated with the
strain of bacterium, and were planted in a pot. Similarly,
the control plants (un-inoculated) were also transferred to a
fresh pot. Soil samples were collected from wet rice fields
possessing the following physio-chemical properties, pH:
7.79, electrical conductivity 1063 µS/cm, CEC:3 cmol,
organic carbon: 5500 mg per kg, available nitrogen 200
mg per square decimeter, available Ca: 12.1cmol, available
P 205 : 9.5 mg per square decimeter, available K 20 : 265
mg per kg, Fe: 3.1 mg per kg , Zn: 285 mg per kg, Mn:
3.7 mg per kg, and Cu : 2.2 mg per kg. All the seedlings
were grown for four weeks without any fertilizer
treatment. The experiment was conducted in a greenhouse
at 20 to 25 °C with a relative humidity of 70 to 80 %
according to the published method of (Jha and
Subramanian, 2014b)
2.6. Effect of Isolates on Chlorophyll and Carotenoid
Content under Salinity
Pigments were extracted from the leaves of the
seedlings treated with 13.0 dS m–1 salt for fourteen days.
The extraction of the leaf pigments was performed with 80
% acetone, and the absorbance at 663 and 645 nm was
measured with a Hitachi U-2000 dual length
spectrophotometer. The chlorophyll a, chlorophyll b, and
total chlorophyll quantities were calculated according to
the method of Arnon (1949). The total carotenoid content
was measured at 470 nm. The pigment concentrations
were expressed as μg g−1fresh weight (FW).
2.7. Enzyme Extraction and Enzyme Assay
Leaves (2 g) were homogenized with a mortar and
pestle in 4 ml of ice-cold 50 mM Tris-acetate buffer pH
6.0, containing 0.1mM of ethylene diamine tetra-acetic
acid (EDTA), 5 mM of cysteine, 2 % (w/v)

© 2019 Jordan Journal of Biological Sciences. All rights reserved - Volume 12, Number 2

polyvinylpyrrolidone (PVP), 0.1mM of phenyl methyl
sulphonyl fluoride (PMSF) and 0.2 % (v/v) Triton X 100.
The homogenate was centrifuged at 12,000 g for twenty
minutes, and the supernatant was filtered through
Sephadex G-25 column equilibrated with the same buffer
used for homogenization. The column elution was used as
the enzyme source for the determination of enzyme
activity. All operations were performed at 4°C. Protein
concentration was determined by taking OD at 595 nm
according to Bradford, (1976) using bovine serum albumin
as a standard.
2.8. Measurement of Soluble Sugar Contents
Soluble sugars were determined based on the method of
phenolsulfuric acid (Dubois et al. 1956). A half gram
(0.5g) fresh weight of the roots and shoots was
homogenized with deionized water. The extract was
filtered and treated with 5 % phenol and 98 % sulfuric
acid. The mixture remained for one hour, and the
absorbance was determined at 485 nm by a
spectrophotometer (Biochrom S 2100). Contents of soluble
sugar were expressed as mg g−1 FW.
2.9. Estimation of Catalase (CAT) Activity
CAT activity was assayed by measuring the initial rate
of disappearance of H 2 O 2 (Bergmeyer, 1970). The
reaction mixture consisted of 3 % H 2 O 2 and 0.1 m mol L-1
EDTA in a 0.05 mol L-1 Na-phosphate buffer (pH 7) and
0.1mL enzyme from the plant source. The decrease in
H 2 O 2 is followed as the decline in optical density at 240
nm, and the activity is calculated as mmol H 2 O 2
consumed per minute. All tests were carried out in
triplicate.
2.10. Estimation of Peroxidase (PO)
A leaf sample (1g) was homogenized in 1 mL of 0.1 M
phosphate buffer, pH 7.0 at 4 0C. The homogenate was
centrifuged at 12000 g at 4 0C for fifteen minutes, and the
supernatant was used as the enzyme source. The reaction
mixture consisted of 1.5 mL of 0.05 M pyrogallol, 0.5 mL
of the enzyme extract and 0.5 ml of 1 % H 2 O 2. The
reaction mixture was incubated at room temperature. The
change in O.D was recorded at 420 nm at thirty-second
intervals for three minutes. The enzyme activity was
expressed as changes in the absorbance min-1g-1protein
(Hammerschmidt et al; 1982). All tests were carried out in
triplicate.
2.11. Statistical Analysis
Each pot was considered as replicate, and all of the
treatments were repeated three times. A two-way analysis
of variance (ANOVA) was performed using STATISTICA
program. The means and the calculated standard errors are
reported. Significance was tested at a 5 % level.
3. Results
Out of twenty-five isolates, the P. pseudoalcaligenes
and B. pumilus strong Zn solubilizers were identified and
inoculated in the modified Pikovskaya medium containing
different insoluble sources (ZnO, ZnCO 3 and Zn(PO 3 )4) of
Zn at 0.1 % and area of zone of inhibition was maximum
23.6 mm2 by P. pseudoalcaligenes. The solubilization
efficiency of the isolates was calculated by measuring the
diameter of the colony growth and the solubilization zone.
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The zinc- solubilizing potential varied from one isolate to
another, and the solubilization efficiency ranged between
312 % and 341% in ZnO, indicating its dependence on the
zinc sources used (Table 1).
In the quantitative assay, the bacterial isolates were
tested after being grown in a modified Pikovskaya liquid
medium supplemented with 0.1 % of ZnO, ZnCO 3 and Zn
(PO 3 )4. The bacterial cultures were withdrawn after the
sixth, eighth, and tenth day of incubation at 30°C for the
estimation of the soluble Zn in the broth using atomic
absorption spectrophotometric. The amount of Zn
solubilized by both isolates varied, and P.
pseudoalcaligenes recorded maximum solubilization of Zn
in all of the three insoluble sources. The maximum
solubilization of Zn was in Zn(PO 3 )4 (33.26 mgl-1) at the
tenth day of incubation (Table1).
Zinc forms an important metalloprotein which is
responsible for the synthesis of tryptophan, which in turn
acts as a precursor for the production of IAA. The results
show that both isolates produce IAA in the medium
supplemented with tryptophan, and that there is further
enhancement in the IAA production by the isolates due to
the addition of Zn sources. This may be attributed to the
induction of high Zn solubilizing efficiency of the isolates,
which results in the stimulation of IAA synthesis.
Moreover, P. pseudoalcaligenes was found to produce
more IAA (33.20 mgl-1) in the presence of ZnO (Table 2).
Both bacteria were able to solubilize zinc with the
production of organic acid resulting in a change in the pH
of the medium; with time it became more acidic by both
isolates and in all of the three insoluble sources (Table 2).
The plants inoculated with ZMB reduced the effect of
salinity, on growth suppression of paddy under salinity.
The plant inoculated with ZMB showed a 52 % greater
plant height under normal conditions, and 32 % higher
under salinity conditions. Similarly, the dry weight
increased by
26 % under normal conditions, and by 30
% under salinity (Table 3). Plants inoculated with P.
pseudoalcaligenes and B. pumilus also showed higher
chlorophyll a, chlorophyll b, total chlorophyll, and
carotenoid content at normal conditions as well as under
salinity (Table 3).
It has been shown that soluble sugars increase under
osmotic stress for osmotic adjustment in paddy under
salinity. So the accumulation of soluble sugars
significantly increased in the ZMB inoculated plant at
normal conditions, but there was no significant change
observed in the P. pseudoalcaligenes and B. pumilus
inoculated paddy under salinity as shown in Figure 1.
CAT scavenges H 2 O 2 by breaking it down directly to
form water and oxygen, and an increase in its activity is
related to the increase in stress tolerance. In paddy plants
grown in soils devoid of NaCl, catalase activity increased
with the inoculation of ZMB. The CAT in non-stressed
control plants varied from 40 (plant non treated) to 62
(Plants treated with ZMB) mmol min-1g-1FW, while under
salinity stress, it ranged between 63 and 69 mmol min-1g-1
FW as shown in Figure 2.
The peroxidase (PO) activity was significantly high in
the control paddy plant due to salinity. There is no
significant change in the PO activity with the inoculation
of ZMB, but the saline stress increased the PO activity in
the control plants and plants treated with P.
pseudoalcaligenes as shown in Figure 3.
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Table 1. In vitro zinc-solubilizing potential of the bacterial isolates.

-

Zinc mobilizing
bacteria

Zinc
source

Area of halo
zone (mm2)

Solubilization
efficiency

Zn Solubilization on
Day 6

Zn
Solubilization

Zn Solubilization on
Day 10

on Day 8
P. pseudoalcaligenes

B. pumilus

ZnO

23.6

341%

17.02 ± 0.12

13.09±0.16

11.22±0.24

ZnCO 3

19.7

276%

11.29 ± 0.14

10.01±0.11

8.62 ±0.12

Zn(PO 3 )4

18.2

121%

23.02 ±1.13

27.23±2.01

33.26±0.28

ZnO

19.5

312%

19.42 ± 0.23

15.06±0.11

10.34±0.41

ZnCO 3

19.1

266%

12.36 ±0.28

11.02±0.34

8.35 ±0.47

17.2

147%

11.02 ±0.11

09.25±1.06

7.22±0.21

4

Zn(PO 3 )

Values are mean ± SD of three samples in each group, and are significantly different at P < 0.05
Table 2. Influence of zinc-solubilizing organisms on the pH of the growth medium and the IAA production.
Zinc-mobilizing bacteria Zinc source pH of medium on pH of medium on pH of medium on IAA production
Day 6

Day 8

Day 10

(mgl-1)

Control

Nil

P. pseudoalcaligenes

ZnO

5.13 ± 0.21

4.34 ± 0.24

3.23 ± 0.31

33.20 ± 1.58

ZnCO 3

4.45 ± 0.17

4.01 ± 0.21

3.11 ± 0.25

25.15 ± 1.72

Zn(PO 3 )4

3.24 ± 0.41

3.01 ± 0.31

2.77 ± 0.26

19.87 ± 0.51

ZnO

5.71 ± 0.20

4.55 ± 0.10

3.33 ± 0.50

28.74 ± 2.41

ZnCO 3

4.61± 0.52

6.24± 0.25

4.21± 0.23

22.62 ± 5.57

Zn(PO 3 )4

4.10 ± 0.30

3.93 ± 0.31

3.37 ± 0.32

15.80 ± 0.40

B. pumilus

12.11± 0.51

Values are mean ± SD of three samples in each group, and are significantly different at P < 0.05
Table 3. Effect of ZMB on chlorophyll content and other growth parameters.
Zinc-mobilizing bacteria Plant Height Dry weight chlorophyll a, (mg g-1 chlorophyll b, (mg g-1 total chlorophyll
(m)

(kg)

FW)

FW)

-1

(mg g FW)

Total
carotenoid
(mg g-1 FW)

Control
Non-inoculated Control

0.167c

0.39bc

1.271c

0.542c

0.386c

0.418bc

P. pseudoalcaligenes

0.192b

0.46ab

1.321a

0.633a

0.452a

0.535a

B. pumilus

a

a

b

ab

b

0.254

0.49

1.082

0.612

0.412

0.517ab

0.141c

0.34bc

0.561c

0.348bc

0.296c

0.272abc

b

ab

a

Stressed
Non-inoculated Control

a

a

P. pseudoalcaligenes

0.161

0.42

0.691

0.411

0.382

0.354a

B. pumilus

0.187a

0.43a

0.678b

0.376b

0.341ab

0.316ab

Values are the means of replicates. Values with different letters are significantly different at P < 0.05 (Duncan’s Test).

Figure 1. Effect of B.pumilus and P. pseudoalcaligenes on the
accumulation of soluble sugars in paddy under salinity stress.
Values are means from five replications. Vertical bars
indicate±S.D.

Figure 2. Effect of B.pumilus and P. pseudoalcaligenes on
catalase activity in paddy under salinity stress. Values are means
from five replications. Vertical bars indicate±S.D
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Figure 3. Effect of B. pumilus and P. pseudoalcaligenes on
peroxidase activity in paddy under salinity stress. Values are
means from five replications. Vertical bars indicate ±S.D.

4. Discussion
India is considered as one of the main regions for rice
cultivation, covering forty-four million hectares of land. In
India, rice accounts for 40 % of the nation’s food
production, and is a stable food for around 65 % of the
total population. Crop production in the arid and semi-arid
environments is highly unstable and unsustainable due to
uncongenial climates (Sharma et al. 2011). Low soil
fertility is one of the most important factors which not only
seriously affect the rice production, but also reduce the
quality of the rice. Chaudhary et al. (2007) reported Zn
deficiency as a key factor in determining the rice
production in several parts of India. Zinc plays an
important role in maintaining the structure and function of
a large number of macromolecules, and is also found
responsible for controlling over 300 enzymatic reactions
(Tapiero and Tew, 2003). Graham (2008) stated that zinc
deficiency is the highest priority among micronutrients for
agriculture experts to address. The use of chemical
fertilizers to enhance soil fertility and crop productivity is
an option, but the continuous application of chemical
fertilizers as well as their low use efficiency cause
leaching and runoff of nutrients, leading to environmental
degradation (Gyaneshwar et al. 2002). One of the possible
methods to increase crop productivity and food quality
without creating environmental hazards is the use of zincmobilizing bacteria (ZMB). Several efforts have been
made to identify the zinc solubilizers with their varying
abilities. Bacterial genera such as Azotobacter, Bacillus,
Beijerinckia, Burkholderia, Enterobacter, Erwinia,
Flavobacterium,
Microbacterium,
Pseudomonas,
Rhizobium and Serratia are reported to be the most
significant mineral solubilizing bacteria (Bhattacharyya
and Jha, 2012).
In the present study, two bacterial isolates, P.
pseudoalcaligenes and B. pumilus were found to be
efficient with reference to their zinc mineralization
capability. Zaidi et al. (2009) reported that the mineral
solubilization by the bacteria may be attributed to the
secretion of organic acids. So in the present study, change
in the pH of the medium has been studied, and the results
showed that the medium had become acidic with time. The
production of organic acids for the solubilization of
minerals, such as zinc, and potassium, is a well-known
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mechanism. In the present study, the reason for the
reduction in pH may also be attributed to the production of
organic acids by the isolates. Auxin may function as an
important signal molecule in the regulation of plants’
development. This hormone influences many cellular
functions, the orientation of root and shoot growth in
response to light and gravity, the differentiation of
vascular tissue, apical dominance, the initiation of lateral
and adventitious roots, and the stimulation of cell division
and elongation of stems and roots. In this study, both of
the bacterial isolates were positive for auxin production,
and P. pseudoalcaligenes was found to be better than B.
pumilus in presence of Zn in the medium compared to the
control. Patten and Glick, (2002) also reported that auxin
producing P. putida increased the length of canola
seedling roots.
Salinity affects the crop productivity and yield as salt
stress affects plant growth negatively (Parida and Das,
2005). In the present study, the physiological and
biochemical changes in a paddy cultivar were studied in
the presence of ZMB. However, when the plants were
inoculated with ZMB, the extent of growth suppression
was ameliorated and the treated plants showed growth in
terms of dry weight compared to non-inoculated control
plants as also was reported by Vaid et al. (2014) and Jha
and Subramanian, (2018a). The zinc application increased
the plant height significantly. This may be attributed to the
adequate supply of zinc which contributes to acceleration
of the enzymatic activity and auxin metabolism in plants.
These results are also in agreement with the findings of
Khan et al (2009).
Different stress situations directly result in the
accumulation of ROS and are associated with soluble
sugar accumulation, which has generally been considered
to be an adaptive response to the stress condition.
Carbohydrates such as soluble sugars (glucose, fructose,
sucrose, fructans) accumulate under salt stress to
accommodate the ionic balance in the plant (Ivan Couee et
al. 2006). Their major functions include osmoprotection,
osmotic adjustment, carbon storage, radical scavenging
and the stabilization of the structure of proteins (Jha and
Subramanian, 2018b). In the present study, the
contribution of total accumulation of soluble sugars to
osmotic adjustment was significant, since the total soluble
sugars content increased with the increase of salinity in
both the ZMB inoculated and non-inoculated plants.
Similar results were obtained by Rejsiková et al. (2007),
who reported that the concentrations of sugars change in
response to salt stress in plants. Soluble sugars
accumulation may be attributed to the further
transformation of starch to sugars, or to the less
consumption of carbohydrates by the tissues under saline
conditions.
In order to allow the adjustment of the cellular redox
state and to reduce the toxic effects of salinity, plant
antioxidant system, peroxidase (POX), and catalase
(CAT), are common and important indices for evaluating
the redox status of plants. Increasing salinity stress affects
the CAT and POX activity in the ZMB inoculated and
non-inoculated plants. Hafeez et al. (2013) reported that
under salinity non-inoculated plants had an increased
antioxidant activity compared to the ZMB inoculated
plants. These antioxidant enzymes are involved in
eliminating H 2 O 2 from salt–stressed plants. In the present
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study, CAT and POX activities were higher in the plants
inoculated with the isolates under normal conditions, but
under salinity, CAT activity decreased in the plants
inoculated with P. pseudoalcaligenes. The POX activity
decreased in the plants inoculated with B. pumilus. This
may be attributed to the free radical scavenging activities
of these isolates, due to the decreased H 2 O 2 levels (Jha
and Subramanian, 2015). The salt stress results in the
induction of CAT and POX activities in the plants, but the
activities of these enzymes were significantly higher in the
presence of ZMB under normal conditions. The further
induction of CAT and POX activities are attributed to the
ZMB inoculation, pointing to its signaling role in the
generation of H 2 O 2 and the detoxifying activity of
enzymes in rice leaves, similar to other abiotic stresses as
reported by Sairam et al. (2005). The present study shows
that P. pseudoalcaligenes and B. pumilus have zinc
solubilizing abilities, and are able to induce stress-related
proteins and enzymes and protect the paddy plant under
salinity. The results suggested that the inoculation of saltstressed plants with ZMB strains reduced the negative
effects of salinity stress, improved tolerance, and enhanced
plant growth.
5. Conclusions
Crop productivity is decreasing due to climatic
changes. Moreover, human populations are increasing
daily, which results in starvation problems in the
developing countries. Nowadays, research is more focused
on enhancing crop yields in spite of various unfavorable
environmental conditions. Plants inoculated with ZMB
have an enhanced growth and acquired a better capacity
for salt tolerance, correlated with the regulation of ion
concentrations. To grow food for all, the use of such
biofertilizers, especially ZMB, may be a beneficial means
for the enhancement of plant growth and yield for the
growing populations.
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Abstract
The freshwater climbing perch, Anabas testudineus (Bloch, 1792), is an economically important, and nutritionally valuable
food fish in south Asia. The present study provides the first complete description of life-history traits, i.e., length-frequency
distributions (LFDs), length-weight relationships (LWRs), length-length relationship (LLR), condition factors (allometric,
K A ; Fulton's, K F ; relative, K R ; relative weight, W R ), form factor (a 3.0 ), size at sexual maturity (L m ), and natural mortality
(M w ) of A. testudineus in a wetland known as Gajner Beel, Pabna, in northwestern Bangladesh. Sampling was done using
different traditional fishing gears during July to December, 2017. Total length (TL) and whole body weight (BW) were
measured by the digital slide calipers and an electronic balance with 0.01cm and 0.01 g accuracy, respectively. A total of 239
specimens were measured ranging from 7.40-14.50 cm TL and 7.89- 63.78 g BW during this study. The estimated b values
indicated an isometric growth pattern (b=3.00) in A. testudineus. The LWRs were highly significant (p<0.001) with r2 values
>0.956. K F best indicated the well-being of A. testudineus among the four types of condition factors in the Gajner Beel. A
Wilcoxon sign-ranked test for W R showed no significant dissimilarity from 100, signifying the balanced habitat for A.
testudineus. The estimated a 3.0 was 0.021, and L m was calculated as 8.41 (~8.40) cm TL in the Gajner Beel. The M w of A.
testudineus was 1.05 year-1. The results should benefit the sustainable management of A. testudineus species in Bangladesh
and its neighboring countries.
Keywords: Anabas testudineus, Growth pattern, Conditions, Size at sexual maturity, Natural mortality

1. Introduction
Perciformes is the largest and most diverse order of
teleosts in the world, containing about 41 % of all bony
fish comprising more than 10,000 species and about 160
families (Nelson, 2006). Anabantidae is a Perciformes
family with thirty-four species in it. The climbing perch, A.
testudineus (Bloch, 1792) is a member of this family,
being abundant in different parts of Asia: Bangladesh,
China, India, Malaysia, Myanmar, Pakistan, Philippines,
Sri Lanka, and Thailand (Talwar and Jhingran, 1991;
Rahman, 2005). It is a fresh- and brackish water
potamodromous species that mostly dwells in canals,
lakes, ponds, swamps, and estuaries (Menon, 1999;
Vidthayanon, 2002), even though adults usually inhabit
rivers, flooded fields, and stagnant water bodies (slow
moving canals) (Pethiyagoda, 1991). This species is
known as Koi in Bangladesh, Kawai in India, Kabai in
Nepal, and Kavaiya in Sri Lanka (Froese and Pauly, 2018).
It is a hardy fish that can endure extremely unfavorable
water conditions including low oxygen, polluted water,
etc. (Pethiyagoda, 1991) through an accessory air*
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breathing organ called the labyrinth organ (Rahman,
1989). This species is considered commercially important,
as it has a high market value for being a delicious food fish
in Southeast Asia (Herre, 1935; Vidthayanon, 2002).
Furthermore, it is an indigenous commercial target fish
and a vital source of subsistence for small- and large-scale
fishers, who employ a variety of traditional fishing gears
(Craig et al., 2004; Hossain, 2010a; Hossain et al., 2016a).
Although this species is facing some potential threats such
as habitat destruction and dry-out, it is a very hardy,
habitat-generalist fish that is categorized as ‘least concern’
in Bangladesh (IUCN Bangladesh, 2015).
Knowledge of the life-history traits of fish species is
very important for the implementation of proper
management strategies for conserving the commercially
important fish such as A. testudineus (Hossain et al.,
2013a). Studies of length-frequency distributions (LFDs)
usually express the life-history traits and ecology of fishes
(Ranjan et al., 2005). Length-weight relationships (LWRs)
are considered a useful tool in fisheries studies for the
estimation of weight, biomass, and condition indices
(Anderson and Gutreuter, 1983; Froese, 2006; Froese et
al., 2011). Moreover, condition factors help evaluate the
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status of fish from which the present and future population
success can be predetermined (Richter, 2007; Rypel and
Richter, 2008). Additionally, relative weight (W R ) is one
of the most accepted indices for fish condition in the USA
for the last two decades (Rypel and Richter, 2008), and
now it is being used in Bangladesh for assessing
freshwater fishes (Rahman et al., 2012; Hossain et al.,
2012a, 2015a, 2016b).
Although, several authors have reported on LWRs and
the condition factors (Kumar et al., 2013; Hossain et al.,
2015b; Kumary and Raj, 2016), morphometric and
meristic variations (Hossen et al., 2017), morphometric
and gonadal studies (Ziauddin et al., 2016), captive
breeding (Sarkar et al., 2005), reproduction and spawning
behavior (Zworykin, 2012; Uddin et al., 2017), fecundity
(Marimuthu et al., 2009), induced breeding (Mandal et al.,
2016), and growth performance of A. testudineus (Alam et
al., 2007; Bhaskar et al., 2015), this economically
important species has not been studied for life-history
traits from Bangladesh or elsewhere. Therefore, the current
study provides a complete and informative depiction of the
life-history traits of A. testudineus - including LFDs,
LWRs, LLR, condition factors (allometric, K A ; Fultonʹs,
K F ; relative, K R ), relative weight (W R ), form factor (a 3.0 ),
size at fist sexual maturity (L m ), and natural mortality
(M w ) from the Gajner Beel wetland, Pabna in northwestern
Bangladesh using many specimens of small to large sizes
over a study period of six months.
2. Material and Methods
2.1. Study area and Sampling
The present study was carried out in the Gajner Beel
(Lat. 23o55′ N; Long. 89o 33′ E), NW Bangladesh. It is one
of the largest wetlands (floodplain) in the area, which is
considered an important breeding and feeding ground for
many freshwater fishes (Hossain et al., 2017a) and is
located in Sujanagar Upazilla, Pabna, Bangladesh. A total
of 239 individuals of A. testudineus were collected
monthly from that region over the period from July to
December, 2017, using different types of fishing gears;
gill net (mesh size: 1.5–2.5 cm), cast net (mesh size: 1.0–
2.0 cm), and square lift net (mesh size ~1.0 cm). Samples
were rapidly chilled in ice on site and preserved with 10%
buffered formalin back in the laboratory. For each
individual, lengths (total length, TL and standard length,
SL) were measured by digital slide calipers, and the whole
body weight (BW) was measured using an electronic
balance, to the nearest 0.01cm and 0.01 g precision,
respectively.
2.2. Length-frequency Distributions (LFDs)
LFDs for A. testudineus was constructed using 1.0 cm
intervals of TL. The normal-frequency distribution was
fitted to the TL frequency distribution of A. testudineus
using a computer program Microsoft Excel-add-in-solver,
based on Hasselblad′s maximum-likelihood method
(Hasselblad, 1966).
2.3. Length-weight Relationships and Length-length
Relationship (LWRs and LLR)
The growth pattern was estimated through LWRs with
the equation: W= a*Lb, where W is the total body weight

(g), and L is the total length (cm). The parameters a and b
were estimated by linear regression analyses based on
natural logarithms: ln (W) = ln (a) + b ln (L). Extremes
outliers were removed from the regression analyses
according to Froese (2006). A t-test was used to verify
whether b values acquired in the linear regressions were
significantly different from the isometric value (b = 3),
according to the equation of Sokal and Rohlf (1987) as: t s
= (b-3) /s b , where t s is the t-test value, b is the slope, and
s b is the standard error of the slope (b). Additionally, on
the basis of the b values of LWRs (TL vs. BW and SL vs.
BW), the growth pattern of A. testudineus was determined.
In addition, the LLR for TL vs. SL was estimated by linear
regression analysis (Hossain et al., 2006). Additionally
linear regression analysis was conducted using
untransformed TL-SL data to recognize the growth type
for LLR. Significant divergence of the b value from the
theoretical isometric value (b = 1) specifies the growth
type as either positively (b>1) or negatively (b<1)
allometric for LLR (Hartnoll, 1982), which was confirmed
with Student’s t-tests according to the equation of Sokal
and Rohlf (1987) as t s = (b-1) /s b .
2.4. Condition Factors
The allometric condition factor (K A ) was estimated by
the equation of Tesch (1968): W/Lb, where W is the body
weight (g), L is the TL (cm), and b is the LWR parameter.
Fultonʹs condition factor (K F ) was calculated using the
equation of Fulton (1904): K F =100× (W/L3), where W is
the body weight (g), and L is the TL in cm. The scaling
factor of 100 was used to bring the K F close to unit
(Froese, 2006). Furthermore, the relative condition factor
(K R ) was analyzed following the equation of Le Cren
(1951): K R = W/(a×Lb), where W is the body weight (g), L
is the total length (cm), and a and b are LWR parameters.
For estimating the relative weight (W R ), the equation of
Froese (2006) was used: W R = (W / W s ) ×100, where W is
the weight of a particular individual and W s is the
predicted standard weight as calculated by W s = a×Lb,
where the a and b values are obtained from the
relationships between TL vs. BW.
2.5. Form Factor (a 3.0 )
The a 3.0 of A. testudineus was estimated using the
equation of Froese (2006) as: a 3.0 = 10log a – s (b-3), where a
and b are the regression parameters of LWR, and s is the
regression slope of ln a vs. b. The researchers used a mean
slope S = -1.358 for calculating the form factor because
there was no available information on LWR for this
species to estimate the regression (S) of ln a vs. b.
2.6. Size at First Sexual Maturity (L m )
Size at first sexual maturity (L m ) for A. testudineus was
estimated by the empirical equation, log (L m ) = -0.1189 +
0.9157 * log (L max ), where L max is the maximum TL
(Binohlan and Froese, 2009). Moreover, the maximum
length of A. testudineus obtained from available literature
in the FishBase was used to estimate L m for water bodies
throughout the world.
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2.8. Statistical Analysis
For statistical analysis, Microsoft® Excel-add-in
DDXL and GraphPad Prism 6.5 software were used. The
Spearman rank-correlation test was applied to analyze the
relationship of condition factors with TL and BW.
Wilcoxon sign-ranked test was used in this study to
compare the mean relative weight (W R ) with 100
(Anderson and Neumann, 1996). All statistical analyses
were considered significant at 5 % (p<0.05).
3. Results
3.1. Length-frequency Distributions (LFDs)
A total of 239 A. testudineus were collected from
fishermen throughout the Gajner Beel, Pabna, Bangladesh
during the study period (July to December 2017). Table 1
shows the descriptive statistics of maximum and minimum
length and weight measurement, and 95% confidence
limits (CLs) of A. testudineus. LFDs showed that the range
of TLs was 7.40 to 14.50 cm (Figure 1), and that body
weight ranged from 7.89 to 63.78 g there. The 10.00-10.99
and 11.00-11.99 cm TL size groups were numerically
dominant and constituted together 57.70 % of the total
population (Figure 1).
Table 1. Length (cm) and weight (g) measurements with 95%
confidence limit of combined sexes of Anabas testudineus (Bloch,
1792) in a wetland (Gajner Beel, Pabna, Bangladesh) ecosystem.
Measurement

n

Total length(TL)

Min Max

Mean±SD

7.40 14.50 10.85 ± 1.33

95% CL

(b) of TL vs. BW indicates an isometric growth pattern
(Figure 2), as did the SL-BW relationship (Table 2 and
Figure 3) in the Gajner Beel. The LWRs were highly
significant (p<0.001) with r2 values >0.956.
Table 2. Descriptive statistics and estimated parameters of the
length-weight and length-length relationships of Anabas
testudineus (Bloch, 1792) (n= 239) in a wetland (Gajner Beel,
Pabna, Bangladesh) ecosystem.
Equation

Regression
parameter
a

95% CL
of a

95% CL
of b

r2

ts

GT

b

BW =
a*TLb

0.0160 3.09

0.0132 –
0.0194

3.01 –
3.17

0.959 1.11 Ins

BW =
a*SLb

0.0341 3.06

0.0285 –
0.0409

2.98 –
3.15

0.956 0.77 Ins

TL = a +
b*SL

0.3048 1.22

0.0615 –
0.5481

1.19 –
1.25

0.969 0.94 Ins

a, intercept; b, slope; CL, confidence limit for mean values; r2,
coefficient of determination; GT, growth type; I, isometric; ns, not
significant
80.0

Body weight (g)

2.7. Natural Mortality (M W )
M W of A. testudineus was estimated using the model,
M W =1.92 year-1 *(W)-0.25 (Peterson and Wroblewski,
1984), where, M W = natural mortality at mass W; and W =
a*Lb, where a and b are the regression parameters of
LWR.

177

60.0
3.09

BW = 0.016 (TL)
2

n = 239, r = 0.959
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Total length (cm)

Figure 2. Total length-body weight relationship of Anabas
testudineus (Bloch, 1792) in a wetland (Gajner Beel, Pabna,
Bangladesh) ecosystem.

10.68 – 11.02
80.0

239 6.10 11.70 8.64 ± 1.07

Body weight(BW)

7.89 63.78 26.46 ± 10.24

8.50 – 8.77
25.15 – 27.76

n, sample size; Min, minimum; Max, maximum; SD, standard
deviation; CL, confidence limit for mean values

Frequency (%)

40.0

60.0
Body weigth (g)

Standard length(cm)

3.06

BW = 0.0341(SL)

2
n = 239, r = 0.956
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Figure 3. Standard length-body weight relationship of Anabas
testudineus (Bloch, 1792) in a wetland (Gajner Beel, Pabna,
Bangladesh) ecosystem.

Class interval

Figure 1. Total length frequency distribution of Anabas
testudineus (Bloch, 1792) in a wetland (Gajner Beel, Pabna,
Bangladesh) ecosystem.

3.2. Length-weight Relationships (LWRs)
The sample size (n), regression parameter, 95%
confidence interval of a and b, coefficient determination
(r2), and growth type (GT), of A. testudineus are shown in
Table 2. In this study, the calculated allometric coefficient

3.3. Length-length Relationship (LLR)
The relationship between TL and SL of A. testudineus
along with the estimated parameters of the LLR and the
coefficient of determination (r2), are shown in Table 2 and
Figure 4. During this study, the calculated b value of the
LLR indicates an isometric growth pattern. The LLR was
highly significant (p<0.001) with a coefficient of
determination values of 0.969.
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3.4.2. Fulton’s Condition Factor (K F )

16.0

The calculated K F ranged from 1.33-2.43 (Mean ± SD,
1.98±0.15) (Table 3). Spearman rank-correlation tests
showed that K F had highly significant relationships with
both TL (r s = 0.345, p < 0.001) and BW (r s = 0.310, p <
0.001) (Table 4).

Total length (cm)

14.0

12.0

TL = 1.2204(SL) + 0.3048
n = 239, r 2 = 0.969

10.0

3.4.3. Relative Condition Factor (K R )

8.0

6.0
4.0

6.0

8.0

10.0

12.0

14.0

Standard length (cm)

Figure 4. Total length-standard length relationship of Anabas
testudineus (Bloch, 1792) in a wetland (Gajner Beel, Pabna,
Bangladesh) ecosystem.

3.4. Condition Factors
3.4.1. Allometric Condition Factor (K A )
The estimated K A of A. testudineus ranged from
0.0109-0.0198 (Mean ±SD, 0.0161±0.0012) (Table 3).
According to Spearman rank-correlation tests, there was a
significant relationship between BW vs. K A (r s = 0.1780, p
= 0.0058), but not between TL vs. K A (r s = -0.0194, p =
0.7660) (Table 4).

The K R of A. testudineus ranged from 0.68-1.24 (Mean
± SD, 1.00±0.08) during this study (Table 3). From
Spearman rank-correlation tests, K R showed a significant
relationship with BW (r s =0.171, p =0.008), but not with
TL (r s = -0.031, p =0.634) (Table 4).
3.4.4. Relative Weight (W R )
W R of A. testudineus ranged from 68.35-123.82 (Mean
± SD, 100.44±7.76) during this study (Table 3). According
to Spearman rank-correlation tests, there was a significant
relationship between BW vs. W R (r s =0.171, p =0.008), but
not between TL vs. W R (r s =-0.031, p =0.632) (Table 4).
According to a Wilcoxon sign-ranked test, W R showed no
significant variation from 100 for A. testudineus (p =
0.452).The relationship between TL vs. W R is shown in
Figure 5.

Table 3. Condition factors of Anabas testudineus (Bloch, 1792)
(n= 239) in a wetland (Gajner Beel, Pabna, Bangladesh)
ecosystem.
Min

Allometric condition
factor (K A )

Max

Mean ± SD

95% CL

0.0109 0.0198

0.0161 ±
0.0012

0.0159 –
0.0162

Fulton’s condition
factor (K F )

1.33

2.43

1.98 ± 0.15

1.96 – 1.20

Relative condition
factor (K R )

0.68

1.24

1.00 ± 0.08

0.99 – 1.01

Minimum

Relative weight (WR )

Condition factors

140.0
Mean
Maximum

120.0

100.0

80.0

60.0
7.4

8.5

9.6

10.5

11.4

12.3

13.4

14.5

Total length (cm)

Relative weight (W R ) 68.35

123.82

100.44 ±
7.76

99.46 –
101.43

Min, minimum; Max, maximum; SD, standard deviation; CL,
confidence limit for mean values
Table 4. Relationships of condition factor with total length (TL)
and body weight (BW) of Anabas testudineus (Bloch, 1792) (n=
239) in a wetland (Gajner Beel, Pabna, Bangladesh) ecosystem.
Relationship r s value

95% CL of r s

p values

Significance

TL vs. K A

-0.019

-0.150 to 0.112

0.766

Ns

TL vs. K F

0.345

0.485 to 0.188

< 0.001

***

TL vs. K R

-0.031

-0.161 to 0.100

0.634

Ns

TL vs. W R

-0.031

-0.161 to 0.099

0.632

Ns

BW vs. K A

0.178

0.048 to 0.302

0.006

**

BW vs. K F

0.310

0.187 to 0.424

< 0.001

***

BW vs. K R

0.171

0.041 to 0.295

0.008

**

BW vs. W R

0.171

0.041 to 0.295

0.008

**

TL, total length; BW, body weight; K A , allometric condition
factor; K F ; Fulton′s condition factor; K R , relative condition factor;
W R , relative weight; r S , Spearman rank-correlation values; CL,
confidence limit; p, shows the level of significance; Ns, not
significant; * significant; ** highly significant; ***very highly
significant.

Figure 5. The relationship between total length and relative
weight of Anabas testudineus (Bloch, 1792) in a wetland (Gajner
Beel, Pabna, Bangladesh) ecosystem.

3.5. Form Factor (a 3.0 )
The a 3.0 was calculated as 0.021 for combined sex of A.
testudineus in the Gajner Beel, Pabna, Bangladesh, and
this value indicates that this fish is short and deep in body
shape. The researchers also calculated the a 3.0 of A.
testudineus from various water bodies worldwide using
available data to compare the findings with the current
study’s (Table 5).
3.6. Size at First Sexual Maturity (L m )
L m for A. testudineus was estimated as 8.41 (~ 8.4)
(95% CL= 6.08-11.62) cm TL in the Gajner Beel (Figure
6). Moreover, the researchers calculated the L m of A.
testudineus from different water bodies worldwide using
the available literature (Table 5).
3.7. Natural Mortality (M W )
M W for the population of A. testudineus in the current
study was estimated as 1.05 year-1 in the Gajner Beel
(Figure 7). In addition, M w of A. testudineus acquired from
various water bodies worldwide were calculated using the
available data (Table 5).
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Table 5. The calculated form factor (a 3.0 ), size at first sexual maturity (L m ) and natural mortality (M w ) of Anabas testudineus in different
waterbodies worldwide.
Water body

Sex

a 3.0

Lm
(cm)

95% CL of L m

Mw

Reference

Unsexed

Regression parameter L max
(cm)
a
b
0.078
2.51
16.5

Chi River, Thailand

0.0167

9.47

6.81–13.18

0.82

Satrawaha and
Pilasamorn (2009)

Dacca city, ponds,
Bangladesh

Male

0.047

2.73

-

0.0200

-

-

Shafi and Mustafa
(1976)

Female
Unsexed

0.034
0.056

2.80
2.84

11.7
(SL)

0.0184
0.0340

6.90

5.05–9.43

1.14

Agushan Marsh,
Philippines

Mixed

0.086

2.86

17.0

0.0555

9.74

6.99 – 13.57

0.57

Unsexed

0.086

2.86

17.0

0.0555

9.74

6.99 – 13.57

0.57

Tetulia River, Bangladesh

Unsexed

0.022

2.90

16.1

0.0161

9.26

6.67 – 12.87

0.89

Hossain et al. (2015b)

Kuttanad, Kerala

Unsexed

0.011

2.84

18.4

0.0070

10.48

7.49 – 14.65

0.96

Kumary and Raj (2016)

Kausalyaganga, India

Unsexed

0.275

2.62

17.5

0.0859

10.00

7.17 – 13.96

0.91

Kumar et al. (2013)

Unsexed

0.217

2.76

17.5

0.1053

10.00

7.17 – 13.96

0.87

West Bengal, India

Unsexed
Mixed

0.011
0.119

2.77
2.13

17.5
17.0

0.0056
0.0077

10.00
9.74

7.17 – 13.96
6.99 – 13.57

1.07
0.81

Ziauddin et al. (2016)

Gajner Beel, Bangladesh

Unsexed

0.016

3.09

14.5

0.021

8.41

(6.08 – 11.62)

1.05

Present study

Pampanga River,
Philippines

Garcia (2010)
Jumawan and Seronay
(2017)

a and b are regression parameters of length-weight relationships; L max , Maximum length; a 3.0 , form factor; L m , Size at first sexual maturity;
M w , Natural mortality.
4.5
Early phase

4. Discussion

ln body weight

Late phase

3.5

Early phase
lnBW = 3.0624(lnTL) - 4.0688
n = 7, r 2 = 0.799

2.5

Late phase
lnBW = 3.0978(lnTL) - 4.1599
n = 232, r 2 = 0.952

1.5
1.8

2.0

2.2
2.4
ln total length

2.6

2.8

Figure 6. Size at first sexual maturity of Anabas testudineus
(Bloch, 1792) in a wetland (Gajner Beel, Pabna, Bangladesh)
ecosystem.

Natural Mortality (M w )

2.0
M W = 2.327e -0.0863x

1.6

r 2 = 0.962
Mw = 1.92 year-1 *(W)-0.25
[Peterson & Wroblewski, 1984]
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Figure 7. Natural mortality of Anabas testudineus (Bloch, 1792)
in a wetland (Gajner Beel, Pabna, Bangladesh) ecosystem.

The information on the life history of A. testudineus is
scant in literature from Bangladesh and elsewhere.
Therefore, this study focuses on the complete depiction on
life-history traits - including LFDs, LWRs, LLR, condition
factors (K A , K F , K R ), W R , a 3.0 , L m and M W - using a
number of specimen of various body sizes from the Gajner
Beel, NW Bangladesh.
The researchers could not sample individuals of A.
testudineus below 7.40 cm TL, for one or more of the
following reasons: the biased selection of fishing gear, or
because fishermen did not go where the smaller fish were
(Hossain et al., 2012b; 2016b, c; Azad et al., 2018, Khatun
et al., 2018), or perhaps because of the small fish’s
absence on the fishing grounds (Hossain, 2010a, b;
Hossain et al., 2012b, c, d, 2013a, b; 2017b, c), and/or
because fishermen discarded smaller fish (Rahman et al.,
2018). The maximum length of A. testudineus within the
Gajner Beel was 14.50 cm TL which is lower than the
maximum recorded value of 25.0 cm TL (Froese and
Pauly, 2018). Moreover, Satrawaha and Pilasamorn (2009)
reported the maximum length of A. testudineus as 16.50
cm TL from the Chi River in northeastern Thailand,
Hossain et al. (2015b) reported a value of 16.10 cm TL in
the Tetulia River in Bangladesh, and Jumawan and
Seronay (2017) reported the maximum TL in Agushan
Marsh of the Philippines as 17.0 cm TL, all of which being
higher than those in the current study. Maximum length is
considered as a functional tool for fisheries resource
planning and management, and is crucial for the
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determination of asymptotic length and growth coefficient
of fishes (Ahmed et al., 2012; Hossain et al., 2016c,
2017b, c; Nawer et al., 2017; Hossen et al., 2016, 2018).
In the current study of A. testudineus, the estimated b
values ranged from 3.00 to 3.17 for LWRs from the
Gajner Beel which were within the usual range (2.50
to 3.50) of b values for fishes (Carlander, 1969; Froese,
2006). Whereas the b values being close to 3 signify that
fish grow isometrically, and values >3 indicate positive
allometry, and <3 indicate negative allometry (Tesch,
1971). In this study, b values of the LWRs were ~3
indicating isometric growth for A. testudineus in the
Gajner Beel. However, other Asian studies have found
negative allometric growth for this species: Jumawan and
Seronay (2017) reported b=2.86 in Agushan Marsh,
Philippines; Hossain et al. (2015b) observed b=2.91 from
the Tetulia River in Bangladesh; and Kumar et al. (2013)
found b=2.77 from ponds in Kausalyaganga, India. Such
differences may arise due to variation in observed length
class, preservation technique, stock health, stomach
fullness, gonadal maturity, gender, season, or geographic
location (Hossain et al., 2017b, Khatun et al., 2019),
which were not considered for this study. However, LLR
in this study was highly significant (p<0.001), and the
calculated b value suggests isometric growth, similar to the
LWRs (see above). Other LLR data for A. testudineus are
unavailable for comparison.
In the present study, four condition factors (K A ; K F ; K R
and W R ) were estimated to evaluate the health and habitat
status of A. testudineus, though most studies deal with
a single condition factor. Spearman rank-correlation test
indicated that, among these condition factors, Fulton′s K F
was significantly correlated with TL and BW (Table 4), so
K F is the best condition index for assessing the wellbeing of A. testudineus in the Gajner Beel and nearby
ecosystems. It is the first study on condition factor for A.
testudineus, so future comparisons with other findings are
needed.
According to Rypel and Richter (2008), W R helps judge
the overall health and fitness, as well as ecosystem
disturbances at the population-level. In this study, the
Wilcoxon sign-ranked test indicates that W R had no
remarkable distinction from 100, for combined sex A.
testudineus in the Gajner Beel. This suggests that the
population was of balanced condition, with few predators
relative to food availability. However, the lack of available
literature regarding W R of A. testudineus prevents
comparison with other studies.
According to Froese (2006), form factor (a 3.0 )
can help determine whether the body profile of individuals
in a particular population or species differs from others.
The a 3.0 for A. testudineus was 0.021, indicating that this
fish is short and deep-bodied in the Gajner Beel. There are
no references dealing with a 3.0 for this species to make
comparisons across water bodies.
The size at first maturity can be used to set minimumpermissible capture size and for stock assessment
(Lucifora et al., 1999). Size at first sexual maturity (L m )
was estimated as 8.41 cm for A. testudineus in the Gajner
Beel. This is the first attempt to estimate L m for A.
testudineus worldwide, so it constitutes a baseline for
future studies of environmental factors affecting L m and
spawning season. The natural mortality (M w ) of A.

testudineus was calculated as 1.05 year-1 in the Gajner
Beel, also the first worldwide assessment.
5. Conclusion
The present results provide the first inclusive
information on the life history traits of A. testudineus in
the Gajner Beel wetland including length-frequency
distribution, length-weight and length-length relationships,
condition factors (allometric, Fulton's, relative, and
relative weight), form factor, first sexual maturity, and
natural mortality. The findings from this study can be used
as an important tool for fishery biologists,
conservationists, and managers to initiate management and
fishery regulations for the sustainable conservation of the
remaining stocks of this species. Additionally, information
on the life history of A. testudineus is clearly lacking in the
literature and databases, including FishBase. Therefore,
the results of the current study provide fundamental
information for the online FishBase database, and offer an
important baseline as well for future studies within South
Asian wetland ecosystems.
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Abstract
The rod shape-determining protein, MreB, is a bacterial actin analog and is involved in determining the shape of nonspherical bacteria. A tertiary structure of MreB from Escherichia coli was constructed by an online server, RaptorX, and its
accuracy was assessed by four validation tools. The docking software, AutoDock Vina was used to dock a total of onehundred natural occurring compounds obtained from ZINC and PubChem databases. The pharmacokinetics and toxicity
profiles of the compounds were predicted by Swiss ADME tool. The results indicate that amentoflavone, rutin, and
chlorogenic acid had binding affinities of -10.9, -10.1 and -9.3 Kcal/mol respectively which were higher than the control,
ATP, -9.2 Kcal/mol. In the pharmacokinetic profiling, these three compounds were not inhibitors of cytochromes, but had a
low gastrointestinal absorption. MreB may serve as an alternative molecular target for new antibiotics against rod-shape
resistant microbes, since the disruption of its function may lead to bacterial cell lysis.
Keywords: Amentoflavone, AutoDock Vina, Docking, Homology modeling, MreB.

1. Introduction
The rod shape-determining protein, MreB, is a
component of bacterial cytoskeleton, and is an analog of
the eukaryotic actin. MreB is a product of mre operon
(murein gene cluster e) (Doi et al., 1988). Unlike actin,
MreB uses ATP to polymerize into helical filaments
encircling the whole cell just under the cytoplasmic
membrane (Jones et al., 2001). This activity is essential for
maintaining the rod shape of Escherichia coli, Caulobacter
crescentus, and Thermotoga maritime (Salje et al., 2011).
Several proteins act for this purpose in non-spherical
bacteria including two membrane proteins encoded by
mreC and mreD. The cell wall biosynthetic component,
Penicillin-binding protein 2 (PBP2), via interaction with
MreC also participates in the process (Wachi et al., 1989;
Slovak et al., 2006; van den Ent et al., 2010). Another cell
protein, RodZ, interacts with of MreB in the process of cell
wall synthesis by affecting its biophysics. The expression
of these two proteins varies in response to cell width and
growth rate variations (Colavin et al., 2018). Mutagenesis
of mreB results in the loss of the normal rod-shape of E.
coli and the formation of spherical cells. These slowly
growing irregular cells are hypersensitive to antibiotics
targeting cell wall synthesis such as mecillinam, and tend
to lyse under normal growth conditions (Wachi et al.,
1987; Bendezú and de Boer, 2008).
The failure of the currently-used antimicrobials to
combat infections caused by resistant microbes encouraged
researchers to search for new molecular targets upon
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which newer agents may work either to kill pathogenic
microbes or eliminate their pathogenicity. A suggested
approach is to screen libraries of natural or synthetic
compounds capable of binding a selected molecular targets
inside the bacterial cell. A selected compound should be
able to abolish the function of this selected target. Docking
experiments may be used to compute in silico the binding
affinity of ligands with the molecular targets, and present
the results in a scoring system (Allsop and Illingworth,
2002; Huang and Zou, 2010).
Due to difficulties in the purification of this protein,
most structural studies of MreB were conducted on T.
maritima because there is no experimental structure that
has been determined for E. coli (Salje et al., 2011). The
only study of the MreB inhibition, is that of Iwai et al.
(2002) in which the compound S-(3,4-dichlorbenzyl)
isothiourea, affected MreB of C. crescentus, and resulted
in converting the rod-shape cells into spherical ones (Iwai
et al., 2002).This study is aimed at building a model of E.
coli MreB, and carrying out docking experiments in order
to find possible inhibitors.
2. Materials and Methods
2.1. Homology Modeling
The amino-acid sequence of MreB (Doi et al., 1988)
was obtained from Uniprot database which can be
accessed at http://www.uniprot.org/. The MreB accession
number was (P0A9X4). The protein tertiary structure was
built by an online server, RaptorX (Källberg et al., 2112),
at (http://raptorx.uchicago.edu/) which also predicts the
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binding site. The sequence was visualized by BioEdit
3.3.19.0 (Hall, 1999). The three-dimensional structure was
visualized by ArgusLab 4.0.1 (Thompson, 2004) and for
the protein-ligand interactions, LigPlot+ was used (Wallace
et al., 1996).
2.2. Quality Assessment of the Model
The accuracy of the model was assessed by four online
tools; (a) ERRAT (Colovos and Yeates, 1993) at
(http://services.mbi.ucla.edu/ERRAT/), (b) PROSA (Sippl,
1993; Wiederstein and Sippl, 2007), accessed at
(https://prosa.services.came. sbg.ac.at/prosa.php), (c)
Qualitative Model Energy Analysis tool, QMEAN6
(Benkert et al., 2009) at: (https://swissmodel.expasy.org/);
(d) Ramachandran plot analysis by RAMPAGE (Lovell et
al., 2002), at (http://mordred.bioc.cam.ac.uk/~rapper/
rampage. php). The model was submitted into the protein
model database (PMDB) (Castrignano et al., 2006) which
can be accessed at http://bioinformatics.cineca.it/ PMDB.
2.3. Molecular Docking
A total of one-hundred natural compounds were
obtained from ZINC database (Irwin et al., 2012) available
at (http://zinc.docking.org/) and PubChem database (Kim
et al., 2016) available at (http://pubchem.ncbi.nlm.
nih.gov). These two databases also provide the molecular
properties: mass, H-bond donors, H-bond acceptors, and
polar surface area. Molecular docking was performed
using AutoDock Vina (Trott and Olson, 2010). The
Autogrid tool was employed to pre-calculate a grid. This
grid has a size of 60×60×60 and a box center of 1.615,1.708 and 22.49 for x, y, and z respectively.

Figure 1. The MreB model as predicted by RaptorX. Numbering
starts from N-terminal towards (N) to C-terminal (C). MreB
monomer consists of two domains I and II. Subdomain IA and IIA
have the topology of five β-sheets surrounded by three α-helices,
while the smaller subdomains are variable. Subdomain IA
comprises α4, α8, β9, β10, β11, β15, β16 and α9 while subdomain
IIA comprises α2, α3, β1, β2, β3, β7, β8 andα10. The variable
smaller subdomain IB comprises α5, α6, β12, β13, β14 andα7and
while subdomain IIB comprises α1, β4, β5 and β6. ADP occupies
a cleft between domains I and II where its phosphate groups
interact. These two sub-domains are connected via a helix, α4.

RaptorX predicted two binding sites of the model. The
largest pocket is for ADP molecule and consists of
following residues: G18, T19, A20, N21, G167, G168, G169,
G191, E216, K219, H220, G295, G296, G297, L299, L300 and L322.
A second smaller pocket was predicted for binding Mg+2
ion, which is composed of E143 and D165 (Figure 2).

2.4. Pharmacologic Properties of the Compounds
The pharmacokinetics of the compounds were
predicted by Swiss ADME (Daina et al., 2017) at
http://www.swissadme.ch/. The computed parameters
were: (1) Gastro-intestinal absorption (GI absorption), (2)
blood-brain barrier (BBB) penetration, (4) plasma
glycoprotein (P-gp) substrate and (5) Cytochromes (CYP
P 450 ), inhibition.
3. Results
The constructed model (Figure 1) appears to be
composed of 40 % α-helices, 25 % β-strands and 36 % as
coils. Since there is no experimental structure of MreB for
E. coli, the selected template was 2 Å X-ray crystal
structure of rod shape-determining protein of C. crescentus
(Löwe and van den Ent, 2014). This template has a PDB
ID of 4cze.1A with a sequence identity of 63.75 % and 95
% coverage of the predicted model. The predicted model
was submitted onto protein model database with PMDB
ID: PM0080558. The constructed model of MreB has the
following topology: β1 D12→G18, β2 A20→V26, β3
G30→D36,β4 V38→R45, β5 S48→G56, α1 H57→Q61, β6
N69→K77, α2 F84→V98, β7 R109→V114, α3 Q120→A133, β8
E137→I141, α4 P144→I149, β9 S161→G167, β10 T170→S177,
β11 G180→V187, α5 G191→Y206, β12 G207→L209, α6
E212→I222, β13 R232→L241, β14 V245→S253, α7 N254→A276,
α8 P280→R289, β15 M291→T294, α9 L303→T311, β16
I314→A318 and α10 P321→L333.

Figure 2. Amino acid sequence of MreB (Doi et al.,, 1988). ATP
binding motifs are marked with a red underline.

Four evaluation tools were used to measure the
accuracy of the model. ERRAT overall quality of the
model is 88.855 % (Figure 3 A). PROSA Z-score is -10.66
(Figure3 B). The raw score of QMEAN6 is 0.713 which is
in the normal range of 0-1. A comparison of Z-scores with
experimentally determined structures is shown in (Figure 3
C). In the Ramachandran plot analysis, the constructed
MreB model has 338(98.0 %) of the residues being in the
favored region (Figure 4), and three residues (0.9 %) in the
allowed region. These residues are S102, V231 and M335.
Four residues (1.2 %) were in the disallowed (outlier)
region. These residues are R45, N101, F103 and D229.
A total of one-hundred natural compounds were docked
against the predicted model; the highest ten are shown in
Table 1. Figure 5 shows ATP at its binding site in MreB
and the interaction with the MreB amino acid residues.
The results of AutoDock Vina show that there are three
compounds, namely amentoflavone, rutin, and chlorogenic
acid which had higher binding affinities than ATP. Figures
6-8 show the docking of the three ligands against MreB
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and the amino-acid residues involved. Figure 9 shows the
chemical structure of these three compounds.

Figure 3. (A) ERRAT result of the generated model. Black bars
represent misfolded regions. On the error axis two lines are drawn
to indicate the confidence in which it is possible to reject regions
(B) Z-score of MreB (black dot) computed by PROSA web tool
compared with Z-scores of the experimentally determined proteins
by NMR spectroscopy and X-ray crystallography (C) QMEAN6
plot of MreB model showing a comparison with-non redundant set
of known experimental PDB structures in Z-scores.
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Figure 4. Ramachandran plot of the predicted model using
RAMPAGE. Residues in the disallowed regions are red-colored

squares, while residues in the allowed region are brown-colored
squares.

Table 1. Results of docking E. coli MreB
Compound
ATP

Binding affinity Residues forming
(Kcal/mol)
hydrogen bonds
D16, N21, E143, D165, G168
ZINC18456332 -9.2
, G192 , G195

Database ID

Amentoflavone

ZINC03984030 -10.9

Rutin

ZINC59764511 -10.1

D16, N21 , E143, G168

ZINC21902916 -9.2
ZINC14813980 -8.6
ZINC00001219 -8.3

D16, R74 , D165, G168,
G296 , G297, L322
D16 , T19 , N21 , E143 , G169
, T170
D16, T19, G168, G296, L322
D16, T19, E143, G168
-

Hinokinin

ZINC01872258 -8.3

-

Bucegin

ZINC14757469 -8.3

G191

Isoquercitrin

ZINC04096845 -8.2

I166, D195, K219

Vitexin

ZINC04339745 -8.1

D192

Chlorogenic
acid
Scutellarin
Takakin
Coumestrol

ZINC02138728 -9.3

Figure 5. ATP interaction with MreB. ATP forms H-bonds with
the amino-acid residues D16 (2.83, 3.00 A°), N21 (3.10, 2.09 A°),
E143 (3.11 A°), D165 (3.06 A°), G168 (2.80, 3.23 A°), G192 (2.75 A°)
and G195 (3.14 A°). ATP also has hydrophobic interactions with
A20, G167, G191, K219, H220, G295, L299 and L322.

Residues forming hydrophobic interactions
A20, G167, G191, K219, H220, G295, L299, L322
G18, T19, A20, G167, F194, K219, H220, G295, G296, L299, L300, L322,
V325
G18, A20, N21, N34, E35, P36, K60, E143, G167, G191, D195, E216,
K219, H220, G295, V325
G18, A20, G79, D165, G167, G168, G191, G295, V325
G18, A20, P36, N21, G167, G191, K219, G296
G18, A20, N21, G167, D195, K219, G295, G296, L322, V325
A20, G168, G191, K219, H220, G296, G297, L299, L300
D16, A20, N21, K60, E143, I166, G167, G168, G191, D195, E216, E216,
K219, H220, G296, G297, L322
A20, N21, G167, G168, K219, H220, G223, G296, G297, L299, L300,
R301, L322
A20, N21, N34, E35, P36, K60, G167, G168, G191, E216, H220, G296,
G297, L322
A20, N21, G168, G191, F194, D195, E216, K219, H220, G296, G297,
L299, L300, L322

Figure 6. Amentoflavone interaction with MreB. Amentoflavone
forms H-bonds with the amino-acid residues D16 (2.87 A°), N21
(2.70 A°), E143 (3.13 A°) and G168 (2.98 A°). It also has
hydrophobic interactions with G18, T19, A20, G167, F194, K219, H220,
G295, G296, L299, L300, L322, and V325.
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Figure 9. The chemical structure of (A) amentoflavone (B) rutin
(C) chlorogenic acid.

Table 2 shows the chemical properties of the ligands.
The predicted ADME profiles, namely absorption,
distribution, metabolism, elimination were computed by
Swiss ADME, and are presented in Table 3. Swiss ADME
shows that the three compounds cannot cross the bloodbrain barrier, and have low absorption via the human
gastrointestinal tract. Only Rutin is a substrate for Pglycoprotein. None of the compounds is inhibitory of the
cytochromes. Amentoflavone and rutin show violation of
the Lipiniski's rule, since their molecular weights are more
than 500, the logP of amentoflavone is greater than five,
and rutin has its hydrogen bond acceptors being more than
10. In respect to this rule, chlorogenic acid appears to be
better than the other two natural products.

Figure 7. Rutin interaction with MreB. Rutin forms H-bonds with
the amino-acid residues D16 (3.00 A°), R74 (3.12, 3.24 A°), D165
(2.93 A°), G168 (3.03 A°), G296 (3.20 A°), G297 (3.08 A°) and L322
(3.09 A°). It also has hydrophobic interactions with G18, A20, N21,
N34, E35, P36, K60, E143, G167, G191, D195, E216, K219, H220, G295, and
V325.

Table 2. Molecular descriptors of the compounds.

Compound

Figure 8. Chlorogenic-acid interaction with MreB. Chlorogenic
acid forms H-bonds with the amino-acid residues D16 (2.75 A°),
T19 (2.83, 2.93 A°), N21 (2.84 A°), E143 (2.99, 2.92 A°) and G169
(2.95 A°), T170 (3.17 A°) and G296 (2.92 A°). It also has
hydrophobic interactions with G18, A20, G79, D165, G167, G168, G191,
G295 and V325.
Table 3. Swiss ADME predicted pharmacokinetics of the ligands.

Mass
(g/mol)

xlogP

H-bond H-bond
donors acceptors

Polar
surface
area
(Å2)

Amentoflavone

538.464

5.61

6

10

182

Rutin

610.521

-1.06

10

16

269

Chlorogenic
acid

353.303

-0.45

5

9

168

Scutellarin

461.355

0.07

6

12

210

Takakin

300.266

2.74

3

6

100

Coumestrol

268.224

2.54

2

5

84

Hinokinin

354.358

3.02

0

6

63

Bucegin

314.293

3.02

2

6

89

Isoquercitrin

464.379

-0.36

8

12

211

Vitexin

432.381

0.52

7

10

181

Compound

GI
absorption

BBB
permeant

P-gp
substrate

CYP 450 Inhibition
CYP1A2

CYP2C19

CYP 2C9

CYP2D6

CYP 3A4

Amentoflavone

Low

No

No

No

No

No

No

No

Rutin

Low

No

Yes

No

No

No

No

No

Chlorogenic acid

Low

No

No

No

No

No

No

No

Scutellarin

Low

No

Yes

No

No

No

No

No

Takakin

High

No

No

Yes

No

Yes

Yes

Yes

Coumestrol

High

No

No

Yes

No

No

Yes

No

Hinokinin

High

Yes

No

Yes

Yes

Yes

Yes

Yes

Bucegin

High

No

No

Yes

No

Yes

Yes

Yes

Isoquercitrin

Low

No

No

No

No

No

No

No

Vitexin

Low

No

No

No

No

No

No

No
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4. Discussion
The actin-like protein MreB regulates the synthesis of
the cell wall. The length and number of polymer and its
curvature are correlated to the cell width and cylindrical
uniformity of the cell (Bratton et al., 2018). The anionic
phospholipids, phosphatidylglycerol and cardiolipin are
essential to MreB activity since they would be deposited at
the cell poles and an irregular shape is developed due to
lack of these phospholipids (Kawazura et al., 2017). Van
den Ent et al., (2001) suggested that MreB of T. maritima
possesses a similar topology to actin. The tertiary structure
appears to be composed of two domains (I and II) where a
nucleotide-binding site is formed by the cleft between the
two domains. Each domain is subdivided into two subdomains A and B.
Walker et al. (1982) suggested that an ATP-binding
motif, also called Walker A, having the sequence of
GX 4 GK[S/T], is found in the nucleotide recognition
sequences of many proteins (Walker et al., 1982). Several
Walker-A sequence variants have been identified; for
example, the serine/threonine residue may be replaced by
aspartic acid or glycine in some kinases. Several proteins
that bind ATP may also have G-rich loops, GXGXXG,
which bind the α and β phosphates of ATP (Bossemeyer,
1994; Leipe et al., 2003). A second sequence, the WalkerB motif, contains a conserved aspartic or glutamic-acid
residue which is preceded by four hydrophobic residues.
This second motif forms coordinate bonds with the Mg2+
ion which is necessary for the catalysis of the ATPase
reaction (Walker et al., 1982). However, Bork et al.,
(1992) suggested that MreB and its related division
protein, FtsA, contain two ATP binding motifs one for
phosphate: V163, V164, D165, I166, G167, G168, G169 and T170,
and a second for adenosine: V292, L293, T294, G295 and G296.
Although many online automated servers have been
developed for homology modeling, reliability and
accuracy of these models for docking experiments should
be explored and assessed. ERRAT is a statistical potential
to detect regions of errors the basis of heavy atomic-pair
distributions (CC, CN, CO, NN, NO and OO) of the
amino-acid residues that are compared with a set of 96
experimental structures. A high-resolution experimental
structure usually produces quality factors of 95 % or
higher, but those had a lower resolution showing an
average of 91 % as a quality factor (Colovos and Yeates,
1993). PROSA is another statistical potential method to
measure the energy difference in terms of standard
deviation between a native fold of protein and an ensemble
of alternative folds to predict error in the constructed
model. The energy of the model is shown against the
known X-ray and the NMR solved structures of proteins
deposited in the Protein Data Bank (Zhang and Skolnick,
1992; Wiederstein and Sippl, 2007).
QMEAN6 estimates the quality of the models by six
indices. These are (a) the solvation potential, (b) the
torsion angle potential, (c) two distance-dependent
potentials: one based on β-atoms, and the second is based
on all-atom, and (d) two terms: one compares the predicted
secondary structure with a computed (SSE agree.), and the
second is for the solvent accessibility (ACC agree.)
(Benkert et al., 2009, 2011). In the Ramachandran plot
analysis, normally 98.0 % of the residues are expected to
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be in the favored region, and 2 % are in the allowed region
for accurate models (Lovell et al., 2002).
Amentofalvone is a bioflavonoid extracted from
Selaginella tamariscina. It has an antibacterial action and
possesses a synergistic effect with antibiotics (ampicillin,
cefotaxime and chloramphenicol) when tested on
Staphylococcus aureus, Enterococcus faecium, E. coli and
Pseudomonas aeruginosa (Hwang et al., 2013). Moreover,
Kaikabo et al. (2009) had isolated amentoflavone from
Garcinia livingstonei, and suggested that it has an
antibacterial activity against S. aureus, E. faecalis, E. coli,
and P. aeruginosa.
Rutin is 3, 4, 4', 5, 7-pentahydroxyflavone-3rhamnoglucoside, a flavonoid present in tea, apples and
onions with many medicinal activities such as antifungal,
antibacterial and anti-cancer potentials (Sharma et al.,
2013; Janbaz, 2002).
Chlorogenic acid is a polyphenolic compound found in
apricots where its methanolic extract, containing 968.125
µg/ml of the compound, inhibited E. coli, Salmonella
entritidis and Helicobacter pylori (Mujtaba et al., 2017).
Lou et al. (2011) suggested that chlorogenic acid has
antimicrobial activities against bacteria at minimum
inhibitory concentrations ranging between 20-80 µg/ml. A
possible mechanism of its action is the disruption of the
plasma membrane which becomes permeable to
cytoplasmic components including nucleotides.
Lipinski et al., (2001) suggested a rule of five to predict
the solubility and permeability of a candidate drug. In this
rule, poor permeability probably occurs when there are
more than five hydrogen bond donors, ten hydrogen bond
acceptors, and when the molecular weight is greater than
five-hundred, and the calculated Log P (logarithm of
octanol-water partition coefficient) is greater than five.
The polar surface area also estimates a drug's permeability.
Compounds with a polar surface area being greater than
140 Å2 may have poor permeability across cell
membranes, and for crossing the blood-brain barrier,
compounds need to have a polar surface area less than 90
Å2 (Pajouhesh and Lenz, 2005). Lipinski et al. (2001)
stated that in spite of the fact that a huge amount of
compounds were used to predict this rule, several classes
of drugs such as antifungal and antibacterial drugs are
exceptions. Drugs that are subjected to transporters inside
the human body are excluded from the rule as well.
Many factors affect the gastrointestinal tract
absorption. Some of these factors are physicochemical
such as the solubility and lipophilicity, while others are
physiological such as active transport and efflux. The
prediction of drug permeability across the blood-brain
barrier is necessary when a drug is required to exert a
therapeutic effect on the central nervous system, or when
adverse effects of a drug in the brain are being questioned
(de la Nuez and Rodríguez, 2008).
P-glycoproteins are members of the ATP-binding
cassette transporter family and are responsible for
multiple-drug resistance. By their efflux, P-glycoproteins
decrease the bioavailability of a drug by reducing its levels
inside human cells (Lin, 2003; van de Waterbreemd and
Gifford, 2003). P-glycoproteins are found on the surface of
biliary canalicular hepatocytes, the luminal surface of
epithelial cells of the gastrointestinal tract, the proximal
convoluted tubular cells of the kidney, and the capillary
endothelial cells of the blood-brain barrier (Thiebut et al.,,
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1987). The human CYP isoforms CYP3A4, CYP2C9,
CYP2C19 and CYP2D6 account for about 80 % of the
oxidative metabolism of drugs, the first stage of
elimination (Williams et al., 2004).
In the pharmaceutical industry, the chemical and
physical modifications of the parent compounds are
implemented to enhance their properties including
solubility and absorption, e.g. nanosuspension, solid
dispersions, use of carriers and surfactants, and the
reduction of particle size (Chaudry and Patel, 2013).
Upretti et al. (2011) suggested adding a terpene glycoiside
and cyclodextrin to increase the solubility of drugs.
5. Conclusion
The bioinformatics’ tools, including homology
modeling and docking, may be implemented in the
preliminary screening of drugs. The three compounds
identified above may be capable of binding the active site
of MreB, and may interfere with its ATPase activity.
Amentoflavone, rutin, and chlorogenic acid can be useful
as lead compounds to target MreB in E. coli and other
bacilli affecting humans; however, in vitro and animal
studies should be carried out to elucidate their effects.
Pharmacokinetics and pharmacodynamics are essential in
the drug discovery process. The pharmacological
properties could be improved by the chemical and physical
modifications of the drugs.
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Abstract
A total of fifty-seven Pseudomonas aeruginosa isolates were collected from different sources of clinical (n=47) and
environmental samples (n=10) during 2018, in Northern West Bank, Palestine. Molecular techniques were used to detect
type III secretion exotoxin-encoding genes (T3SEEG), and clone identity. The antimicrobial susceptibility was carried out by
the disk diffusion method. This study is aimed at comparing the distribution of the T3SEEG and antibiotic resistance
between P. aeruginosa isolated from both sources. The correlation between T3SEEG and antibiotic resistance in both
clinical and environmental isolates collected from a limited geographical area, in parallel, over a short period of time was
also determined. In addition, clone identity between the clinical and environmental strains was determined. The results
showed that all clinical and environmental P. aeruginosa isolates carried T3SEEG. ExoT was detected in all of the clinical
and environmental isolates. The occurrence rates of exoY and exoS in P. aeruginosa isolates were 80.7 % and 36.8 %,
respectively. More than one exotoxin gene was observed in 87 % of the clinical isolates and 70 % of the environmental
isolates. The most common combination was exoT and exoY, with prevalence rates of 47 % and 50 % for the clinical and
environmental isolates, respectively. ExoU was not detected in any isolate. There was no statistically significant difference
between the distribution of T3SEEG according to the isolates’ source. There were no significant associations between the
carriage of T3SEEG and resistance to some antimicrobials such as ciprofloxacin, norfloxacin, levofloxacin, aztreonam,
tetracycline, and kanamycin. The profile of RAPD-PCR typing of 44 p. aeruginosa isolates (nine environmental isolates
recovered from hospital sinks and thirty-five clinical isolates recovered from different hospitals) was clustered into three
groups at a 96 % similarity level. There was no significant difference between the strains isolated from both of the
environmental and clinical sources according to antibiotic resistance and the prevalence of T3SEEG. In conclusion, there
was high similarity between P. aeruginosa strains isolated from both environmental and clinical sources. In addition, no
significant differences in antibiotic resistance and the distribution of T3SEEG were observed among the isolates from both
sources.
Keywords: Pseudomonas aeruginosa, Type III secretion system, Environmental isolates, Clinical isolates, ExoS, ExoT, ExoY, ExoU.

1. Introduction
Pseudomonas aeruginosa is a major opportunistic
human pathogen. It is an important cause of infections,
particularly in immunodeficient patients, burn patients,
patients using mechanical ventilation, and patients with
cancer or cystic fibrosis (Elsen et al., 2014; Azimi et al.,
2016). P. aeruginosa can also cause infections in healthy
persons (McCallum et al., 2002; Kang et al., 2005). In
addition, P. aeruginosa can cause community-acquired
infections as well as hospital-acquired infections (Barbier
et al., 2013).
P. aeruginosa genomes isolated from environmental
and clinical sources are highly conserved. All P.
aeruginosa isolates are able to produce virulence factors,
and are thus considered potential pathogens (Alonso et al.,
1999; Pirnay et al., 2002; Pirnay et al., 2009; Grosso*
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Becerra et al., 2014). The intrinsic and acquired resistance
of P. aeruginosa to many types of antibiotics are attributed
to several mechanisms, including reduced cell wall
permeability, active efflux systems, expression of various
enzymes, plasmid acquisition, and biofilm formation
(Allydice-Francis and Brown, 2012).
Secreted exotoxins are either passively or actively
secreted from the cell by type I secretion system (T1SS),
type II secretion system (T2SS), or type III secretion
system (T3SS) (Bradbury et al., 2010). The T3SS of P.
aeruginosa has four known secretion effector toxins; these
are ADP-ribosylating enzymes exoenzyme (ExoS),
exoenzyme T (ExoT), adenylate cyclase exoenzyme Y
(ExoY), and acute cytolytic factor (a phospholipase)
exoenzyme U (ExoU). Although the P. aeruginosa T3SS
is not required for infection, it enhanced disease severity in
several animal models (Hauser, 2009).
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The prevalence of exoS, exoT, exoU and exoY in
clinical and environmental P. aeruginosa isolates has been
previously reported. All tested clinical and environmental
P. aeruginosa isolates had exoT gene sequences (Feltman
et al., 2001; Strateva et al., 2010; Gawish et al., 2013;
Adwan, 2017). The prevalence of exoT gene sequences in
P. aeruginosa isolates recovered from both environmental
and clinical sources ranged from 5 % to 92 % (Lomholt et
al., 2001; El-Solh et al., 2012; Azimi et al., 2016). The
prevalence of exoY gene sequences among P. aeruginosa
isolates ranged from 55 % to 97 % (Dacheux et al., 2000;
Azimi et al., 2016; Adwan, 2017). The prevalence of exoS
gene sequences among P. aeruginosa isolates ranged from
0 % to 96 % (Rumbaugh et al., 1999; Azimi et al., 2016;
Adwan, 2017). Finally, the prevalence of exoU gene
sequences among P. aeruginosa isolates ranged from 0 %
to 80 % (Fleiszig et al., 1997; Azimi et al., 2016; Adwan,
2017). According to one report, exoY and exoT gene
sequences were detected in all P. aeruginosa isolates
recovered from hospital environments, and only 80 % and
25.7 % of the isolates carried exoS and exoU gene
sequences, respectively (Bradbury et al., 2010). In another
study, P. aeruginosa isolates recovered from
environmental sources were significantly more likely to
have exoU gene sequences more than other isolates
(Bradbury et al., 2010). In contrast, in another study, there
were no significant differences in the prevalence of type III
secretion exotoxin-encoding genes (T3SEEG) between
both nosocomial and environmental P. aeruginosa isolates,
or between isolates recovered from different clinical
infection sites (Gawish et al., 2013).

The association between antimicrobial resistance,
especially to fluoroquinolones, and the clinical isolates of
T3SS+ve P. aeruginosa has been reported in different
clinical studies (Wong-Beringer et al., 2008; Mitov et al.,
2010; Agnello and Wong-Beringer, 2012; Cho et al.,
2014).
The present study is aimed at comparing the
distribution of the T3SEEG and antibiotic resistance
between P. aeruginosa strains that were isolated from
clinical and environmental sources, and to investigate the
presence of an association between them in both clinical
and environmental isolates collected from a limited
geographical area, in parallel, over a short period of time.
In addition, clone identity among the clinical and
environmental strains was determined and compared using
molecular techniques.
2. Materials and Methods
2.1. Bacterial Isolates’ Collection and Identification
A total of fifty-seven isolates of P. aeruginosa were
collected from different clinical (n=47) and environmental
samples (n=10) during 2018 (Table 1). Both clinical and
environmental samples were collected from different
hospitals in Northern West Bank, Palestine. All clinical
isolates were identified using the API 20E system at the
respective hospital laboratories, and were then confirmed
using conventional methods at a microbiology research
laboratory. The environmental isolates were identified
using conventional methods at the microbiology research
laboratory
of
An-Najah
National
University.

Table 1. A sample source of 57 of P. aeruginosa isolates collected from different hospitals.
Sample source (n)
Hospital

Environment
(sink of hospital)
N
5
4
1
3
1
0
0
0
0
0
0
0
W
0
0
0
0
1
0
0
0
0
0
0
0
T
1
1
0
0
0
3
0
0
0
0
0
3
J
1
7
0
1
0
0
1
2
4
3
0
7
TH
2
1
0
0
0
0
0
0
1
3
1
0
Total
9
13
1
4
2
3
1
2
5
6
1
10
N: An-Najah National University Hospital; W: Alwatany Hospital; T: Tubas Turk Hospital; J: Jenin Hospital; TH: Thabet Hospital.
wound Urine

tissue Blood Bed sore nasal

Fluid

2.2. Antibacterial Susceptibility Test
Antimicrobial sensitivity testing was performed
according to Clinical and Laboratory Standard Institute
(CLSI) guidelines using the disk diffusion method (CLSI,
2016). All P. aeruginosa isolates were examined using
antimicrobial disks (Oxoid) to determine resistance
against, ciprofloxacin (5 µg), kanamycin (30 μg),
tetracycline (30 µg), norfloxacin (10 µg), aztreonam (30
μg), and levofloxacin (5 µg). Mueller Hinton agar (MHA)
plates were seeded with a 6-8 h old culture of the isolates,
followed by placement of the antimicrobial disks. The
plates were incubated at 37°C for twenty-four hours. The
inhibition zones (if any) were measured, and the isolates
were classified as resistant, intermediate, or susceptible,
according to CLSI guidelines (CLSI, 2016). The reference
strain of P. aeruginosa ATCC 27853 was used as a quality
control in all of the experiments of antimicrobial
susceptibility testing.

skin sputum swabs umbilicus

Total
14
1
8
26
8
57

2.3. DNA Extraction and PCR Amplification
2.3.1. DNA Extraction
The genome of P. aeruginosa was prepared for PCR
according to the method described previously (Adwan et
al., 2013). Briefly, the cells were scraped off an overnight
MHA plate, washed with 800 μL of 1X Tris-EDTA buffer
(10 mM Tris-HCl, 1 mM EDTA [pH 8]), centrifuged, and
the pellet was resuspended in 400 μL of sterile double
distilled H 2 O, and boiled for 10-15 minutes. The cells
were incubated on ice for ten minutes. The debris were
pelleted by centrifugation at 11,500 X g for five minutes.
The concentration of DNA was determined using a
nanodrop spectrophotometer (Genova Nano, Jenway). The
DNA samples were stored at -20ºC.
2.3.2. PCR Amplification of Type III Secretion ExotoxinEncoding Genes
The detection of gene sequences encoding T3SEEG
(exoS, exoT, exoU and exoY genes) was performed using
multiplex PCR using specific oligonucleotide primer sets
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as described previously (Ajayi et al., 2003). Primer
sequences and the size of amplicons are listed in Table 2.
Each PCR mix (25 µL) consisted of 10 mM PCR buffer
pH 8.3; 2.3 mM MgCl 2 ; 0.3 mM of each dNTP; 0.3 µM of
each primer; 1.25U of Taq DNA polymerase, and 3 µL
(100-200 ng) of DNA template. A negative control without
template DNA and a positive control strain (department
collection) possessing a T3SEEG (exoS, exoT, exoU and
exoY genes) were used during PCR. The cycling
conditions were: initial denaturation at 94ºC for three
minutes; followed by thirty-six cycles of denaturation at
94ºC for forty seconds, annealing at 56ºC for forty
seconds, and extension at 72ºC for one minute; followed
by a single final extension step at 72ºC for five minutes.
The PCR products were detected by electrophoresis on 1.5
% agarose gels to determine the size of amplified fragment
after staining with a final concentration 0.5 μg/mL
ethidium bromide.
Table 2. Target genes for PCR amplification, amplicon sizes, and
primer sequences used.
Target
Primer sequence (5ʹ→3ʹ)
gene

Amplicon
size (bp)

exoS

118

Exo S F: GCG AGG TCA GCA GAG
TAT CG

Exo T F: AAT CGC CGT CCA ACT
GCA TGC G

152

A total of fifty-seven isolates (forty-seven clinical
isolates and ten environmental isolates) of P. aeruginosa
were subjected for antimicrobial susceptibility testing. All
isolates showed high resistance to tetracycline and
kanamycin. The clinical isolates showed low resistance
rates against aztreonam, while the environmental isolates
showed low resistance rates against norfloxacin. There
were no significant differences in the resistance profile
between strains isolated from environmental and clinical
sources (Fisher exact test; p 0.084-1). The antimicrobial
susceptibility profile of the isolates is presented in Table 3.

Exo U F: CCG TTG TGG TGC CGT
TGA AG

134

Exo U R: CCA GAT GTT CAC CGA
CTC GC
exoY

The results were evaluated by the Fisher exact test
using SPSS version 20. A P value less than 0.05 was
considered significant.

3.1. Antimicrobial Susceptibility

Exo T R: TGT TCG CCG AGG TAC
TGC TC
exoU

2.4. Statistical Analysis

3. Results

Exo S R: TTC GGC GTC ACT GTG
GAT GC
exoT
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ACG GCC GAC C-3` as described earlier
(Mahenthiralingam et al., 1996). Each PCR mix (25 µL)
consisted of 10 mM PCR buffer pH 8.3; 3 mM MgCl 2 ; 0.4
mM of each dNTP; 0.8 µM primer; 1.5 U of Taq DNA
polymerase, and 3 µL (100-200 ng) of DNA template. The
DNA amplification was carried out using the thermal
cycler (Mastercycler personal, Eppendorf, Germany)
according to the following protocol: initial denaturation for
three minutes at 94ºC; followed by thirty-five cycles of
denaturation at 94ºC for fifty seconds, annealing at 45ºC
for one minute, and extension at 72ºC for one minute,
followed by a final extension step at 72ºC for five minutes.
The PCR products were analyzed by electrophoresis on a
1.7 % agarose gel. The gel image was scored using a
binary scoring system that recorded the absence and
presence of bands as 0 and 1, respectively. A binary matrix
was analyzed by the unweighted pair group method for
arithmetic averages (UPGMA), using SPSS statistical
software version 20 (IBM).

Exo Y F: CGG ATT CTA TGG CAG
GGA GG

289

Exo Y R: GCC CTT GAT GCA CTC
GAC CA

2.3.3. Random Amplified Polymorphic DNA (RAPD) PCR
Random amplified polymorphic DNA PCR products
were generated from forty-four bacterial genomes. The
RAPD-PCR was performed using Primer RAPD 208: 5`Table 3. Antimicrobial susceptibility profile of study isolates.
Antibiotic

Antimicrobial susceptibility result n (%)
Clinical source n=47
S

Environmental source n=10
R

Total n=57

I

R

S

I

I

R

Ciprofloxacin 27 (57.4 %)

3 (6.3 %)

17 (36.3 %)

3 (30 %)

2 (20 %) 5 (50 %) 30 (52.6 %)

S

5 (8.7 %)

22 (38.7 %)

Norfloxacin

27 (56 %)

6 (12 %)

14 (32 %)

6 (60 %)

2 (20 %) 2 (20 %) 33 (57 %)

8 (14 %)

16 (29 %)

Levofloxacin

27 (57 %)

1 (2 %)

19 (41 %)

6 (60 %)

1 (10 %) 3 (30 %) 33 (58 %)

2 (3.5 %)

22 (38.5 %)

Aztreonam

25 (53.1 %)

14 (29.7 %)

8 (17.2 %)

3 (30 %)

2 (20 %) 5 (50 %) 28 (49.1 %)

16 (28 %)

13 (22.9 %)

Tetracycline

9 (19.1 %)

6 (12. 7%)

32 (68.2 %)

2 (20 %)

2 (20 %) 6 (60 %) 11 (19.2 %)

8 (14 %)

38 (66.8 %)

Kanamycin

7 (14 %)

12 (24 %)

28 (62 %)

1 (10 %)

1 (10 %) 8 (80 %) 8(14.1 %)

13 (22.8 %)

36 (63.1 %)

n: isolates’ count; S: susceptible; I: intermediate; R: resistant

3.2. Detection of Type III Secretion Toxins-Encoding
Genes
According to the PCR results, all the isolates carried
T3SEEG. ExoT was detected among all clinical and

environmental isolates. The prevalence of exoY and exoS
in isolates from both sources was 80.7 % and 36.8 %,
respectively. Two or more genes were observed among 87
% and 70 % of the clinical and environmental isolates,
respectively. The most common combination was exoT

© 2019 Jordan Journal of Biological Sciences. All rights reserved - Volume 12, Number 2

194

and exoY, with a prevalence rate of 47 % and 50 % among
clinical and environmental isolates, respectively. ExoU
was not detected among the isolates. The results of
multiplex-PCR for T3SEEG are presented in Tables 4 and
5. No significant differences were observed in the
prevalence of T3SEEG, among the isolates from the
environmental and clinical sources (Fisher exact test; p
values of 1.00, 0.295, and 0.387 for exoT, exoY and exoS,
respectively). In addition, the statistical analysis indicated
no significant association between the presence of exoT,
exoY, exoS in P. aeruginosa recovered from clinical and
environmental sources and the resistance to antimicrobials
such as ciprofloxacin, norfloxacin, levofloxacin,
aztreonam, tetracycline, and kanamycin (Fisher exact test;
p values 0.113-1). A significant association (p = 0.046)
was observed between the absence of exoS in the isolates
and the resistance to levofloxacin.
Table 4. Prevalence of type III secretion toxins-encoding genes in
the clinical and environmental isolates of P. aeruginosa in
combination.
Source of
P. aeruginosa
isolate

Distribution of type III secretion exotoxins-encoding
genes in combination
n (%)
exoT

exoT and
exoY

exoS and
exoT

exoS, exoY, and
exoT

Clinical (n=47) 6 (13%)

22 (47%) 2 (4%)

17 (36%)

Environmental

5 (50%)

2 (20%)

3 (30%)

0 (0%)

(n=10)

n: number of isolates
Table 5. Prevalence of type III secretion toxins-encoding genes in
clinical and environmental isolates of P. aeruginosa.
Source of

Distribution of type III secretion toxinsencoding genesn (%)

P. aeruginosa
isolate

exoT

Clinical (n=47)

47 (100%) 19 (40.4%) 39 (83%)

0 (0%)

Environmental
(n=10)

10 (100%) 2 (20%)

0 (0%)

Total

57 (100%) 21 (36.8%) 46 (80.7%)

exoS

exoY

7 (70%)

exoU

0 (0%)

n: number of isolates

3.3. RAPD-PCR Typing
The RAPD-PCR typing profile of 44 P. aeruginosa
isolates (nine environmental isolates recovered from the
sinks of different hospitals and thirty-five clinical isolates
recovered from different hospitals) were grouped into
three clusters at a 96 % similarity level. Strains grouped in
cluster-1 (CL1), which had an identical RAPD-PCR
profile were recovered from different hospitals and
belonged to environmental (eight isolates) and clinical
(nineteen isolates) sources. Strains grouped in cluster-2
(CL2), which had an identical RAPD-PCR profile were
recovered from different hospitals and belonged to
environmental (one isolate) and clinical (four isolates)
sources. Strains grouped in cluster-3 (CL3), which had an
identical RAPD-PCR profile, were only recovered from
clinical (twelve isolates) sources. Overall, identical clones
within the same cluster have been recovered from different
hospitals. The results of RAPD-PCR analyses are
presented in Figure 1.

Figure 1. Dendrogram of 44 P. aeruginosa isolates recovered
from clinical (35 isolates) and environmental (9 isolates) sources
based on the UPGMA method derived from analysis of the
RAPD-PCR profiles at a 96 % similarity level. CL: Cluster; E:
Environmental sample; C: clinical sample; N: An-Najah National
University Hospital; W: Alwatany Hospital; T: Tubas Turk
Hospital; J: Jenin Hospital; TH: Thabet Hospital.

4. Discussion
Pseudomonas aeruginosa is one of the major causative
agents of both nosocomial- and community-acquired
infections in humans. This is due to its ability to cause
different infections and its high-level resistance to many
classes of antimicrobials via several mechanisms
(Allydice-Francis and Brown, 2012).
The findings of this study showed that P. aeruginosa
isolates recovered from both environmental and clinical
sources demonstrated high resistance to tetracycline and
kanamycin. Results of previous studies carried out in the
same country, showed that clinical isolates showed high
resistance to different tested antibiotics (Adwan et al.,
2016a; Adwan, 2017). Results of this study were
consistent with previous reports from Jamaica (AllydiceFrancis and Brown, 2012) and Iran (Azimi et al., 2016),
which showed that P. aeruginosa isolates from different
sources had high resistance to many different classes of
antimicrobial agents. The major cause of the high
prevalence of resistance among clinical isolates of P.
aeruginosa in Palestine may be attributed to selective
pressure resulting from the uncontrolled, incorrect, and
extensive use of antimicrobials inside and outside
hospitals. This is exacerbated by the lack of a national
antibiotics policy, and due to the over-the-counter
antibiotic availability in Palestine (Adwan et al., 2016b).
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All the isolates recovered from both environmental and
clinical sources were exoT+ve. These results were
consistent with previous reports from USA (Feltman et al.,
2001), Bulgaria (Strateva et al., 2010), Egypt (Gawish et
al., 2013), and Palestine (Adwan, 2017). The prevalence
rate of exoT was inconsistent with the results of other
studies, which showed the prevalence of the gene among
environmental and clinical P. aeruginosa isolates at a
range of 5 % to 92 % (Lomholt et al., 2001; El-Solh et al.,
2012; Azimi et al., 2016). In the present study, the
prevalence rate of exoY among P. aeruginosa isolates
recovered from clinical and environmental sources was
80.7 %. This is comparable to previously published results
from Palestine (Adwan, 2017), which showed that 72.5 %
of P. aeruginosa recovered from clinical isolates were
exoY+ve. This result is also in agreement with other studies
published elsewhere (Strateva et al., 2010; Gawish et al.,
2013), which reported rates ranging from 83.5 % to 85.8
%. The prevalence rate of 80.7 % for exoY among the P.
aeruginosa isolates was lower than that in other studies; 97
% (Dacheux et al., 2000) and 89 % (Finck-Barbancon et
al., 1997), and even higher prevalence rates than these
rates by other reports such as by Azimi et al., 2016, at 55
%. The prevalence rate of exoS among the isolates from
both sources was 36.8 %. This is in contrast to a previous
report from Palestine (Adwan, 2017), which did not
recover the gene among clinical isolates of P. aeruginosa.
The prevalence rate for this gene among the P. aeruginosa
isolates by other reports ranged from 0 % to 96 %
(Rumbaugh et al., 1999; Azimi et al., 2016; Adwan,
2017). The product of the exoS gene is considered a main
cytotoxin involved in the colonization, invasion, and
spreading of the infection (Lee et al., 2005). Increasing the
gene expression results in increased pulmonary damage in
cystic fibrosis patients and in animal models, and leads to
in vitro cytotoxicity, and induction of apoptotic-like cell
death (Lee et al., 2005; Engel, 2003). In the current study,
all the isolates recovered from clinical and environmental
sources were exoU-ve. This result is consistent with a
previous report from Palestine (Adwan, 2017), which
showed that all the clinical P. aeruginosa isolates were
exoU-ve. The prevalence rate of exoU gene sequences
among P. aeruginosa isolates ranged from 0 % to 80 %
according to reports published elsewhere (Fleiszig et al.,
1997; Azimi et al., 2016; Adwan, 2017). The product of
exoU demonstrates specificity to human neutrophils, and is
associated with a severe P. aeruginosa infection in humans
(Finck-Barbancon et al., 1997). Strains of P. aeruginosa
with deleted or mutated exoU gene had a lower toxicity
during lung infection (Engel, 2003). In addition, an
association had been proposed between the product of
exoU and the invasive P. aeruginosa leading to
bloodstream infections (Wareham and Curtis, 2007).
In the present study, no association was found between
the resistance profile and the P. aeruginosa isolates
recovered from both clinical and environmental sources
that carried T3SEEG. A statistically significant association
(p = 0.047) was demonstrated between the absence of the
exoS gene and resistance to norfloxacin. In a recent study
from Palestine (Adwan, 2017), no associations were
observed between ciprofloxacin, norfloxacin, meropenem,
and imipenem resistance, and the carriage of T3SEEG
among clinical P. aeruginosa isolates. A significant
association between clinical P. aeruginosa isolates having
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the exoU gene sequences and fluoroquinolone resistance
has been proposed (Wong-Beringer et al., 2008; Cho et al.,
2014). In another report (Bradbury et al., 2010), no
significant association was demonstrated between
ciprofloxacin resistance and P. aeruginosa isolates
carrying the exoU gene.
RAPD-PCR typing of P. aeruginosa genomes of both
environmental and clinical isolates showed that the
genome is highly conserved (96 % similarity), and that all
P. aeruginosa isolates, whether from clinical or
environmental sources, were able to produce virulence
factors, and are thus potential pathogens. Cluster 1 and 2
had identical isolates recovered from both environmental
and clinical sources. This indicates that the strains of
environmental origin may cause human infections. These
results are in accordance with the results published
formerly (Hardalo and Edberg, 1997; Pirnay et al., 2009).
Moreover, others have proposed the absence of significant
differences between the environmental and clinical isolates
regarding the virulence aspects (Morgan et al., 1999;
Alonso et al., 1999; Pirnay et al., 2002). Finally, identical
clones have been recovered from different hospitals. This
may be attributed to medical referrals and the
transportation of patients among different hospitals
(Adwan, 2017).
5. Conclusion
According to RAPD-PCR typing, the results of this
study revealed a high similarity between the P. aeruginosa
strains isolated from environmental and clinical sources. In
addition, strains from both sources had no significant
differences in antimicrobials’ resistance profiles and the
presence of T3SEEG. These results indicate that the
isolates from both sources have the ability to cause clinical
infections.
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Abstract
The present study describes the biometric indices of Channa punctata including- length frequency distributions (LFDs),
length-weight relationships (LWRs), length-length relationships (LLRs), condition factors (allometric, K A , Fulton’s, K F ,
relative, K R and relative weight, W R ), form factor (a 3.0 ), and natural mortality (M W ) using multi-model indices from the
Rupsha River in southern Bangladesh. For each individual, the total length (TL) and body weight (BW) were measured by
digital slide calipers and an electric balance, respectively. The LFDs showed that the 13.0-14.0 cm TL size group was
numerically dominant. The b values of LWRs (TL vs. BW) indicates positive allometric growth, (b = 3.10) and K F is the
best for assessing the well-being of this species in the Rupsha River. The W R indicates that the habitat was imbalanced
with higher predators. The a3.0 and M W were 0.0116 and 1.00 year-1 for C. punctata in the Rupsha River, respectively. In
addition, the present study calculates the a 3.0 and M W from world-wide different water bodies using the available literature.
These results would be effective for further stock assessment and for the management of C. punctata in the Rupsha River
and the surrounding ecosystems.
Keywords: Channa punctata, Conditions, Form factor, Natural mortality, Rupsha River.

1. Introduction
The spotted snakehead, Channa punctata (Bloch,
1793), is a freshwater fish belonging to the family
Channidae. Locally it is known as taki in Bangladesh,
mural, lata in India, and spotted snakehead in Sri-Lanka.
This freshwater fish is distributed throughout the South
Asian countries of Bangladesh, China, India, Myanmar,
Nepal, Pakistan, and Sri-Lanka (Froese and Pauly, 2016).
It is found in ponds, swamps, brackish water (Pethiyagoda,
1991), ditches, and beels (Rahman, 1989). The snakehead
fish is used as food and is important for wound healing and
for reducing post-operative pain (Gam et al., 2006). This fish
has an accessory respiratory organ to sustain itself in
miserable conditions, but unfortunately it is declining due
to habitat changes and indiscriminate fishing (Hossain et
al., 2015a, b, c; Hossen et al., 2015). Globally, it is
categorized as least concern (IUCN, 2017).
The length-weight relationship (LWR) is very essential
for fisheries management and conservation. It is also
important for comparing the life histories of fishes among
different geographic locations (Le Cren, 1951; Hossain et
al., 2009, 2012a, 2013; Azad et al., 2018; Nawer et al.,

*

2017). Condition factors are functional parameters that can
be used for determining the possible differences among
different stocks of the same species (King, 2007).
Moreover, relative weight (W R ) is one of the most popular
indices to detect the condition of fishes in different water
bodies (Rypel and Richter, 2008; Hossain et al., 2012b;
Hossen et al., 2018). In addition, the form factor (a 3.0 ) can
be used to determine whether the body shape of a given
population or species is significantly different from others
(Froese, 2006). On the other hand, the natural mortality
(M W ) can be used to know fisheries stock’ status and
management strategies (Brodziak et al., 2011).
To the best of the researchers’ knowledge, to date,
there have been no studies on biometric indices using
multi-model inferences for C. punctata. Therefore, this
study is aimed at focusing on the length-frequency
distributions (LFDs), length-weight (LWRs), length-length
relationships (LLRs), condition factors (allometric, K A ;
Fultonʹs, K F ; relative, K R ; relative weight, W R ), form
factor (a 3.0 ), and natural mortality (M W ) of C. punctata
using a number of specimens with various body sizes from
the Rupsha River in southern Bangladesh through multiple
model inferences.
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2. Materials and Methods

3. Results

This study was conducted in the Rupsha River (Lat.
22°46´ N; Long. 89°34´ E), southern Bangladesh. A total
of 132 individuals of C. punctata were occasionally
sampled using cast net (the mesh size ranges from 1.5 to
2.0 cm) and gill net (mesh size ~ 2.5 cm) from September
2014 to August, 2015. The fresh samples were
immediately preserved in ice on site and were fixed with
10 % buffered formalin upon arrival in the laboratory.
Individual lengths including- total length (TL) ,
standard length (SL) and total body weight (BW) were
measured to 0.1 cm and 0.1 g accuracy using digital slide
calipers and an electronic balance, respectively.
The LFDs for C. punctata were constructed using 1 cm
intervals of TL. The LWRs were calculated using the
equation: W = a*Lb, where W is the body weight (BW, g),
and L is the length (TL, SL cm). The parameters a and b
were estimated by linear regression analysis based on
natural logarithms: ln(W) = ln(a) + b ln(L). A t-test was
used to confirm whether the b values obtained in the linear
regression were significantly different from the isometric
value (b = 3) (Sokal and Rohlf, 1987). Furthermore, LLR
including TL vs. SL was estimated by linear regression
analysis (Hossain et al., 2006a).
The allometric condition factor (K A ) was calculated
using the equation of Tesch (1968): K A = W/Lb, where W is
the BW in g, L is the TL in cm, and b is the LWRs
parameter. Fulton’s condition factor (K F ) was calculated
using the equation: K F =100× (W/L3), where W is the BW
in g, and L is the TL in cm. The scaling factor 100 was
used to bring the K F close to unit and the relative condition
factor (K R ) for each individual was calculated via the
equation of Le Cren (1951): K R = W/(a×Lb) where W is
the BW in g, L is the TL in cm, a and b are LWRs
parameters. The relative weight (W R ) was calculated by
the equation of Froese (2006), as: W R = (W/W S )× 100,
where W is the weight of a particular individual, and W S is
the predicted standard weight for the same individual as
calculated by W S = a×Lb, (where the a and b values were
obtained from the relationships between TL vs. BW).
The form factor (a 3.0 ) of C. punctata was calculated
using the equation of Froese (2006), as: a 3.0 = 10log a – s (b-3),
where a and b are regression parameters of LWR, and s is
the regression slope of ln a vs. b. In this study, a mean
slope S = -1.358, was used for estimating the a 3.0 because
information on LWR is not available concerning this
species for the estimation of the regression (S) of ln a vs.
b. The natural mortality (M W ) was calculated using the
model of Peterson and Wroblewski (1984) as M W = 1.92
year-1 *(W)-0.25, where, M W = Natural mortality at mass W,
and W = a*Lb, and a and b are regression parameters of
LWR.
Statistical analyses were performed using GraphPad
Prism 6.5 software. The one sample t-test was used to
compare the mean relative weight (W R ) with 100
(Anderson and Neumann, 1996). In addition, the Spearman
rank test was used to correlate body measurements (e.g.,
TL, SL, and BW) with condition factors (K A , K F , K R , and
W R ). Furthermore, the LWRs between waters were
compared by the analysis of covariance (ANCOVA). All
statistical analyses were considered significant at 5 % (P <
0.05).

Descriptive statistics on the length (cm) and weight (g)
measurements with 95% confidence limit (CL) are
presented in Table 1. The LFDs of C. punctata showed
that the smallest and largest individuals were 4.6 cm and
22.7 cm TL, respectively; whereas the BW ranged from
1.6 g to 76.8 g. The maximum population stands on 13.014.0 cm TL size group in the Rupsha River (Figure 1).
The sample size (n), regression parameters (a and b)
and 95% CL of a and b of the LWRs, co-efficient of
determination (r2) and growth type of C. punctata are
presented in Table 2 and Figure 2. The calculated b values
(3.07) indicate a positive allometric growth in case of TL
vs. BW, and a negative allometric growth for SL vs. BW
relationships (Table 2) in the Rupsha River. All LWRs
were highly significant (P < 0.001), with all r2 values
being greater than 0.971. The ANCOVA revealed
significant differences in the LWRs of C. punctata
between Bangladesh and Indian waters (df = 390, F =
337.71, P < 0.001) (Figure 2). The LLR (TL vs. SL) of C.
punctata are presented in Table 3. The LLR was highly
significant (P < 0.001) with r2 values being ≥ 0.984.
The K A varied from 0.005 to 0.018 (mean ± SD = 0.009
± 0.001) (Table 4). According to Spearman rank
correlation test, there was a significant relationship among
the TL vs. K A (r s = 0.275, P = 0.001) and BW vs. K A (r s =
0.401, P < 0.001) (Table 5). The K F values varied from
0.630 to 1.990 (mean ± SD = 1.120 ± 0.170) (Table 4), and
the Spearman rank correlation test revealed that there was
a strong correlation among TL vs. K F (r s = 0.353, P <
0.001), and BW vs. K F (r s = 0.474, P < 0.001) (Table 5).
Also the K R ranged from 0.590 to 2.000 (mean ± SD =
1.050 ± 0.160) (Table 4). The Spearman rank correlation
test indicates that there was a significant relationship
among TL vs. K R (r s = 0.272, P = 0.001) and BW vs. K R
(r s = 0.398, P < 0.0001) (Table 5). In addition, the
calculated minimum and maximum W R were 59.020 and
200.240, with a mean value of 105.020 ± 15.980 (Table 4).
The Spearman rank correlation test shows that there was a
significant relationship between TL vs. W R (r s = 0.271, P =
0.001) and BW vs. W R (r s = 0.396, P < 0.001) for C.
punctata in the Rupsha River. The relationship between
TL vs. W R was also shown in Figure 3. The calculated a3.0
and M W for C. punctata in the Rupsha River, and different
water bodies world-wide are shown in Table 6.
Table 1. Descriptive statistics on the length (cm) and weight (g)
measurements of the Channa punctata captured from the Rupsha
River, southern Bangladesh
Measurements Min Max Mean ± SD

Mode

95% CL

TL

4.6

22.7 13.59±3.25

13.70

13.03-14.15

SL

3.7

19.9 11.47±2.89

11.50

10.98-11.97

BW

1.6

76.8 32.63±18.81

24.70

29.39-35.87

TL, total length; SL, standard length; BW, body weight; Min,
minimum; Max, maximum; SD, standard deviation; CL,
confidence limit for mean values
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Equation

a

b

95% CL of a

95% CL of
b

r2

GT

BW = a × 0.0093 3.067 0.0073-0.0118
TLb

2.974-3.159 0.971 +A

BW = a × 0.0224 2.923 0.0180 – 0.0278
SLb

2.834-3.012 0.984 -A

a and b are regression parameters of LWRs; CL, confidence limit
for mean values; r2, co-efficient of determination; GT, growth
type; +A, positive allometric, -A, negative allometric
Table 3. The estimated parameters on the length-length
relationships (y = a + b*x) of Channa punctata captured from the
Rupsha River, southern Bangladesh
Equation n

Regression
parameters
a

1.117

95% CL of b

r2

0.481-1.064

0.092-1.141

0.984

n, sample size; TL, total length; SL, standard length; a, intercept;
b, slope ; CL, confidence limit for mean values; r2, coefficient of
determination

n

KA
KF

132

Min

Max

Mean ± SD

95% CL

0.005

0.018

0.009±0.001

0.009-0.010

0.630

1.990

1.120±0.170

1.090-1.150

1.050±0.160

1.020-1.080

P value

Degree of
significance

TL vs. K A

0.275

0.104-0.430

P = 0.001

*

BW vs. K A

0.401

0.242-0.538

P < 0.001

***

TL vs. K F

0.353

0.188-0.498

P < 0.001

***

BW vs. K F

0.474

0.325-0.599

P < 0.001

***

TL vs. K R

0.273

0.102-0.428

P = 0.001

*

BW vs. K R

0.399

0.240-0.537

P < 0.001

***

TL vs. W R

0.271

0.099-0.426

P = 0.001

*

BW vs. W R

0.397

0.238-0.535

P < 0.001

***

Table 6. The calculated form factor (a 3.0 ) and natural mortality
(M W ) of Channa punctata in different water bodies world-wide.
Water-bodies a

b

Maximum Reference a 3.0
TL(cm)

Table 4. Condition factors of the Channa punctata captured
from the Rupsha River, southern Bangladesh
Condition
factor

Condition factor r S value 95% CL of r S

TL, total length; BW, body weight; K A , allometric condition
factor; K F ; Fulton′s condition factor; K R , relative condition factor;
W R , relative weight; r S , spearman rank correlation values; CL,
confidence limit; P, shows the level of significance; *significant;
*** very significant.

95% CL of a

b

TL = a +
132 0.7724
b× SL
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Table 5. Relationships of condition factor with total length (TL)
and body weight (BW) of Channa punctata captured from the
Rupsha River, southern Bangladesh

Table 2. Descriptive statistics and estimated parameters of the
length-weight relationships (BW= a × Lb) of Channa punctata
captured from the Rupsha River, southern Bangladesh

Siruvani
River, India

KR

0.590

2.000

WR

59.020

200.240 105.020±15.980 102.27-107.77

n, sample size; Min, minimum; Max, maximum; SD, standard
deviation; CL, confidence limit for mean values; K A , allometric
condition factor; K F , Fulton’s condition factor; K R , relative
condition factor; W R , relative weight.

MW
year-1

0.0169 2.72

24.4

Haniffa et 0.0070 0.7
al. (2006)

Vellar River, 0.0282 2.77
India

24.5

Haniffa et 0.0137 0.7
al. (2006)

Tamirabrani 0.0105 2.99
River, Tamil
Nadu, India

26.8

Haniffa et 0.0102 0.6
al. (2006)

Mathabhanga 0.0126 3.04
River,
Bangladesh

18.9

Hossain et 0.0141 0.6
al. (2006)

Rupsha
River,
Bangladesh

22.7

Present
study

0.0093 3.07

0.0116 1.0

a and b are regression parameters of length-weight relationships;
TL, total length; a 3.0 , form factor; M W , natural mortality

25.0

Frequency (%)

20.0
Channa punctata
n = 132

15.0
10.0

Total length (cm)
Figure 1. The length-frequency distribution of Channa punctata in the Rupsha River, southern Bangladesh.
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Figure 2. Total length and body weight relationships (log W = log a + b log L) of Channa punctata in the (i) Mathabhanga River,
Bangladesh (ii) Rupsha River, Bangladesh (present study) and (iii) Western Ghat, India.

180.0
Relative weight (W R )

160.0

Mean+SD
Mean
Mean-SD

140.0
120.0
100.0
80.0
60.0
40.0
20.0
0.0
5.8

7.5

9.2

11.7

13.6

15.7

17.2

19.6

20.6

22.7

Total length (cm)
Figure 3. The relationships between total length and relative weight of Channa punctata in the Rupsha River, southern Bangladesh.

2.50
2.25

[Pe te rson & Wroble wski, 1984]

Natural mortality (MW )

2.00
M w = 2.203e

1.75

n =132, r

2

-0.0652x

= 0.948

1.50
1.25
1.00
0.75
0.50
0.25
0.0

5.0

10.0

15.0

20.0

25.0

Total le ngth (cm)

Figure 4. The relationships between natural mortality and total length of Channa punctata in the Rupsha River, southern Bangladesh.

4. Discussion
Only few studies on LWRs and LLRs have been
conducted on C. punctata in the Indian sub-continent
(Haniffa et al., 2006; Hossain et al., 2006b). However, this
study highlighted the biometric indices of C. punctata
including LFDs, LWRs, LLRs, condition factors (K A , K F ,

K R and W R ), a 3.0 and M W from the Rupsha River in SW
Bangladesh.
During the study, a total of 132 individuals of C.
punctata with various body sizes were sampled. The LFDs
stated that here it was not possible to sample C. punctata
smaller than 4.6 cm in TL which may be ascribed to gear
selectivity or because the fishermen did not go where
smaller sizes exists (Hossain et al., 2012c, 2015d, 2016a;
Rahman et al., 2012). The maximum length of C.
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punctata was found 22.7 cm TL in the present study which
is lower than the maximum recorded value of 31.0 cm TL
(Talwar and Jhingran, 1991). Information on maximum
length is necessary to estimate the asymptotic length and
growth co-efficient of fishes, which is vital for fisheries
resource-planning and management (Ahmed et al., 2012,
Hossen et al., 2016; Khatun et al., 2018).
Generally, the b values in LWRs should remain within
the range of 2.5–3.5 (Froese, 2006); in this study all the b
values fell within this expected range. This study reported
positive allometric growth for C. punctata (b = 3.07)
agrees with the findings of Hossain et al. (2006b) (b =
3.04), but is inconsistent with Haniffa et al. (2006) (b =
2.83), who estimated negative allometric growth sampled
from the Western Ghat, India. However, this difference
can be attributed to a number of factors including season,
habitat, gonadal maturity, diet, health, and preservation
techniques of the captured specimens (Tesch, 1968;
Hossain et al., 2016b, c; Khatun et al., 2019), which were
unaccounted for in the present study. The LLR was highly
correlated, but it was not possible to make any
comparisons due to the lack of available study.
Although most of the studies deal with a single
condition factor, however the current study has worked
with four condition factors (K A ; K F ; K R and W R ) to assess
the health and habitat condition of C. punctata in the
Rupsha River. This study postulates that the K F is the best
biometric index for assessing the well-being of this species
in the study area. Additionally, the W R was significantly
different from 100 (P < 0.05) indicating an imbalanced
habitat with food availability relative to the presence of
predators for C. punctata in the Rupsha River.
The calculated a3.0 value was 0.0116 for C. punctata in
the Rupsha River. The a 3.0 can be used to verify whether
the body shape of individuals in a given population or
species is significantly different from others (Froese,
2006). In addition, the calculated M W was 1.00 year-1. The
M W was higher for smaller fish species (Figure 4). There is
no reference regarding the condition factor, form factor,
and natural mortality of this species, which restrains
comparisons with the findings of this study.
5. Conclusion
The present study describes the biometric indices of C.
punctata including LFDs, LWRs, LLRs, condition factors
(K A , K F , K R and W R ), a 3.0 and M W from the Rupsha River
in southern Bangladesh. The results of this study can be an
effective tool for fishery managers, and for fish biologists
and conservationists to initiate early management
strategies and regulations for a more sustainable
conservation of the remaining stocks of this species in the
Rupsha River and the surrounding ecosystem.
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Abstract
Abiotic stress-induced genes may lead to understand the response of plants and adaptability to salinity and drought stresses.
Differential display reverse transcriptase – polymerase chain reaction (DDRT-PCR) was used to investigate the differences
in gene expression between drought- and salinity-stressed plantlets of Ruta graveolens. Direct and stepwise exposures to
drought- or salt-responsive genes were screened in R. graveolens plantlets using the DDRT technique. Gene expression was
investigated both in the control and in the salt or drought-stressed plantlets and differential banding patterns with different
molecular sizes were observed using the primers OPA-01 (646,770 and 983 pb), OPA-08 (593 and 988 pb), OPA-11 (674
and 831 pb), OPA-17 (638,765 and 1000 pb), and OPA- 15 (645 and 900 pb) indicating the expression of new genes
amplified under stress conditions or of genes that already exist. Accordingly, DDRT-PCR seems to be a versatile and
sensitive method, capable of detecting transcriptional changes at the mRNA level in plants.
Keywords: Gene expression, Drought and salinity stress, Callus culture, Ruta graveolens

1. Introduction
Differential display reverse transcriptase DDRT is
one of the methods designed for analyzing differences in
gene expression level. It has been successfully used to
identify new genes in various tissues or cells. This
technique is considered simple, quick, sensitive, and
powerful for screening cDNA (Alves et al., 1998;
Rodriguez et al., 2005). Ruta graveolens (Rutaceae),
commonly known as the rue plant is an odorous medicinal
and aromatic plant, grown in the Mediterranean region for
outdoor decoration due to its beautiful yellow flowers. Rue
contains many secondary metabolites such as flavonoids,
furocoumarins, acridonealkaloids, furoquinolines, and
coumarins which are used to treat many diseases such as
anthelmintic, vitiligo, antispasmodic, multiple sclerosis,
and emmenagogue in veterinary medicine (Ahmad et al.,
2010; Zuraida et al., 2014). Abiotic stresses negatively
affect plant growth, and reduce crop productivity
worldwide including salinity and drought. When plants are
under salt stress, the result is an ionic imbalance and hyper
osmotic stress (Munns and Tester, 2008). Imbalance in
homeostasis usually occurs at the cell and whole plant
levels (Rodriguez et al., 2005). Tolerance depends on the
ability of a plant to sustain growth even when conditions
are unfavorable for basic plant developmental processes.
This strategy involves certainly physiological and
biochemical modification at the cellular and molecular
levels (Xiong and Ishitani, 2006; Peleg et al., 2011).
Tolerance level differs from one plant to another and from
one species to another species, but the mechanism starts
*
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with stress tolerance followed by gene products that are
involved in cellular protection and may be a repair
mechanism (Rao et al., 2006). A gradual salt built up in
the soil increases the osmosis in soil solution leading to
accumulative decline in nutrients’ absorption and
thereafter a growth inhibition. The duration and severity of
the stress (acute vs. chronic) influence the developmental
stage of the plant, particularly when salinity is
accompanied by drought stress (Cramer et al., 2011; Peleg
et al., 2011; Leva et al., 2012). This study is aimed at
examining the response of Ruta callus cultures to varying
levels of mannitol and saline water using two types of
selection: (a) shock treatment, in which cultures are
directly subjected to different concentrations for the stress
agent, (b) stepwise long-term treatment, in which the
cultures are exposed to stress with a gradual increase in the
concentrations of the selected agent. It has been reported in
this work that RNA, isolated from plantlets under stress
conditions, then compared to the RNA isolated from the
control plantlets and the DNA of intact plant, permits an
increase in the gene expression level in the plantlets under
stress.
2. Materials and Methods
Ruta graveolens plants were purchased from one of
Baghdad nurseries. The plant stems were first washed
under running tap water for thirty minutes, and were then
subjected to surface sterilization using 1.5 % (v/v) NaOCL
(Clorox) for twenty minutes with vigorous shaking. Stem
segments (1.0 cm in length) were excised aseptically and
transferred to Petri dishes (20 mL/dish) containing agar
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solidified MS medium (Murashige and Skoog, 1962)
supplemented with 1.0 mg/L 2,4-D and 1.0 mg/L Kin. All
cultures were incubated at 25 ± 2 ºC, 16/8 h (light/dark)
photoperiod under a light intensity of 1000 lux. (Ahmed et
al., 2010).
2.1. Treatments with Salinity and Drought Stress Agents
Small pieces of calli weighing 100 mg each were recultured onto a callus maintenance medium containing 1.0
mg/L 2,4-D and 0.5 mg/L Kin, supplemented with
different concentrations (0.0, 6, 12, 18, 24 or 30 %) of
mannitol as osmoticum or (5.0, 10.0, 15.0, 20.0, 25.0, 30.0
dS/m-1) of saline water collected from drainage channels
for direct screening and selection method. Callus cultures
were recultured three times onto the same medium. For a
gradual exposure to stress agents, callus pieces weighing
100 mg were re-cultured onto the maintenance medium
containing 1.0 mg/L 2,4-D; 0.5 mg/L Kin, and were
subjected to a gradual increase in mannitol concentrations
(0.0, 6, 12, 18, 24 or 30 %) or (5.0, 10.0, 15.0, 20.0, 25.0,
30.0 dS/m-1) of saline water. All stressed callus pieces
were transferred into MS regeneration medium
supplemented with 1.5 mg/L BA and 0.5 mg/L NAA after
screening cycles.
2.2. Extraction of Genomic DNA and Total RNA
The method of Ahmad et al., (2010) was followed;
briefly approximately 50 mg of dried leaves were ground
with a mortar and pestle. The homogenized tissues were
transferred to 600 μL of 2 % CTAB DNA extraction buffer
mixed with 1.25 μL of β-mercaptoethanol in 1.5 mL
Eppendorf tubes, and were incubated at 65ºC for thirty
minutes in a water bath. Three microliters of RNAse were
added and incubated at 37 ºC for one hour. Then, aliquot
of 200 μL chloroform: isoamyl alcohol (24:1) was added
to the solution, and was mixed well. The emulsified
mixture was centrifuged at 13000 rpm for fifteen minutes,
and then the aqueous phase was placed into a new
sterilized Eppendorf tube. Aliquots of 600 μL isopropanol
and 150 μL of sodium acetate were added, and then
centrifuged at 13,000 rpm for ten minutes. The supernatant
was discarded, the precipitated DNA was washed with 600
μL of 70 % ethanol, centrifuged at 13,000 rpm for five
minutes, and then the supernatant was discarded. DNA
was air-dried for two minutes and was dissolved in 150 μL
of TE buffer and incubated at 65ºC for one hour in a water
bath. DNA concentrations were then measured. Total RNA
(in 100 mg of leaf samples) was isolated from plantlets
exposed previously to abiotic stresses and from control
regenerated plantlets using Geneaid total RNA Mini Kit
(Vogelstein and Gillespie, 1979).
2.3. Synthesis of cDNA
The total RNA extracted from different calli samples
(stressed and control) was used as a template to synthesize
cDNA by AccuPower® RT Premix. The primer Oligo–dt
(promega, USA) was prepared to obtain 100 pmol, which
was mixed with DEPC 0.1 %. It was mixed well with 5 μL
of template 0.5 – 1.0 μg RNA and Oligo dt 15 primer 100
pmol, and was incubated at 70˚C for five minutes, and was
placed on ice. The incubated mixture was transferred into
5 μL AccuPower® RT Premix tube, then the volume was
completed with 5 μL DEPC water. The cDNA synthesis
was performed using a thermos cycler reaction at 42˚C, for

sixty minutes (cDNA synthesis) then 95˚C, for five
minutes (RTase inactivation).
2.4. Differential cDNA Display
AccuPower© PCR PreMix (Bioneer, Korea) ready to
use, master mix (20 μL reaction) was used; it contained
250 μM of deoxyribonucleoside triphosphate (dNTPs), 30
mM of KCl, 10 mM of Tris- HCl (pH 9.0), 1.5 mM of
MgCl 2 , 1 Unit of Top DNA polymerase and a tracking
dye. Random primers OPA-01, OPA-05, OPA-08, OPA10, OPA-11, OPA-15, OPA-17, OPB-05, OPC-04, OPE08 were provided (Operon model - Promega, USA). The
sequences of the polymorphic primers are presented in
Table 1. The primers were purchased in a lyophilized
form, and were dissolved in sterile distilled water to give a
final concentration of 100 ng/μL as recommended by the
supplier. RAPD-PCR conditions were 94˚C for four
minutes, 40 PCR cycles PCR products, and 100 bp DNA
ladder (i.e., the cycles were performed at 94˚C for one
minute, 36˚C for one minute and 72˚C for one minute) and
were followed by a ten-minute extension step at 72˚C.
Table 1. Random primers used for the amplification of cDNA and
genomic DNA.
Primer's name

Sequence 5'------ 3'

OPA-01

CAGGCCCTTC

OPA-05

AGGGGTCTTG

OPA-08

GTGACGTAGG

OPA-10

GTGATCGCAG

OPA-11

CAATCGCCGT

OPA-15

TTCCGAACCC

OPA-17

GACCGCTTGT

OPB-05

TGCGCCCTTC

OPC-04

CCGCATCTAC

OPE-08

TCACCACGGT

The optimization of the PCR reaction was
accomplished after several trials, then, the mixture listed
below was adopted as PCR products and 100 pb DNA
ladder was determined by electrophoresis. Aliquot of 10
μL of the product was loaded on 1.0 % agarose gel and run
at 80 volt for one hour. Bands were visualized on UV
trans-illuminator and were photographed. The molecular
weight of the bands was determined using the photo Capt
MW program.
Component

Concentration

Volume (µL)

ddH 2 O
AccuPower®PCR PreMix
Primer
DNA sample

---------1X
10 pmol
100 ng/ μL

12.0
5.0
1.0
2.0

R

R

Final volume

20.0

3. Results
Polymorphisms at cDNAs levels in assuming drought
and salinity tolerant R. graveolens regenerated plantlets
were compared with cDNA control plantlets (regenerated
plantlets which are not subjected to stress) and DNA
isolated from intact plants. The cDNA was amplified with
ten base arbitrary primers. The polymorphic fragments
capable of differentiating the tolerant lines from the
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stressed regenerated plantlets were generated by most
primers. New bands were observed in salinity- and
drought-stressed regenerated plantlets which were not
detected in cDNA obtained from the control treatments.
The primer OPA-01 generated a profile distinguished
between tolerant lines in stressed regenerated plantlets and
the control ones (Figure 1). The intensity of the bands
increased in the regenerated stressed plantlets. The
amplification by with this primer revealed the presence of
a 646 bp fragments in the tolerant lines (lanes 3, 4, 5, and
6) compared with the control. On the other hand,
fragments at 676 bp in the DNA extracted from intact
plants (lane 1) and at 688 and 1014 bp in c DNA from
control plant (lane 2) were not detected in the tolerant
lines. A new band with a molecular size of about 770 bp
was observed in plants produced from direct salt-screening
method (lane 3) and plantlets produced from direct and
stepwise drought-screening methods (lanes 5 and 6). A
band at a size of 983 bp was detected in plantlets which
resulted from the direct salt-screening method (lane 3) and
plantlets regenerated from direct drought screening method
(lane 5), while a band at 955 bp was detected in plantlets
obtained from stepwise drought-screening method (lane 6).
However these bands were not found in plantlets
regenerated from control treatment (lanes 1 and 2). The
marker OPA-08 amplified seven bands, of which five were
polymorphic and two were monomorphic. The primer has
an amplification product with molecular sizes about 988
and 593 bp fragments visualized in all tolerant plantlets
(lanes 3, 4, 5 and 6) and in DNA from the intact plant (lane
1), but they were absent in the cDNA control plantlets
(lane 2) as shown in Figure 2.
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Amplification products using the primer OPA-11
(Figure 3a) which showed the presence of new bands with
molecular sizes of 831and 674 bp in the lanes 3, 4, 5, 6,
and in lane 1 of the control, but they were missing in lane
2 in the control. The primer amplified a band with a
molecular size of 719 bp which showed high intensity as
visualized in lanes 3, 4, 5, 6, and 1, but it exhibited very
low intensity in lane 2. Two bands with the molecular
sizes of 541 and 300 bp were visualized in all tolerant
lines, but not in control plantlets (lanes 1 and 2).
Amplification with the primer OPA-17 revealed the
presence of 1000, 765, and 638 bp fragments in the
tolerant plantlets with a molecular size of 900 bp as
visualized in the plantlets which resulted from the direct
salt-screening method (lane 3) and those produced from
the direct and stepwise drought-screening method (lanes 5
and 6) in the control plant (lane 1), but this band was
absent in the plantlets regenerated from stepwise saltscreening method (lane 4), and in the cDNA control
plantlets (lane 2). Lanes 3, 4, 5, and 6 compared with the
control in lane 1, but those were absent in the cDNA of the
control regenerated plants in lane 2 (Figure 3b).

Figure 3. Amplification profile of differential display obtained
using the primer OPA-11 (a) and OPA-17 (b), lane (1): DNA from
intact plant, lane (2): cDNA from regenerated non-stressed
plantlet, lanes (3, 4): cDNA from regenerated plantlets subjected
to direct or gradual exposure to saline water, lanes (5, 6): cDNA
from regenerated plantlets subjected to direct or gradual exposure
to mannitol, M: ladder 200bp.
Figure 1. Amplification profile of differential display obtained
using the primer OPA-01, lane (1): DNA from intact plant, lane
(2): cDNA from regenerated-non stressed plantlet, lanes (3, 4):
cDNA from regenerated plantlets subjected to direct or gradual
exposure to saline water, lanes (5, 6): cDNA from regenerated
plantlets subjected to direct or gradual exposure to mannitol, M:
DNA ladder.

The primer OPA-15 amplified three monomorphic
bands detected in all of the samples (Figure 4a).

Figure 4. Amplification profile of differential display obtained
using the primer OPA-15 (a) and OPB-05 (b), lane (1): DNA from
intact plant, lane (2): cDNA from regenerated non-stressed
plantlet, lanes (3, 4): cDNA from regenerated plantlets subjected
to direct or gradual exposure to saline water, lanes (5, 6): cDNA
from regenerated plantlets subjected to direct or gradual exposure
to mannitol, M: DNA ladder.
Figure 2. Amplification profile of differential display obtained
using the primer OPA-08, lane (1): DNA from intact plant, lane
(2): cDNA from regenerated non-stressed plantlet, lanes (3, 4):
cDNA from regenerated plantlets subjected to direct or gradual
exposure to saline water, lanes (5, 6): cDNA from regenerated
plantlets subjected to direct or gradual mannitol, M: DNA ladder.

Another band was detected in lane 3 only with a
molecular size 645 bp. amplification with the primer OPB05 (Figure 4b) confirmed the presence of a band at size
290 bp only in plantlets regenerated from stepwise salt
and direct drought-screening methods (lanes 4 and 5).
Meanwhile, a band with a molecular size of 1013 bp was
visualized only in the plantlets produced from stepwise
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drought screening method (lane 6). Many bands amplified
by the primer OPA-05 with molecular sizes 100-300 bp
appeared in all tolerant plantlets, but were missing in the
control ones (Figure 5a). The intensity in the band at 870
bp appeared clearly in all tolerant plantlets, while a lower
intensity band was exhibited in the control plantlets (lanes
1 and 2). The primer OPA-10 generated a profile
differentiating the tolerant plantlets from the control ones
(Figure 5b). Amplification products with this primer
illustrated the presence of 1000 and 500 bp bands
visualized in salt tolerant plantlets (lanes 3 and 4) and in
those regenerated from stepwise drought-screening method
(lane 6), while 255 bp band was clear in lanes 4 and 6
only. These bands were absent in the control ones. The two
primers OPC-04 and OPE-08 showed many amplification
products in all of the tested samples; however, no new
bands appeared in the regenerated tolerant plantlets
(Figure 6a and b).

Figure 5. Amplification profile of differential display obtained
using the primer OPA-05 (a) and OPA-10 (b), lane (1): DNA from
intact plant, lane (2): cDNA from regenerated non-stressed
plantlet, lanes (3, 4): cDNA from regenerated plantlets subjected
to direct or gradual exposure to saline water, lanes (5, 6): cDNA
from regenerated plantlets subjected to direct or gradual exposure
to mannitol, M: DNA ladder.

Figure 6. Amplification profile of differential display obtained
using the primer OPC-04 (a) and OPE-08 (b), lane (1): DNA from
intact plant, lane (2): cDNA from regenerated non-stressed
plantlet, lanes (3,4): cDNA from regenerated plantlets subjected to
direct or gradual exposure to saline water, lanes (5,6): cDNA from
regenerated plantlets subjected to direct or gradual exposure to
mannitol, M: DNA ladder.

4. Discussion
DDRT-PCR and RAPD techniques confirmed that the
tolerant regenerated plantlets differed genotypically from
the control ones conferring genetic polymorphism among
the salt-selected and drought-tolerant lines. At annealing
PCR conditions, even a slight base change at the primerannealing site was clear in the presence or absence of
bands produced by RAPD. It can be, therefore, concluded
that under tissue culture conditions and the presence of
stress selective agents, somaclonal variation may be
generating genetic changes expressed among the selected

plantlets as has been hypothesized by Larkin and
Scowcroft (1981). This in turn plays an important role in
varietal improvement. It is proven previously that some
tissue culture variants can be superior to the donor clones
in terms of abiotic tolerance (Shomeli et al., 2011;
Balkrishna and Shankarrao, 2013; Hadi et al., 2014;
Rastogi et al., 2015). In vitro, cultures may exhibit
somaclonal variation, gene inactivation, or reactivation of
silent genes, and gene over expression (Muller et al., 1990;
Kaeppler et al., 2000; Leva et al., 2012; Mohammad. and
Ibrahim, 2017). Activation of complex signaling
pathway(s) may cause changes in the cellular gene
expression which is a perquisite for plants to adapt to
extreme conditions (Tong et al., 2007; Tamirisa et al.,
2014). DDRT-PCR has been widely used to identify the
expression patterns of uncharacterized genes in many
different plant species. A large number of differentially
expressed genes can be identified, particularly those
expressed in plants under stress (Alves et al., 1998). In the
present study, the total amplification products generated by
these primers ranged from 200 bp in the primer OPC-04
(Figure 6a) to approximately 1400 bp in the primer OPB05 (Figure 4b). Results confirmed that cDNAs are
differentially expressed in response to both drought and
salinity stresses. Drought and salinity may activate certain
sets of common genes ruta plant cells as has been proposed
by Said et al., (2015). Genes that are overexpressed under
stress conditions are classified into two groups; the first
group includes classes of proteins such as enzymes
required for biosynthesis of various osmoprotectants, LEA
proteins, chaperones, and detoxification enzymes, which
protect plant cells. The second group includes signaling
molecules, transcription factors, and protein kinases (Rai
et al., 2011; Lokhande and Suprasanna, 2012). Mahajan
and Tuteja (2005) reported that each stress is controlled by
many gens, therefore, the exposure of plant cells to stress
agents may result in the alteration of a large number of
genes as well as their products. This may explain the
differences which occurred in the number and intensity of
cDNA bands at different concentrations of salinity and
drought compared with those bands visualized in the
control plantlets. The current work confirms the findings
of Tamirisa et al., (2014) who proposed an evidence that
the enhanced abiotic stress tolerance in Arabidopsis
transgenic plants is due to a significant increase in the
expression gene levels which agrees with the results of
Kamal et al., (2010) who reported on the function of
proteins expressed by genes in stress- tolerant plants.
5. Conclusion
The findings of the present study indicate that the
DDRT-PCR technique is suitable for detecting the
expression of salt and drought genes in the tolerant
regenerated plantlets of R. graveolens. This may apply to
other members of Rutacea family.
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Abstract
A sequential optimization strategy, based on statistical experimental designs, is employed in this study to enhance the βmannanase production from Penicillium humicola in a medium containing coffee waste as a carbon source. A two-level
Plackett–Burman design was applied to differentiate between the bioprocess parameters that significantly influence the βmannanase production followed by fractional factorial design (FFD) to optimize the most significant variables for the
highest yield of β-mannanase. Overall, more than a 3.4-fold improvement in enzyme production was achieved due to the
statistical optimization. Partially, the purification of β-mannanase was achieved by a 60-70 % saturation of ammonium
sulfate with specific activity 27.83IU/mg protein. The partially-purified β-mannanase showed an optimum activity at pH5.5
and retained 80-86 % of its original activity at pH ranging from 4.5 to 6 after 120 minutes. The optimum temperature for the
Penicillium humicola β-mannanase was 60°C, and the activation energy (Ea) was 16.71kJmol−1. Thermal stability and the
thermodynamic parameters of β-mannanase are studied at temperatures ranging between 40 and 60°C.
Keywords: β-mannanase, Penicillium humicola, Coffee residues, Statistical designs, Partial purification, Characterization.

1. Introduction
β-Mannan and its heteropolysaccharides are found in
many natural products such as copra, guar beans, ivory
nuts, locust beans, roots of konjak, palm kernel, aloevera,
coffee beans, wheat bran, and the hemicelluloses of soft
and hard woods (Kurakake and Komaki., 2001;
Keawsompong., 2016) .
A large amount of by-products are generated from the
industrial use of these natural products. For example, the
coffee industry is responsible for the generation of a large
amount of wastes represented mainly in spent coffee
ground (SCG); (Mussatto et al., 2011; Obruca et al.,
2015). Thus, taking into consideration that the annual
production of coffee beans exceeds eight million tons
(Murthy et al., 2012) and that one ton of green coffee
generates about 650 Kg of SCG (Obruca et al., 2015), one
becomes well aware of the highly polluting residues of
SCG. All of these wastes, arising from agricultural and
industrial applications, contain around 30-35 % of
polysaccharides (mainly mannan) (Chiyanzu et al., 2014
and Ahirwar et al., 2016) which may support pathogenic
bacteria growth, and cause massive environmental
pollution. Therefore, the safe disposal of these wastes or
the proper utilization of them are practical methods to be
worked on. The application of innovative methods such as
enzymatic treatments may also be a promising strategy to
*
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transfer these wastes into raw materials for other
processes. Moreover, the usage of these wastes to produce
valuable products such as enzymes was reported by many
researchers (Regalado et al., 2000; De Marco et al., 2015;
Ahirwar et al., 2016 and Soni et al., 2016).
β-Mannanase (1,4- β-D-mannan mannanohydrolase;
3.2.1.78) is the enzyme that cleaves the β-1, 4-mannosidic
linkages in mannans, galactomannans, glucomannans, and
galactoglucomannans (El-Naggar et al., 2006, AbdelFattah et al., 2009). Therefore, due to its broad substrate
specificity, β-mannanase has a great potential in many
industrial applications including foods, feed for animals
and plants, pulp and paper, pharmaceuticals and cosmetics,
the production of mannan and manooligosaccharids,
bioethanol and biodiesel productions, and oil and textile
industries (Keawsompong., 2016; Obruca et al., 2015;
Chiyanzu et al., 2014; Ahirwar et al., 2016; Soni et al.,
2016; Kwon et al., 2013; and Soni et al., 2017). Moreover,
β-Mannanase is produced by different microorganisms
(Ahirwar et al., 2016; Soni et al., 2016; Soni et al., 2017;
Chauhan et al., 2012; El-Refai et al., 2014; Germec et al.,
2017).
The goal of the current research is to produce
economical β-mannanase from a non-costly production
medium using coffee waste. The statistical optimization of
the production medium is a promising strategy to increase
the yield of enzymes. The Placket-Burman design and
Fractional Factorial design are applied in this research to
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optimize the production of β-mannanase from Penicillium
humicola. A partial purification and characterization of
Penicillium humicola β-mannanase were also carried out
to increase the specific activity of the enzyme.

(w/v) locust bean gum (in 50 mM sodium citrate buffer at
pH 5.0) for ten minutes at 50°C (Hashem et al., 2001). The
reducing sugars produced were determined using the
Nelson–Smogi reagent (Smogi et al., 1952). One unit of
enzyme activity (IU) was defined as the amount of enzyme
that released 1µM of mannose/ml/min under the assay
conditions. The protein content was determined according
to Lowry et al., (1951) with bovine serum albumin as a
standard.

2. Materials and Methods
2.1. Materials
For this research, locust bean gums (LBG) were
purchased from Sigma Chemical, and the Brazilian coffee
waste was obtained from a local market. All other
chemicals used in this study are analytical grade
chemicals.

2.5. Optimization of P. humicolaβ-mannanase
Production
2.5.1. Plackett–Burman Experimental Design
Plackett–Burman experimental design (PB) (Plackett et
al., 1946) is used in this study to evaluate the relative
importance of culture conditions and medium components
for the production of β-mannanase from Penicillium
humicola in submerged fermentation. Nine different
factors were chosen to perform this optimization; these
include coffee residues as a carbon source, nitrogen
complex (ammonium sulfate: peptone: urea in the ratio of
1:1:1), NaCl, KH 2 PO 4 , MgSO 4 , incubation time, initial
pH of the culture medium, inoculum size, and agitation
speed (rpm) culture. The variables were represented at two
levels, high concentration (+1) and low concentration (-1)
in elevn trials as shown in Table 1. Each row represents a
trial run, and each column represents an independent
variable concentration. The Plackett–Burman experimental
design is based on the first order linear model:

2.2. Microorganism
The fungal strain Penicillium humicola was obtained
from the culture collection of the National Research Center
in Dokki, Cairo, Egypt, and was morphologically
identified by the Micro Analytical center. The culture was
maintained on potato dextrose agar and incubated at 30°C
for seven days before storage at 4°C with a monthly subculturing. The fungal cells were preserved at -80°C in a
solution containing 50 % glycerol.
2.3. Cultivation Conditions and Enzyme Production
Inoculum preparation was carried out by transferring
the spore suspensions of the well growth slant of the P.
humicola into a 250 mL Erlenmeyer flask containing 50
mL sterilized medium which consisted of (g/L): locust
bean gum, 10.0; peptone, 2.0; urea, 0.3; (NH 4 ) 2 SO 4 , 1.5;
MgSO 4 .7H 2 O, 0.5; KH 2 PO 4 , 10.0, the pH was adjusted to
5.3 before autoclaving. The inoculated flasks were
incubated at 30°C for forty-eight hours in a rotary shaker
adjusted at 120 rpm. The culture medium for the enzyme
production had the same constituents as the inoculums
medium except that the locust bean gums were replaced by
coffee residues (El-Refai et al., 2014). The culture flasks
(50 mL) were inoculated with 10 % (v/v), and were
incubated for ten days at 30°C in a rotary shaker at 150
rpm. At the end of the incubation period, the fermented
medium was centrifuged at 4000 rpm for fifteen minutes in
a cooling centrifuge. The clear supernatant was used as the
crude enzyme solution.

Y= B 0 +ΣB i X i

Eq. (1)

Where Y is the response (β-mannanase biosynthesis), B 0 is the
model intercept, and B i is the variables’ estimates. The effect of
each variable was determined by the following equation:

E(X i ) = 2(Σ M

+
i

− Σ M i −)/N

Eq.(2)

Where E(X i ) is the effect of the tested variable. M i and M i −
represent the β-mannanase production from the trials where the
variable (X i ) measured was present at high and low
concentrations, respectively and N is the number of trials.
+

The standard error (SE) of the concentration effect was
the square root of the variance of an effect, and the
significance level (p-value) of each concentration effect
was determined using student’s t-test:
t(X i ) = E(X i )/SE
Eq.(3)

2.4. Enzyme Assay and Protein Content

Where E(X i ) is the effect of variable X i .

Enzyme assay was performed by incubating 0.5 mL of
an appropriately-diluted culture filtrate with 1 mL of 1 %

Table 1. Coded levels and real values for the Plackett-Berman experiment.
Trial No.

X1

X2

X3

1

-1(1.8)

-1(0.329) -1(0.375)

2

+1(3.8)

-1(0.329) -1(0.375)

3

-1(1.8)

4

+1(3.8)

5
6

X4

X5

X6

X7

β-mannanase activity (IU/mL)

X8

X9

+1(0.06) +1(12) +1(6.5) -1 (120)

-1(8)

-1(0.5)

5.46

-1(0.02)

-1(8)

+1(6.5) +1(180)

+1(12) +1(1.0)

13.61

+1(0.862) -1(0.375)

-1(0.02)

+1(12) -1(4.5) +1(180)

+1(12) +1(1.0)

2.44

+1(0.862) -1(0.375)

+1(0.06) -1(8)

-1(4.5) -1 (120)

-1(8)

-1(0.5)

23.31

-1(1.8)

-1(0.329) +1(1.25)

+1(0.06) -1(8)

-1(4.5) +1(180)

+1(12) -1(0.5)

7.86

+1(3.8)

-1(0.329) +1(1.25)

-1(0.02)

+1(12) -1(4.5) -1 (120)

-1(8)

+1(1.0)

7.84

7

-1(1.8)

+1(0.862) +1(1.25)

-1(0.02)

-1(8)

+1(6.5) -1 (120)

-1(8)

-1(0.5)

7.86

8

-1(1.8)

+1(0.862) -1(0.375)

+1(0.06) -1(8)

+1(6.5) -1 (120)

+1(12) -1(0.5)

3.6

9

+1(3.8)

-1(0.329) +1(1.25)

-1(0.02)

10

+1(3.8)

+1(0.862) +1(1.25)

+1(0.06) +1(12) +1(6.5) +1(180)

+1(12) -1(4.5) +1(180)

-1(8)

+1(1.0)

5.4

+1(12) +1(1.0)

7.28

Real values (given in parentheses) are in w/v %. X 1 ,is coffee residues; X 2 ,is nitrogen complex [peptone : ammonium sulfate : urea (1:1:1)];
X3, KH 2 PO 4 ; X4, MgSO 4 ; X5, Incubation time (days); X6, pH; X7, shaking speed (rpm); X8, Inoculum size(v/v); X9, NaCl.
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2.5.2. Fractional Factorial Design (FFD)
Based on the results obtained from PB design, the
fractional factorial design (FFD) was conducted to gain the
optimized levels of the main affecting factors (Rosa et al.,
2010 and Farid et al., 2013). The FFD design of nineteen
experiments and the coded and un-coded levels of the four
investigated independent variables are listed in Table 3.
The second-order empirical model can be obtained from
the experimental data, the relationship between the
response yield (β-mannanase activity) and the variables
through polynomial regression analysis. The form of the
second-order polynomial mode is as follows:
Y Activity = ß 0 + ß 1 X 1 +ß 2 X 2 +ß 3 X 3 +ß 4 X 4 +ß 11 X 1 2 + ß
2
2
2
22 X 2 + ß 33 C 3 + ß 44 C 4 +ß 12 X 1 X 2 + ß 13 X 1 X 3 + ß
14 X 1 X 4 + ß 23 X 2 X 3 +ß 24 X 2 X 4 +ß 34 X 3 X 4
Eq. (4)
R

Where Y Activity is the predicted production of β-mannanase (IU/ml)
and X 1 , X 2 , X 3 and X 4 are the independent variables corresponding
to the chosen affecting factors. ß 0 is the intercept; ß 1 , ß 2 , ß 3 , and
ß 4 are linear coefficients; ß 11 , ß 22 , ß 33 and ß 44 are quadratic
coefficients; ß 12 , ß 13 , ß 14 , ß 23 , ß 24 and ß 34 are cross-product
coefficients.

2.5.3. Statistical Analysis
Statistical analysis of the model was performed to
evaluate the analysis of variance (ANOVA). Statistical
significance of the model equation was determined by
Fisher’s test value, and the proportion of variance
explained by the model was given by the determination of
multiple coefficients for each variable. The quadratic
models were represented as contour plots (3D), and the
response surface curves were generated by using
STATISTICA (0.6).
2.6. Partial Purification of P. humicola β-mannanase
All of the purification steps were carried out at 4◦C.
The crude enzyme solution of P. humicola (100 mL) was
partially-purified by fractional precipitations with
ammonium sulfate (20 –100 %, w/v), acetone and ethanol
(20–100 %, v/v). The precipitated protein was obtained by
centrifugation (5,000 rpm for twenty minutes) and was resuspended in a minimum volume of 50mM sodium citrate
buffer (pH 5.5). All the fractions of ammonium sulfate
were dialyzed against the same buffer overnight. The
enzyme activity and the protein content were estimated for
each fraction.
2.7. Biochemical Characterization of Partially-Purified
P. humicola β-mannanase
2.7.1. Effect of pH on Enzyme Activity and Stability
The effect of pH on the activity of partially-purified P.
humicola β-mannanase, was detected at pH ranging
between 4 and 6 with sodium citrate buffer (50mM). The
pH stability was determined by incubating the enzyme in
the abovementioned buffer at pH ranging between 4 and 6,
without the substrate, at room temperature and for
different periods of time. The residual enzyme activity was
estimated under the standard assay condition.
2.7.2. Effect of Temperature on Enzyme Activity
The effect of temperature on the activity and stability
of the partially-purified P. humicola β-mannanase was
studied at temperatures ranging from 40 to 60 °C. The
activation energy (E a ) for β-mannanase was calculated by
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Arrhenius plot (log V (logarithm of % residual activity)
versus reciprocal of temperature in Kelvin (1000/T)), as
given in the following equation:
Slope =−E a /R

Eq. (5)

2.7.3. Thermal Stability and the Thermodynamic
Parameters
The partially-purified enzyme solution was incubated
with sodium citrate buffer (50mM) with pH at 5.5 with the
temperature ranging from 40 to 60 °C for different periods
of time. The residual enzyme activity was estimated under
the standard assay condition. Results were expressed as
first-order plot. Thermal deactivation rate constants (k d ),
half-lives (T 1/2 ) and D-values (decimal reduction time or
time required to pre-incubate the enzyme at a given
temperature to maintain 10 % residual activity) at each
temperature were determined. The k d was determined by
regression plot of log relative residual activity (%) versus
time (min). The T 1/2 and D-value of the partially-purified
β-mannanase were determined by the following equations:
Eq.(6)
T 1/2 =ln 2/k d
R

D-value = ln 10/k d
Eq. (7)
The increase in the temperature necessary to reduce Dvalue by one logarithmic cycle (z value) was calculated
from the slope of graph between log D versus T (°C) using
the equation:
Slope=
1/z
Eq. (8)
The denaturation energy (E d ) for β-mannanase was determined by
a plot of log denaturation rate constants (lnk d ) versus the
reciprocal of the absolute temperature (K) using the equation:

Slope=
E d /R
Eq. (9)
The change in enthalpy (ΔH°, kJ mol−1), free energy
(ΔG°, kJ mol−1), and entropy (ΔS°, J mol−1k−1) for the
thermal denaturation of β-mannanase were determined
using the following equation:
Eq. (10)
ΔH° = E d –RT
Eq. (11)
Eq. (12)
Where T is the corresponding absolute temperature in Kelivn, (K),
R is the gas constant (8.314 Jmol−1k-1), h is the Planck constant
(11.04×10−36 J min), and k B is the Boltzman constant (1.38×10−23
Jk−1).

3. Results and Discussion
3.1. Statistical Optimization of β-mannanase Production
For multivariable processes such as biochemical
systems, in which numerous potentially influential factors
are involved, it is necessary to analyze the process with an
initial screening design prior to optimization. A sequential
optimization approaches were applied in this study. The
first approach deals with screening for nutritional factors
affecting the growth of P. humicola with respect to βmannanase production. The second approach is to optimize
the factors mostly affecting the enzyme-production
process.
3.1.1. Plackett–Burman Design
In the first approach, the Plackett–Burman design was
applied to reflect the relative importance of nine different
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factors. The averages of β-mannanase activity for the
different trials were given in IU/mL and shown in Table 1.
Data indicated a wide variation from 2.44 to
23.31IU/mL for the β-mannanase activity. The main
effects of the examined factors on the enzyme activity
were calculated and presented graphically in Figure 1. It
was offered the view for the ranking of factor estimates
obtained by Plackett–Burman design. This variation
reflected the importance of medium optimization to attain
high productivity. The data analysis from the Plackett–
Burman experiments involved a first-order (main effects)
model.
The regression coefficients analyses of the tested
variables for the β-mannanase were: coffee residues,
MgSO 4, Nitrogen complex, and NaCl which all showed a
positive effect on the β-mannanase activity. On the other
hand, medium initial pH, KH 2 PO 4 , incubation time,
inoculums size, and the shaking speed contributed
negatively. The first-order model describing the
correlation of the nine factors and the β-mannanase
activity can be presented as follows:
Y Activity = 18.460+4.971X 1 –5.792X 2 +550.850X 3 +1.
45X 4 – 2.314 X 5 ‒0.0044.733 X 6 – 0.09X 7 +0.180X 8 +
18.460X 9
Table 2 shows the t test, p effect, and confidence level.
The variables showed a high confidence level that was
above 90 % (Coffee residues, incubation period, agitation
speed (rpm) and inoculum size) were selected for further
optimization (Farid et al., 2013).
R

R

R

R

R

Table 2. Statistical analysis of Plackett-Burman design showing
coefficient values, effect, t- and P- values for each variable on βmannanase analysis.
β- mannanase analysis
Variables Coefficient Effect

t-test

Pvalue

Confidence
Level (%)

Intercept

18.460

Coffee
residue

4.971

7.6575

3.160751 0.008

Nitrogen
complex

-5.792

1.6925

0.698605 0.2537 74.63

KH 2 PO4

550.850

-3.386

-1.3 762 0.0574 84.26

MgSO 4
.7H 2 o

-2.314

2.15525

0.889613 0.2016 79.84

NaCl

1.45

99.2

1.234

0.4356

0.2145 68.87

Incubation
0.004
time

-6.9475

-2.86769

0.012

pH

-0.092

-2.3025

-0.95039

0.1868 81.32

Rpm

0.180

-3.54225 -1.46212

0.0936 90.64

-3.54225 -1.46212

0.0936 90.64

Inoculum
18.460
size

98.8

Nitrogen complex: (peptone+ ammonium sulfate+ urea).

3.1.2. Fractional Factorial Design (FFD)
Fractional factorial design (FFD) for four independent
variables was applied to reach to the optimum
concentration for the most significant medium components
obtained from the PB design (shown above). Table 3
shows the observed and the predicted values of the
produced β-mannanase. Multiple regression analysis of the
experimental data gave the following second- order
polynomial equation:
0.932X 1 2+
0.116X 2 2+
Y activity =–3.405+6.432X 1 +
2
2
0.099X 4 –
0.352X 1 X 2 –0.104X 1 X 3
0.012X 3 +
+1.256X 1 X 4 +0.015X 1 X 4 –0.370X 1 X 4 – 0.005X 1 X 4
The results obtained by ANOVA analysis (Tables 4 and
5) show a significant F–value (11.106) which indicates the
significance of the model. Model terms having values of
prob ˃ F (0.002) being less than 0.05 are considered
significant. The determination of coefficient (R2) was
calculated as 0.946 for β-mannanase (value of R2 ˃0.75
indicates the aptness of the model) which shows that the
statistical model explains 94.6 % of the variability in the
response. The efficient of the model can be checked by the
determination of R2; the closer R2 is to1; the more suitable
the model will be, and the better the predicted response
will become. The value of R (0.973) being close to1
indicates a close agreement between the experimental
results and the theoretical value predicated by the model
equation.
The highest value of β-mannanase (35.2 IU/mL), which
is higher than the predicated value (32.66), was produced
with a 3.8 % coffee residue, and inoculum size of 8 % at
120 rpm for twelve days. The results indicated that the
statistical optimization increased the biosynthesis of βmannanase about 3.4 fold of that of the basal medium
(10.3 IU/mL). The influence on the yield of β-mannanase
imposed by the factors and reciprocity between them is
represented in Figure 2 A-F. It was reported by many
researchers that the statistical optimization model for the
fermentation process could overcome the limitations of
classic empirical methods. Moreover, it was proved to be
more significant for the optimization production of βmannanase (Mohamad et al.,2011; Rashid et al., 2011;
Ahirwar et al., 2016; Janveja et al.,2016; Soni et al.,
2017).
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Table 3. Fractional factorial design (FFD) and response of β-mannanase activity from Penicillium humicola.
Independent variable

Observed response

X1
Coffee residue
(g/l)

X2
Inoculum
(%)

X3
rpm
Cycle

1

(+1)3.8

(+1)12

(-1)120

X4
Incubation
period
(Days)
(-1)8

2

(+1)3.8

(+1)12

(+1)180

(-1)8

3

(-1)1.8

(+1)12

(-1) 120

4

(0)2.8

(0)10

(0)150

5

(-1)1.8

(+1)12

6

(+1)3.8

7

(-1)1.8

8
9

Trials

β-mannanase
(IU/mL)

Final
pH

Dry wt
(g/flask)

Protein
(mg/mL)

5.85

2.15

5.59

1.2

(-1)8

6.2

(0)10

6.9

(+1)180

(-1)8

6.26

(+1)12

(+1)180

(+1)12

5.46

2.24

11.49

14.14

14.6

(-1)8

(+1)180

(+1)12

6.33

1.22

6.78

6.04

4.96

(+1)3.8

(-1)8

(+1)180

(-1)8

5.56

1.71

7.32

15.19

4.18

(+1)3.8

(-1)8

(-1)120

(-1)8

5.72

1.52

8.1

17.47

14.74

Observed

Predicted

7.52

19.47

14.18

8.54

10.43

11.4

1.07

6.1

8.43

6.4

1.86

7.38

10.3

13.65

1.02

6.39

7.92

7.23

10

(-1)1.8

(+1)12

(+1)180

(+1)12

6.31

1.69

6.32

7.68

7.68

11

(-1)1.8

(-1)8

(-1)120

(-1)8

6.25

1.06

6.09

6.44

7.44

12

(-1)1.8

(-1)8

(-1)120

(+1)12

6.37

1.13

6.63

6.44

6.68

13

(+1)3.8

(-1)8

(+1)180

(+1)12

5.4

1.75

12.08

16.55

7.55

14

(0)2.8

(0)10

(0)150

(0)10

6.9

1.86

7.38

10.3

13.65

15

(+1)3.8

(-1)8

(-1)120

(+1)12

5.52

2.05

12.6

35.2

32.66

16

(-1)1.8

(-1)8

(+1)180

(-1)8

6.13

1.92

6.42

7.42

4.69

17

(-1)1.8

(+1)12

(-1)120

(+1)12

6.3

1.14

6.6

7.22

7.01

18

(0)2.8

(0)10

(0)150

(0)10

6.9

1.86

7.38

10.3

13.65

19

(+1)3.8

(+1)12

(-1)120

(+1)12

5.63

2.01

9.63

23.2

21.11

a

b

c

d

e

f

Figure 2A-F. Effect of culture conditions and medium composition on β- mannanase (IU/mL) Produced from Penicillium humicola.
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Table 4. Analysis of Fractional factorial design for β- mannanase
activity from P. humicola.

120

Regression
coefficient

Standard
error

t- test

P-value

Intercept

-3.405

19.809

- 0.172

0.868

X1

6.432

14.520

0.443

0.671

X12

0.932

2.185

0.426

0.683

X22

0.116

0.135

0.860

0.418

X3

2

0.012

0.001

0.459

0.660

X4

2

0.099

0.135

0.735

0.486

X1X2

-0.352

0.353

-0.998

0.352

X1X3

-0.104

0.024

-4.410

0.003

X1X4

1.256

0.353

3.562

0.009

X2X3

0.015

0.012

1.309

0.232

X2X4

-0.370

0.176

-2.097

0.074

X3X4

-0.005

0.012

-0.412

0.693

Relative activity %

100

Term

80
60
40
20
0
3

3.5

4

4.5

5

5.5

6

6.5

pH

Figure 3. Effect of the pH value of the reaction mixture on the
activity of the partial pure P. humicola β-mannanase. Reaction
was carried out at 50˚C with 1% (w/v) locust bean gum.

Table 5. ANOVA,s Analysis of Fractional Factorial design for P.
humicola β-mannanase activity.
ANOVAs
Df

SS

SM

F test

P

Regression

11

971.907

88.355

11.106

0.002

Residual

7

55.687

7.9551

Total

18

91027.594

df Degree of freedom; SS Sum of squares; MS Mean sum of
squares; F Fishers’s function; P corresponding level of
significance , R2 = 0.946. The value of adjusted R2 was 0.861.

3.2. Partial Purification of P. humicola β-mannanase
Of all the fractions obtained by the three precipitants,
the fraction obtained with ammonium sulphate (60-70 %
w/v) displayed the highest specific β-mannanase activity
(27.83 IU/mg protein) which represented 60.7 % of the
recovered activity. The results of the present study agree
with those obtained by Mudau and Setati, (2008) who
found that β-mannanase from Scopularipsis candida was
partially-purified by ammonium sulfate.
3.3. Biochemical Characterization of Partially-purified
P. humicola β-mannanase

Figure 4. pH stability of partially pure P. humicola β-mannanase.
The enzyme solution was incubated at different pHs for different
periods of times, and the residual activity was determined under
the optimum conditions.

3.3.2. Effects of temperature on the Enzyme Activity
Figure 5-A represents temperature dependence of the
activity of the partially-purified P. humicola β-mannanase
at temperatures ranging from 40 to 65°C at pH 5.5. The
results indicate that the optimum temperature for βmannanase is 60°C. From a biotechnological point of
view, high temperature is preferred to improve conversion
rates, decrease microbial contamination, and allow greater
solubility of the substrate. In this study, the optimum
temperature of P. humicola β-mannanase is within the
range recorded for other fungal β-mannanase (Howard et
al., 2003; De Marco et al., 2015; Ahirwar et al., 2016).

3.3.1. pH Optima and Stability
The results in Figure 3 indicate that the optimum pH of
the partially-purified P. humicola β-mannanase was 5.5
similar to that of the crude enzyme in an earlier work by
the same authors (El-Refai et al., 2014). It was noted by
some researchers that the fungal β-mannanase was active
at acidic pH (Ahirwar et al., 2016; De Marco et al., 2015;
Abdel-Fattah et al., 2009; Blibech et al., 2010). The pH
stability of the tested enzyme is represented in Figure 4. It
indicates that the enzyme was almost stable for two hours
at pH 6. Moreover, the enzyme had a great stability at the
pH range of 4.5 to 5.5, and lost only 20 % of its activity
after a two-hour incubation in buffer within this pH range.
The tested enzyme had a half-life-time of fifty minutes at
pH 4. Abdel- Fattah et al., 2009 showed that the high pH
stability was at pH ranging between 4 and 6 for two hours.

Figure 5 A. Effect of temperature of the reaction on the activity of
the partial pure P. humicola β-mannanase. Reactions were carried
out at pH 5.5 with 1% (w/v) locust bean gum at different
temperatures.
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Figure 5 B.: Arrhenius plots to calculate activation energy (E a )
for partially pure P. humicola β-mannanase.

3.3.3. Thermal Stability and Thermodynamic Parameters
The Arrhenius equation has an important application in
the calculation of the energy of activation and for the
determination of the rate of chemical reactions. When a
reaction has a rate constant which obeys Arrhenius'
equation, a plot of ln (k) versus T−1(K) gives a straight line,
whose gradient and intercept can be used to determine the
energy of activation (E a ) . .
The apparent activation energy (E a ) of catalysis for the
partially-purified β-mannanase was calculated using
Arrhenius plot (Figure 5 B). The regression equation for
Arrhenius plots of β-mannanase was: y = –2.010 + 8.1893.
E a of the Penicillium humicola β-mannanase was
calculated to be 16.71114 kJmol−1 which is less than the
E a recorded by Regmi et al. (2016) for the Bacillus
sp.CSB39 β- mannanase (26.85 kJmol−1). The lower value
of E a indicates that the conformation of the active site for
the enzyme substrate complex requires less energy. These
criteria make P. humicola β-mannanase more suitable for
industrial applications; hence it needs a low value of
activation energy which will be reflected on the total cost
of industrial processing.
Thermostability of the enzymes increases their
economic values, and provides potential benefits to
different industrial processes; hence they are gaining more
biotechnological attention. The results represented in
Figure 6-A show that the enzyme retained 96 % of its
activity when sustained in 45°C for 120 minutes and
retained 66.8 % of its activity when incubated at 50ºC for
sixty minutes, but lost about 80 % of its activity when
incubated at 60˚C for sixty minutes. Blibech et al., (2010,
2011) found that P. occitanis β-mannanase retained 80 %
of its original activity for thirty minutes when incubated at
50˚C.
Temperature enhances the rate of catalytic reaction of
the enzyme, and it also affects its stability and may even
lead to a complete deactivation. The thermodynamic data
interpret the relation between the thermo parameter and the
catalytic and other physical parameters of the enzyme. The
thermostability parameters of the enzyme are summarized
in Table 6. The rate of the heat of inactivation of P.
humicola β-mannanase was investigated in the temperature
range between 40ºC and 60ºC. The plots of log % residual
activity versus time were linear, indicating the first- order
kinetics of the enzyme (Figure 6-B). The half-lives and Dvalues of β- mannanase prolonged stability remarkably at
temperatures between 40 and 45 °C. The half-life time
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(T 1/2 ) and the calculated D value of the β-mannanase were
found to be 6931.4–135.9 min and 23025.85– 451.48 min
respectively at the temperature range between 40 and
60°C. The higher values of T 1/2 and D were very important
in industrial applications. The denaturation energy (E d )
was determined by applying the Arrhenius plot (Figure 6C).The E d for the partially-purified enzyme was 109.277
kJmol−1, which means that the energy required for
denaturing the tested enzyme was high (Arrhenius et al.,
1889). The catalytic efficiency of the tested enzyme under
different conditions was evaluated by the investigation of
the thermodynamic parameters as: ∆H°, ∆G°, and ∆S°. The
enthalpy change (∆H°) of the partial-purified mannanase
was 69.5669–68.18 kJ mol−1 (at the tested temperature
range of 40°C –60°C) which is higher than that reported
for β-mannanase by Regmi et al. (2016) (24 kJ mol−1) and
Panwar et al., (2017) (29.9– 48.9 kJ mol−1), but is lower
than that reported bySrivastava et al. (2016) (86.7 kJ
mol−1). The observed change in ∆H° indicates that βmannanase exhibits considerable conformational change at
higher temperatures (Ortega et al., 2009). The Gibbs free
energy (∆G°) is related to the enzyme stability and reveals
the thermal unfolding of the enzyme structure, and
apparently increases with the increase of temperature. ∆G°
of β-mannanase was slightly decreasing (111.41 kJ mol−1–
107.8 kJ mol−1) with the increase of the temperature (40–
60°C) which means that the enzyme was stable over the
tested temperatures. The changes in entropy (∆S°) measure
the extent of the disorder (Blibech et al., 2011). So it
represents the variation between the disorder in the ground
and the transition state. β–mannanase had a negative
entropy (–133.67 J mol−1k−1 to –118.996 J mol−1k−1which
indicates that the entropy decreases upon forming the
transition state (Regmi et al., 2016) (Table 6). In general,
the higher values of ∆G°; ∆H° and ∆S° reflect the higher
thermostability of the tested enzyme. The z–value of β–
mannanase, which represents the increase in the
temperature necessary to reduce D –value by one
logarithmic cycle, was 12.33°C (Figure 6-D).
Table 6. Kinetic and thermodynamic parameters for thermal
inactivation of purified Penicillium humicola β-mannanase.
Temperatures
Parameters

40°C
-

Deactivation K d 10 0.1
rate constant 3

45°C

50°C

55°C

60°C

0.8

1.8

3.5

5.1

Half-life
time (min)

T 1/2

6931.472 866.434

385.0818 198.0421 135.9112

Decimal
reduction
time (min)

D
23025.85 2878.231 1279.214 657.8815 451.4873
Value

The change ΔH°
in enthalpy

69.5669

Free energy ΔG°

111.4055 107.7293 107.2874 107.1767 107.8101

Entropy

ΔS°

-133.67

69.22128 68.87567 68.53006 68.18444

-121.095 -118.92

-117.825 -118.996
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study improved the enzyme production by 3.4 fold. P.
humicola β-mannanase was fractionally purified with
ammonium sulfate. The fraction obtained at 60 –70 %
ammonium sulphate saturation displayed the highest
specific activity of β-mannanase (27.83 IU/mg protein)
and was stable at pH ranging from 4.5 to 6 for more than
two hours. The partially- purified enzyme has optimal
activity at pH 5.5 and 60°C. The thermodynamic study
proved that this enzyme has future prospects for
bioremediation in many industrial applications.
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Abstract
An endophytic isolate HR1 from the root nodules of Vigna mungo L. was isolated and identified as Klebsiella pneumoniae
by 16S rDNA sequencing. The isolate can solubilize phosphate, zinc and produce siderophore, IAA, and HCN. Moreover,
the isolate can tolerate heavy metal cadmium and produce hydrolytic enzymes protease, amylase and chitinase. K.
pneumoniae inhibited the growth of Macrophomina phaseolina strongly in a paired culture study. The greenhouse study
revealed that HR1 significantly increased the germination percentage, shoot and root length, shoot and root dry weight in the
treated plants compared to the healthy control and the M. phaseolina infected plant. K. pneumoniae reduced the occurrence
of M. phaseolina which induced the root rot disease in Vigna. The lowest percentage of disease incidence (18.2 %) was
observed when K. pneumoniae was applied in dual-mode (seed bacterization + soil drench application) in the M. phaseolinainfested soil. Activities of defense-related enzymes such as, chitinase, phenylalanine ammonia lyase, peroxidase and β-1, 3glucanase increased significantly following the application of K. pneumoniae, and challenged inoculation with M.
phaseolina. Results clearly indicate that the isolate may be used as biocontrol agent to induce systemic resistance to M.
phaseolina.
Keywords: Endophytic, Klebsiella pneumoniae, Root rot, Macrophomina phaseolina, Induced systemic resistance

1. Introduction
Vigna mungo (L.) (Black gram), is an important pulse
crop occupying a unique position in Indian agriculture and
is a major source of protein (24 %) for humans as well as
animals (Satyanandam et al., 2013). Most often, for its
nutritional values it has been recommended for diabetes.
However, the plant is severely affected by charcoal rot, a
devastating root rot disease distributed over arid to tropical
regions (Cottingham, 1981; Abawi and Pastor-Corrales,
1990). The pathogenic fungus, Macrophomina phaseolina
(Tassi) Goid (Dothideomycetes, Botryosphaeriales) is
responsible for this devastating root rot disease leading to
seedling blight in the initial stage, and brown lesions on
roots and stems are found later in the mature stages of the
plant (Iqbal et al., 2010b). M. phaseolina is a soil and
seed-borne fungal pathogen, which produces cushion-like
black microsclerotia (Wheeler, 1975). Thus, the
management of the root rot disease is essential to meet the
enhanced requirements of the crop productivity by an
actively growing population. To cope with this problem,
farmers generally use chemical fungicides mostly nonjudicially. Moreover, the prolonged use of chemical
fungicides is environmentally not suited because they
could generate resistant pathogen (McMullen and
Bergstrom, 1999). So, an alternative method needs to be
developed for a sustainable and eco-friendly cultivation of
black gram.
*
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In this milieu, plant-associated bacteria can play an
important role in the biological control of many plant
diseases. Recently, lot of attention has been given to the
use of these organisms as biocontrol agents as well as
plant-growth promoters to reduce the detrimental effects
resulting from using chemical fungicides. Bacterial
endophytes can be suitable biocontrol agents as they
colonize the same ecological niche, which is inhabited by
phytopathogens (Berg et al., 2005). After the colonization
in inter tissues, these microorganisms produce some
important biochemical compounds, and can alter the plant
cell metabolism to enhance host resistance to diseases
(Krishnamurthy and Gnanamanickam, 1997; Bloemberg
and Lugtenberg, 2001; Lugtenberg and Kamilova, 2009).
Several endophytic bacteria such as Pseudomonas,
Bacillus, and Paenibacillus have been reported for their
antagonism against M. phaseolina (Atef, 2000;
Senthilkumar et al., 2009).
Endophytic Klebsiella spp. was reported earlier by
authors to possess plant growth- promoting activities
(Sharma et al., 2014; Yamina et al., 2014). Reports on
heavy-metal resistant strains of K. pneumoniae,
Pseudomonas aeruginosa and Pantoea agglomerans were
mentioned earlier by researchers (Nath et al., 2012;
Yamina et al., 2014; Bhagat et al., 2016). There have been
several reports which emphasized the antagonistic activity
of Klebsiella sp. and Pseudomonas sp. against some
pathogenic fungi including M. phaseolina (Das et al.,
2015; Kumar et al., 2007).
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The current study is conducted to investigate the
effectiveness of the endophytic bacteria Klebsiella
pneumoniae HR1 (Gamma proteobacteria, Enterobacteriales) in controlling M. phaseolina root rot disease in
Vigna, and to determine the role of the isolate in the
induction of plant defence-enzymes in response to the M.
phaseolina infection.
2. Material and Methods
2.1. Isolation of Endophytic Strain from Root nodule of
V. mungo L.
Healthy root nodules of V. mungo were collected from
different agricultural fields of three districts in North
Bengal -Malda, Uttar Dinajpur and Dakshin Dinajpur. The
samples were washed with sterile distilled water, and were
then surface sterilized using 95 % ethanol for one minute,
followed by 0.1 % mercuric chloride (HgCl 2 ) for three
minutes. They were finally rinsed six times with sterile
distilled water. Then, 1g of nodules was crushed in 5 mL
of sterile water resulting in a milky suspension, which was
serially diluted up to 10-6 dilution. 0.1 mL of each dilution
was spread on sterile yeast extract mannitol agar (YEMA)
plates containing 0.1 % Congo red. The plates were
incubated for forty-eight hours at 28 ± 1°C. The colonies
were picked and maintained in YEMA slant at 4°C for
further study.
2.2. Characterization and Identification of the Bacterial
Strain
The isolates were characterized morphologically on the
basis of the colony colour, shape, appearance, diameter,
transparency, and gram staining. For the biochemical
characterization, oxidase test, production of acid and gas
from carbohydrate, citrate utilization, nitrate reduction,
gelatin liquefaction, urease, methyl red and Voges
Proskauer tests were performed by following the standard
protocols (Cappuccino and Sherman, 1992).
For identification, genomic DNA was extracted from
the twenty-four-hour-old culture following the method of
Stafford et al., (2005). DNA was precipitated from the
aqueous phase with chilled ethanol (100 %) and was
pelleted by centrifuging at 12000 rpm for fifteen minutes,
followed by washing in 70 % ethanol and centrifugation.
The pellet was, then, air- dried and suspended in TE buffer
pH 8. For ITS-PCR amplification, DNA was amplified by
mixing the template DNA (50 ng) with the polymerase
reaction buffer, dNTP mix, primers and Taq polymerase.
The polymerase chain reaction was performed in a total
volume of 100 μL containing 78 μL of deionized water, 10
μL 10× Taq polymerase buffer, 1 μL of 1U Taq
polymerase, 6 μL 2 mM dNTPs, 1.5 μL of 100 mM reverse
and forward primers and 3.5 μL of 50 ng template DNA.
The amplification of 16S rRNA gene was carried out by
PCR
using
the
forward
(27f
5ʹ
GAGTTTGATCACTGGCTCAG 3ʹ) and reverse (1492r 5ʹ
TACGGCTACCTTGTTACGACTT 3ʹ) primers (Byers et
al., 1998). The PCR was programmed with an initial
denaturing at 94 °C for five minutes, followed by thirty
cycles of denaturation at 94 °C for thirty seconds,
annealing at 61°C for thirty seconds and an extension at
70°C for two minutes and with a final extension at 72°C
for seven minutes in a Thermocycler (Applied Biosystems,
2720). The amplified products were resolved by

electrophoresis in 0.8 % agarose gel and PCR amplicons
were purified. The purified DNA sequenced from Xcelris
laboratory, Ahmadabad, India, and the 16S rDNA
sequence obtained from PCR products were subjected to
BLAST analyses. After complete annotation, the DNA
sequences were deposited to NCBI GenBank through
BankIt to get accession number. A phylogenetic analysis
was conducted in MEGA - 4.0.2 software (Tamura et al.,
2007). The evolutionary history was inferred by NeighborJoining Method (Saitou and Nei, 1987).
2.3. In vitro Screening for Plant Growth Promoting
Activity
2.3.1. Phosphate Solubilization
The phosphate solubilization efficacy of the isolate was
determined using both Pikovskya’s and National Botanical
Research Institute’s phosphate (NBRIP) medium
(Pikovskaya, 1948; Nautiyal, 1999). The isolate was spotinoculated at the center of the plate and was incubated for
seven days at 28°C. The clear zone around the colony
indicated phosphate solubilization activity.
2.3.2. Zinc Solubilizing Activity
A modified Pikovskaya medium supplemented with
zinc oxide (Glucose 10g, MgSO 4 .7H 2 O 0.1g, (NH 4 ) 2 SO 4
1g, KCl 0.2g, K 2 HPO 4 2g, yeast extract 5g, ZnO 1g and
Agar 20g in 1000 mL dH 2 O) was used for determining the
zinc-solubilizing activity of the isolate. The plate was
streaked and incubated for seven days at 30°C. The clear
zone around the colony was considered as a positive result
(Pikovskaya, 1948).
2.3.3. Indole Acetic Acid (IAA) Production
IAA production was determined by inoculating the
bacterial suspension (100 µL) in a YEM broth
supplemented with tryptophan (0.01 %), and was
incubated for three days. After centrifugation at 10000 rpm
for twenty minutes, the supernatant was collected. A few
drops of the orthophosphoric acid and 4 ml of the
Salkowski reagent (1 mL of 0.5 M FeCl 3 solution in 50
mL of perchloric acid) were added to 2 mL of the
supernatant and were kept in the dark for thirty minutes at
room temperature. The appearance of the pink colour
confirmed the IAA production (Brick et al., 1991).
2.3.4. Production of Ammonia
For ammonia production, a freshly-grown culture was
inoculated in 10 mL peptone water and was incubated for
forty-eight hours at 28 ± 2°C. Then, Nessler’s reagent (0.5
mL) was added. The development of the brown to yellow
colour represents positive results for ammonia production
(Cappuccino and Sherman, 1992).
2.3.5. Hydrogen Cyanide (HCN) production
The evaluation of hydrogen cyanide (HCN) production
was done by inoculating the bacterial isolate on a YEMA
medium amended with glycine. A Whatman No. 1 filter
paper previously soaked in picric acid solution (0.05%
solution in 2% sodium carbonate) was placed at the inner
side of the Petri plate. Then the plate was sealed and
incubated for forty-eight hours at 30°C. The change in
colour of the filter paper from deep yellow to reddish
brown was considered as an indication of the HCN
production (Bakker and Schippers, 1987).
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2.3.6. Siderophore Production
Siderophore production was detected on a Chromeazurol S (CAS) medium following the method of Schwyn
and Neilands, (1987). The isolate (24-hour-old culture)
was spotted on a CAS medium, and all plates were
incubated at 28±1°C for forty-eight hours. The formation
of yellow or orange halos around the colonies was
considered as the positive response to the production.
2.3.7. Heavy Metal Tolerance
Heavy-metal tolerance of the isolate was determined
using cadmium (Cd) as a heavy metal source. The dilution
plate method was used to determine the lowest
concentration of Cd that absolutely prevented the growth
of the bacterial strain. The YEM agar plate supplemented
with 25, 50, 75 and 100 μg/mL CdCl 2 was used. The
inoculated plates were incubated for seven days at 28°C.
2.4. Production of Extracellular Hydrolytic Enzymes
2.4.1. Protease Production
The assay of protease production was performed on
sterile skim milk agar plates. The isolate was spotinoculated and incubated at 30°C. The zone of clearance
around the colony indicated the production of protease
(Chaiharn et al., 2008).
2.4.2. Amylase Production
For amylase production, the bacterial isolate was spotinoculated on starch agar medium and was incubated for
forty-eight hours at 30°C. After the incubation period, the
plate was flooded with Lugol’s iodine solution, and was
kept for a minute. The colorless zone around the colonies
indicated the production of amylase (Shaw et al., 1995).
2.4.3. Cellulase Production
The production of cellulase was assessed by following
the method of Rangel-Castro et al., (2002) with some
modifications. The isolate was inoculated on a modified
YEMA medium supplemented with CMC (Carboxymethyl
cellulose) instead of mannitol. The plate was incubated at
30°C for five days. After incubation, the media was
flooded with an aqueous solution of Congo red (1% w/v),
and the formation of a clear zone was considered as a
positive response in the production of cellulase by the
bacterial isolate.
2.4.4. Chitinase Production
Chitinase production efficacy of the isolate was
determined by following the method of Roberts and
Selitrennikoff, (1988) with some modifications. The
chitinase-detection agar (CDA) plate was prepared by
replacing mannitol with 1% colloidal chitin in modified
YEMA, and the strain was spot-inoculated at the center of
the plate. The plate was then incubated at 28°C for seven
to ten days. The formation of a clear zone indicated the
production of chitinase.
2.5. In-vitro Antagonistic Activity
The in-vitro antagonistic activity of the isolate was
assessed by a dual culture method against the fungal
pathogens: M. phaseolina, Fusarium oxysporum Smith &
Swingle (Sordariomycetes, Hypocreales), F. semitectum
Berk. and Ravenel (Sordariomycetes, Hypocreales),
Colletotrichum sp, Alternaria alternata (Fr.) Keissl
(Dothideomycetes, Pleosporales), and Aspergillus sp. in
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modified PDA supplemented with 2 % sucrose instead of
dextrose (Kumar et al., 2012). The inoculated plates were
incubated at 28 ± 1°C for five days, and the inhibition of
the colony growth was measured. The percentage of
inhibition was calculated using the following formula –

PI = Percentage of inhibition, T = Redial growth of the fungal
colony opposite the bacterial colony, and C = radial growth of the
pathogen in the control plate.

All the plant pathogenic cultures were obtained from
the culture collection of Microbiology and Microbial
Biotechnology laboratory at the University of Gour Banga,
Malda.
2.6. Assessments of Strain HR1 as a Biocontrol Agent
against Root Rot Disease of V. mungo under Greenhouse
Conditions
The efficacy of the strain HR1 to control the root rot
disease of V. mungo, caused by M. phaseolina was
determined under greenhouse conditions. The seeds of V.
mungo var. sarada were collected from the ‘Pulse and Oil
seeds Research Station’ Rani Bagan, Behrampore, West
Bengal, India. For seed bacterization, the isolate was
grown in a YEM broth at 30°C and 140 rpm on a rotary
shaker for three days. After centrifugation at 6000 rpm for
fifteen minutes, the bacterial suspension was diluted to
attain the concentration of 108 CFU/mL.
The surface-sterilized seeds were soaked in a bacterial
suspension supplemented with 1 % CMC overnight, and
were sown (6 seeds/bag) in black polythene bags
containing 2 kg of sterilized soil. The bacterium was also
applied as soil drench (100 mL/Kg soil, concentration of
108 CFU/mL) to the rhizosphere of potted plants after
seven days of growth.
The mass inocula of M. phaseolina was prepared by
inoculating mycelial block in a pre-sterilized 30g moist oat
meal medium, and was incubated at 30°C for five days for
soil infestation. The inoculum (0.1 % w/w) was mixed
thoroughly in the double autoclaved soil.
Growth promotion of Vigna plants was measured in
terms of increase in the percentage of seed germination,
shoot and root length, shoot and root dry weight following
the application of the bacterial isolate. The vigor index was
calculated as described by Abdul-Baki and Anderson,
(1973).
The root rot disease caused by M. phaseolina was
assessed, after fifteen days of growth by measuring the
percentage of disease incidence (PDI) as follows:

The sets of treatments were: I – sterilized soil and unbacterized
seed (healthy control), II – M. phaseolina inoculated sterilized soil
(diseased control), III – bacterized seeds of black gram with K.
pneumoniae and challenge inoculation with M. phaseolina and IV
– dual-mode of application (seed bacterization + soil drench) of K.
pneumoniae, challenge inoculation with M. phaseolina. The plants
were maintained in a normal daylight condition. Ten replicates
were taken for each treatment, and the average of the ten replicate
plants were analyzed.

2.7. Biochemical Analysis
Leaves of V. mungo were grown in treated or control
soil used for all the biochemical analysis. The leaves were
collected for assay after fifteen days of germination.
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2.8. Enzyme Assay
2.8.1. Peroxidase (EC 1.11.1.7)
The extraction and assay of peroxidase (POX) were
conducted by following the method of Chakraborty et al.,
(1993). Activity was assayed at 465 nm by monitoring the
oxidation of O-dianisidine in the presence of H 2 O 2 .
Specific activity was expressed as the increase in ΔA 465/
min/ g tissue.
2.8.2. Chitinase (EC 3.2.1.39)
The extraction of chitinase (CHT) and measurement of
its activity were conducted by following the method
described by Boller and Mauch, (1998) with
modifications. 1g of the leaf samples was crushed in 5 mL
of 0.1 M chilled sodium citrate buffer (pH 5.0). The
homogenate was centrifuged at 12000 rpm for ten minutes
at 4oC. The supernatant was used as the enzyme source.
In the assay mixture, colloidal chitin was used for the
detection of chitinase activity, and the activity was
determined by measuring the released N-acetyl
glucosamine (Glc–Nac). The colloidal chitin was prepared
according to the method of Roberts and Selitrennikoff,
(1988). The activity was expressed as mg Glc–NAc
released/ g tissue /hour.
2.8.3. Phenylalanine Ammonia Lyase (EC 4.3.1.5)
The enzyme phenylalanine ammonia lyase (PAL) was
extracted, and its activity was measured by following the
method of Chakraborty et al., (1993). PAL activity was
determined by measuring the production of cinnamic acid
from L-phenylalanine spectrophotometrically at 290 nm.
The enzyme activity was expressed as µg cinnamic acid/
min/ g tissue.

Table 1. In vitro Morphological and Biochemical characterization
of the endophytic isolate HR1.
Morphological and
Biochemical tests

Bacterial
Isolate HR1

Gram stain

-

Shape

Rod

Indole Production

-

Oxidase

-

Citrate

+

Gelatin Hydrolysis

-

Urease

+

Methyl red

-

Voges Proskauer

+

Acid- gas production

+

Nitrate

+

‘+’ = Activity Present; ‘-’ = Activity Absent.

A continuous stretch of the 1420 16S rRNA gene
sequence was obtained from the isolate HR1. The BLAST
query of the sequence against GenBank database
confirmed the identity of the isolate as K. pneumoniae with
99 % similarity with the sequences of other isolates of the
same genus deposited in NCBI database. This was
confirmed with the phylogenetic analysis, in which the
HR1 isolate clustered with other K. pneumoniae isolates
(Figure 1). The sequence has been deposited in NCBI,
GenBank database under the accession No. KY029037.

2.8.4. β-1, 3-Glucanase (EC 3.2.1.39)
β- 1, 3-glucanase (GLU) was extracted and assayed
from the leaf samples following the method of Pan et al.,
(1991). The reaction mixture consisted of 62.5 μL of the
leaf enzyme extract and 62.5 μL of laminarin (4%). The
mixture was incubated at 40°C for ten minutes and 375 μL
of DNSA (dinitro salicylic acid) was added to the mixture
following incubation for five minutes on a boiling water
bath. Finally, the coloured solution was diluted with 4.5
mL of water, and the amount of glucose liberated was
determined spectrophotometrically using a standard curve.
The enzyme activity was expressed as μg glucose
released/min/g tissue.
2.9. Statistical Analyses
The results were analysed statistically using one-way
ANOVA, SPSS version 22 software. Duncan’s Multiple
Range Test (DMRT) was used for mean separation
wherever appropriate.
3. Results
3.1. Characterization and Identification of HR1
The morphological study revealed that the isolate HR1
is rod-shaped, gram-negative bacterium and showed
positive response in the Voges- Proskauer test, acid-gas
production test, nitrate reduction test, urease test, as well
as the citrate-production test during the biochemical
characterization (Table 1).

Figure 1. The phylogenetic relationships of the strain K.
pneumoniae HR1 based on 16S rRNA gene analysis. Evolutionary
distances were calculated using the Neighbor – joining method.
The level of bootstrap support (1,000 repetitions) is indicated at
all nodes

3.2. Evaluation of PGP Activities and Excretion of
Extracellular Hydrolytic Enzymes
The isolate was evaluated for in-vitro plant growthpromoting (PGP) activities. The phosphate-solubilising
activity was assessed both with PKV and NBRIP medium,
and the isolate HR1 showed positive results in both cases.
The isolate also produced a clear zone on the modified
PKV medium containing ZnO, which indicated its efficacy
as a zinc-solubilizer. The isolate also produced
siderophore, IAA and HCN (Table 2, Figure 2). The K.
pneumoniae HR1 showed a transparent zone on the
chitinase-detection agar plate which clearly indicated the
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ability of HR1 to produce chitinase. The halo zones around
the bacterial spot on the starch agar and skim milk agar
revealed that the strain produced amylase and protease,
respectively. However, the isolate could not show positive
results on the CMC agar plate (Table 2). The bacterial
isolate showed its active growth on the YEM agar plates
containing 25, 50, 75 and 100 μg / mL of CdCl 2
concentration which shows that the isolate could tolerate
cadmium.
Table 2. In vitro tests of endophytic isolate HR1 for the
determination of PGP activities and production of extracellular
hydrolytic enzymes by the isolate.
PGP Activities

Traits

Extracellular Hydrolytic
Enzymes
Response
of isolate
HR1

Hydrolytic

Phosphate
solubilization

+

Protease

+

+

Amylase

+

Zinc solubilization

+

Cellulase

-

IAA production

-

Chitinase

+

Ammonia production
HCN production

Enzymes

Productio
n by
Isolate
HR1

+
+

Siderophore
production
‘+’ = Positive activity/ presence of hydrolytic enzymes; ‘-’ =
Negative activity / absence of hydrolytic enzymes

Figure 3. Inhibition of the growth of fungal pathogens by K.
pneumoniae HR1 expressed in terms of percentage of inhibition.
Data represent mean ± SD. Bars not sharing the same letter are
different at the P< 0.05 level by one-way ANOVA with DMRT

3.4. Assessments of Root Rot Disease of V. mungo
The greenhouse study revealed that the application of
K. pneumoniae reduced the disease incidence significantly
(F= 766.697; df= 2; P= 0.05) in comparison to the control
plants in the presence of M. phaseolina. It was observed
that the percentage of disease incidence was quite high
(78.2 %) in the diseased control plants. PDI decreased
when the plants were inoculated (seed bacterization) with
the isolate; however, the lowest PDI (18.2 %) was
achieved when K. pneumoniae was applied in a dual-mode
(seed bacterization + soil drench application at 108
CFU/mL concentration) (Table 3).
Table 3. Assessment of root rot disease of V. mungo, caused by
M. phaseolina in terms of the percentage of disease incidence
(PDI) and the percentage of decrease over control (PDOC)
following treatment with K. pneumoniae HR1 and pathogen
challenge.
Disease assessment
Days of inoculation

Treatments
PDI
Control

15

T1
T2

Figure 2. In vitro PGP activity of K. pneumoniae HR1. a.
Phosphate solubilization in NBRIP media, b. Phosphate
solubilization in PKV media, c. Zinc solubilization, d. IAA
production, e. HCN production, f. Siderophore production

3.3. In vitro Antagonistic Activity of K. pneumoniae
against Fungal Pathogens
In vitro antagonism of K. pneumoniae was tested
against M. phaseolina, F. oxysporum, F. semitectum, A.
alternata, Aspergillus sp. and Colletotrichum sp. The
results revealed that K. pneumoniae inhibited the tested
pathogens significantly (F= 381.662; df= 5; P= 0.05). The
highest inhibition observed against M. phaseolina was
(73.3 %), followed by Aspergillus sp. (58.8 %), F.
semitectum (53.5 %), A. alternata (50.8 %) and
Colletotrichum sp. (42.26 %). However, K. pneumoniae
showed the lowest percentage of inhibition against F.
oxysporum (34.12 %) (Figure 3).

PDOC

78.2 ± 3.4a

-

b

65.02 ± 0.9

c

76.73 ± 0.2

27.3 ± 0.5
18.2 ± 0.9

Results represented as mean ± SD, T1 = Seeds of V. mungo
bacterized with K. pneumoniae and challenge inoculation with M.
phaseolina; T2= Dual-mode of application (seed bacterization +
soil drench at 1×10^8 CFU/mL) of K. pneumoniae, challenge
inoculation with M. phaseolina. Values in rows not sharing the
same letter are different at the P< 0.05 level by one-way ANOVA
with DMRT (n=10)

3.5. Effect of K. pneumoniae on the Growth of V. mungo
in a M. phaseolina-infested soil
The dual application of K. pneumoniae led to a
significant increase in the growth of Vigna in terms of
increase in the germination percentage, shoot and root
length, shoot and root dry weight in comparison to the
healthy control and the M. phaseolina-infected plants
(diseased control). A significant decrease in the
germination percentage (F= 578.569; df= 4; P= 0.05),
shoot length (F= 187.688; df= 4; P= 0.05) and dry weight
(F=466.831; df= 4; P= 0.05), root length (F= 112.143; df=
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4; P= 0.05), dry weight (F= 969.355; df= 4; P= 0.05) and
vigour index (F= 1443.915; df= 4; P= 0.05) were observed
in the presence of M. phaseolina. As for the percentage of
increase over control (PIOC), a statistically-significant
increase in seed germination, shoot length, root length and

dry weight was observed in the plants in the presence of K.
pneumoniae alone, in comparison to other treatments
(Table 4, figure 4).

Table 4. Effect of K. pneumoniae HR1 on the growth of V. mungo in a M. phaseolina-infested soil.
Growth Parameters

Treatments
Untreated
Healthy

Untreated
Inoculated (M.
phaseolina)

b

Germination (%)

88.27±1.38

Shoot length (cm)

14.3±0.50

b

e

3.3±0.17

0.23±0.01

b

0.06±0.002

1554.9±52.23

262.0±19.01

c

0.21±0.006
d

0.07±0.001
e

2.9±0.13
d

0.18±0.003

a

0.02±0.001
b

c

2.3±0.14
a

0.29±0.003

e

12.6±0.61

d

3.8±0.19
e

0.09±0.004

c

10.3±0.42

a

1.4±0.11
b

79.1±0.3.20

d

16.1±0.24

0.04±0.0002
a

1862.2±16.13

Treated Inoculated [K.
pneumoniae HR1 (Seed
treatment + Drench
Application) + M.
phaseolina]
c

70.2±0.72

a

7.2±0.35

Treated Inoculated [K.
pneumoniae HR1
(Seed treatment) + M.
phaseolina]
d

93.3±0.70

e

Shoot Dry weight (g)
Vigour Index

a

30.4±1.73

b

Root length (cm)
Root Dry weight (g)

e

Treated Healthy (K.
pneumoniae HR1)

d

880.8±21.39

c

0.05±0.0007

c

1225.9±13.66

Results represented as mean ± = SD, values in rows not sharing the same letter are different at the P< 0.05 level by one-way ANOVA with
DMRT (n=10)

3.6. Activities of Defence Enzymes during Disease
Suppression by K. pneumoniae
Activities of defence enzymes were assayed in leaves
subjected to various treatments. The activities of defence
enzymes increased significantly after the application of K.
pneumoniae and challenged inoculation with M.
phaseolina. However, the most significant increase
observed was when the isolate was applied in a dual-mode
following the challenge inoculation with the pathogen
[POX (F= 334.694; df= 3; P= 0.05), PAL (F= 257.825; df=
3; P= 0.05), CHT (F= 3439.517; df= 3; P= 0.05), GLU (F=
262.067; df= 3; P= 0.05)] (Figure 5).
Figure 4. Effect of K. pneumoniae HR1 on the growth of V.
mungo. Control refers to the plants inoculated with M. phaseolina
only. Data represent mean ± SD. Bars not sharing the same letter
are different at the P< 0.05 level by one-way ANOVA with
DMRT.

Figure 5. Activities of Peroxidase (a), Phenylalanine ammonia lyase (b), Chitinase (c) and β-1, 3 glucanase (d) in leaves of V. mungo after
15 days of growth and challenged inoculation with M. phaseolina. T1- M. phaseolina inoculated, T2- Bacterized Seeds of black gram with
K. pneumoniae and challenge inoculation with M. phaseolina, T3 – Dual-mode of application (seed bacterization + soil drench) of K.
pneumoniae, challenge inoculation with M. phaseolina. Bars with different letter are significantly different at P<0.05 according to DMRT.
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4. Discussion
M. phaseolina is the causal agent of charcoal root rot
disease. It is a devastating pathogen affecting agricultural
and forest crops, with more than five-hundred susceptible
host’s worldwide (Wyllie et al., 1984). In the present
study, the researchers have isolated and characterized one
endophytic isolate from K. pneumoniae HR1 for its
antagonistic and biocontrol efficacy against M. phaseolina.
The endophytic gram-negative and rod-shaped
bacterium K. pneumoniae HR1 was isolated from the root
nodules of the leguminous plant, V. mungo, on yeast
extract mannitol agar medium, and was preliminarily
characterized morphologically and biochemically. The
HR1 isolate exhibited a phosphate-solubilising activity by
producing halos zone on the Pikovskaya’s (PKV) and
National Botanical Research Institute’s phosphate
(NBRIP) media. The bacterium could solubilize zinc oxide
(insoluble) supplemented in a modified PKV medium.
Both phosphate and zinc are essential nutrients and play a
crucial role in the promotion of plant growth.
Enhancement of growth in V. radiata by the zincphosphate- solubilizing bacterial isolates was reported
previously (Iqbal et al., 2010a). Vaid et al., (2014) also
reported that about the Zn-solubilising and IAA-producing
Burkholderia and Acinetobacter strains which increased
the uptake of Zn and promoted the growth of rice plant.
Plant growth-promoting rhizobacterial strains actively
colonize plant roots and exert beneficial effects on the
host. Endophytes, residing inside the plants, with plant
growth- promoting activities are considered more effective
in promoting growth in host plants. In their study, Sharma
et al., (2014) isolated endophytic Klebsiella spp. which
could solubilise ZnO. In the present study, it was also
observed that the endophytic isolate HR1 solubilized ZnO
quite efficiently. Heavy-metal tolerance is considered one
of the crucial attributes of PGPRs. Bacterial isolates with
this capacity are considered effective to induce systemic
tolerance in plants against heavy-metal stress. Several
reports suggested that Klebsiella sp. has greater cadmium
and other heavy-metal tolerance efficiency (Nath et al.,
2012; Yamina et al., 2014). In the present study, the isolate
K. pneumoniae HR1 could tolerate even up to 100 µg/mL
of CdCl 2 . Furthermore, the isolate-HR1 was found to be
the producer of IAA, siderophore, hydrogen cyanide,
chitinase, amylase and protease. The production of several
hydrolytic enzymes such as protease, chitinase, cellulase,
lipase and amylase by Klebsiella sp. was demonstrated by
Mazzucotelli et al., (2013), which showed similar results
to the observations of the current study. The production of
hydrolytic enzymes, hydrogen cyanide, and siderophore by
the isolate HR1 may be the probable mechanisms
responsible for the antagonistic activity against
phytopathogens. IAA-producing bacteria are believed to
influence the endogenous auxin pool of plants, and thus
can promote root elongation and plant growth (Patten and
Glick, 2002; Ahemad and Khan, 2011a; Ahemad and
Khan, 2011b). Jha and Kumar, (2007) also stressed the
plant growth promoting traits- phosphate solubilization,
IAA production, and nitrogenase activity of K. oxytoca. In
vitro PGP traits such as IAA, siderophore, HCN
production, and phosphate solubilization of endophytic
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PGP bacteria inside the roots of Brassica napus were
reported by Etesami et al., (2014).
The isolate showed commendable antagonistic activity
against phytopathogens used in the present study. The
highest inhibition percentage against M. phaseolina (73.3
%) and the lowest inhibition against F. oxysporum (34.12
%) were observed by K. pneumoniae in the paired culture.
The inhibition of fungal pathogens by the isolate may be
attributed to the production of antifungal enzymeschitinase, protease, amylase as well as HCN. Simonetti et
al., (2015) reported antagonistic activities of eleven
bacterial isolates against M. phaseolina. Among the
isolates Pseudomonas fluorescens 9 showed the highest
percentage of inhibition (62 %) in vitro. Their study is
consistent with the results of the current work. Moreover,
this study showed that the isolate HR1 exhibited a much
more inhibition efficiency against M. phaseolina.
In the present study, the application of K. pneumoniae
both in a single and a dual-mode, in the presence of M.
phaseolina resulted in a significant increase in growth,
measured in terms of increase in shoot and root length,
shoot and root dry weight, and vigour index of black gram.
However, a significant decrease in the growth parameters
was found in the presence of M. phaseolina compared to
the untreated healthy black gram. During the assessment of
the root rot disease, the highest percentage of decrease
over control (76.73 %) was observed when K. pneumoniae
was applied two times (as seed bacterization + soil drench
application at 108 CFU/mL) in the of M. phaseolina.
Plants subjected to a dual application with the bacterium in
the presence of the pathogen also showed a significantly
higher percentage of increase than the control (PIOC) in
comparison to the other treatments. It is quite apparent that
K. pneumoniae not only promoted growth but effectively
reduced the root rot disease of V. mungo as a potent
antagonistic endophytic PGPR strain. Previously, K.
pneumoniae was reported as disease suppressive and as a
plant growth-promoting strain, which reduced 72 % of
stem rot severity caused by Sclerotinia increasing the plant
height by 52–67 % (Abdeljalil et al., 2016).
The role of potential bacterial antagonists in reducing
the severity of M. phaseolina root rot disease by enhancing
the activities of peroxidase, PAL, β-1, 3-glucanase and
chitinase was also highlighted by many other authors
(Govindappa et al., 2011). Kumar et al., (2007) focused on
the control of charcoal rot of chickpeas caused by M.
phaseolina via the application of a potent antagonistic
isolate Pf4-99. Feng et al., (2006) also reported that the
rice endophytic strain YS19 promoted growth and
increased root biomass. In the current study, it was
observed that the activities of defence-related enzymes
peroxidase, chitinase, phenylalanine ammonia lyase and β1, 3-glucanase increased significantly after the application
of K. pneumoniae and challenge inoculation with M.
phaseolina. The increased activities of peroxidase (PR9),
chitinase (PR3) and β-1, 3-glucanase (PR2) indicate the
activation of PR proteins during defence. Since the
application of K. pneumoniae in the M. phaseolinainfested soil increased the accumulation of defence–related
enzymes in leaves, it is quite apparent that K. pneumoniae
HR1 endophytic strain induces a systemic response. Bruce
and West, (1989) reported the role of peroxidase in the
biosynthesis of lignin which limited the extent of pathogen
spread because of antifungal activity. The accumulation of
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PR proteins during the induction of resistance in crops
against pathogens by biocontrol agents was also reported
earlier by some researchers (Bargabus et al., 2004; Bharati
et al., 2004). Resistance in V. mungo against M.
phaseolina was induced through the accumulation of
phenolics, PR proteins and the induction of defence
enzymes by the two potent endophytic strains of P.
fluorescens – Endo2 and Endo35 (Karthikeyan et al.,
2005). Govindappa et al., (2010) reported that higher
activities of peroxidase, phenylalanine ammonia lyase,
chitinase, polyphenol oxidase and β-1, 3-glucanase
involved in phenyl propanoid pathways were observed in
the potent antagonistic strain Bacillus subtilis which
treated safflower plants after challenge inoculation with M.
phaseolina. The induction of systemic resistance in
legumes (V. mungo, V. radiata) against F. oxysporum and
A. alternata was also highlighted by Rao et al., (2015).
5. Conclusion
The endophytic isolate K. pneumoniae HR1 showed
strong antagonistic activity and suppression of the root rot
disease, caused by M. phaseolina. While determining the
mechanism of action, it was found to promote plant
growth-promotion and induce resistance in the host plants
by elevating the synthesis of defence-related enzymes. The
results of the current study provide strong evidence that
the endophytic K. pneumoniae HR1 has a great potential as
a candidate for the biocontrol of the soil-borne fungal
pathogen, M. phaseolina, and as a plant-growth promoter.
The use of such beneficial endophytes, which can induce
resistance to diseases in the host plants, is a boon to
agriculture for a better crop production and a healthy soil.
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Abstract
The drifting climatic scenario and constant changes in temperature profiles has culminated into heavy crop losses that have
set up an alarming situation across the world. A slight modification in temperature ranges results in detrimental effects on
the life processes of crop plants as well as on yield attributes. To pursue the effects of temperature stress on plants, both heat
and cold stresses are vital cues; hence, they are investigated in this study. Cyamopsis tetragonoloba (L.) Taub, has been a
test model for the present study due to its restricted pervasion and environmental limitations. The experimental setup
included heat stress as well as cold stress (including chilling stress and freezing stress) given at the seedling stage in three
replicates. Exposure to freezing stress affected the young seedlings severely, and they eventually collapsed and could not be
studied further. The seedlings exposed to the chilling and heat-stress displayed varying degrees of survivability, and were
carefully monitored till maturity. Various morphological parameters were recorded at the growing stage. With the advent of
the reproductive stage, young floral buds were subjected to fixation in carnoy’s fixative. The degree of cytological
abnormalities showed a parallel ascend to the increasing stress, where cold stress had a more severe impact on
microsporogenesis than heat stress. The morphological characters also exhibited a negative correlation after the treatment,
but more profound deterrent results were retrieved in the case of cold stress. In conclusion, cold stress was found to
introduce serious effects on plant growth and reproduction, and turned out to be more serious on plants compared with heat
stress, for which plants express a degree of diligence and adaptability at short durations.
Keywords: Cyamopsis tetragonoloba, Meiosis, Morphological attributes, Temperature stress

1. Introduction
Perpetuation and pervasion patterns of various life
forms to variable realms are dependent on wholesome
cumulative requirements in terms of abiotic factors. This
implies that abiotic factors are intrinsic in dictating biotic
life. For instance, living entities of tropic and temperate
zones display a vast deal of morphological differences
which are the visible reciprocation of differential abiotic
patterns in that area. This validates that climatic factors
play an intrinsic role in organic sustenance. Among these,
temperature is one such limiting attribute that controls and
restricts the perpetuation of living beings, is among
mainstays for incinerating vitality and vigorousity to the
cells. Global temperature is forecasted to continuously
increase by 1–3.7o C by the end of the 21st century (IPCC,
2013). Temperature acts as a limiting factor for plants
growth and their yield, and also for the geographical
distributions of plants (Siddiqui et al., 2015).
Any deviation below or above the optimum temporal
condition generates a set of stressful responses. Low
temperature is one of the major environmental factors
impacting plant growth, development, and ecological
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distribution (Allen and Ort, 2001). Cold stress prevents the
expression of the genetic potential of plants directly
through the inhibition of metabolic reactions, and
indirectly through cold-induced osmotic, oxidative, and
other stresses (Chinnusamy et al., 2007) causing
significant crop losses. A transient elevation in
temperature, that is by 10–150C above the ambient
condition, is considered a heat stress, which also alleviates
crop losses. It causes multifarious and often adverse
alterations to the plant growth, development, physiological
processes and yield (Hasanuzzaman et al., 2013).
The morphological dissimilarities reflect the
divergence at the cytogenetical and gene- expression level,
since the different set of proteins and enzymes work
synergistically and inclusively in combating stress
constraints. On the genomic level, plant diversity
correlates with a high degree of variation in the overall
genome size, ploidy level, and chromosome number
(Kellogg and Bennetzen, 2004), which results in a course
of genome adaptation and change. In order to facilitate the
acclimatization of the plant to a distinct niche, adaptive
potentialities need to evolve within that life system.
Different types of cognitive work on temperature stress
have been conducted underlining a multitude of influences
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of temperature modulation on life (Barnabas et al., 2008;
Hedhly et al., 2008; Hatfield and Preuger, 2015).
The most substantial impacts of abiotic stresses occur
in the reproductive stages of plants and limit the plant
productivity. According to Bione et al. (2000), meiosis is
strongly influenced by environmental conditions, where
both male and female gametogenesis gets affected;
microsporogenesis dealing with pollen development is a
highly stress-sensitive event. Several researches have been
conducted on legumes, including Vicia faba (Siddiqui et
al., 2015), and Cicer arietinum (Sharma and Nayyar,
2014). The cytomorphological responses of buckwheat to
temperature stress have also been studied by (Kumar and
Srivastava, 2015).The current study is designed to
investigate such effects on anther meiosis in cluster beans.
Sophisticated acclimation strategies are being
formulated for the sake of introducing plants to novel
environments. These efforts may serve as a measure for
amplifying quantitative gains. However, the introduction
and cultivation of new crops in a given environment
require management practices and trait selections that
enable the crop species to perform to their full potential
(Singh et al., 2008). Therefore, it is crucial to study the
salient effects resulting from temperature disturbances to
plants growth and metabolism. Crop production of C.
tetragonoloba is limited to arid regions, and the plant has a
curtailed range of temperature tolerance. This draws the
plot for the present experimental work through which the
cytogenetical and the morphological characteristics of C.
tetragonoloba (L.) Taub., (commonly known as guar or
cluster bean), is investigated in details. Cluster bean pods
contain condensed tannins in addition to p-coumaric acid,
caffeic acid, gallic acid, gentisic acid, quercetin, kaemferol
and its 3-arabinoside, p-hydroxycinamyl, and coniferyl
alcohol (Asolkar et al., 1992). Moreover, cluster beans are
also valued for various ethnobotanical uses.
2. Material and Methods
2.1. Seed Procurement
Fresh seeds of C. tetragonoloba (L.) Taub., variety
RGC-1038, were obtained from Central Arid Zone
Research Institute (CAZRI), Rajasthan.
2.2. Treatment
The seeds were thoroughly washed for ten minutes with
distilled water, and 0.1 % mercuric chloride was utilized
for surface sterilization. The seeds were sown in pots (a
mixture of soil and farmyard manure) provided with
ambient environmental conditions for germination at the
temperature 27±20C, until the emergence of two
cotyledonary stages. After the emergence of two
cotyledons, the seedlings were subjected to temperature
stress including heat and cold stress treatments in an
incubator at a pre-requisite temperature for a different time
durations. Cold stress was subdivided into chilling stress
(at 4o C) and freezing stress (at -4o C) (Miura and Frumoto,
2013); for the duration of three hours, six hours, and nine
hours respectively. The seedlings were subjected to heat
stress at the temperature 50o C for the same time durations.
Following treatment, the seedlings were maintained in
each set for a recovery period that was equal to the
duration of treatment, and were then re-transferred to the

pots in triplicates in a completely randomized block design
(CRBD).
2.3. Cytogenetical Study
Plant growth was carefully monitored, and after
reaching the reproductive stage, young floral buds were
fixed in carnoy’s fixative (3 parts Alcohol: 1 part Glacial
Acetic Acid) for twenty-four hours, and were preserved in
70 % alcohol at 4°C. The buds were teased, and anthers
were smeared in a drop of 2% acetocarmine stain for
cytological investigation. The slides were observed at 40X
resolution by the Nikon Phase Contrast microscope (Nikon
Eclipse, E200, Japan), and the microphotography was done
using the PCTV software. Based on the stainability criteria
of glycero-acetocarmine stain, pollen fertility percentage
was also calculated (Marks, 1954). Fully-stained globosenucleated pollen grains were regarded fertile, whereas
light-stained enucleated pollen grains were documented as
sterile. Three independent slides were prepared from
which ten microscopic views were documented for the
scoring of data.
2.4. Morphological and Yield Study
Various morphological parameters were recorded to
analyze the effects of temperature stress on the
morphological characteristics. The parameters included
were survivability percentage, plant height and days to 50
% flowering. Certain yield parameters studied were cluster
per plants, pods per cluster, pod length and seeds per pod.
2.5. Statistical Analysis
A statistical calibration was done using SPSS 16.0
version software. The data were statistically analyzed by
one-way analysis of variance (ANOVA). The means were
compared at P≤0.5 applying the Post hoc and Duncan
Multiple Range Test (DMRT). A graphical representation
of data was performed using Sigma Plot 10.0 software.
3. Results
3.1. Influence of Temperature Stress on Morphological
Parameters
Various morphological parameters were delved to
examine all adversities and effects. At the inception of the
study, the seedlings showed certain morphological
symptoms. In case of heat stress, scorching of seedlings
was the most conspicuous symptom present. Occurrence of
injuries such as surface pitting, ice formation, water soak
spots, and internal discoloration of lesions were discernible
in the freezing-stress sets at all of the three time durations.
The seedlings were highly susceptible and eventually
succumbed to die within two to three days; henceforth, the
freezing stress was not monitored further. As for the
surface lesions in the case of chilling stress, the injuries
were comparatively less severe and included seedling
shrinkage, epidermal distortion, and minor chlorotic sites.
The survivability percentage (as shown in Figure 1)
was found to be highly affected in the case of chillingstress treatment compared to the heat-stress treatment. In
fact, survivability percentage was among the first hand
clues for the effect on the two stresses investigated in this
study. The chilling stress was comparatively more
detrimental to the plant growth. Survivability percentage
was recorded to be 95.33±2.20a in the case of the control.
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It declined down to 68.88±5.87c in the case of heat stress,
and was curtailed down to a low percentage of 39.99±3.84d
in the case of chilling cold stress in nine hours of
treatment. Also, a similar decline was observed in the plant
height trend (Figure 2). Mean plant height in the control
was recorded to be 92.16±1.69a cm, which declined from
88.60±1.40a cm to 73.06±1.55c cm at the heat stress,
whereas the mean plant height went down from
83.46±1.33b to 52.53±1.63d cm in the case of chilling stress
after nine and three hours of treatments respectively. The
cold stress resulted in a delay in the initial onset of
flowering, the trend of which is documented in the graph
of days to 50% flowering (Figure 3). As for the control,
days to 50% flowering was recorded to be 35.33±0.88a
days, whereas it occurred after 41.66±1.45b days at the
heat stress, and after 62.66±1.85d days in the case of cold
stress after nine hours of treatment.

Figure1. Effect of temperature stress on survivability percentage
in Cyamopsis tetragonoloba (L.) Taub.

Figure 2. Effect of temperature stress on plant height in
Cyamopsis tetragonoloba (L.) Taub.

Figure 3. Effect of temperature stress on days to 50 % flowering
in Cyamopsis tetragonoloba (L.) Taub.)
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3.2. Influence of Temperature Stress on
Microsporogenesis
The cytological imaging was obtained through the
cytogenetical investigation of pollen mother cells. Meiotic
events in the control set followed a normal course. The
chromosomal morphology at various stages of meiosis I/II
were examined and were found to be absolutely normal.
Figure 4 shows the cytological plate representing various
important meiotic stages. Metaphasic plate I displayed the
presence of seven bivalents (Figure 4A) at the equatorial
plate segregated synchronically at anaphase I (Figure4B),
resulting in 7:7 poleward separation. However, a large
proportion of chromosomal abnormality was witnessed in
the case of the stress-treated sets. Table 1 displays the
effect of temperature stress on the chromosomal
morphology of Cyamopsis tetragonoloba (L.) Taub. The
total abnormality percentage (TAB %), the criteria for
adjudging the extent of chromosomal abnormality,
increased from 2.65±0.25% to 11.15±0.19% in the case of
heat stress, whereas after the cold stress treatments, an
increment from 5.84±0.36% to 16.40±0.37% was reported.
In comparison, it was perceived that the cold stress had left
a marked genotoxicity on the chromosomal entity of this
drought-tolerant plant. The preponderant abnormalities
witnessed were secondary associations: stickiness (Figure
4G), unorientation, precocious movement, multivalents
(Figure 4D), disturbed polarity (Figure 4J), laggard
chromosome and anaphase bridge formation etc. In the
case of heat stress, precocious movement (0.56±0.16 % to
1.56±0.07 %) and unorientation (0.37±0.24 % to
1.29±0.17 %) at metaphase I/II were the most predominant
abnormalities found upon increasing the duration of
treatment from three to nine hours. Multivalents, bridges
and laggard formation were recorded at six and nine hours
of treatments in the case of heat stress. In relation to
responses to cold stress, stickiness at metaphase I/II was
the most pronounced abnormality reported, which
increased from 0.62±0.31% to 2.20±0.23% after three and
nine hours of treatments respectively. Considerable
frequency of univalent formation was also seen in the
cold-stress treated set. Increment from 0.54±0.16 to
1.81±0.19 in the case of multivalents and from 0.53±0.14
to 1.21±0.36 in the case of bridges was recorded in the
cold-stress treated set
Pollen fertility is a criterion of extreme significance
that governs the reproductive success. Fertile pollens were
globose, nucleated and darkly-stained with proper
ornamentation on the exine wall. Pollen fertility in case of
the control set was calculated to be 98±0.57a %. In the case
of heat stress, it was calculated to be at 93±1.15b% in the
three-hour-treatment set, and declined to 77.33±0.88d %
after nine hours of treatment. At cold stress, it was
recorded to be in 90.33±0.88b% after three hours of
treatment, and descended to 61.33±0.88d% in the ninehour-treatment set. A graphical representation of pollen
fertility is provided in Figure 5. Sterile pollens are
represented in Figure 4L.
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Table 1. Effects of temperature stress on anther meiosis in Cyamopsis tetragonoloba (L.) Taub.

Sa

Metaphasic Abnormality I/II
(Mean ± SE)
St
Un
Pr
Uni

Mt

St

-

-

-

-

-

-

-

-

-

-

-

3 hours

0.47±
0.2

0.09±
0.09

0.37±
0.18

0.56±
0.16

-

-

-

0.47±
0.24

0.28±
0.16

6 hours

0.54±
0.16

0.53±
0.31

1.16±
0.22

0.89±
0.17

0.27±
0.15

0.08±
0.08

0.45±
0.9

0.62±
0.07

9 hours

0.73±
0.08

0.82±
0.14

1.29±
0.12

1.56±
0.07

0.63±
0.22

0.46±
0.10

0.91±
0.10

3 hours

0.35±
0.08

0.62±
0.31

0.62±
0.07

0.35±
0.23

0.44±
0.08

0.54±
0.16

6 hours

0.75±
0.09

1.41±
0.15

0.85±
0.18

0.83±
0.14

0.95±
0.27

1.03±
0.09

Duration

Anaphasic Abnormality I/II
(Mean ± SE)
Un
Dsp
Br
Lg

Others

TAB%

-

-

-

-

-

0.37±
0.25

2.65 ±
0.25

0.54±
0.15

0.09±
0.09

0.71±
0.08

0.62±
0.07

6.52±
0.42

0.83±
0.17

1.00 ±
0.08

0.73±
0.10

1.09±
0.13

1.01±
0.11

11.15±
0.19

0.71±
0.08

0.53±
0.14

0.18±
0.18

0.53±
0.14

0.18±
0.18

0.63±
0.18

5.84 ±
0.36

1.03±
0.07

0.85±
0.18

1.03±
0.07

0.74±
0.23

0.57±
0.29

0.74±
0.08

10.88±
0.33

1.40± 2.20± 1.20± 1.10± 1.40± 1.81± 1.60± 1.10± 1.20±
0.23
0.16
0.20
0.20
0.19
0.10
0.27
0.31
0.18
Mean ± S.E. Values followed by the superscript differ at p<0.05 among treatments by the DMRT

1.21±
0.36

0.90±
0.15

0.99±
0.25

16.40±
0.37

Treatment
Control

Heat stress
(50oC)

Cold stress
(4oC)

9hours

Abbreviations – Sa: Secondary association; St: Stickiness; Un: Unorientation; Pr: Precocious movement; Uni: Univalents; Mt:
Multivalents; Dsp: Disturbed polarity; Br: Bridge; Lg: Laggard formation; TAB %: Total Abnormality Percentage.

Figure 5. Effect of temperature stress on pollen fertility in
Cyamopsis tetragonoloba (L.) Taub.

3.3. Influence of Temperature Stress on Yield
Parameters

Figure 4. Cytological plate- A: Normal metaphase I (7 bivalents),
B: Normal anaphase I (7:7 migration), C: Clumping at metaphase
I, D: Multivalent at metaphase I, E: Precocious movement at
metaphase I, F: Univalents at metaphase I, G: Stickiness with
unorientation at metaphase II, H: Unoriented precocious
metaphase II, I: Unoriented laggard formation at anaphase I, J:
Disturbed polarity at anaphase II, K: Tripolarity, L: Sterile
pollens. Scale Bar 1cm= 10.50 µm.

Yield contributing traits were also recorded, and it was
found that ambient temperature is required for highthroughput quantitative results. Yield attributes such as
pods per cluster, cluster per plant, seeds per pod and pod
length were all investigated (as shown in Table 2).
Apparently, both heat and cold-stress responses resulted in
alteration in the quantitative attributes. However, cold
stress resulted in more profound losses than the heat-stress.
Data of cluster per plant was calculated to be 13.66±0.57a
in the control which declined to 12.66±0.88c (heat stress)
and 9.00±0.57c (at cold stress) after nine hours of
treatment. In the control, pod per cluster, was calculated to
be 5.00±0.57a, whereas at heat stress, it was calculated to
be 4.66±0.66a (after three hours of treatment) and
3.66±0.88a (after nine hours of treatment). In the case of
cold stress, pod per cluster was documented to be
4.00±0.57b after three hours of treatment, and declined to
2.33±0.33c after nine hours of treatment. Pod length was
also measured; the value of which was 6.82±0.17a (in the
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control), whereas at the longest duration of heat-stress, it
was recorded to be 4.28±0.36c . After nine hours of coldstress treatment, it was found to be 3.79±0.28c. The
number of seeds per pod in the case of the control was
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8.33±0.33a, which declined to 6.33±0.33a (heat stress) and
was 4.66±0.87b (cold stress) for the longest duration of
time.

Table 2. A comparison of the impact of temperature stress on yield attributes in Cyamopsis tetragonoloba (L.) Taub.

Treatment

Exposure time

Control

-

13.66±0.88a

5.00±0.57a

6.82±0.17a

8.33±0.33a

3 hours

13.55±0.71a

4.66±0.66a

6.08±0.32a

8.00±0.57a

6 hours

14.47±0.53a

4.33±0.33a

4.85±0.35b

7.66±0.88a

9 hours

c

12.66±0.88

a

3.66±0.88

b

4.28±0.36

6.33±0.33a

3 hours

15.33±0.33b

4.00±0.57b

5.27±0.16b

7.66±0.88a

6 hours

11.00±0.57c

3.33±0.33bc

4.02±0.09c

6.00±0.57ab

9 hours

9.00±0.57c

2.33±0.33c

3.79±0.28c

4.66±0.88b

Heat stress
(50oC)

Cluster/ plant (Mean ± SE)

Pods/cluster (Mean ± SE)

Pod length (Mean ± SE)

Seeds/pod (Mean ± SE)

Cold stress
(4oC)

Data representing Mean values followed by lowercase letters represent Standard errors that are statistically significant at P≤0.05.

4. Discussion
Understanding how different plants cope with stress
during their reproductive (gametophytic) phase is critical
in managing the future of agricultural productivity (Zinn et
al., 2010).
4.1. Impact of Temperature on Morphological Behaviour
Ambient temperature is a pre-requisite for the
survivability as well as perpetuation of plants.
Temperature is a critical environmental cue that influences
the seedling establishment. A slight difference of only few
degrees may inevitably lead to notable changes in the
growth and survival rate of plants (Salisbury and Ross,
1985). Plants exposed to low temperatures had marks of
injuries as a result of the chilling stress. Chilling stress has
been found to cause membrane disruption; according to
Steponkus (1984), the most malicious effects of chilling
stress are membrane damaging and loss of fluidity and
dehydration. Heat-induced chlorosis is reported in the
present work; it has also been reported in mung bean
(Kumar et al., 2011) and chickpeas (Kumar et al., 2013).
Low survivability was observed at longer durations of
both stresses with respect to the control due to temporal
constraints. This is the case because temperature above
and below the threshold limit is tough to be endured as the
inclusive metabolic cues get affected. As far as flowering
is concerned, the seedlings that were subjected to low
temperature, reached their blooming and flowering stages
late in comparison with the control at the exposure to heat
stress. Flowering is a very crucial stage in plants, since it
directly affects the seed yield. It is regulated by an
elaborate network of genetic pathways responsive to
endogenous and environmental stimuli (Andrés and
Coupland, 2012). Perhaps, the plausible reason for this is
that the plant initially had a retarded metabolism which
affected the growth responses. With reimbursement after
the initial distortion, the plants started to flourish.
Exposure to a short-term cold stress, or an overexpression
of cold-responsive genes, delays flowering by activating
Flowering Locus C (FLC) (Seo et al., 2009), whereas the
delay in flowering at the exposure to heat stress correlates

with the reduced expression of FLOWERING LOCUS Tlike 3 (FTL3), an FT homologue (Nakano et al., 2013)
4.2. Impact of Temperature on Cytogenetical Behaviour
In this study, the reproductive stage, which is an
extremely critical stage, was found to be sensitive to
temperature stresses. Both heat and cold stresses had led to
disturbances in the sequential cellular cascade. In the
process of microsporogenesis, the effects of cold and heat
stresses are expressed in the form of blockage of meiosis,
abnormal meiosis, and abnormal tapetal development
(Whyte, 1975). Spindle dysfunctioning and malfunctioning
are often linked to temperature-stress introduced
ramifications of meiosis. Callan (1942) with Triton
showed that low temperature manipulation can be used for
the joint control of spindle development, spiralization, and
nucleic acid metabolism. Similar results were recorded for
high temperatures (5 hours to 2 days at 30°-40° C) at
mitosis and meiosis e.g. PMC of Fritillaria (Barber,1940).
Chromosomal stickiness is characterized by
chromosomal clustering during any phase of the cell cycle
which may be attributed to genetic and environmental
factors (Pagliarini, 2000). It may result from the defective
functioning of specific nonhistone proteins involved in the
chromosomes organization, which is needed for
chromosome separation and segregation (Gaulden, 1987).
Chromosomal pairing and synapsis is essential for the
organization of bivalents. Some sorts of mutations in the
cohesion proteins might lead to univalents (Kumar and
Dwivedi, 2015). Cold-stress-sponsored disruption of
synaptonemal complex affects the synaptic precision, and
the failure to withhold the bivalents together might result
in univalents. The bridges observed seem to be a result of
the non-separation of chiasma due to stickiness (Kumar
and Rai, 2007). The disturbed polarity and unorientation
occurred as a result of the shifting of poles or because of
spindle malfunctioning.
Pollen viability, an important criterion that regulates
fidelity of fertilization, is a result of male meiotic events,
and can assist in examining the effects communicated by
temperature fluctuations on the reproductive stages. Heat
stress proved to be comparatively less lethal for pollens
compared with chilling stress. At low temperatures, lower
levels of sucrose, glucose and fructose result in the

234

© 2019 Jordan Journal of Biological Sciences. All rights reserved - Volume 12, Number 2

starvation of developing microspores which causes pollen
sterility (Parish et al., 2012). Heat stress can also cause
pollen sterility by reducing carbohydrate deposition in
pollen grains (Jain et al., 2007) which induces tapetum
degradation (Sakata et al., 2000). High temperatures may
even affect the endoplasmic reticulum structure, and block
its function in the tapetum causing earlier-than-usual
degeneration of the tapetum (Omae et al., 2012).This
degradation of the nutritive tissues of the tapetum may
lead to pollen sterility. Carbohydrate mobilization of the
tapetum and its genetic control may play an important role
in the pollen development under stress conditions.
Improvement of stress tolerance in crop species will,
therefore, require a better understanding of the effects of
stress on the sporophyte, as well as on the sporophytegametophyte communication (Pacini and Dolferus, 2016).
4.3. Impact of Temperature on Yield Parameters
According to Maulana and Teso (2011), coldtemperature stress at the seedling stage reduced the
seedling vigour and dry weight significantly, and also
delayed the time to reach flowering and maturity; these
results are similar to those obtained in the present study.
Alvarado and Hernaiz (2007) also reported a delay of
maturity in rice due to the impact of low temperatures.
Kazan and Lyons (2016) maintained that if flowering
occurs prematurely under stressful environments, seed-set
and grain filling may be compromised. Longer durations
of stress for both sets had hampered the floral genesis,
which resulted in less flowering and in the formation of
rudimentary sterile flowers. It was found that yield
contributing traits were negatively affected by low
temperature ranges. Heat stress also led to a decline in the
yield. In comparison, cold stress was more lethal for the
yield attributes; similar results were obtained by Thakur et
al., (2010). Temperatures below 15°C abort chickpea
flowers and reduce the number of pods per plant, and
seeds per pod (Nayyar et al., 2005; Kaur et al., 2011).
Barlow et al., (2015) revealed that frost led to the sterility
and abortion of formed grains in wheat (Triticum aestivum
L.), while excessive heat had caused a reduction in the
grains number. Suzuki et al., (2001) reported a correlation
between pollen fertility and pod setting in that poor pollen
fertility led to low pod and seed setting.
Studies related to heat stress revealed that plants had an
intrinsic adaptability potential. Plants can alter their
metabolism in various ways in response, particularly by
producing compatible solutes that are able to organize
proteins and cellular structures, maintain cell turgor by
osmotic adjustment, and to modify the antioxidant system
to re-establish the cellular redox balance and homeostasis
(Valliyodan and Nguyen, 2006; Munns and Tester, 2008).
5. Conclusion
The examination of stress and stress-related responses
in plants is critical for devising stress-amelioration
measures. The cardinal stages in a life cycle are growth
and morphogenesis, flowering, and seed setting. These
stages are intimately interwoven in a chain. The current
study concludes that plants overall growth parameters
including survival, microsporogenesis, and yield attributes
are significantly influenced by stress. The investigation of
the cytogenetical and the morphological parameters has

shown that optimal temperature is a basic requirement for
the vitalization to the living cells. Proper understanding is
thus essential for stress-tolerance engineering. Sincere
future attempts will enhance plants survivability and
adaptation to hostile environment
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Abstract
Lead toxicity is a public health hazard particularly to the occupationally exposed workers. Evidence is mounting
successively regarding the adverse health effects of lead at low levels. This study is conducted to assess lead cytotoxicity and
the antioxidant status of selected groups of Jordanian workers occupationally exposed to lead poisoning or automobile buffs.
A total of ninety male workers were selected for the study. The workers studied included: Radiator welders, exhaust
workers, automobile electronics and mechanics, metal workers, and car painters in Amman city. The control group included
20 subjects of the same age group without any occupational exposure to lead. A number of biological parameters have been
studied in order to estimate the degree of lead intoxication in the selected worker groups. The groups did not significantly
differ among each other in the average of age (34± 0.9) and work years (17.1±1.8). The researchers studied the effect of
exposure to lead on the activity of δ-ALAD (a key enzyme in heme biosynthesis). A significant decrease and a negative
correlation between δ-ALAD and blood lead were observed in all the studied worker groups. The effect of exposure to lead
on the morphology of RBCs was investigated. Fibrillation and particulate structures on the surface of RBCs and irregular
plasma membrane evaginations were seen under scanning electron microscope.Determination of blood-lead concentration, δALAD activity as well as morphological investigations of RBCs could be bebenificial in the evaluation of lead toxicity.
KeyWords: Blood lead, Lead toxicity, δ-ALAD, RBC morphology, SEM.

1. Introduction
The exposure of humans to lead and its adverse health
effects is of a global concern because of its ubiquity in the
environment. Studies from different countries have
revealed that lead poisoning is a problem for urban
populations, and more so in developing countries, where
there are no (or few) environmental regulations (Ahamed
et al., 2006; Ambrogi et al., 1996). Although car emissions
from the consumption of leaded gasoline has been the
chief source of wide-spread environmental lead
contamination in urban areas (Bakalli et al., 1995 and
Baghurst et al., 1992). Other sources, such as leaded pipes
for water supply, lead-based paints, the use of leaded
ceramics and canned food, lead in cosmetics and folk
remedies, are good sources of lead exposure, in addition to
lead smelters and industrial processes (Baghurst et al.,
1992; Bilto, 1992) following the phasing out of leaded
gasoline in 2000 in India (Boyd et al., 1981).
Several antioxidant molecules, such as glutathione
(GSH) and glutathione disulfide (GSSG) levels, and
enzymes, glutathione peroxidase (GPx), superoxide
dismutase (SOD), and catalase (CAT) activities are the
most commonly used parameters to evaluate lead-induced
oxidative damage in animals and occupationally-exposed
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lead workers (Burns and Godwin, 1991; Burns et al., 1996
and Bustos and Battle, 1989). The delta-aminolevulinic
acid dehydratase (δ-ALAD) is the second enzyme in the
heme biosynthesis pathway and catalyses the condensation
of two molecules of delta-aminolevulinic acid (δ-ALA) to
porphobilinogen (PBG), with the thiol (SH) group
essential for its activity. Because of its affinity with the SH
group, lead is known to inhibit δ-ALAD activity (Dacie
and Levis, 1984), resulting in the accumulation of d-ALA.
The latter has been shown to undergo metal catalyzed
autooxidation and give rise to the formation of reactive
oxygen species (ROS) as superoxide ion (O 2 +), hydroxyl
radical (OH+) and hydrogen peroxide (H 2 O 2 ). This
possibility implies that δ-ALAD inhibition, in addition to
being a biochemical indicator of lead toxicity, might also
be a promising indicator of lead-induced oxidative stress.
2. Material and Methods
2.1. Worker Groups
Blood samples were obtained from ninety male
occupational workers in Amman city. The Jordanian
workers were divided into six categories (fifteen workers
each) including: Radiator welders, exhaust workers,
automobile electronics and mechanics, metal workers and
car painters. Blood samples of the control group were
obtained from twenty males of non-exposed persons.
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2.2. Determination of Blood Lead
Blood lead levels were determined according to the
method described by Shraideh et al. (2018). Using a
graphite furnace, atomic absorption spectrophotometer and
blood lead contents were expressed as μg/dL.
2.3. Determination of δ -ALAD Activity
2.3.1. Principle
The enzyme δ-ALAD which is found in RBC's
converts two units of δ-ALA to one unit of PBG in
peripheral blood; the reaction stops at this monopyrrole
stage rather than proceeding to porphyrin. Therefore, δALAD activity in erythrocyte can be determined simply by
incubating a sample of peripheral blood with ALA and
measuring the PBG spectrophotometrically. The formed
PBG (aromatic amine) condenses with p- dimethylaminobenzaldehyde to produce a cherry red- color.
2.3.2. Preparation of Reagent for Enzymatic
Measurements
1. 0.2 g of Triton X-100 reagent were dissolved in 100 ml
double deionized distilled water.
2. 16.8 mg of δ-ALA hydrochloride substrate were
dissolved in 10 mL of 0.25 M citrate-phosphate buffer
of pH 6.6 using a pH meter.
3. 0.25 g of N-ethylmalemide were dissolved in 40 mL of
warm double deionized distilled water, then 10 g of
trichloroacetic acid were added, and the final volume
was completed to 100 mL in a volumetric flask to
prepare the protein precipitant reagent.
4. On the day of the test, 9.33 mL of 60 % perchloric acid
were completed to 50 mL with p-dimethylbenzaldehyde in a volumetric flask to prepare Erlich'sh reagent.
2.3.3. Procedure
Heparinized blood samples were drawn on the day of
test and the hematocrit value was determined on aliquot.
Enzyme assay was performed on freshly drawn blood
samples. The procedure of Tietz (1987) was followed. It
consists of the following steps:
0.2 mL of blood was added to 1.3 mL of Triton X-100
reagent causing immediate hemolysis. 1 mL of the
buffered δ-ALAD substrate was added to the mixture, and
mixed well. Before incubation, 1 mL of the mixture was
removed immediately for the blank, and was added to a
tube containing 1 mL of protein precipitant. The remainder
of the reaction mixture was covered, and incubated at 38ºc
for one hour. 1.5 mL of protein precipitate were added
immediately at the end of the incubation period. After
centrifugation, 1.5 mL of the supernatant solution (Blank
and test) were removed, then 1.5 mL of the modified
Ehrlich's reagent was added. Color was measured at 555
nm after fourteen minutes using PYE UNICAM SP-6-350
spectrophotometer (PYE UNICAM, Ltd-Cambridge/
England). The activity of δ-ALAD was calculated
according to the formula:

Units δ-ALAD / mL erythrocyte=

(A test – A blank ) x 100 x12.5 x 1.0/0.1 x hematocrit
Where:100\hematocrit = correction for erythrocyte fraction of
whole blood 12.5= dilution factor of the blood
0.1= correction for the definition of enzyme activity one unit
being defined as an increase in A 555 of 1.100 (1.0 cm light path)
per h at 38oC

2.4. Erythrocyte Morphology (Scanning Electron
Microscopy (SEM) Preparation):
Nine grams of NaCl were added to 1 L of 0.15 M
isosmotic phosphate buffer solution of pH 7.4 to have
phosphate-buffer saline (PBS) (Dacie and Levis, 1984).
Erythrocytes were fixed with 1.25 % (w/v)
glutaraldehyde in PBS, and were kept at 4ºC as described
by Bilto (1992). After two washes with PBS, cells were
dehydrated in a series of alcohol [from 30 to 100 % (v/v)
ethanol]. First, the pellets were suspended in 30 % ethanol,
mixed and kept for ten minutes, then were centrifuged for
two minutes at 2000 rpm. The same procedure was
repeated with 50, 70, 90 and 100 % ethanol. Finally,
pellets were suspended in 100 % ethanol, and gently
dropped onto a glass coverslip that had been cleaned with
ethanol. The samples mounted on glass slide were goldcoated by the sputtering method at 1200v, 20 mA for 165
seconds using polarcon E6100 coater. Specimens were
viewed and photographed by Vega 3 TESCAN SEM, 19
Kv.
2.5. Statistical Tests
In all statistical analysis, ‘students' '' t-test was used to
compare the means of two groups. It determines whether
the two means are significantly different or not at P<0.05.
In addition, analysis of variance (ANOVA) was used to
determine if mean values are significantly different among
different worker groups or not at P<0.05.
Correlation coefficients (r values) were also calculated
to determine whether the two variables are related
positively (up to +1), negatively (down to-1), or not at all
(0). It was used to determine the relation between BloodPb level and δ-ALAD activity.
3. Results
3.1. Worker Groups
For this study, blood was collected from ninety
Jordanian workers distributed over six different work
groups as shown in table 1.
Table 1. Distribution of workers in worker groups (TRT).
TRT#

Number

Worker

1
2
3
4
5
6

15
15
15
15
15
15

Radiator Welders
Exhaust Workers
Automobile Electronics
Car painters
Mechanics
Metal workers

3.2. Blood- Pb Concentration in Occupational Worker
A comparison between Blood –Pb levels in different
types of work groups is shown in Table 2. The blood
samples were obtained from ninety males of occupational
workers in Amman city. The Jordanian workers were
divided into six categories (fifteen workers each)
including: Radiator welders, exhaust workers, automobile
electronics and mechanics, metal workers and car painters.
The blood samples of the control group were obtained
from twenty males of non-exposed persons.
Blood-Pb concentrations for all individuals were
measured, and Table 2 shows the results obtained
according to the occupation. The results indicated that
there is a significant increase in the mean values of blood-
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Pb concentration in the studied groups compared to the
control group. Also, there was a significant difference in
blood lead among the different worker groups (Group 3
showed the highest increase).

Table 2. δ-ALAD activity (U/ mL) and B: blood [pb] among TRT
(µg/dl) among workers group
TRT#

A: Mean ± S E

B: Mean ± S E

1.
2.
3.
4.
5.
6.
7. (control)

170 ± 7
160 ± 6
140 ± 6
165 ± 6
160 ± 6
165± 7
220 ± 9

14.5±1.4
16.4±1.2
21.0±1.6
15.0±1.3
15.0±1.7
15.0±1.6
4.3±o.5
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Figure 1 shows SEM of RBCs of control individuals
not exposed to occupational lead contamination. Figure 2
shows RBC of radiator welders with fibrillar structures on
the surface of RBCs. Figure 3 shows RBC of exhaust
workers with acanthocytes, fibrillar structures and
membrane evaginations. Figure 4 shows RBC of
Automobile electronics workers with acanthocyte and
target cell abnormalities. Figure 5 shows RBC of car
painters with target cell and surface fibrillar abnormalities.
Figure 6 shows RBCs of mechanics with surface fibrillar
abnormalities. Figures 7 and 8 show RBC of metal
workers with target cell and surface fibrillar abnormalities.
These abnormalities will badly affect the normal functions
of RBCs.

SE= Standard Error

3.3. δ-ALAD activity in occupational workers:
The researchers studied the effect of exposure to lead
on the activity of δ-ALAD (key enzyme in heme
biosynthesis). A significant decrease and a negative
correlation between δ-ALAD and blood lead (Table2)
were observed in all the studied worker groups (Table 2).
δ-ALAD activity was determined for all the blood
samples obtained and was calculated as shown in Table 2.
The control group has the maximum δ-ALAD activity
(220 ± 9 U/ mL). In the worker groups that are
occupationally exposed to lead, the δ-ALAD activity
ranged from 140 U/mL to 160 U/mL with a mean value of
± SD of 160 ± 6.3U/mL. Automobile electronics, with the
highest blood lead concentration, show the lowest δALAD activity (140 U/ mL). On the other hand, the
control group had a maximum value of (220 ± 9 U/ mL).
When the δ-ALAD activities of the workers were
compared with the control group, significant differences
were observed between the mean values of the control
group and each of the other study’s groups. In addition,
there were significant differences (P < 0.05) in the means
of δ-ALAD activity among the groups using ANOVA test.
When the correlation between δ-ALAD activity and
blood-Pb level was studied, a significant negative
correlation (r = -0.44) was observed between the blood-Pb
level and δ -ALAD activity in exhaust workers at (P <
0.05). No correlations were observed in radiator welders,
automobile electronics and car painters. However, when
the whole samples were studied together, there was a
negative correlation (r = -0.41) between blood-Pb level
and δ-ALAD activity at (P < 0.05).

Figure 1 . SEM of RBCs of two control individuals, not exposed
to occupational lead contamination. Scale bar = 5 microns.

Figure 2. RBC of radiator welder with fibrillar structures on the
surface of RBCs. Scale bar = 5 microns.

Figure 3. RBC of exhaust workers with acanthocytes, fibrillar
structures, and membrane evaginations. Scale bar = 4 microns.

3.4. Erythrocyte Morphology:
The examination of the blood samples using scanning
electron microscopy (SEM) revealed shape abnormalities
and morphological changes in erythrocytes. In every
worker group, one or more of the following erythrocyte
abnormalities was observed: fibrillar and particulate matter
on the surface of RBCs, acanthocytes with irregular RBC
boundary, target cell with a central membrane evagination
and irregular cell shape with many membrane
evaginations. Sometimes more than one abnormality was
observed in the same individual.
Morphological changes in erythrocytes can be seen in
SEM micrographs of representative worker cases (Figures
2-9).

Figure 4. Shows RBC electronics workers with acanthocyte and
target cell abnormalities. Scale bar = 7 microns.
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Figure 5. RBC of car painters with target cell and surface fibrillar
abnormalities. Scale bar = 7 microns.

Figure 6. RBCs of mechanics with surface fibrillar abnormalities.
Scale bar = 5 microns.

Figures 7. RBC of metal workers with target cell and surface
fibrillar abnormalities. Scale bar ( A and B )= 7 microns, ( C, D,
E )= 5 microns.

Figure 8. RBC of metal worker with surface fibrillar
abnormalities. Scale bar = 5 microns.

4. Discussion
4.1. δ-ALAD Activity in Occupational Workers
In the present study, significant differences (P < 0.05)
were observed between the control group and each of the
studied groups, as well as among groups. Automobile
electronics have the lowest mean value (140 U/ml),
followed by exhaust workers and mechanics (160 U/mL).
Car painters and metal workers have equal mean values
(165 U/ml). Radiator welders have the highest mean value
(170 U/mL), whereas the control group has a mean value

of 220 U/mL. On the other hand, a significant negative
correlation (r=-0.41) was observed between blood-Pb level
and δ-ALAD activity in occupational workers at P < 0.05.
La-Llave-Leon et al. (2017) described an association
between blood lead levels and Delta-Aminolevulinic Acid
Dehydratase in pregnant women.
The inhibition of enzymes in the heme biosynthesis
pathway serves as potentiality important biological
indicators of chemical exposure and cell injury (Goering
and Rehm, 1990). Lead plays a dual role as both pseudo
substrate and inhibitor of enzyme δ-ALAD, hence Pb+2
acts as a parabolic competitive inhibitor of the enzyme.
The enzyme results of the present study are consistent
with what have been reported in previous studies.
Inhibitors of δ-ALAD is well-documented and the
accumulation of the substrate of this enzyme (i.e. δALAD) is reported in individuals exposed to lead (Dacie
and Levis, 1984). In north Australia, Burns et al. (1996)
found significant differences between blood-Pb level and
δ-ALAD activity in the sniffers of leaded and unleaded
petrol. In addition, the results could be explained in the
light of molecular biology. Polymorphism in δ-ALAD may
be associated with differenced in blood-Pb levels.
Individuals who inherited ALAD2 allele are more
susceptible to lead poisoning than individuals who
inherited ALAD1 allele (Smith et al., 1995).
Stansley and Resco (1996) found that elevated tissue
lead concentrations and depression of δ-ALAD activity in
blood of small mammals was significant at the 0.05 level.
Lead supplementation to broiler chickens caused a linear
decrease in δ-ALAD activity (Bakalli et al., 1995).
Chunping et al. (2011) demonstrated that lead exposure
suppressed ALAD transcription by increasing methylation
level of the promoter CpG islands. Furthermore, Baghurst
et al. (1992), found that the activity of δ-ALAD was
negatively correlated with blood-Pb level in Granite City
where a former secondary lead smelter was in operation,
and the surrounding area was heavily contaminated with
lead. On the other hand, Ahamed et al. (2006)
demonstrated the inhibition of δ-ALAD activity in relation
to blood lead.
4.2 Erythrocyte Morphology
In lead toxicity erythropoietic cells of the bone marrow
undergo morphological changes resulting in increased
production of abnormal erythrocytes (i.e stippled
erythroblasts have nuclear abnormalities, variation in cell
size and inadequate hemoglobin).
The inhibition of P5N brings about the intracellular
accumulation of pyrimidine nucleotides with consequent
metabolic changes causing an accelerated destruction of
erythrocytes. The hemolytic component of the anemia of
lead poisoning may be explained therefore by the basis
that the excess nucleotides diverts ATP activity from
important metabolic functions consequently resulting in
red-cell membrane damage (Tietz, 1987).
Acanthocytosis can be attributed to alterations in the
structure, contours and surface properties of the red cellmembrane, resulting from the abnormal phospholipids
metabolism (Dacie and Levis, 1984).
5. Conclusion
• Occupational workers dealing with radiators, exhausts,
electronics and car painters are at risk of developing
lead poisoning; they should, therefore, take protection
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steps against lead poisoning. These steps may include
medical monitoring, educating the workers, and
following the safety rules.
• Subclinical cases of lead poising may develop
abnormal hematological parameters and RBC
abnormalities.
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Abstract
The objective of the current study is to characterize levan purified from Leuconostoc mesenteroides ssp. cremoris and the
detection of its effects against the growth and virulence factors of C. albicans. The purification and characterization of
levan produced by local isolates was done using thin layer chromatography (TLC) and High performance liquid
chromatography (HPLC) analysis which determined and proved that purified levan is a homopolysaccharide consisting only
of fructose. The determination of functional group analysis of levan was studied using Fourier transform infrared
spectroscopy (FTIR). The results showed that the bond region in 857.60 cm-1 is typical to carbohydrates (identification
of polysaccharides). The melting point was also determined. Levan began to liquefy at 224 ºC, and was
completely melting at 330 ºC. The antifungal activity of levan was determined against fourteen isolates of Candida
albicans taken from oral and vaginal specimens. The MIC for all of the C. albicans isolates was between (50 –100)
mg/mL. The effects of purified levan (at sub MIC) on C. albicans virulence factors which included phospholipase,
haemolysin production, biofilm formation and hyphal transition were determined. The results showed that purified
levan had the ability to inhibit the virulence factors of C. albicans with significant differences compared with the control.
The change in the P z value of most isolates was recorded and turned from strong isolates to moderate isolates. On
the other hand, the inhibition of haemolysin production was recorded. The highest inhibition percentage was 58.53 %,
while the lowest percentage was 53.84 %. The purified levan showed inhibitory effects on C. albicans biofilm formation
in microtiter plates and acrylic denture resin specimens at different incubation times of 24, 48, and 72 hours. In the
microtiter plates, the highest inhibition percentage of biofilm formation was 70.58 % at a seventy-two- hour incubation
time, whereas for the acrylic denture resin specimens, the highest inhibition percentage of biofilm formation was 68
% at a seventy-two-hour incubation time. Also, the inhibition of hyphal transition was recorded, and the highest inhibition
percentage of hyphal transition was 59.26 %. In conclusion, purified levan showed inhibitory effects on the growth and
virulence factors of C. albicans.
Keywords: Levan, Leuconostoc mesenteroides, Inhibitory effect, Candida albicans, Virulence factors

1. Introduction
Levan is a fructose polymer synthesized from sucrose
by a wide range of microorganisms, and it is a non-toxic,
biologically-active, extracellular polysaccharide (Franken
et al., 2013).Bacterial levans often have molecular
weights over 500,000 Da, and are commonly branched
which results in offering a broad spectrum of applications
(Öner et al., 2016). Levan belongs to a larger group of
commercially-important polymers referred to as fructans,
which are used as a source of prebiotics. The synthesis
of levan is catalyzed by a group of enzymes referred
to as levansucrases using sucrose as substrate ( Hill et
al., 2017). Some microbial levans exhibit biological
activities such as antitumor, antidiabetic, and immunestimulating activities (Lu et al., 2014). In medicine, levan
is used as a blood and plasma volume expander and drug
delivery. In blood and plasma volume expansion, levan
*

can replace the normal blood protein in providing
osmotic pressure which is useful for preventing
hemorrhagic shocks, as well as burn and surgery shocks
(Rehm, 2009).
Candida albicans is a member of the normal human
microbiota (Jabra -Rizk et al., 2016). The ability of C.
albicans to infect such diverse host niches is supported
by a wide range of virulence factors which include
biofilm formation, phenotypic switching, and the
secretion of hydrolytic enzymes (Brunke et al., 2016).
The effect of levan on yeast- hyphal transition associated
with tissue invasion and the escape from phagocyte
cells after host internalization was estimated, and it is
considered as an important virulence factor (Jacobsen
et al., 2012).This study is conducted with the objective of
characterizing levan purified from local L. mesenteroides
ssp. cremoris, and for the detection of its activity against
the growth and virulence factors of C. albicans.
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2. Materials and Methods
2.1. Microorganisms
2.1.1. Leuconostoc mesenteroides ssp. cremoris Isolates
Leuconostoc mesenteroides sp. cremoris was isolated
from local fish intestines and was identified using cultural,
microscopical, and biochemical test as well as the Vitek 2
system.
2.1.2. Candida albicans Isolates
Fourteen C. albicans isolates were taken from oral and
vaginal specimens. All isolates were subjected to the
cultural, microscopical, and biochemical tests as well as
the Vitek 2 system.
2.2. Levan Production
This process was done according to the procedure
described by (Abou-Taleb, et al., 2015). 250
mL
Erlenmeyer flasks, containing 100 mL of a levan
production medium (2.5g Yeast extract, 200g Sucrose,
0.2g MgSO 4 .7H 2 O, 5.5 g K 2 HPO 4 added to one liter
of distilled water, with the pH adjusted to seven then
autoclaved), were inoculated with 2% of L. mesenteroides
ssp cremoris suspension containing (9×108 CFU/mL), and
was incubated at 30oC for twenty-four hours.
2.3. Precipitation of Levan
After twenty-four hours of incubation, the culture was
centrifuged at 10000 rpm for ten minutes to obtain the
pellets which are used as source for cell dry weight.
The pellets were washed twice with distilled water, and
dried at 80ºC. The supernatant was used for the
precipitation of levan by adding 1.5 volumes of ice - cold
absolute ethanol for levan precipitation. The precipitated
pellets were washed twice by distilled water, and
were collected by centrifugation at 10000 rpm for ten
minutes. The levan dry weight was determined after
oven-drying at 110ºC for twenty-four hours (Abou-Taleb,
et al., 2015).
2.4. Purification of Levan Produced by L .mesenteroides
ssp. cremoris

was heated for an hour in a water bath at 100ºC. Equal
weights (0.01gm) of glucose, sucrose, and fructose were
dissolved in 1mL of 1% ethanol. Thin-Layer
Chromatography (TLC) has been performed by using
silica. The position and distance of the spots were
determined, and the relative flow (R f ) had been
calculated as described by (Radhi et al., 2013):

2.5.2. High Performance Liquid Chromatography(HPLC)
The analysis of Levan by high performance liquid
chromatography (HPLC) has been carried out at the
Ministry of Science and Technology in Baghdad, Iraq. The
instrument operates using mobile phase containing 15
mM NaOH spiked with 1 mM barium acetate; the flow
rate was 1.5 mL/min, temperature was 40 oC, and the
injection volume was 20 µL .
P

P

2.5.3. Fourier Transform Infrared Spectroscopy (FTIR)
Fourier transform infrared spectroscopy (FTIR) has
been carried out using (Bruker – Tensor 27 with ATR
unit) in the Physics Department at the Collage of Sciences
of Mustansiriyah University in Baghdad, Iraq. The
instrument operates in the wavenumber range of (400
– 4000 cm-1) that measures the amount of IR radiation
reflected or transmitted through a sample. The results
obtained are in the form of a graphical chart, in which
the X – axis represents the wave number, while the Yaxis represents the transmittance % .
2.5.4. Melting Point
A melting-point test has been carried out using
(Melting Point, Digital, Advanced, SMP30). The capillary
tube that was sealed at one end was filled with levan
up to 2-3 mm, and was then inserted into a melting
point apparatus and heated. At this point, two
temperatures were recorded: the temperature at which the
substance began to liquefy, and the temperature at which
it became completely liquefied.
2.6. Antifungal Activity of Levan Purified from L.
mesenteroides sp. cremoris against Candida albicans
Isolates

The precipitated levan polymer at optimum conditions
was re-suspended in demineralized water at 4ºC over the
duration of sixteen hours, and was then dialyzed
(MWCO 14,000 Da) overnight against demineralized
water. The polymer was precipitated with two volumes
of 96 % ice – cold ethanol, centrifuged for ten minutes
at 10.000 rpm (Abou-Taleb, et al., 2015). The O.D was
measured at 400 nm to estimate levan concentration at
each step of the purification according to the equation
described by González - Garcinuño et al. (2017):
y = 0.1645x −0.035

The antifungal activity of levan purified from L.
mesenteroides ssp. cremoris against C. albicans isolates
was determined by the microdilution method in 96 –
well flat-bottom microplate titer on the basis of minimum
inhibitory concentration (MIC) values. The experiment
was done according to the procedures described by Salman
et al. (2018) with slight modification.

where y is the absorbance at 400 nm, and x is the levan
concentration expressed in mg / mL The purified levan was
dried at (40-45) ºC., and was kept for further analysis .

The inhibition of Phospholipase production by levan
was detected. The C. albicans isolates were grown in the
presence and absence of levan at the sub MIC
concentration; 20 µL of C. albicans suspension compared
to 0.5 McFarland was added to 80 µL of a Sabouraud
dextrose broth (SDB) and mixed with 100 µL of levan;
while the control contained only 180 µL of broth and
20 µL of Candida suspension. Then 10 µL from all of the
isolates was placed on the surface of the egg yolk medium,
and was left to dry at room temperature. The plates were

2.5. Characterization of Levan Purified from L.
mesenteroides ssp. Cremoris
2.5.1. Thin-Layer Chromatography (TLC)
Levan (0.01 gm,) purified from
L. mesenteroides
ssp. cremoris, was hydrolyzed in 5 % HCl (v/v) and

2.7. Effect of Levan Purified from L. mesenteroides sp.
Cremoris on Candida albicans Virulence Factors
2.7.1. Inhibition of Phospholipase Production
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then incubated at 37◦C for twenty-four hours; after
incubation, the P z value was calculated as follows (Zarei et
al., 2010):
R

R

2.7.2. Inhibition of Haemolysin Production
The inhibition of haemolysin production by levan was
detected using the procedure described by (Lee et al.,
2014), and the experiment was done in triplicate. C.
albicans isolates were grown in the presence and absence
of levan at the sub MIC concentration; 20 µL of C.
albicans suspension compared to 0.5 McFarland was
added to 80 µL of SDB and mixed with 100 µL of levan,
while the control contained only 180 µL of SDB and
20 µL of the C. albicans suspension without levan,
incubated at 37 ºC for twenty-four hours.
Candidal cultures (treatment and control) at 100 µL
were added to 10 mL of red-blood cells that were
previously prepared and were incubated at 37 ºC for one
hour. Centrifugation was applied after incubation at 12,000
rpm for ten minutes to collect the supernatants. The
optical densities of the supernatants were then measured
at 543 nm. Inhibition of haemolysin production percentage
was calculated according to the equation described by
Chevalier et al. (2012) with slight modification.

2.7.3. Inhibition of Biofilm Formation in Microtiter
Plates
The effect of levan on the biofilm formation of C.
albicans was studied using 96 flat-bottom well microtiter
plates. The C. albicans isolates were grown at 37 ºC for
24, 48, and 72 hours in the presence and absence of
levan at the sub MIC concentration (the experiment was
done in triplicate). Inhibition of the biofilm formation
percentage was calculated according to the equation
described by Chevalier et al. (2012).
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while the control contained only 180µL of YEP broth and
20µL of the candidal suspension. Yeast and hyphae were
counted using a hemocytometer slide by observation
under an optic microscope. The numbers of hyphae were
determined, and the inhibition of the hyphal transition was
calculated by comparing it with the control. The inhibition
of the hyphal transition was calculated according to the
equation described by kumar, et al., (2011) with
modification.

2.9. Statistical Analysis
SPSS software version 21/ France was used for
data analysis by one -way ANOVA- test to calculate
the P- vale between the test groups’ means in the
study.
3. Results
3.1. Purification of Levan Produced by L .mesenteroides
ssp. cremoris
The purification
of levan produced by L
.mesenteroides ssp. cremoris was done for the sake of
this study. After production under optimum conditions,
the concentration of levan was estimated at each of the
purification steps. The results showed that levan
concentration increased at each step of the purification
process. The concentrations recorded were: (9.234,
13.7933, 15.6291, 17.9696) mg /mL before precipitation,
after precipitation, after dialysis, and at the last
precipitation respectively (Figure 1). The total dry
weight of levan after purification was 7.621 g / L.

2.7.4. Inhibition in Acrylic Denture Resin Specimens
The effect of levan on the biofilm formation of C.
albicans was studied using acrylic denture resin specimens
(obtained from Dentistry College at Mustansiriyah
University in Baghdad, Iraq); the experiment was done in
triplicate. The acrylic denture resin specimens were kept
for twenty-four hours in the levan solution at sub MIC
concentration. The control acrylic specimens were kept in
water according to the procedure described by Salman
(2018) with modification. Inhibition of the biofilm
formation percentage was calculated according to the
abovementioned equation described by Chevalier et al.
(2012).
2.8. Inhibition of Hyphal Transition
The effect of levan on yeast- hyphal transition was
estimated by the cultivation of C. albicans in the hyphal
transition medium (YEP broth).The experiment was done
in triplicate. C. albicans isolates were grown at 37 ◦C
for twenty-four hours in the presence and absence of
levan at sub MIC concentration. 20 µL of Candida
suspension compared to 0.5 McFarland was added to
80 µL of YEP broth, and mixed with100 µL of levan,

Figure 1. Concentration of levan produced by L.
mesenteroides spp. cremoris at different steps of purification,
A: before precipitation, B: after precipitation, C: after dialysis,
D: after last precipitation.

3.2. Characterization of Levan Purified from L.
mesenteroides ssp. cremoris
3.2.1. Thin-Layer Chromatography (TLC)
Levan contents produced by L. mesenteroides ssp.
cremoris were analyzed by TLC to determine their
components of monosaccharides. The R f values of fructose
were identical or so close to the acid hydrolyzed levan.
The R f value of levan was 0.42, while the R f values
of sucrose, fructose, and glucose were 0.32,0.42 and 0.37,
respectively. This result indicates that the purified levan
from L. mesenteroides ssp. cremoris consisted solely of
fructose (Figure 2).
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High performance liquid chromatography) HPLC)
was used to separate, identify, and quantify each
component in the mixture. The results revealed that the
levan consisted solely of fructose, which indicates that
the purified levan was of the homopolysaccharide type
(Figure 3 ).

3500

3000

2500
2000
Wavenumber cm-1

1500

857.60

611.18
546.68
508.62
450.97
413.09

1053.76

1456.13
1417.22
1396.49
1386.63
1217.17

1539.39

1634.83

1967.55

2363.38

3.2.2. High Performance Liquid Chromatography (HPLC)

2932.40

3271.26

Figure 2. Thin - Layer Chromatography analysis of levan
purified from L. mesenteroides ssp. cremoris

1000

500

Figure 4. FTIR spectra of levan produced by Leuconostoc
mesenteroides ssp. cremoris.

3.2.4. Melting Point
Melting point analysis was used to detect the
temperature at which the compound began to liquefy.
Also it can provide the information about the purity of the
sample. The results showed that the purified levan from L.
mesenteroides ssp. cremoris began to liquefy at 224 ºC,
and at 330 ºC levan was completely melting. Purified
levan was characterized as a white crystalline powder
highly soluble in water.
3.3. Antifungal Activity of Levan Purified from L.
mesenteroides ssp. cremoris against Candida albicans
Isolates

Figure 3. A: HPLC analysis of levan produced by L.
mesenteroides ssp. cremoris; B: HPLC analysis of standard sugar

3.2.3. Fourier Transform Infrared Spectroscopy (FTIR)
Fourier transform infrared spectroscopy (FTIR) spectra
analysis was used to detect the functional groups of
purified levan from L .mesenteroides ssp. cremoris. The
characteristic peaks of levan indicated that the purified
levan was of the polysaccharide type. The band in the
region of 3271.26cm-1 represents hydroxyl (O-H)
stretching, while the band in region of 2932.40 cm-1
is for (C – H) stretching vibration. The band region of
1634.83 cm-1 is typical for C=O stretching, while the
band region found in the 1417.22 cm-1 and 1217.17cm1
are due to C-H plan deformation and aromatic skeletal
stretching. The bond region in 857.60 cm-1 is typical for
carbohydrates (identification of polysaccharides) (Figure
4).

The Antifungal activity of the biopolymer levan was
determined on the basis of minimum inhibitory
concentration (MIC) values. MIC at concentrations
ranging between 200 and 0.09 mg /mL was determined
for all of the C. albicans isolates. The results showed that
the MIC for all C. albicans isolates was between (50 –
100) mg/mL.
3.4. Effect of Levan Purified from L. mesenteroides
ssp. cremoris on Candida albicans Virulence Factors
3.4.1. Inhibition of Phospholipase Production
In the current study, levan had a high effect on the
phospholipase production of all C. albicans isolated from
both oral and vaginal candidiasis. Phospholipase activity
decreased in all of the C. albicans isolates. The P z value
reached 0.81 compared to the control. The results of the
statistical analysis showed significant differences (P =
0.001) between the treatment and control groups of all the
isolates (Table 1).
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Table 1. Inhibition of phospholipase production by levan purified
from L.mesenteroides ssp.cremoris.
Candidal isolates

P z value
Treatment
Mean ± SD
0.73 ± 0.02

P Value

C. albicans (CO 1 )

Control
Mean ± SD
0.68 ± 0.01

C. albicans (CO 2 )

0.68 ± 0.03

0.74 ± 0.02

0.001

C. albicans (CO 3 )

0.65 ± 0.03

0.72 ± 0.03

0.001

C. albicans (CO 4 )

0.70 ± 0.03

0.73 ± 0.02

0.001

C. albicans (CO 5 )

0.69 ± 0.03

0.76 ± 0.05

0.001

C. albicans (CO 6 )

0.69 ± 0.05

0.77 ± 0.05

0.001

C. albicans (CO 7 )

0.71 ± 0.08

0.75 ± 0.03

0.001

C. albicans (CO 8 )

0.79 ± 0.04

0.81 ± 0.02

0.001

C. albicans (CO 9 )

0.70 ± 0.01

0.74 ± 0.06

0.001

C. albicans (CV 1 )

0.69 ± 0.04

0.72 ± 0.04

0.001

C. albicans (CV 2 )

0.70 ± 0.05

0.73 ± 0.02

0.001

C. albicans (CV 3 )

0.70 ± 0.02

0.77 ± 0.04

0.001

C. albicans (CV 4 )

0.70 ± 0.02

0.77 ± 0.03

0.001

C. albicans (CV 5 )

0.69 ± 0.02

0.72 ± 0.03

0.001

0.001

CO: Oral isolates; CV: vaginal isolates; P = 0.001: significant
differences
Pz = 1

Negative for phospholipase

P z = 0.80-0.89

Weak phospholipase

P z = 0.70 - 0.79

Moderate phospholipase

P z = <0.70

Strong phospholipase

3.4.2. Inhibition of Haemolysin Production
The inhibitory effect of levan purified from L.
mesenteroides ssp. cremoris on haemolysin production
from C. albicans isolated from oral and vaginal candidiasis
was observed in this study. The haemolysin activity
decreased in all the C. albicans isolates, and the optical
density of hemoglobin released from lysed erythrocytes
ranged between (0.17 and 0.18) compared with the control
(0.39 and 0.43). The results of statistical analysis showed
significant differences (P ≤ 0. 01) between the treatment
and control groups of all the isolates. The highest
inhibition percentage for haemolysin production was 58.53
%, while the lowest inhibition percentage was 53.84 %
(Figure 5).
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from both oral and vaginal candidiasis. The biofilm
formation decreased in all of the C. albicans isolates at
different incubation times of 24, 48, 72 hours compared to
the control. The highest inhibition percentage for biofilm
formation was 70.58%, while the lowest percentage was
50 % at seventy-two-hour incubation time for C. albicans
isolated from oral cavities. As for C. albicans isolated
from vaginal infections, the highest percentage was 59.37
%, while the lowest inhibition percentage was 51.85 %
(Table 2).
Table 2. Inhibition percentage of biofilm formation by
levan purified from L. mesenteroides ssp. cremoris in different
incubation time .
Candidal isolates

Inhibition of biofilm formation %
24 h
48 h
72 h

C. albicans
(CO 1 )
C. albicans
(CO 2 )
C. albicans
(CO 3 )
C. albicans
(CO 4 )
C. albicans
(CO 5 )
C. albicans
(CO 6 )
C. albicans
(CO 7 )
C. albicans
(CO 8 )
C. albicans
(CO 9 )
C. albicans
(CV 1 )
C. albicans
(CV 2 )
C. albicans
(CV 3 )
C. albicans
(CV 4 )
C. albicans
(CV 5 )

43.75

50

60

69.09

69.35

70.58

35.71

42.10

56.66

57.14

57.57

63.04

33.33

44.44

55.17

33.33

47.61

50

62.79

63.44

66.05

30.76

35.29

55.17

36.84

46.42

51.28

35.71

42.10

55.17

52.94

54.54

59.37

25

31.25

51.85

33.33

45.83

55.55

40.62

46.15

52

CO: oral isolates; CV: vaginal isolates

3.4.4. Inhibition in Acrylic Denture Resin Specimens
In this study, the inhibition effect of levan purified
from L. mesenteroides ssp. cremoris on the biofilm
formation of C. albicans isolated from oral candidiasis in
acrylic denture resin specimens was studied. Purified levan
had a high effect on the biofilm formation of C. albicans
(CO 2 ) in acrylic denture resin. Biofilm formation
decreased in C. albicans (CO 2 ) at different incubation time
(24, 48, and 72) hours compared to the control. The
results of the statistical analysis showed significant
differences (P= 0.001) between the levan treatment groups
and the control (Table 3).

Figure 5. Inhibition percentage of haemolysin production of
C. albicans by levan purified from L. mesenteroides sp. cremoris

3.4.3. Inhibition of Biofilm Formation in Microtiter Plates
In this study, levan is shown to have an inhibitory
effect on the biofilm formation of all C. albicans isolated
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Table 3. Inhibition of candidal biofilm formation by levan
purified from L. mesenteroides ssp. cremoris in acrylic denture
resin specimens
O.D at (450 nm)
Incubation time

Treatment
Mean ± SD
0.18 ± 0.01

P value

24h

Control
Mean ± SD
0.48 ± 0.01

48h

0.59 ± 0.01

0.21 ± 0.01

0.001

72h

0.72 ± 0.01

0.23 ± 0.02

0.001

0.001

P ≤ 0.01: significant differences

The inhibition percentage of biofilm formation was
calculated. The results showed that the highest inhibition
percentage of biofilm formation was 68% at a seventytwo- hour incubation time (Figure 6). On the other hand, at
a forty-eight-hour incubation time, the highest inhibition
percentage for biofilm formation was 64.4%, while the
lowest inhibition percentage for biofilm formation was
62.5 % at a twenty-four- hour incubation time (Figure 7).

Table 4. Inhibition of hyphal transition by levan purified from
L. mesenteroides ssp. cremoris.
Candidal isolates

Treatment
(Mean ± SD)

C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C. albicans
C .albicans
C. albicans
C. albicans
C. albicans

26.67 ±
23.33 ±
21.67 ±
25.00 ±
23.33 ±
20.00 ±
23.33 ±
26.67 ±
25.00 ±
20.00 ±
21.67 ±
23.33 ±
20.00 ±
18.33 ±

(CO 1 )
(CO 2 )
(CO 3 )
(CO 4 )
(CO 5 )
(CO 6 )
(CO 7 )
(CO 8 )
(CO 9 )
(CV 1 )
(CV 2 )
(CV 3 )
(CV 4 )
(CV 5 )

7.64
2.89
7.64
5.00
2.89
0.00
5.77
5.77
5.00
5.00
2.89
2.89
5.00
2.89

No. of hypha
Control
P Value
(Mean ± SD)
48.33 ±
40.00 ±
48.33 ±
43.33 ±
43.33 ±
46.67 ±
43.33 ±
43.33 ±
41.67 ±
43.33 ±
45.00 ±
45.00 ±
40.00 ±
45.00 ±

7.64
5.00
7.64
7.64
7.64
7.64
7.64
7.64
7.64
7.64
5.00
5.00
5.00
5.00

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

CO: oral isolates; CV: vaginal isolates; P ≤ 0.01: significant
differences

Figure 6. Inhibition of C. albicans biofilm formation in
acrylic denture resin specimens by levan purified from L.
mesenteroides ssp. cremoris at a seventy-two- hour incubation
time.

Figure 7. Inhibition percentage of C. albicans biofilm
formation in acrylic denture resin specimens by levan purified
from L. mesenteroides ssp. cremoris

3.5. Inhibition of Hyphal Transition
The inhibitory effect of levan purified from L.
mesenteroides ssp. cremoris on the hyphal transition of
C. albicans isolated from oral and vaginal candidiasis
was recorded for this study. The hyphal transition
decreased in all of the C. albicans isolates with
significant differences (P = 0.001) between treatment and
control of all the isolates (Table 4).

The inhibition percentage of hyphal transition was
calculated for this study, and the highest recorded
inhibition percentage for hyphal transition was 59.26
%, while the lowest inhibition percentage was 38.44 %
(Figure 8).

Figure 8. Inhibition percentage of hyphal transition of C.
albicans by levan purified from L. mesenteroides ssp. cremoris.

4. Discussion
Levan is a homopolysaccharide composed of fructose
units. It is a type of fructan that belongs to a group of
fructose- based oligo- and polysaccharide (Fedewa and
Rao, 2014). Moosavi-Nasab et al. (2010) reported that
the R f value of acid-hydrolyzed levan from Microbacterium laevaniformans was identical to that of fructose,
and also found that levan was composed solely of fructose.
Radhi et al. (2013) mentioned that levan was composed
mainly of fructose residues when analyzed by thin-layer
chromatography (TLC).
Mamay et al. (2015) mentioned that the FTIR spectra
analysis of levan produced from B. licheniformis showed
that the stretching of O- H vibrations appeared at the
wavelength around 3300 cm-1, while the band at around
2900 represents C-H stretching, and that the peak at the
wavenumber of 1660 cm-1 is typical for C=O stretching.
Also Nasir et al. (2015) analyzed levan secreted from
Halomonas and Chromobacter by FTIR and found out that
the region of typical carbohydrates at the finger prints was
at the wave number range of 1000-800cm-1. Levan has quite
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interesting biochemical properties, and good thermosstability with a melting point of 225°C (Divya and
Sugumaran, 2015).
Polysaccharides exhibit
activities
against
C.
albicans. Tøndervik et al. (2014) showed that oligosaccharide. Oligo G is an alginate having the ability to
reduce fungal cell growth. Martins et al. (2017) mentioned
that polysaccharides from Agaricus brasiliensis can
stimulate human monocytes to capture C. albicans.
Pritchard et al. (2017) found out that alginate
oligosaccharides have the ability to inhibit phospholipase
in C. albicans. Martinez et al. (2010) reported that
chitosan, which is a polymer isolated from crustacean
exoskeletons, can inhibit candidal biofilm formation in
vivo. Salman (2018) observed the anti-biofilm effect of
biosurfactant
from L. mesenteroides
against
C.
albicans in acrylic disc.
Polysaccharides have been shown to possess a broad
spectrum of antimicrobial and antibiofilm activities against
fungi and bacteria. Chevalier et al. (2012) successfully
developed a day-care mouthwash specifically for the dry
mouth which consisted of a healthy biofilm, including
endogenous bacteria and salivary mucins with an
external polysaccharide coating to protect the oral mucosa,
and to create an oral environment unfavorable to Candida
proliferation, causing inhibition of the yeast- hyphal
transition and iron chelation. Pritchard et al. (2017) have
successfully used alginate oligosaccharides to induce
marked alterations in hyphal formation that result in
reducing the invasion of C. albicans in the epithelial
cell animal experiment model.
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Fedewa A and Rao S S. 2014. Dietary fructose intolerance,
fructan intolerance and FODMAPs. Curr Gastroenterol Rep.,
16(1):370.
Franken J, Brandt B A, Tai S L and Bauer F F.2013. Biosynthesis
of levan, a bacterial extracellular polysaccharide, in the yeast
Saccharomyces cerevisiae. PLoS One., 8(10): 77.
González – Garcinuño Á, Tabernero A, Sánchez-Álvarez J M,
Galán M A and Martin Del Valle E M . 2017 . Effect of
bacteria type and sucrose concentration on levan yield and
its molecular weight . Microb Cell Fact.,16 (1):91.
Hill A, Tian F and Karboune S. 2017. Synthesis of levan
and fructooligosaccharides by levansucrase: catalytic, structural
and substrate-specificity properties. Cur Organic Chem., 21 (2)
:149 – 161.
Jabra-Rizk M A, Kong E F, Tsui C, Nguyen M H, Clancy C J,
Fidel PL and Noverr M. 2016 . Candida albicans pathogenesis:
fitting within the host-microbe damage response framework.
Infect Immun., 84(10):2724-39.
Jacobsen I D, Wilson D, Wächtler B, Brunke S, Naglik J R and
Hube B. 2012. Candida albicans dimorphism as a therapeutic
target. Expert Rev Anti-infective Ther., 10(1):85-93.
Kumar P, Dhiman S, Bhatt R P and Singh L. 2011 . In-vitro
Antifungal activity of Sapium sebiferum against Aspergillus niger
and aflatoxigenic Aspergillus flavus . J Appl Pharm Sci.,1 (9):
108-110.
Lee J H, Kim Y G , Cho MH and Lee J. 2014. ZnO nanoparticles
inhibit Pseudomonas aeruginosa biofilm formation and
virulence factor production. Microbiol Res., 169(12):888-96.
Lu J, Lu L and Xiao M. 2014. Application of levansucrase in
levan synthesis--a review. Wei Sheng Wu Xue Bao.,54(6):601-7.

5. Conclusion

Mamay, Wahyuningrum, D and Hertadi, R. 2015. Isolation
and characterization of levan from moderate halophilic bacteria
Bacillus licheniformis BK AG21. Procedia Chem., 16: 292-298.

In conclusion, the purified levan produced from the
Leuconostoc mesenteroides ssp. cremoris isolates had an
inhibitory effect on the growth and virulence factors of
Candida albicans.

Martinez LR, Mihu M R, Tar M, Cordero R J, Han G, Friedman
A J, Friedman J M and Nosanchuk J D. 2010. Demonstration
of antibiofilm and antifungal efficacy of chitosan against candidal
biofilms, using an in vivo central venous catheter model. J Infect
Dis., 201(9):1436-40.
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اﻟﻤﺠﻠﺔ اﻷردﻧﯿﺔ ﻟﻠﻌﻠﻮم اﻟﺤﯿﺎﺗﯿﺔ
)Jordan Journal of Biological Sciences (JJBS
http://jjbs.hu.edu.jo

اﻟﻤﺠﻠﺔ اﻷردﻧﯿﺔ ﻟﻠﻌﻠﻮم اﻟﺤﯿﺎﺗﯿﺔ :ﻣﺠﻠﺔ ﻋﻠﻤﯿﺔ ﻋﺎﻟﻤﯿﺔ ﻣﺤﻜﻤﺔ وﻣﻔﮭﺮﺳﺔ وﻣﺼﻨﻔﺔ ،ﺗﺼﺪرﻋﻦ
اﻟﺠﺎﻣﻌﺔ اﻟﮭﺎﺷﻤﯿﺔ وﺑﺪﻋﻢ ﻣﻦ ﺻﻨﺪوق اﻟﺒﺤﺚ اﻟﻌﻠﻤﻲ واﻻﺑﺘﻜﺎر – وزراة اﻟﺘﻌﻠﯿﻢ اﻟﻌﺎﻟﻲ واﻟﺒﺤﺚ
اﻟﻌﻠﻤﻲ.

ھﯿﺌﺔ اﻟﺘﺤﺮﯾﺮ
رﺋﯾس اﻟﺗﺣرﯾر

ﻣﺴﺎﻋﺪ رﺋﯿﺲ اﻟﺘﺤﺮﯾﺮ

اﻷﺳﺗﺎذ اﻟدﻛﺗور ﺧﺎﻟد ﺣﺳﯾن أﺑو اﻟﺗﯾن

اﻟدﻛﺗورة ﻟﺑﻧﻰ ﺣﻣﯾد ﺗﮭﺗﻣوﻧﻲ

اﻟﺟﺎﻣﻌﺔ اﻟﮭﺎﺷﻣﯾﺔ ،اﻟزرﻗﺎء ،اﻷردن

اﻷﻋﺿﺎء:
اﻷﺳﺗﺎذ اﻟدﻛﺗور ﺟﻣﯾل ﻧﻣر اﻟﻠﺣﺎم
ﺟﺎﻣﻌﺔ اﻟﯾرﻣوك

اﻷﺳﺗﺎذ اﻟدﻛﺗورة ﺣﻧﺎن ﻋﯾﺳﻰ ﻣﻠﻛﺎوي
ﺟﺎﻣﻌﺔ اﻟﯾرﻣوك

اﻻﺳﺗﺎذ اﻟدﻛﺗور ﺧﺎﻟد ﷴ ﺧﻠﯾﻔﺎت
ﺟﺎﻣﻌﺔ ﻣؤﺗﺔ

اﻟﺟﺎﻣﻌﺔ اﻟﮭﺎﺷﻣﯾﺔ ،اﻟزرﻗﺎء ،اﻷردن

اﻻﺳﺗﺎذ اﻟدﻛﺗور زھﯾر ﺳﺎﻣﻲ ﻋﻣرو
ﺟﺎﻣﻌﺔ اﻟﻌﻠوم و اﻟﺗﻛﻧوﻟوﺟﯾﺎ اﻷردﻧﯾﺔ

اﻷﺳﺗﺎذ اﻟدﻛﺗورﻋﺑداﻟرﺣﯾم أﺣﻣد اﻟﺣﻧﯾطﻲ
اﻟﺟﺎﻣﻌﺔ اﻷردﻧﯾﺔ

اﻷﺳﺗﺎذ اﻟدﻛﺗور ﻋﻠﻲ زھﯾر اﻟﻛرﻣﻲ
اﻟﺟﺎﻣﻌﺔ اﻟﮭﺎﺷﻣﯾﺔ

ﻓﺮﯾﻖ اﻟﺪﻋﻢ:
اﻟﻤﺤﺮر اﻟﻠﻐﻮي

ﺗﻨﻔﯿﺬ وإﺧﺮاج

اﻟﺪﻛﺘﻮرة ھﺎﻟﺔ ﺷﺮﯾﺘﺢ

م .ﻣﮭﻨﺪ ﻋﻘﺪه

ﺗﺮﺳﻞ اﻟﺒﺤﻮث اﻟﻰ اﻟﻌﻨﻮان اﻟﺘﺎﻟﻲ:
رﺋﯿﺲ ﺗﺤﺮﯾﺮ اﻟﻤﺠﻠﺔ اﻷردﻧﯿﺔ ﻟﻠﻌﻠﻮم اﻟﺤﯿﺎﺗﯿﺔ
اﻟﺠﺎﻣﻌﺔ اﻟﮭﺎﺷﻤﯿﺔ
ص.ب  , 330127 ,اﻟﺰرﻗﺎء , 13115 ,اﻷردن
ھﺎﺗﻒ 0096253903333 :ﻓﺮﻋﻲ 4357
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