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اﻟﻤﻠﺨﺺ

Abstract
G6PDH and 6PGDH activities of Artemisia herba alba
seeds during early stages of seed germination under
conditions of light and dark were measured, in the
presence of Chlorogenic or Caffeic acids; G6PDH
(glucose 6 phosphate dehydrogenase) and 6PGDH (6
phospho gluconate dehydrogenase) activities were
inactivated in the presence of both phenolic acids and
were stimulated upon germination in the dark (Table 1
and Table 2). This novel approach provides evidence for
the variable needs of pentose phosphate pathway activity,
depending on concentrations of phenolic acids present and
/or light conditions; moreover, a clear response of such
germination condition was earlier expression of a second
isoenzyme for G6PDH in the presence of 0.4 mM
Chlorogenic or Caffeic acids with apparently variable
inhibitory pattern.

ﻟﻘﺪ اﺟﺮي هﺬا اﻟﺒﺤﺚ ﻟﺪراﺳﺔ ﺗﺎﺛﻴﺮاﺛﻨﻴﻦ ﻣﻦ اﻷﺣﻤﺎض اﻟﻔﻴﻨﻮﻟﻴﺔ
 ﻓﻮﺳﻔﺎت٦ )اﻟﻜﺎﻓﻴﻚ و اﻟﻜﻠﻮروﺟﻨﻚ( ﻋﻠﻰ ﻧﺸﺎط إﻧﺰﻳﻤﻲ ﺟﻠﻮآﻮز
ﻓﻮﺳﻔﺎت ﺟﻠﻮآﻮﻧﻴﺖ دﻳﻬﻴﺮوﺟﻴﻨﻴﺰ اﻟﻤﺴﺘﺨﻠﺼﺔ ﻣﻦ-٦ دﻳﻬﻴﺮوﺟﻴﻨﻴﺰ و
٣  أو١ ﺑﺬور ﻧﺒﺎت اﻟﺸﻴﺢ اﻟﻨﺎﻣﻴﺔ ﻓﻲ ﻇﺮوف اﻟﻀﻮء و اﻟﻈﻼم ﻟﻤﺪة
 وﻗﺪ ﺗﺒﻴﻦ أن ﻧﺸﺎط،أﻳﺎم ﻓﻲ ﻣﺴﺘﻮﻳﺎت ﻣﺨﺘﻠﻔﺔ ﻣﻦ اﻟﺤﻮاﻣﺾ اﻟﻔﻴﻨﻮﻟﻴﺔ
اﻹﻧﺰﻳﻤﻴﻦ ﻳﺰداد ﻣﻦ اﻟﻴﻮم اﻷول إﻟﻰ اﻟﺜﺎﻟﺚ ﻓﻲ ﻇﺮوف اﻟﻀﻮء و
 آﻤﺎ أن اﻹﻧﺰﻳﻤﻴﻦ ﻳﺘﻢ ﺗﺜﺒﻴﻄﻬﻤﺎ ﻓﻲ وﺟﻮد ﺣﺎﻣﻀﻲ،اﻟﻈﻼم
 وﻗﺪ ﺑﻴﻨﺖ اﻟﻨﺘﺎﺋﺞ.آﻠﻮروﺟﻴﻨﻴﻚ و آﺎﻓﻴﻴﻚ ﻓﻲ ﻇﺮوف اﻟﻀﻮء و اﻟﻈﻼم
اﻟﺤﺎﺟﺔ اﻟﻤﺘﻐﻴﺮة ﻟﻨﺸﺎط ﺗﻔﺎﻋﻼت ﺳﻠﺴﻠﺔ اﻟﺴﻜﺮﻳﺎت اﻟﺨﻤﺎﺳﻴﺔ اﻟﻤﻔﺴﻔﺮﻩ
 أﻣﺎ ﺑﺎﻟﻨﺴﺒﺔ إﻟﻰ أﺷﺒﺎﻩ.ﻓﻲ وﺟﻮد ﺣﺎﻣﻀﻲ آﻠﻮروﺟﻴﻨﻴﻚ و آﺎﻓﻴﻴﻚ
اﻹﻧﺰﻳﻤﻴﻦ ﻓﻘﺪ ﺑﻴﻨﺖ اﻟﻨﺘﺎﺋﺞ وﺟﻮد ﺷﺒﻴﻪ واﺣﺪ ﻓﻲ اﻟﻴﻮم اﻷول ﺛﻢ ﻳﺼﺒﺢ
ﺷﺒﻴﻬﻴﻦ اﺛﻨﻴﻦ ﻓﻲ اﻟﻴﻮم اﻟﺜﺎﻟﺚ ﻣﻦ ﻧﻤﻮ اﻟﺒﺬور ﻟﻜﻼ اﻹﻧﺰﻳﻤﻴﻦ ﻓﻲ
 آﻤﺎ ﺑﻴﻨﺖ اﻟﺪراﺳﺔ أن وﺟﻮد اﻷﺣﻤﺎض اﻟﻔﻴﻨﻮﻟﻴﻪ ﻋﻨﺪ اﻹﻧﺒﺎت.اﻟﻈﻼم
 ﻓﻮﺳﻔﺎت دﻳﻬﻴﺮوﺟﻴﻨﻴﺰ آﻤﺎ٦ ﻳﺆدي إﻟﻰ اﻟﻈﻬﻮر اﻟﻤﺒﻜﺮ ﻟﺸﺒﻴﻪ ﺟﻠﻮآﻮز
.ﻳﺆﺛﺮ ﻋﻠﻰ اﺣﺪ اﻟﺸﺒﻴﻬﻴﻦ أآﺜﺮ ﻣﻦ اﻷﺧﺮ
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1. Introduction
Phenolic compounds were linked with seeds
germination inhibition and dormancy in Artemisia herba
alba. (Al-Charchafchi and Al-Quadan, 2006, AlCharchafchi et al., 1987; Alam et al., 2001; Muscolo et al.,
2001). Their concentrations in plants were subject to
seasonal alterations (Solar et al., 2006). Phenolics
accumulation played a protective role in strengthening the
plant cell walls during growth by polymerization into
lignins (Diaz, 1997).
Phenolic compounds are primarily synthesized through
the pentose phosphate, and shikimate pathway. (Ali et al.,
2006, Sgherri et al., 2004, Dixon, and Paiva 1995, Shetty
et al., 2002; Randhir et al., 2005, Kova´cˇik et al., 2006).
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Glucose-6-phosphate dehydrogenase (G6PDH E.C
1.1.1.49) and 6-phosphogluconate dehydrogenase (6PGDH
E.C 1.1.1.44) are the key enzymes of pentose phosphate
pathway, used in the biosynthesis of phenolic compounds
(Andrei et al., 2002; Sükrü et al., 2003). In germinated
seeds of Artemisia herba alba, activities of both enzymes
were inhibited in presence of esculetin (Al-Charchafchi
and Al-Quadan, 2006); whereas elevation of both activities
were noticed in the dark (Robinson, 2000).
This study was undertaken to investigate G6PDH or
6PGDH activities in seeds of Artemisia herba alba
germinated under the dual effect of inhibition of both
enzyme activities (growth in presence of phenolic
compounds) , and stimulation of both enzyme activities,
that is the growth under dark condition; The timing of this
study was designed at one and three days of germination,
which represents an early stage of photosynthetic system
development, and hence halt of NADPH2 production from
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photosynthetic system; moreover, isoenzyme patterns of
both dehydrogenases under such conditions were also
investigated.

2. Materials and Methods

2.6. Electrophoresis
Polyacrylamide gel electrophoresis and isoenzymes
visualization was carried out as described earlier (AlQuadan and Al-Charchafchi 2006) using 7.5% acryl amide
and Bio-Red vertical cell [USA]. The gels were
photographed using digital camera (JAI, Japan) interfaced
to a computer [DELL, USA].

2.1. Plant Material
Seeds of Artemisia herba alba used in the study were
harvested during December 2003 from the medicinal and
aromatic plant garden of the Hashemite University/Zarka,
Jordan. The seeds were kept in brown paper bags in
refrigerator until used.
2.2. Germination and Growth
Germination was performed in 12 cm diameter petri
dishes lined with one layer of filter paper (Whateman
No.30) and moistened with 5 ml of distilled water or
Chlorogenic or Caffeic acids at 0.2 and 0.4 mM. 100 seeds
per dish (three replicates) were used for each treatment.
All dishes were incubated at 20 °C in growth chamber
under continuous illumination or darkness for 1, 3, and 5
days. Dark treatment was conducted by wrapping the
dishes with aluminum foil immediately after seed
imbibitions. Chlorogenic and Caffeic acids were prepared
just prior to use and were wrapped in aluminum foil
container.
2.3. G6PDH and 6PGDH Extraction Procedure
Extraction solution consisted of 100 mM Tris-HCl (pH
7.6), 2 mM EDTA Na2 [Scharlau, Spain] and 30 mM βMercaptoethanol [ARCOS, USA].The imbibed seeds and
seedlings were suspended in 1 ml of extraction solution
and were homogenized at 25000 rpm for 3 min using IKA
homogenizer [Germany]. During homogenization, samples
were immersed in ice bath. Homogenates were then
centrifuged for 20 minutes at 10000 rpm at 4oC;
supernatant were re-centrifuged two more times for 5
minute to remove lipid debris. Supernatants were used
immediately for G6PDH and 6PGDH activity
determination, or stored at -70 °C until time for analysis.
2.4. G6PDH and 6PGDH Assays
The assay procedure as described earlier (Al-Quadan
and Al-Charchafchi 2006) was used. All assays were
performed with GENSYS 5, USA spectrophotometer.
Each assay consisted of 850 µ1 Tris-HCl buffer (10 mM,
pH 7.6), 100 µ1 MgCl2 (67 mM), 10 µ1 glucose-6phosphate or 6-Phosphogluconate (10 mM) [Sigma, Mo,
USA] and 10 µ1 NADP+ (5mM) [BDH, England] in a
total volume of 1 mL.
2.5. Protein Determination
Quantitative protein determination by the method of
Bradford (1976), with bovine serum albumin (BSA) was
used as standard.

3. Statistical Analysis
ANOVA test was used to determine the level of
significance within the Artemisia herba alba species
regarding the effect of Chlorogenic acid or Caffeic acid on
G6PDH and 6PGDH activities. Significance of differences
was accepted when p< 0.05.

4. Results and Discussion
G6PDH and 6PGDH activities after one, and three days
of seed germination under light or dark condition, in the
presence or absence of different concentrations of
Chlorogenic and Caffeic acids are presented in Tables 1
and 2.
G6PDH and 6PGDH activities were increased from day
1 to day 3 of growth under growth condition used
(P<0.05). On the other hand, in the presence of 0.2 mM or
0.4 mM Chlorogenic or Caffeic acids both activities were
significantly decreased (P<0.05) in comparison with
absence of such phenolic compounds; the inhibition
pattern was less pronounced on day three of seed
germination; our explanation to this inhibition pattern may
account either for the differential inhibition or sub cellular
distribution of both isoenzymes. (Debnam and Emes
(1999); Al- Quadan et al., 1982; Hoover et al., 1977).
Chlorogenic and Caffeic acids inhibitory effect on the
germination of Artemisia herba alba seeds (AlCharchafchi and Al-Quadan, 2006) was strongly correlated
to the inhibition of the very sensitive enzyme activities of
oxidative pentose phosphate pathway.
The elevated activities of pentose phosphate pathway
on day three in seeds germinated in the dark may be
needed to compensate the short supply of NADPH resulted
from the halt of photosynthetic pathway (Robinson, 2000).
Number of isoenzymes of G6PDH and 6PGDH after one,
and three days of seed germination under light or dark
condition, in the presence or absence of different
concentrations of Chlorogenic and Caffeic acids are
presented in Table 3.
After one day of seed germination under light or dark
condition, electrophoresis study showed only one G6PDH
isoenzyme band (Rf 0.52); an additional slower isoenzyme
band (Rf of 0.49) was present after three days of seeds
growth in the presence of 0.4mM Chlorogenic or Caffeic
acids. This slower band was also present on the third day
of growth under light condition, but only if 0.4 mm
Chlorogenic or Caffeic acids are present. The slow moving
band had a lower relative intensity compared to the fast
moving band.
Electrophoresis study showed one 6PGDH isoenzyme
band (Rf 0.50) after day one of germination; an additional
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faster isoenzyme band (Rf of 0.53) was present after three
days of seed germination under all growth condition used.
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The fast moving band had lower relative intensity
compared to the slow moving band

Table1: G6PDH specific activities (Units/mg protein) of Artemisia herba alba seeds after one and three days of germination under growth
conditions indicated in presence of Chlorogenic acid or Caffeic acid. Values reported were mean of triplicate repeats ± SD
Chlorogenic acid
mM Chlorogenic or
Caffeic acid
0

Light Treatment
Day 1
Day 3
G6PDH
G6PDH
44 ± 11
49 ± 9

Caffeic acid

Dark Treatment
Day 1
Day 3
G6PDH
G6PDH
47 ± 12
70 ± 13

Light Treatment
Day 1
Day 3
G6PDH
G6PDH
44 ± 11
49 ± 9

Dark Treatment
Day 1
Day 3
G6PDH
G6PDH
47 ± 12
70 ± 13

0.2

32 ± 8

36 ± 11

41 ±12

60 ± 9

26 ± 6

32 ± 7

42 ±13

64 ± 12

0.4

34 ± 8

39 ± 13

41 ± 12

63 ± 12

36 ± 9

42 ± 10

45 ± 12

65 ± 11

Table 2: 6PGDH specific activities (Units/mg protein) of Artemisia herba alba seeds after one and three days of germination under growth
conditions indicated in presence of Chlorogenic acid or caffeic acid
Chlorogenic acid
mM Chlorogenic or
Caffeic acid
0

Light Treatment
Day 1
Day 3
6PGDH
6PGDH
47±13
61±10

Caffeic acid

Dark Treatment
Day 1
Day 3
6PGDH
6PGDH
62±10
69±11

Light treatment
Day 1
Day 3
6PGDH
6PGDH
47±13
61±10

Dark Treatment
Day 1
Day 3
6PGDH
6PGDH
62±10
69±11

0.2

24±6

62±11

38±8

62±13

35±7

48±11

45±6

53±11

0.4

38±11

67±14

51±10

67±10

41±9

58±11

52±9

61±11

Table 3: Effect of Chlorogenic /Caffeic acid on number of G6PDH and 6PGDH isoenzymes from Artemisia herba alba seeds after 1 and 3
days of germination under light and dark condition.
G6PDH isoenzymes
Chlorogenic or
Caffeic acid mM

Light Treatment

6PGDH isoenzymes

Dark Treatment

Light treatment

Dark Treatment

Day 1

Day 3

Day 1

Day 3

Day 1

Day 3

Day 1

0

1

1

1

2

1

2

1

2

0.2

1

1

1

2

1

2

1

2

0.4

1

2

1

2

1

2

1

2

This study has indicated that activation and inhibition
of pentose phosphate pathway enzyme activities in
Artemisia herba alba, provides evidence for the variable
needs of pathway activity depending on light conditions
and /or concentrations of phenolic compounds presence;
moreover, the early expression of second G6PDH
isoenzyme as early as day three of germination in the
presence of Chlorogenic or Caffeic acids, and with
apparently different inhibitory patterns, elucidated the role
played by those phenolic compounds in regulating pentose
phosphate pathway activity.
Future study of Chlorogenic and Caffeic acids effect on
purified isoenzymes should provide insight into this
differential inhibition pattern.
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