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Abstract

Opsin proteins are classically seven transmembrane receptor proteins which detect light. The present investigation describes
the stereoscopic structure of the apoprotein Opsin by online structure determining tools using the crystallographic structure
of Rhodopsin from Bos taurus as the template. The modeled structure was validated and checked through validated data
tools for stereochemical quality of a protein structure, ProSa and the square root of the mean square deviation between the
templates and the predicted structure was calculated using PyMol. It was found that the chromophores, 11-cis retinal and 11-
cis 3, 4-didehydroretinal was covalently docked with apoprotein which gives the structures of Rhodopsin and Porphyropsin
respectively. Due to its close homology to the human rhodopsin (accession P08100), zebra fish rhodopsin may serve as an
excellent model for study of human diseases in future. This article represents the test of structure/function relationship of
apoprotein opsin in this ornamental aquarium fish and provides a foundation for future work exploring cellular and

molecular pathways of photoreception in retinal development and disease models.
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1. Introduction

Studies have shown the use of visual pigments by
representatives of almost all the vertebrates, where visual
pigments are Rhodopsin and Porphyropsin. Both rod visual
pigments contain the same apoprotein Opsin; however,
they are covalently linked to different groups. Rhodopsin
binds 11-cis-retinal, whereas Porphyropsin is linked to 11-
cis 3, 4-didehydroretinal (La Franco et al., 2018; Ganong
2005). These pigments possess various spectral
characteristics like maximum absorbance and absorbency
index (Marschall, et al., 2012). The absorption maxima of
Rhodopsin are nearly 500 nm, whereas Porphyropsin is in
the range of 520 — 535 nm. It has been found that the
visual pigments may vary in response to light, temperature,
and other environmental stimuli (Korenyak and
Govardovskii, 2013).

Studies suggest that certain fish retinas comprise a
visual purple pigment rather than the contemporary
Rhodopsin  of red - color which was confirmed
spectrophotometrically (Enright et al., 2015). Similar
studies suggested that Porphyropsin a purple rod-pigment,
is a characteristic of freshwater fishes, whereas the red rod
visual pigment, Rhodopsin is characteristic of terrestrial
craniate and most of the Sea fishes. It has also been found
that many freshwater fishes have Porphyropsin and/or

admixtures of Rhodopsin and Porphyrins (Corush., 2019;
Toyama et al., 2008, Ochuko et. al., 2014).

The organism Danio rerio was selected for the current
investigation as its visual system shares high similarities
with other vertebrates (Gestri et al., 2012; Golsmith and
Harris 2003). Preliminary studies on D. rerio suggested
that it possesses only Rhodopsin as visual pigment
(Morrow and Chang 2015, Cameron 2002; Chinen et.al.,
2003), whereas in a later study it has been confirmed that
they have a paired visual system involving both Rhodopsin
and Porphyropsin (Allison et.al., 2004).

In the present scenario, computational method such as
homology modeling has been used to bridge the gap
between sequence information and structures. The current
investigation represents 3D models of Rhodopsin and
Porphyropsin by homology modeling and docking
methods for D. rerio which can be used to study the
biochemical mechanism underlying the working of both
the visual pigments.

2. Materials and Methods

2.1. Protein sequence analysis

Protein sequence analysis including, physicochemical
parameters, molecular weight, sum of cationic and anionic
residues, theoretical isoelectric point (pl), absorbency
index (Porterfield and Zlotnick, 2010), aliphatic index
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(Sahay and Shakya, 2010), Grand Average hydropathy
(GRAVY) (Wanyonyi et.al., 2011), half-life (Sharma
et.al., 2014) and instability index (Gamage et.al., 2019)
was calculated using the Expasy's ProtParam prediction
server (Gasteiger et al., 2003).

2.2. Prediction of the three-dimensional structure

The protein sequence of the apoprotein from the
organism D. rerio was obtained from the UniProt database
(accession number: P35359). The sequence was analyzed
using the G protein coupled receptor- Sequence-structure-
feature-extractor (GPCR —-SSFE) database (Worth et. al.,
2011). Further, a protein BLAST was also carried out
(Altschul et.al.,, 1990). After obtaining the template,
homology modeling was carried out using MODELLER
9v8 software. It makes use of a command interpreter for
designing stereochemical structures of proteins along with
their confounders by consummation of spatial restraints
(Sali and Blundell 1993). The reliability of the model was
analyzed by three (3) ways: (i) PROCHECK (Laskowski
et.al., 1993), (ii) by calculation of the RMSD (root mean
square deviation) between the template and the predicted
structure using PyMol (version 1.8, Schrédinger, Inc,
USA), and (iii) using ProSa (Wiederstein and Sippl 2007).

2.3. Covalent docking

The receptor and the ligand structures were prepared
with Glide and Prime. The Protein Preparation Wizard was
used for preparing the receptor, and LigPrep was used for
preparing the ligands (Reddy and Vanga 2017). A
maximum of 10 poses per ligand are established and are
subject to minimization of post-docking. The apoprotein
Opsin is covalently bonded to 11-cis-retinal and 11-cis 3,
4-didehydroretinal to form structures of Rhodopsin and
Porphyropsin respectively. Covalent docking to the
nitrogen of Lysine 296 was performed using the Prime
module of Schrodinger. The covalent docking facility
allows the selection of the attachment point to the receptor
and the possible attachment point on the ligand and then
runs a prime loop prediction to find all feasible poses for
the ligand.

3. Results and Discussion

In the current study, the sequence of Opsin from D.
rerio has been repossessed from the UniProt database. The
predicted physiochemical characteristic of Opsin showed
that the protein has a molecular weight of 39.7064 kDa.
Opsin has 20 (Arg + Lys) amino acid composition of
positively charged and 22 (Asp + Glu) residues that are
negatively charged. This also correlates with more number
of negatively charged residues present in Opsin. The
coefficient extinction of Opsin at 280 nm is 69175 M cm®
Lin lieu of the concentration of amino acids Phenylalanine,
Trptophan and Tyrosine. It has been well established that
for a protein is stable if the measured instability index is
smaller than 40 and corresponding value above 40 foresees
that the protein may be virtually unstable (Sahay and
Shakya, 2010). The instability index of Opsin was found to
be 46.09, which indicate that the protein is unstable in
vitro. The aliphatic index for the protein sequence was
found to be 85.90, which indicated thermo stability
(Ashokan et. al., 2010). The GRAVY value computed for
carotenoid binding protein was 0.457. Molecular
orientation using Ramachandran plot showed the modelled

structure ha most of the residues (88.6%) in the fully
allowed region, 11.1% in the additionally allowed region,
0.3% in the generously allowed region and nothing in the
prohibited region.

3.1. Assessment of the three-dimensional structure

The sequence of the apoprotein from D. rerio was
analyzed by the GPCR — SSFE database. Current result
suggests the structure of Rhodopsin from organism Bos
taurus (Protein data bank, PDB ID -1U19) as the template
for the query sequence. The reasons for the selection of the
template are presented in table 1.

Table 1. Reasons for the selection of the template

Helix Template Sequence Reason for template choice
Similarity

TMH1 1U19 89.7
TMH2 1U19 100.0

Has Pro in same position

Has Gly-Gly motif in same
position

No insertion or 2nd disulphide
bridge and the highest sequence
similarity to suggested template
No second disulphide bridge
between TMH3 and ECL2, no
insertion and highest sequence
similarity to suggested template
No intra-ECL2 disulphide bridge,
no disulphide bridge between
ECL1-ECL2, no sequence
similarity to the TMH5 extension
of SRHO

No disulphide bridge between
TMH6 and ECL3, no sequence
similarity to the TMH®6 helix
extension of SRHO and highest
sequence similarity to suggested
template

Has insertion and highest
sequence similarity to suggested
template

Helix 1U19 100.0 Highest sequence similarity to

8 suggested template

TMH3 1U19 91.4

TMH4 1U19 92.0

TMH5 1U19 96.3

TMH6 1U19 100.0

TMH7 1U19 95.8

Further the sequence of amino acid for the apoprotein
was also compared with the known structured sequence
using PDB BLAST (Altschul et.al., 1990). The result
signifies that the co-crystallized structure of Rhodopsin
from organism Bos taurus (PDB ID-1U19) had the best
sequence identity (83%) and had no gaps. After many
rounds of loop refinement, an optimum structure was
obtained (Fig 1). The arrangement of the phi and psi
angles for the amino acid residues was presented in Fig. 2
A (Table 2). The percentage of phi and psi angles in the
favorably allowed region was 88.6% and none of the
residues was located in the prohibited region. The
considered mean square root deviation among the intended
model and template structure was found to be 0.213A (Fig.
2 D). The Z-scores of the model and the template were -
3.5 and -4.11 validated the quality of the model.
Comparative study of the model and the guided structure
shows similar profiles, as seen in Fig. 2B, C.

Table 2 . Ramachandran plot statistics for the 3D model of
rhodopsin, calculated using PROCHECK

Residues in most favoured regions 88.6%
Residues in additional allowed regions 11.1%
Residues in generously allowed regions 0.3%

Residues in disallowed regions 0.0%
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Figure 1.Using Bos taurus sequence as the template, the 3D model was built using MODELLER. Extensive loop refinements were carried
out as it was found through the Ramachandran plot that residues in the loops were present in the disallowed region. Thus, after many rounds
of loop refinement an optimum structure was obtained. In the image, blue represents the template and orange represents the structure of
rhodopsin.

180 T
b . Xoray
s NMR
_l
-1 ]
| —
1
Ay
= = g
i 2
™~
¥ -
‘ — 1 1
= —15
. |
o .
T I 1 —
45 90 135 130 205 200 400 600 200 1000
Phi (degrees) Number of residues
X-ray
s MNMR
¥ -
]
—15
—20
0 200 400 [=ale] 200 1000

MNMumber of residues

Plate 2. A. Ramachandran plot for the modeled structure of apoprotein from organism D. rerio. Red color represents most favored region.
Additional allowed, generously allowed and disallowed regions are represented by yellow, light yellow and white colors respectively.

B. and C: The plot contains the Z-scores of all experimentally determined protein chains in the current PDB that have been solved by either
X-ray diffraction or NMR. The plot is used to check whether the Z-score of the 3D structure is within the range of scores typically found for
native proteins of a similar size. The Z-score of —4.11 and -3.5 (fig: 2 B and 2 C respectively) represents the overall quality of the template
structure and the target respectively.

3.2. Covalent docking dehydroretinol is the chromatophore that is attached to the

. . . apoprotein. In Rhodopsin and Porphyropsin, the

Covalent docking was performed using the prime chromophores are covalently attached to opsin through the

Schrodinger. Apoprotel_n opsin is cova_lently attached to nitrogen of Lysine 296 (Fig 3 A and Fig 3 B). On

the chomatophore 11 cis retinal to obtain the structure of comparing the residues that are involved in the binding of
rhodhopsin and in porphyrosin, 11 cis 3,4, di-
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11-cis-retinal and 11-cis 3, 4-didehydroretinal, residues
like Glutamic acid 113, Alanine 117, Threonine 118,
Glycine 121, Glutamic acid 122, Serine 186, Cysteine 187,
Tyrosine 191, Methionine 207, Histidine 211,
Phenylalanine 212, Phenylalanine 261, Trptophan 265,
Tyrosine 268, Alanine 269, Alanine 292, Lysine 296 were
found to be common (Fig. 3 C, D). Out of all these
residues, lysine 296 is covalently attached and rests are
encompassed in hydrophobic interactions with both the
chromophores. The alignment of the template and the
covalently  docked  structures  (Rhodopsin  and

Porphyropsin) were checked and confirmed. It was found

that the chromophores were bound in a similar fashion as
that in the template (Fig 3 E, F). The considered RMSD
between Rhodopsin and the template was found to be
0.299 A and the root mean square deviation between
Porphyropsin and the model template was 0.302 A. The
backbone atoms were considered for these calculations.
These results indicate great similarity of the structure with
that of the template and can be used for further analysis. It
is also important to mention that zebra fish rhodopsin
shares ~80.4% homology to the human rhodopsin
(accession P08100). Therefore, it may serve as an
excellent model for the study of human diseases.

Figure 3. A, B Covalent binding of the chromophore 11-cis-retinal and 11-cis 3, 4-didehydroretinal to apoprotein Opsin through nitrogen of
lysine 296 to obtain structures of rhodopsin and porphyropsin respectively. C and D show the amino acids that are involved in the binding
of the chromophores, 11-cis-retinal and 11-cis 3, 4-didehydroretinal in rhodopsin and porphyropsin respectively. E The image of
superimposed template and rhodopsin generated using PyMol. In the image, blue represents the template and orange represents the structure
of rhodopsin. It can be observed that the 11-cis-retinal aligns in a similar fashion as in the template. F The image of superimposed template
and porphyropsin generated using PyMol. In the image, blue represents the template and yellow represents the structure of porphyropsin.
It can be observed that the 11-cis 3, 4-didehydroretinal aligns in a similar fashion as that of retinal in the template.



© 2021 Jordan Journal of Biological Sciences. All rights reserved - Volume 14, Number 4

]

1‘0 } I‘D } k) } 13 5‘0 } 0 B‘D :
ML UK ALLLLARLSG RAZRCIRV3SERVEN )Kk O VBT SUDETRCN AT
CEATRA - K-~ ALLLLAALGSG- - oo RAZRLCRVESERVEZARIKA IS T O (V=T EUDET
WIS KTPAQUDLRR- - oo OTZREZRVES VENDRARY O (V=T SV0ET
U3 - KIPAGUDLRR . - QAZRERVIS VKR KAAF O (VTS0
i . LRVSSFVEZNKART A O V=T SUDE VRV SATES
P PIHERRETY /GW‘ < BRI - - ALULLAALGSA- - - QARE R\‘:SHW I KARF O (V=T CUDEVRHVSATY
3 QERAPETEHORELLE - VRN - ALVYLARLGSA- - oo e i O (VT EV0E)

RS BTN - VR~ - ALULLARLSG- oo LENR2KA H«T O V=T SUDE VRFVSATRY
DPYRIFRET RATENT - URIN- - ALULLAALBGG - - SARL KEIR)KA FS L O | BT EUE RV SATRES
ABRICIBIRI AETMH o VR ALULLARLBB. oo SAZRLY R\‘:SHW IFKARF O | BT CUDEABHUSATES
3 QUTMPETENOUSERAY - -VEUN- - - - ALULLAALGGG- - oo SAZRUSRVSSE VENROKARY O | BT EUERHVSATNS
QPHEIFET HAME - VAVTUR- - ALLLLALAFLBSS- oo MAZRERVSSEAVEZHDKNY O /VROT TUOEY
2 PRATIRET. O T8 - SLI0VSHIDVHRNAIRSYY L VROF < UDE Sk
i CESOIZS OG-8+ TP PSP IONKTRY L /VROF SUDE S
i CY3T ROV CNGWAGE - -WLRIT- - -VALCALATC oo AD OV VMOHRDRSR L /VROFSVDE SR
BSEDBSCED LA - WLRIT- - -VALCYLATC- oo AQE OV DVMONRORSY LR VRS VDE SR
AEILEREILA CHAA80 - ULRIT- - -VALCALATE- . LEOMIHIDIOT o () L /VROFSUDES
DPUTRERB OUINITE v SLIOUSHIOVMONRORSRY L /VROF DG g
BFFBEFRIL DVGHAT2 + ULRIT o UALCYLATE e LEOMIEIDIOT M L VROFSVUDE S
fCIBWLCBNUR ZEOLUH - ULRIT- - - UALFYLATE- oo DD IQVAN PVMQHRDKSRT L VART DE S
fCBYEDCIBNLECOLUMY - ULRIT- - -VALFYLATE- oo RAQUSOVAN PVMHRDKSRT L VARTV DESL"
{85031 83081 SALIWHER - -ULRIT- - -UALCYLATL- EREMIETDEND I 0 U R
fDRRHDIREN FLEATIEL « ULRIA. - UALSTLAVE LAQLZQUAIAVVENRDRNY LU VROTKVECo S
if LAY CIBLA GOS0 - WLRIA- - -WWLBILTYE oo LMD OVAN HAVEZHDORNY L VROFKVEESRI"
P T93 QEPTO.DANRE/A2 - -ULRE- - [AVCYLAT - -~ LAQE SOV AVOQDRVRT L) | VRNFKVEE T
;AMHQSHETS_WWZ?E- -ULBLG-- - [ALCULATCRAQUFLESNTTVEQDCALG TCNAQLLVENITVERD )RM L /VRNFKVOE T
AETOENTDES SEEASY LR - RD SOV VDR KVRL L UARTVHUD DRI BR
i QE901 Q3901 SPAALIG  WPRULRYY- . UALCLLAVS - (ACSOVAN VMR KTRY 10 VAT IHE DR
HEHADEGTAAL LY - ULRYY- - -UALCLLALA- -+ oo - WB0LS0ANTVEN )RA L0 [KRTEVGE RS
DPRITIFET AN - VERCILBLLIALGFLOSELA - oo DIRVINVAADRVKERT L0 | ARNTEEC VT
fCICLOCICAL PG - WDLAVRBLEIAL- FOVESA-- oo ZRDIRVETHWETDRORY VR UDE K]

731

A
ALY
AL

L i THTOREDRAKF KK DOR YO BV SCRLLNFCGTCADEYSFUF E30F A6L2PLUQK . VRQROZEL ILE30VRL VNS YCLDREVRALL
LSHIE THTOMECRAKF KK HLIVSCRLONLEGTCADEVSFYFER0F IGLTRETRR VRORCZELCLENVRINIERNS SENSL
LSHIE Y THTONEORAKF K BLIVSCRLONLLGTCADEYSFYFE0FGLTPETRR VRORGZELCLEDVRIVIERNS SENSL
LSHIE Y THTOMECRAKF KHKQURUAC BLIVSCRLONLLGTCADEYSFYFERDFGLSPETRR VRRRGZELCLERQVRNIERNS SENL
F i SHTOMEDRAKF KHK QAL “HVONVRLVSCRELNECGTCADSYSFYFE0F GLPEAQKTVRRRC IDLILD3KYRY TURNGTGE - - -
L THETNPORAKF KiF “HORYHIRVSCREVDLTGTCLOSVSF 1FERFTGLIPE K IVTDRKAE | IFLBKYRRVGHTST CESS. ..o

L W THEDHPORAKF KNFQUReA: “HORVRIHVSCREVDLLGTCLOS VSR FERFTGLIPE DK TVIVREAE LLFLEKYRRVAHTSTGESS- -

L N

L

L

L
L W

W‘WE n ki W 1‘5( 1‘63 "YD ki W‘I ’Dﬂ ! 1 Z‘ZD
L i Il ED AkFKMV ASICEIE DRl ’MERLLNLEGTEA[“(SFVF‘?DHGL’PE&OVWFURO £l LHMH\/NN:(EEGP‘EPML
L i I) VR TRTOMEORAKF KA G RO 0 OBV YSCRLLALCG TCADE YSF T E30FVGLPEATK I VRORQZEL SLARDYRL VKNG YOUGREERNLL
L 00ROV TR TOMEDRAKE KKQR/AS G RVROM VO VDYV VSCRLLNLEGTCADS VSR YR EDFYGLPEAQKIVRRRGZELILAR0VRLIURNGYCLGREERNLL
L i THTOMEORAKE KA B BN 0 YOV SCRLLALCGTCADE YSF YT E30F VGLPEADKIVROROZEL SLARDYRL VKNS TCUGREERNLL
L i THTOMEORAKF KMVURA B BVIOR |07V EN V2 YSCRLLALCGTCADE YSF YT ARDF 36F SPEUQKIVRORZEL SLARQYRLIPHNSYCLGREERNIL
L i THTOMECRAKF KMFQURUA B BVMO R |2 OBV YSCRLINLCGTCADE YSF T ARDFAGF SPEVDKIVRORZEL SLARDYRI ITHNSYOUGREERNIL
L i THTOMEORAKF KHFQURUA B VRO |2 VOBV YSCRLLALCGTCADE YSF T ARDFVGF 2PEVDR IVF 3R0ZEL SLARQVRLISHNGYCUGREDRALL
i
3
3
3
[
1
L THECNPORREF KR 1 “RORVRIHVSCREVDLEGTCLOSYSF ITERFTGLIPEDQKIVIIKKAE ] SFLBKYRRYS. -
L THECHPORAKF KR 1 “RORVRIHVSCREVDLLGTCLOSYSF IFERFTGLIPE DK VT DREAE LLFLEKYRRVGHTGTGESS- -
1
j
L
F

e ———

THE
THE
THE
THE
THE
THE
THE
THE
THE
ED

FORAKE IR
PORAKF IR
PORAKE IR
PORAKF KT
PORAKF KT
FORAKE KR
PORAKF IR
PORAKF KR
EDRAKF KK
EERARF KK
EIPORAKF KLKRUAAATY
THPORAKE RUFURAAS
EPORAKF RUKQURUACRCTRVE DY 1)
Effin AMMVl\:IKLM L

U HA §

A “HORVRIRTSCREVDLLGTCLOS VSR IFEHFTGLIPE DK TVTVRECE LLFLBKYRRVAHTSTCESS- -
ARV )
ATRCSRVO Y )
ACTRCSRERY 1)
ASTRCSRERA )
A

OB HYSCREVOLEGTCLOEYSFIFERHRTOLAPEJOKIVTOKEAELFLOKYRRVSHTSFUESS. oo
(OQVMIHVSCREVDLCGTCLOSYSF IFERFTGLIPEDQKIVIDKKDISFLBKYRRVSHTSFCESS. ...
[ DQVRIHYSCREVONCETCLOS VSR IFERFTGLIPE QK IVTDREAE LLLLEKYRRVSHISTGESS- -
[ DQVRIHYSCREVONCGTCLOS VSR IFERFTGLIPEDQKTVIDREAE LLLLEKYRRVSHTST CESS- -
RORVMIPTRAERLIVT. - AFMUTYTFS. ... SEVT2PA- e
“RORVMIHVSCREIDNCOTCLOSYSF IFERFT6LIPEDDR IVIQKKQELSFLBKYRRVPHSFESS. ...
V1 DAORYMIHVSCREIDTLGTCLOSYSF IFERHETGLIPEIOR IVTORKAELSFLEKVRRVTHIGIGESS- -
“HORVRIHVSCRELDECGTCLOSYSFIFE3RF J6LIPEDQATVIRRKRD LIFLEKYRRVARTT CEAR- -
1) W ORY] IRV SCRELIVEGTCLOVSF IFE¥RD6LIPEIR IVTZRKDE LI LEKYRRVARTSTCLTY- -

1
AT
AT
AT

1
3
1
1

A

e ———

(THVRITVACRRRULLGTCROSYSFYFE3D 1NGL2SESOR 1VRIRTZOLILDIKVRUVURNGVCETH- -
/ORI VVSCREVGDNGDCLOLYSF IFERNCGLTPEAQR VR IROSELILOKVRIVPANSYCNNSN - -

GD ACTRE VY)Y

Figure 4. Sequence alignment of retinol binding proteins belonging to Lipocalin family. The residues showing 100% conservation are

highlighted.

4, Conclusion

The physiochemical characteristics provided in depth
perception about the nature of the apoprotein. Validation
and evaluation of 3-D structure of the apoprotein show that
the projected model is reliable and is reasonable at the
present level of theory. Covalent docking of chromophores
11-cis-retinal and 11-cis 3, 4-didehydroretinal to lysine
296 resulted in the structures of Rhodopsin and
Porphyropsin respectively. The predicted 3D structures
and the residues involved in the binding of ligand can be
used for gquiding structural site-directed mutagenesis
investigation. The structures may be used further to predict
the key residues in the active site of the enzyme. Further, it
can be used in understanding the structure — function
relationships, and subsequently gain insight into its
catalytic mechanism.
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