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Background and Objectives: Luteinizing hormone (LH) is one of the
most important reproductive hormones that is secreted by the anterior
pituitary gland and plays a key role in regulating the estrous cycle,
maturation of ovarian follicles, ovulation, corpus luteum formation, corpus
luteum development, and maintenance. The LH message is transmitted by
binding it to its extracellular receptors, so that after binding to its receptor
(LHR), LH activates the intracellular cascade chain by activating the
secondary messenger cAMP, and ultimately the expression of specific
proteins and enzymes. Therefore, the interaction of luteinizing hormone
(LH) with its specific receptor (LHR) is one of the key steps in the path of
follicular maturation and ovulation. Polymorphisms and LHR splicing are
among the genetic changes that can affect LH function and consequent
reproductive efficiency. The aim of this study was to compare the tertiary
structure of different LHR polymorphisms and their binding affinity to LH
in dairy cows.

Materials and Methods: For this purpose, LHR amino acid sequences
were obtained from the Gene bank. Initially, Polymorphisms were
identified by alignment analysis. Their related third structures were
predicted by homology modeling technique using Modeller software. The
created structures were observed and evaluated using PyMol 2.5.1 graphics
software and Ramachandran plot. Also, different Physico-chemical
parameters of the modeled proteins such as isoelectric point, molecular
weight, number of negative and positive sequences, and Grand Average of
hydropathicity (GRAVY) were calculated using the ProtParam tool in the
Expasy database. Then, the affinity of LH to each of the LHR
polymorphisms was evaluated using the molecular docking technique
based on binding energy and spatial position indices.

Results: Based on the results, only two polymorphisms (LHR1 and
LHR2) were identified among the studied sequences. The predicted models
for the two polymorphisms have good quality and there was no difference
in structural and physicochemical parameters between them. Docking
results showed that, despite the difference in total binding energy between
the two polymorphisms, this difference could not be attributed to amino
acid substitution and this difference is probably related to an orientation of
the LH relative to the LHR1 and LHR2. Most of the amino acids involved

Yo



in hydrogen bonding were similar in both the LH-LHR1 and LH-LHR2
complexes.

Conclusion: In general, the results of this study can be used to the
relationship between LHR polymorphism and its physiological activity.

Cite this article: Yahyaei, M., Khodaei Motlagh, M., Moradi, M.H. (2022). Considering the effect of
luteinizing hormone receptor (LHR) polymorphisms (LHR) on their binding affinity to LH
in dairy cow with docking method. Journal of Ruminant Research, 10 (1), 35-48.

© The Author(s). DOI: 10.22069/ejrr.2022.19569.1808

Publisher: Gorgan University of Agricultural Sciences and Natural Resources

\a



QUM)‘M )é M’}Q
YrEo-£Y i le LS
YEo-£Yor : g wI LS

S/ PRV A A
bad /\::évv",u)”?ﬁ"s

JUail Jlod p oS 4kigh (990 398 o ¥ (S ISKIND Wil (w5 3
S9N 90 1D gy 41 (5 gl 43 OIS Ainigl (490590 4 LT

v Y. o =,
63 ez o Gllae SlAS gdge & Slow desns

m.yahyaei2008@gmail.com bl o1l olKsils o ans e 5 ©30liS euSLails (ls ple 05 S SLslial
Sl o&ils o anb el 5 550liS aaSills s ke 05,5 SLils Y
Shlo&ils o anb el 5 550liS eaSils el o le 05,5 Ll Y

oS> Jlas SleMb|
Rﬁwqjﬁw\&h@jwdudy)ﬁwj\ew@ﬁﬂ&y)ﬁ:JMJ4.5.3L~ adLE.»@J

S (oS (Glas Slad S 58§ sk omd a o aS 3 S SR 5358 e Sl S
a0 0T Il G b 5l oS s ) Ogms 9 ply JUEH 3,15 0T (5105 5 355 e 425 €33 ponr
a0k xS 4 Jlasl 5l dn oS ) gy 4 5b 2,8 e D Sl slaedi S
0355 oLl ooy O3 Jleb 4 i (sladl Slid g 3 0T 4l ey (3ladled G b
b oS ) O g0 58 (iiSem 1025 o o smasie (sla T 5 bais O Sl 52 5 Ik
ol Ll (g5 e 5 S S o Fae e 53 SIS GlaplS 51 S sy olantl 0l S
S il e (S5 Ol kS e Sl eSO ga) g0 ok S il glaps byl 5 JSSkr
onh el 1 G sl IS 30 e 5 ansl Llane 5 eSS  Osmp 50 5 Shos s LI585 e
5 B oo Sl L 5ol S Osa )98 oS e gl SIS wslis fasn

Y é‘;rijg)i oS s ) ow}n{uoig;.&uﬁ Sl

05 ST 3 edSans J Dgoypm 0 S welind sla JIs (rassy ool 5 shiae by, 5 3140
Lladl a bgye poe Slaslotle LA plubid 315 o T L s S Tl s s w3 S
Sl eslial b sddabl slaslorbe s st SMe 153l 5l eslial b 5 Sl 550508 23
e A S 15 L5l 5 edaliie 55 LS lasad 5 Jpely SSIS 15 S
(S50 055 S Sl alads dSle ods e o s Slaand— S il gla e ls
Expasy oL s ProtParam S5l 51 esliwl U g5 ST Ol 5 Cute 5 e gladlos sliws
L s oS sla ASCatinr 51 plaS o 4 oS w g Do 50 Jolad Ol aalsl 3 s S dslons
sl 30 Il (550 5 plad Comdpe als g3 4l n s IS0 KiSls TS ) el

235l

aallaes; go gl I Olbe 53 (Yo 5 ) ¢50) ASaar 55 LS okl oy @l bl tlaasly
BE L;_gu;_gv\}:ﬁ)b)}}ﬂ WLA&L.:QS)‘ L;g.i.).;%.}b st.: ol JL?Q‘ 6L¢hdv\» Al L;._:'L»LJ«

Sl e als DL ST gl A sdalie 0T Sl 5K 5 bl la el

s — ke oS Ui

AEXRVAZARN C_,Jl.)): C"JU

VeV s

VECV Y 1B

(SIS slaslls

LR

Sake

S50 Sl

oS 5 ) Oy 58 ki S

LSJ?"'.:'}K

v



%L;.;;—l;;b LU anelisl el 4 OlS e 1y sl ! (MSana 3 53 S Jlasl (65
5 ) C}duwu\;};A{Q,.._\MJ54;54;25)1;3)»)}&‘5;;;.@;_-);&5?@)\4‘5\.‘7.12.?5]6&—.53)\25-‘@|
O3 sh SuSad o 53 _;jj).x_:.a.uﬁ_);j_j); LSL_AAJ.:»TJ.:_..»\ sy o ok o Y ¢

Log alia Y g5 g sl Mok L edisas )

oS IS dlaily S 3 63 G Nl e asdllae (pl 51 ol mls S pba tg S 4

b azils OF 51 26 S5 g 5 cdlad 5 oSt ) 00 58

o T Il il adeSatid O gy 58 oS sla JSCidtr 5T s (V60)) g e300 cp Gllan s o Slomy 13l

SAYE (V) Ve OB o o iagy . J5S0ge KSIs sy 40 6,ed a8 3 o diS i) O ge )50

DOI: 10.22069/ejrr.2022.19569.1808

QKM}J@ Qgﬁﬁﬁbcujé))jLSSr)kcm\)ﬁb

YA



Ol)Sed g (o sedme [ y90y9h 055 S ISubria U ()

4S5 oplathe 515 (gt sl 53 el 4 e
OLes 5 05, (6,503 aalllas 55 (1Y) 550 355
lg e LHR 05 53 Jiger L5, (5,158 (YY)
o s STl 5 sl S s 1 sk Ol
(YY) Oan 5 Bl dos O das i3 5t
S LHR slie glap il Ok L3S sali
5 PSS pLH O xS s s 18
e (V) 51 (6 i LS 5o (NS S
Ol (6,505 andlas 53 (Y41 4) OLen Ll s
o o3 LHR Cilss glag 3550 0L S5 Ll
a2 S L Jale e 5159518 clad s
il e OVl e sl 4 e 0l LS
L sy 50 (YY) 0L 5 SSL.(A)
el Osme 5 LHR 05 sl Sty Jls sons
Ol o uliids lasls 55 1) O sVl s &
sl 9l (YY) ollan 5 gl (%) sl
g5 s LHR O IS sdar s ls pre BLS)
o3l 5 5,13 35 (et 58 L3 Shess cuS
S sk 4 @l Pl slaasl s 1 Of S
5 Sl aalls =l (10) uis S sl iy ol
05 ISk sl e LU (YY) 0L Kes
2L JSIB S e Do 98 Bl Olse 5 LHR
S e plete S8 OVl sl
(F) L3 5
P 53 el e Lal Dlallas STnil as
LLHR sl 53l 5 Lo IS il s BL3
Gyd Oladlles anls a5 ol pl Jied) 5 5 Shas
serbanl 5 GSss B 4 st (S35 b w
o35 tadd 5 Dlio b gl (sls o LU ooy
Jw—é-’ﬁb S Dldlas 6\.&.3;:.::):}@\
Jeles SLHR 085 psm Sl e ol o0
Lol 4 55 )3 a5y 0 LH L 0T 2
Jlail LH g 5,2 (sl e o sl ol 4 a5

4

AdodRo
o AiS (s 5 e Saadl e Sl el 5 assls
Al el (358 S 3 (6513
Jlize s Jie s, s S cs i )5
Osopn ol (Jlodd 5 o 5 (Jrodd s Slal pe, 50
e SLa0 558 ke 5l (LHD) sas 4
(05 AS YO) oty s SIS onle L el 5
33l LaolS b J 8 5 gAdS i oS
st 5b sl 53l 58 slad J o
clad e LHRY) LH O pn 0058 355
rl SVl 13 5 e 5 1S Sass s
Fok oot e o BB 3 e 0l )
e BT (65,5 S (S slad S b
= A (Y ) 5l (i O (oSS 5 353
cble ke glas ySU e anl s LH el
(8) Dloossd o 3 5 ilia Ol 5 (1)
S 5 (V) 08 o s e 5 (0) Sl
Sa slad s mlaw 535 0, S L O L
lreds ;S esl gl e3> LH o6 .5 LA ) el
SILLH by 5 (Voo oo efan bodd S
Gk Sl gse 5 pnl 4 gl el G b
Tomess SO LI LHR (0 anl e iz
Sos 2LiE o e ot (Jgke 0550
3L o LH Ll Jome o5 sl oLi2 O 5 oo
()
5ILHR us_wuiét_am_a}ﬁ\ PRIPCERAteS
Al e S il e S Ol s ales
S G i s passl Lilese 5 LH 5 Slos
LU, dals 0L (ToV) 0L Kas 5 0ol il

il sl S LHR (sla JSoor o sl ome

1. Luteinizing hormone
2. Domain

3. Polymorphism

4. Splicing



V€Y ) a,w AR 2,92 5‘)@.\*5)‘99% » um&:j)a

Syl 5 eslital b s sl slajlitla g3 S
OISl Sl e 5 Y,0,) 4 Jpeuly (K31 S
e A S 05 Ll 5 edalie 35
Sla S s Slardm (S ke gl el
(S e 035 S Sl adais Asile ol Jke
L Sl Ol 5 cmie 5 e sladllos sluws
Expasy oL_SGU s ProtParam 15 5l esliz .l
4l (http://expasy.org/tools/protparam.html)

) W S
LH SLHR (il 5o 850 s (st
LH sLHR (2SSl 55 805 (s s it
23 Shosliad gl e 3y o s BB e 3
_ (www.milou.science.uu.nl/servicess CPORT) CPORT

SlaiSen i S Sl 3l 6,8 S (5 K
s dalllze ol 53 35 LH SLHR S 5 L alis
osla_ul g):"&”l'w DLl }5‘)3 f‘f ub&;‘ )}EJJ “ r)b
e.a\_s;e‘MA_:‘_;j_{YJ}ﬁJHuuj_o)ﬁ
a5 LaS 05 S Sl IXWD 08 L 2l olazs]
o S Sl 5 sdel el Js5 (VL w4
3 ISIBS S e Dppn s LH Lals )50
b Ol day o L 4 (T8) Lol (glaos S
Ak

HADDOCK 2.4 5, 5ILHR sLH Sl
4S w4 4= 5 LHADDOCK .(Y0) &> S eslizul
Sl 3 S 1 3 XSt al b e o
BE e —a3l> ;f_'zS\b ui:}) ;ia" ‘J\J“LQ.’ﬁ oalaul
S sl oy 5 L 0T 1 ol s 10 AL e
s S (VYY) sl VL e o5l
LigPlot" 1.4.5 ,15lo 3 5l eslizul b SS1s 51 ool
ot 203 S Sl ey e 4
A e3840

o

J_LJA_{\AJW\QMJAMCLMJJLHR@QT
IS &S50 K8l sy a8l e O
Cwl S50 golude 5o eslinal 5,50 sla (o,
4_>J\_:L<.:J dL...a.}" oL_<iL>- Ql}jda QT )l ebu;.w‘l{j
5 ot b L0l o gy S 55 5 s 0
sltlw b SILHR Calses gl JSCanis 4l
O LH L Lagl uSlan 0 Joles 5 85 p o

Al e IS5 LSl S

L yis, g dge
ag el e LLHR 5 5 sl JSows }_JLJ
NCBI L CJ‘-’-’SJ 2 le habl: Dl <”L.’.

el ol sLa JI, 5 amww.ncbi.nlm.nih.gov)
Bos Taurus ;s LHR .55 0 (gl ol 5515 S
Lla Jlys bt (sle civsan s glalid
(.;i),_i)\, (V8) 0 s L 58l 5 Sl eslinad
s i sl aelsl 55 od 10y &) 50 Clustalw
Sl gl 5L L0l s a8 Ll S
Ale 5 sheslin sl L S 5 53 o sk 03l

23,5 15 6T s 50 5 edaline (Y+) Bicedit
pls ey L LHR o Sl giledas
LKL L3 LS LHR 55 1 sl bl 55
O Js S et L vww.resb.org) PDB_sledb|
o Sl A it S Sl S @
S LHR (s Jlias S bt 5l 5 o
St asalsl 3 (YY) uis eslinwl 4 S Ol e
GBLHR (55, s gla JSCader Jiy S

@—;"5 (YY) ('\,\O A s J‘Ju_ﬂ )‘fe‘rj.v )‘ sslae! b

1. Molecular Docking
2. Multiple Sequence Alignment


http://www.ncbi.nlm.nih.gov/
http://www.rcsb.org/
http://expasy.org/tools/protparam.html
http://www.milou.science.uu.nl/services/CPORT

Ol)Sed g (o sedme [ y90y9h 055 S ISubria U ()

sla St o = (7)) O 5 oala
SIS JsSdsh S e D558 sy edinS
(Ca LHR Uy VU Sl ool L 1)
S b s 02 R Y S e
el S5 SIS s 050558 Ll Joms 65 0
sy adaie Sladllee s (YA) dd sl is
Ll i 5 ol odd 35S LHR 3 o
Ol fpeess 0 iSUS &S LHR 03 V) 05581 a=b s

A7) Sl e el Slis

s gla S s JUT o by s s

ASJJJGJLA.A &:,..w‘ ol oJ\J QL;J\ J;»& L LHR
o)Lm; i%gTJ?MA “ l?}b” Liijiib? )inuf sdalice
LHR Cilises gla Ao o030l g YV
Q:ﬂl_?ﬁ(ﬁjiil_g-\'\' O;_HYQT)AAS.,\.ZL.&
QLdlsLF+R )téLw_;Léjz-L;w)J{.CﬂwleAJ Yy
C)L}WJJJJQJgQ)H&ﬁL?SJ(J
b oS ledlas s () USE) cd LHR b

LHR1 ALRPAPCPEPCSCPPDGALRCPGPQAGLSRLSLTYLPIRVIEPSQAFRGLNEVIRIEISQSDSLERIEANAFDNLLNLSET

LHRZ ATLRPAPCPEPCSCPPDGALRCPGPQAGLSRLSLTYLPIRVIESQAFRGLNEVIRIEISQSDSLERIEANAFDNLLNLSET
B e b b B B S S e e R S ot 4

LHR1 LIQNTENLVHIEAGAFTNLPRLEYLSICNTGIHELPDVIEIFSSEFNFILEICDNLHITTIPENAFQGMNNESITLELYG

LHRZ LIQNTENLVHIEAGAFTNLPRLEYLSICNTGIHRLPDVTRIFSSEFNFILEICDNLEITTIPRNAFQGMNNESITLELYG
B e b b B B S S e e R S ot 4

LHR]1 NGFEEIQSHAFNGTTLISLELEENARLEFEMHNDAFRGATGPSILDISSTQLOR

LHRZ NGFEEIQSHAFNGTTLISLELEENARLEFEMHNDAFRGATGPSILDISSTELQA

e e e e e e e e e e e e b ke e e e e e e ahe e e e e e e e e e e e e e sbe e e dbe e e e e s e e e e e e [ ol e e

sl LHR2 5 LHRL gl JSaun Joo 756 mess sl sl 155 o amlitn - 03
(Glnglo) "J_JUJK L (I—ySZIO) wﬁv

Figure 1. Comparison between the amino acid sequence of the extracellular domain of LHR1 and LHR2
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