Q¢ )o2)ih (@ d)Laud (Al § Cuny 2)9s ol (Sib)y eolc alGisls (iag)y (alc alas

Orgg g (& o> JUS (g g3 (aliid (gl Sl (gainel (g sl (s s
I

Y T e R Vo e
dw;@:wwﬂ‘&wr\ﬁu 03 B dema o aly G o Je

Ap) O Al ol i 90 9 eyl comlih oy 595 (1

AR} Ol i oSl S b 9 esnaion iy Spo (D

oSy

sl (i Sk a0yl gyl sl Sldlls 3 YL cuenl (B-HTT) Sludl ogigpmw (s otimd Jsl gy tdodlo
ok 5l o 33 9 o 5o ] 55,90 60 51 o3liel b Lting 3 el 48,8 )5 Lusiaod 13 o] 5 LS i S ) ol
$08dae 5 (Lo B iee Sy bl oad @bl SHTT (6 aial (slo duusl oS 5 (gedllan & (Siglgon gy
Do e Oldllas (il 10 (s59dgen (slaJe 5l oalitul Colro g Llje i b g daosiad JWsl o olie sla WSa

o M pasedie gy 5 CulS Sl Joged 6 dlwy 4 BHTT o plid dlo (uSila (ol bl 04, 9 Sp0
4 s MODELLER J33lp 5 31 oslisial b 55 5-HTT ) (odns dus S 53 i b w505 s (o 5 oy c305) 41 5 e
Wb bl Ao yd £ g YA Caalos b (ol oS bl

» cilises slo 55y wiei 0550 50 0 (Wb 5 s S patwsley elul cul dtwd bay 1 edlitel b 3 it by b A5l
5y sstd > oSl 5205 O (slagay) 18148 ol oy o Jlio psb 4 gl s 4y Gl (igig e (gorims Jlim! sl
Y 85 colly comad) comd) 932l b g5y Wl s ag) a9y gatd 3 ol Sl g g BB o> i)l )8 s &
O o 91055 ol Sl s SogSUl cal Ll s gy gaed o 1) sl e e 4 oY b
ol b (S o g cpl GRS 9 eBian 9 (2l et (e gla GBS @b i oS

alycald o Ghe oo Sl 5t 4 ) laated (o g5y cuSF ((Staner ulps bl i pTaRRd y Cou
oximd JUES 50 s g 5 5] obb amoloygiiS i, Yleinl li elo LuSala & tmd o slgiiy &5 ol ) (5008,
b s ) ozl sm3 e i s b S S ) ol ol bl i o ipdign 2 g
b axdly cpl S e Joo (rolial 920 a1 1) ol gl Sl onins JUl sty Siglsen ile S sl AYA calis
sl ign osnd J (sl (a2 sla uSeln 3 Shas 5 S g 553 9 e

SLisBon «sidlaen il o o Slusl gy oaimd JUl (pgy o)) pdaw 5o asdllas 1 gutllS 1005y
G,LM; sl WSl o JLB:;\

Ol 065 Ol g5 oy (b g 5 oot 3 lidind S o 1 s kinay ¢ %
Email: mtaghizadeh@alumni.ut.ac.ir

Copyright © 2017 Journal of Ilam University of Medical Science. This is an open-access article distributed
under the terms of the Creative Commons Attribution international 4.0 International License
(https://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material, in any medium or
format, provided the original work is properly cited.

oy



http://sjimu.medilam.ac.ir/admin_emailer.php?mod=send_form&sid=1&slc_lang=fa&em=mtaghizadeh-ATSIGN-alumni.ut.ac.ir&a_ordnum=4084
file:///C:/Users/m/AppData/Roaming/Microsoft/Word/(https:/creativecommons.org/licenses/by-nc/4.0/)

oG § 83l (B3 3888 ... OATG) ) IUBE slo gnsle Lsa.'\.yﬁ Sla 3wl ($3dy Ay

Gygo )03 lis b oy 5y p &S Sl
o il e 4 &S 2550 S5 o ) sl B )S
ol el gl dsl oS5 g g Lt Sl
whis s Oldllas plo  ((F) cuwl asly
sl o aBly o cwl a8 S dallas g0
el slodsl oS5 (590 485 O Slilllas
g ogh stinel Gladel 5 olid Glaosy
s 290 Lok (Sl o 65 Car
Capp 455 Oygo lilas il ] B S L
(bt ulpw sy gaiel Gsl oS s
@l ) ISiie olaodld dcgesre (gylol iy
aS Wby o atuie (gax dw JBle L piigp
gl ghe » B-HTT fgp sdm aw Hldle
ol el awd Oldlas pl o s ob o
crl 3l (odm 53 2980 oanlie Bl (305 wlia
Ioesd poyp 2l Gy @l
o1 S by cela 4z, 5 uSaln W1 gla s
Clllae (B 3 0l (pyp SSon 5 (V) &l
9 S b (ouSila (g (3la Jold Bro S0
65590 saalllas o (A) Bl odg YU ()lisle zosy
sl sl S 5 ol ol e YoV Jlo o oS
i )3 S il ety Sl ool sail
(A) ol 48,5 )18 ()52 3590
sl saad JWsl plo 9 S-HTT sla ouiiS o
2 oedd b e Jldle Y. 5l i L SLC6
ol pe (o8 (Sopdl i olaglen loy
2 ok & byl cpl (b 5 S (Y) WS e
Sl Bl slayby) jl eslatul (igte ] sl Jlo
ol 4 g bl il Jae b (Sl ol 5
b 5eSgp 2o £l Gl g dw LS &S
pie g Py olie cle @) o)l cuenl )b
Wile (ol sbgy 5l odlitnl b (Jlwe S s 4 el
(V) cosss gy JB ol anil (B1S iy )8
sly 2ei)8 )l STdgen gy 4 il S
Slo gl b g gl wae lial oyl (s adllas
Sigen by 4 il Jhe 29800 Cguine b
slp dobs gladie 5 3l Solite sladp)ls
i & 85,8 o 5 odlizl 350 55UsS Lolual

DA

oMo

9 D Sy (mas oK gla onimy !
() Jo)»fun sl SLC6 9 SLC1  gawwd
slo ol gige b & b SLCE 5 Sy
5 (NA) iyl 5 (DA) cpmobgs wile 5o
LS wsle (ol diel sl a9 (B-HT) (pigigpm
Slil (GIY) (5 5 (GABA) sl e 5 5
JUslh (glié yo B po oulign (V) WS LiE
S-HTT (claph L oS Sl igigps (gosimd
4 ogdge By 35 SLC6A4 4 hSERT
et b odimy JWasl cpl oy sl pgy (godlgils
Pl oo G2 LS ggw 93 > gy Jl
lay) o osimd Ja) ol Jolos )6 ppolie pulass
ol &5 D9 patude iy Sloj Owigigpw
sl odlgls 5l S gl Slaal 17V 5l i
e cnl (V) Npdien baye 2lis lo (4S5
sl @ O HTT) Sl poggpm onins Jlisl
5 SOl Glop> (slag)ls | (xwg el Bun 031
Oy, bS5l ol ued 5wl el
oz wr SHTT o) p 485 ©jpe (S)
o onl o9 Jes ) s (S0l 0gdle
OCD )lal (plywy (BOLE puls olaisslon 5
oYMs| (Obsessive Compulsive Disorder)
YL Coorl 4 a2 L (F) 0,1 pudsl 9 (oS 9
G dw JBle )b slb cldlas > 5-HTT
2 9085 s (S35 0 ol G5 Pl S ) Sl
J5lo ol (B) cusl 4,5 )15 PDB ol oSyl
A il Jae plp elie X0 Nlg
Al Sl oy JWasl gla puiig

B-HTT ooy 5 a5 (ghodyinS clillas pi) s
awo sl olie bty 9y 2 9y gdaw
ol Wy cl 48,5 Coge Ssn onl i
3fes g b)) (o0 aile (plrada I (4S9
igel ot oS5 g slie b basye laisy
3929 b oz b ol ABS S8 g )90 yieS



Q¢ )o2)ih (@ d)Laud (Al § Cuny 2)9s

ol (Sib)y eolc alGisls (iag)y (alc alas

slad b il (b pedd gy cpl 0 38 Ul
(a0 La:‘_’)i L 1V 9 I ]oLJ)I Pl u~53ﬁ uo9j
&S Canline ] @ ol g 0 &S ey 4 (o)
see O-HTT  JUE glad 5l &8 Sl JoSUge
2 o9 A gy g dd@s"] sl b s
Gl diwd Lds gy wlel p e bl
oSy aS A asie ol Gimgh 0 g,
Lmoi 4 Yl.g 2 LY L;{Lb:oli_{lq- Oi] » Ml QSL“A:-“’]
5 diwel Sl S5 o bls)l sl (aie;
L;l.m.\;.m Jl.o.ul d°3‘95l5' 3 (Sop dD)S.LQ.C u,..\.zv
2 09e a0 Cguine b iandl S 958 (e
Ol..a..a.éd.o 4 ..\J‘?JL;O U935 O—.’.l sazsl ‘L}.’.‘
WLA ‘_,’.’LM.C L;Lmu&l,m EV-%} o)l.>| 0&9).\ L?‘)‘L’
u"")"o u;LM.c (gokad Jl.a...:‘ u,..f.,”.» A_§., le).g L5)3
Iy Wb oo 0000 odimy Jlas! jdle p» &8 plis
M as pilSe yipo S 4 g 0 Sew
ool b alie logutipy 5 onmd Jusl slootin

LS o S

W99, 9 3lge
Sl g ll seolatwl 390 (gdm dw (sl ks e
5 oSnn oSl axdl S s Jols
PDB ID: ) 55 59 eBan skl Jols HTT
Pt g — ol S gl (g L3 5 (5162
oY 5 (PDB ID: 5i71) (38 e Jlasl S 5
o9y & Gl Jlo e b 4,5 PDB ool
crl slr ©olite 55Ul 95 ) edlitl L 55 (55l
FB calid b (obagSl (8L gl 5 pbsl 0055
5-HTT (s g5 lunl esilo Jao 561 5 Jps
9 i a8,S Uniprot ;| (Lot. P31645) Ll
PDB als oSl (yran BLAST 5l Lawgs yuges
cla)lisle Golol cpl 5 (VF) €85 &g gt
PsSl oxins Jml SIS Py S 5 ol
PDB ID: ) (LEUTAR) yps) HS paes 4 iy

woxmy  Jasl 4 AYA cals L (2A65

AN

L b ol dej 485 g Sllas i
b Y cuiS b 5-HTT §1 (glsan o 5l oolizul
el gl 9 Sl (Lol & e (158
o (F) Soxs oufipy ol Jlail <8t o s
Uiy & ol adle sl i I edlatel L s
Jlail el a8 cul oad ooy lis (g5elgen
L L ey Pl a5l SSRI 038 | olagl
ol 3l eolael b oaoyls Sligy pr gy opl Jlas]
55 L e b JLail > o syl polie i
cilises (gl (gladgl (V) ,)4) Kl odd asuie
phy o xS Caa el olis Cwend
oy Slos 13 g W) slie b glize cla i
9y p lie ool 3 wimd e U5 393 I Sglite
Sl g ol oad 5503 g ol Coolais]
elie oSl el o dl Gl sy
Caz olol 2 (BLS gl )S 1 Jols jldle S
ol K ole 4 b b Sla S
4 (L & Cond) Sl 53 diel gl Condge
o O &S Cwl Jb o pl Slodds pand s ¥
e IRCULIRTLT IS SR UL SIS
o b uSy 5l gy ol @ it slags S
G dw gbylidle wyp dlal I Sl
S F S paede o ol 3 S-HTT (455
B wlid glaad b byl 0 a5l plagay s,
b Sl )3 09y gy cpl Cuenl XyS 0
oS Dbl sla s b oS e cuwoVl Hlaw
sl b hip (ply (Jlyy glag)ban U
2o e (W) a8 8l cod ) plid
OSon b Joynls s plis sl (S o
Y) a8 o ) i Cj Sl cldld e p
2 38 e Y LY ple jl e &5 Gl
S P ©05255 /S Wyl Heas wSile 190
9 0395 4l ol 0 N0 gy 5 S e
slogyjy Jie plgis a4 )b 6505 sl
@ g) Ghlwd Cawl) 9 G Sacasbse ;> 485 )8
O peSele Sl sla ST o 0

s Sty Cordge 3 455 )5 slaghsy 5 )



oG § 83l (B3 3888 ... OATG) ) IUBE slo gnsle Lsa.'\.yﬁ Sla 3wl ($3dy Ay

S S b e b 00 s (Vg0 ke
Slr Sy e glr Cew 4 opmy ol
Ok 1SSl ey A S 58 s slegn,
ool Cawds lacl oobol eV gosb b o,
L8 Oy 5l3905 s

ien logh) )bl slaplll 5 (gan awsd
wlis Sy lpsile ad pasie e
B slegns) (Shgye blbgy lwg usn
el dlwd ¥ oy b puSide ol 5l )90y 50 aid)S
soor 3 o el ladgul (an atws ol s
05565 (sblys 31 S-HTT Jlsle (gomjy 4 gj,)
ViewerLite tslo sxad il 38l pp S 5o
ol oyl gl .85 e (accelrys) 5.0
dizal (slodesl (Sl (g0 6y Car st
ladeal olol (ol p g e (lie 4 Cons
e 4 gy Slagy s ¥l (S5l
Sl Oledgi W85 )8 (yagd 41 9) 5 G sl
Or o2 (¥ JSD) sl oanlie LB gl i
a2 b el ol 95 Yo s g Gllae (sla gl 8
OBgy Jl odd (wyy (saisal ol JS ol 4
oobol g duwlore sl 0350 g3, VAR ol oS
o905 53 dizal (sl A o5 Slgly3 sloge5
a3l sae Gl pelul g ey @ Sl
phie culy 4 ol Judgs 9 <ol Shyyun
Slr 38 oo Stesed culps (A) s
sl (oo Slghd Ol (Siwsed (i (o)
W dle diwd ¥ cdigel

oiRg5 s 48l
S Lasie BHTT Llid slaodjy e
P19 ap dajls Jol dleye 3 ¢ B gl S5l
On iy )5 patie Cul GiSsn )5 <
L plis clpsida 3 plis pé g olis Sy
A S5 b ploul Sloykn gy 5l eslizal
g g colS pasls bl pr (Sbgyien LBy
5 )k 93 eatpol (slasul o) am3 00 oLt (5162)

(dDAT) Drosophila melanogaster  .ebgs
S olyie & 75+ cols L (PDB ID: 4m48)
L« iglgen by 4 sl Jae (Y) Bl bl
model single 5 align2d  slacy ,Suwl ;1 oolacl
célo b 5 (V0) MODELLER 9v12 I8l o
bl i bl eSS ya gl Jdo Yoo
IRl ey bl @ls sy 4 ) oo o e
s DOPE score J.Li MODELLER 9v12
Dope  loges (sdmslxo (slp b plosl MolPdf
s evaluate template (slac., Sl score
5,30 MODELLER 58l 6 ;I evaluate model
& oo Jdo byl eldl > a8 )3 18 eolal
505 aS) Procheck I8l oy (sla gy alowg
P S Cpge (5o 2 g8 1 ohulll
bl ladhe oy Olgis @ Jae 9 ol
(MdI-2) 050 (2 555V 5 (MdI-1) (2 ST (5551
254 o]

Sily o ashl )3 e )lsle (gan dw (il o0
o2 5 (5171) plyy s SIKJ (gl bl (gims a
5- Lol jisle L (MAIFL,MdI-2) b Jss s
@y sl glye 4 (5162) S on HTT
V4.1 asw.s Swiss pdb viewer sl 5y lawg
W clagp)S 5l5 o RMSD (V) ui plo]
b dwlre I8l o5 (e 53 g LSl

Sl Shoyia jbses i Shgyue e
e 3T 5 alolis ) by S-HTT (il
polie (V) Lol cuws & EXPASy s ProtScale
Ban pTap sdimel ol SV (gly ond dulxe
L5 dlre Jigd 5 culS jasls Lol (5i62)
Slge 308 3 )l d92ee sbpadls ple 3 oS
2ol bpsy olie cbadioly pusi 0je> )
oy 92 (P swp 2 )l o ) llial s,
il g0 Cugi g0y g alBlas job 4y U VA 5 VY
gy o0, © oliwe b s wlses! ProtScale
I @B ol bl hgy cnl 53 9 dswlone
b Bl omdje B gl (695, ) Aol (slasud
o3k ol U slegesy sly 525 o lime g
S9) U ok She sobjy 4 g e



Q¢ )o2)ih (@ d)Laud (Al § Cuny 2)9s

ol (Sib)y eolc alGisls (iag)y (alc alas

= oy saiel slatewl AL ggecma 5
sbao b (oYL el sl OFF S sl 5l YVY
...\3‘0.&4] ulmo L )J)f ui 9 duﬁ)f )l)ﬁ &)

&35 Cyao oY 9 WY g0y g0 5l eolawl b
zeos ol o)l by, Lisu st &5 Cul
VL 3 4B )13 (el el (slagysy b ol

b Basjy owyy dwols Ky ol simio ((516Z) 5-HTT yuiigp s Tligydap Juldgp Y JSW

Ak Y g0ty b oy Juols Ky 508 cioxie g VY g0k

Caly & gl iy 4 (Jidgd 5 col8 g
Sl VYV 50 gy jy ol oonns (Slgly8 il onds plaie
Oz il & g ol sl lead Qlal sai]
(V) g +IVY) 0olly d(+1VF) Cpmoglg ol s
(1Y) oigaia (+1+Y) oot (+/V) Y] S
o (212Y) 05 +1+5) a8 V) Y]
oo 1Y) Crigss (1Y) Qb (+/+F)
(/) el Seligls (0) i o(+/1)
il (1Y) sl Syl (+14)) oppelislS
Obe > (1Y) sl g (1)) mpY (/)
g 9Rl iy 4 dd 4 gy el ol
Sl oY b g 0V gy odlly o)
do sgSll S lgs e ol o L aiidly (65
2 el (G0AS e gy cnl Rl s
3ol 2,Ses g (g L b (B9 slo S on
ol Cly Cloms gdtwd ol b iiSeny oyl
29 oYl g olly omg) g3l Bl dhal sl
oY1 i g VT cppmmog) lime o o (gt
#oord A gy gaed p g e pple
b Sl s G e s g ol mdS
2 (Ssbogyl) e gaizal gl ¥ oo ) aizils
iz Gl oYl b b gl 4 gy g4

il (658

)

albyo  BHTT olid lauSila (slagys, U1
O gy Nl a4 gy slaghy pled gim
g oaede €85 b aits Lid | L) 5 & HTT
el dl g a0 MM 3,5 a5 5 b s U
Sloded b oled )3 &) a4 9y (Sl o205 L
@ i3 4 i+2 i+l canel clanl (s olie
@ (¥ JS8) B0 ossel Cor g (yog) @ g ]y 5
VI Lausgio jobo 4 o uSila 51593 50 0 o8 1 >
@ Vb Jgeo)8 jl oslial oMo (850 )13 g),)
FAHISCRRE S SR INE CRECRP IR IOTES
Gly (Bi6z) S5 iy S ) o Lol il
2 odd ol caiel sl YVY 5 88> )y
YYY Coled o g Wad dusliS LS oolaws |8 (sdsye
P boad Bls aiel s ol sle b g5,
9 2 Ly s jeas olid dbSile Sy
o ) Gjle 4 dg 485 gl WSl slel
43 5 142 d+1l d glacusdse il pliS zun )d o),
Wi o) YWY S iy pl 4 A5 e )8
ol Ol 5> (b el dl Yo Jlgld 5

hses cpl ) ol saalie BB Y JS5 > atwd ¥
oadls oae Gl el p ael clanl



oG § 83l (B3 3888 ... OATG) ) IUBE slo gnsle Saisel slo sl 533y alws

LK, b dawd qwyp S92y ahmd ¥ .O-HTT yuiigpm Jldle gdgnsj,y gais diwd gogmi .V KW
sogaad Yl 50 Wl oawd padube JSW0 5 () jaw g (Cuwly) Gidis (opo9) ds9y) 555 (Sased 4g 95) (oo

1 0awd 03,9] oyt (G095 gkt B Ay Ko Cugd YU 31 adigp prgeal Oasls 55 9 9dee 31 Cmakig

Bowl Bogdasy Foe Fosgdas,

3

14

12

10

ILE VAL LEU PHE CY5 MET ALA GLY THR SER TRP TYR PRO HIS GLU GLN ASP ASN LYS ARG

B15 Phaw 5 8L 51 ag) @ 9, 9 o ol i 1 9y SLg 5y e 53 el Glassl gl (1o slages Y JSS
(5i62) 5-HTT (pwiigpm

4]



Q¢ )o2)ih (@ d)Laud (Al § Cuny 2)9s

ol (Sib)y eolc alGisls (iag)y (alc alas

SE Gl oen dayldle ool 5l (S cd)S
ol (BITL) (535 0 Juil <51 53 gl g
G Pl ) o 3 (AN LY (lagys, &
SE Gg 09 kel Jlble (6505 5 sin
Pl ) I SV B FY clagn;, oS cul (5i62)
9 5 B3 ewop Slp onr o Cul 0ad (SIS
b g sidgen gy 4 58 SHTT jl oam aw Je
oy st 5 (LEUTAR) b,k slagSIl 5l osliza
G 4w slagily o s s asle (DDAT)
on RMSD 300 5l ol (B S5 oyl oo
syl b goye jle (Wl Glagn S o5l
Y8 MF g 4 5ITL ksle o Mdl-2 Mdl-1
P BES ls B-HTT ol o by sl /0Y
e Bl bl gl s i (BI71) el
(MdI-1) s 4 (MdI-2) 45 slo Jio 5 3,05 (5i62)
X550 )8 Caled lie sdn glads) )3

bl slodiod le (Siwwod culps O oo
p e o i |y osd (S el bl 3 dtsel ]
oo (Kuwer lie e Jor bl
BIT1 4 5i67 cloylile ) diel dpl (sladiod
e SHIRMSD 5 dogs b altuws ) 45 15 01y
layldle 350 )0 Dgd o S0l (+/0)) sl g
Cals oy AWM Mdl-2 5 Mdl-1 Jase
G55 43 1 Sirod calys s & i S
@ 2l sl calid uop VY sl &S
St il :S0le AD xie e (o2 555l
s MAI-2 (sly +/AY & MdI-L (gl +/V¥ )
01 SSRMSD polie (gduanlio oyt o 55 iy
Olise D oy VY BMB] wed o olis YL
o SHTT Jlg b il Jae (6580 59 calis
U3 RMSD 3 ag ] 5 _5Mis] 4y i g5
o) B Py Juobs 5L | osi sl
ol an g8 BB (gylade oS 39 gy

oy

P bl galB ks chdiey S

@ gdwd ¥ gle 0 B-HTT lic b wSilo
o sla Slgl aiel sladwl (S odel s
2 gk jie Jie plye 4l golie
o SSlgld cwly g a4 gy slads
92 0l ) (o lgld s i) g il (ol
S obhaw cuh cald a4 aw
el s sl Jlgld bl 5> anel (clasl
Mo ol A b 2Vl (Sten caiily
logdj) (o (Sl (Shumer oo &5 Gl
timel ladnol s Slohd s on el cand
Sl (Siwsod (o) 4 5y 9 Canl) (Sladiwd
el s a4 a8 Jb o o) [SusS L (+/5Y)
49y 95 saiel sladesl lo ol pas g 0b;
Dgdiee o3 (+/0) (Stwser (lie (55 05 ep09)
ol Bghj) (b Slghp (Stawen colps
Slp Y cwl ole 38 S sl
9 o sbdiwd gly Y e g cwly glaatn
2 el (glasel glgil Jlglid (SaSyy jlagai gl
Dgis o 04> ¥ ISS gl gad ¥l
s bpSde S L ol sl e
28 G5 4 ASLSHTT (159 SguleysdiS
9y Al a Jobo (90> 41 9y (ygmuleygdlS Joas ]
9y Sgh )y ool cnion ol clp Jobw o &
Db p295 b b (9390 b Cunl) dilwd 9 2 4
sdie 5 (SIS S glajlisle anlio

S5l 5 o jl oyl sadllas ) B-HTT cytigs
JossS iy 4 SHTT 5555 osdl caos &
il > glallis B 3 Yo\S o 3 45 3LS
58 odlatwl dy9e sl 9> (B) o &1yl Nature



oG § 83l (B3 3888 ... OATG) ) IUBE slo gnsle Saisel slo sl 533y alws

ol 9 e 41 9) g9, (Slgl

ez 9 el glagas, gl

14 12
3 12 10 LJ
=10 )
Y g :31 8
] N .
A -:j 6 [}
3 (N
34 y o4 °
'jg 2 ", e o °
°
0 [
22 0 L 4 \ 4
0 2 4 6 8 10 0 2 4 6 8 10
Cawly o Slglyd Sl o Slglyd
Conly 9 (o9 4 9y slogus ) Slglyd G 9 4 gy gLeg) (Slgl
12
} 10 [ ]
- .
3 3 e
a y L ]
¥ ' a
"g 3 » o .
k 20 L]
L
0 e—e—o—wo
10 0 2 4 6 8 10 12 14
Canly 0 Slglyd S 4195 59 Syl S
o9) 419y 9 sl 41 9) Gleguny) (sl 2 9 ooy w9y slegny Slgl3
10 10
- g .
Ng| e . ]
= =
:ﬂ 6 :’ 6
N . N
7 4 . 7 4
H i
3 24 . 3 2
® e 00 e o o
0 - 0 -
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12
Saged Az 9 30 Sl S ez 0 Sl

¥ dl.g.o ).5 (5'62) 5-HTT 05.139)) ddaﬁ.ai dlb)gw‘ 8,95' uems 65,9')5 uf..\&fl,; )‘3903 ¥ ng

s g diaed

9 (1) MdI-2 ((50,3) MdI-1 gl s b gars dw (65155 m2 gl tCuml,y a1 Gl i g .0 S5

L 5i71 g MdI-2 (MdI-1 gla ,lid b g aise] samw! o diwd Glae ((SKimmsod il b G amylio ) Joua

(5,3) (5162) go yo s lw b (5aw) 5i71

(5162) g yo ,liblus

5171 MDL-2 MDL-1 ikl ol [diawd ol
V/ee «/qY +IAY Saaad 49 9y = daan) 4 g,
N v «/A)Y 2N Cuwly — Sl
Y/ «/89 « |5y o9l A3 95— egl 4g gy
Y/ «[AY «/A S = e

al



Q¢ )o2)ih (@ d)Laud (Al § Cuny 2)9s

ol (Sib)y eolc alGisls (iag)y (alc alas

L byl gl (Sl slao o) cusbge ol
Sly A el g uyp 45 ool Ll Lid
Goyp 48,5 Oygo Oladllas o aS sl Jb s
oS plonl laguisn saisel sladwl oSy
Ol bey onl & oeyn sy SO
@l @ b sl I i gadlas gogpn 4
S 5,8 o)l (CpTat) cusdlyg)ls' 5> sl (s>
Sale (glls HE106 pb & o (itig 2
3 odlitl by pl g F) el Sy el
ol bl ol gadlae gy b glite (3,
Cangdol pSln —i g0 b 5l eSila
2 gy S e 9 03 oy 25
ol ol ouds asie dtwd VLB p wSda
g )k cuwgd Ol SOl slagasy Jold s ¥
e (650D (wp P Ak b gk Cawgd
&S olis pSep VO cauel clanwl S
Sy adllas 590 Litwds uSila WYR gl legoome
I s Gl oad odlatal (b9, 93 (V) ol a5
b 2 oy Jold caddlan cpl ) bogyj, s
2oy BBl ol gael sl Jg
slic 350 4 Cond Wl oy S Slate olal
S ol S (295 398 sadllae 930 Cusl (i
2) 5350 (slouSiln gatel glasl e )
5 HCf106 1yt 5l Sl el (Sl G )
) (gm0 3§ ol LuSals VYA Lagd 5
G g wld S Oldlles o Jb ol bl e S
SMo plie glosd 4 Cuns o)) 6,5 g
Jisl oYL Cacal Jds 4 sl 0350 (gal atwd
o) GBS ob g BHTT wile olié slaosind
oladl b 4 pol ingh dis L lapnSyn
soor 90 sl sase ol ] Gulen sl
oiay ol il Jeols slaosly  gadllas .l 00ly )3
9 Jdle 2)90)0 (shaer SleMbl daglys) (w)p

Ao ool O-HTT lie gy 5,Slas
el sl
A slagysy @ S-HTT o glie clauSla
ooSale JiSis g3 )38 S i a8 )l sl S
o2 2 Cehl iz o Slld cpl e (V1) )l

995)) (SoMes Comd

50

S5 4 g S

2 HTT ofign Vb Cueal ¢ e
e oxl syl (residue-level information)
oy B cul ois pbl 8 b oS Slllas 5
PSR LA?QV E]a.w 50 PLY L;:ijlb.o Slass o
Sl glis 5 plis glaosimd JUisl LS w2
Oes & ol dsg b (V) cwl SWl 56 05,0
andl (S5 gl S b9y 4 S-HTT (yuiigy jlisbes
5 ool €S les o sl ond plol 18] LSl
wor Slr g e ol 4 i aw gl
Pl St gy ol el sladl oS5
Koo bog oS ol eolaal b Cdel gy,
Gl 03 pb5l 4 (S gl S 1 ol L
Sal ol deng Jud a4 diis ol &5 (V)
58S sl lie sloonms ) olsyksle
Jie olgie il odel Cund 4 0y55 sla b,
5hedlaws diwel clail Sy Fee¥ Jlo p
o ksle ¥ ) eslimel b olad clonmy Ui
Sl gansl 315 gl S hgy 4 sdel Cawd
Cldlas b s ol 55 il (A) Cosl 00 s
SlpSide 4 baye laghjy i amed 500
@ Ll ol gk 5>l 0dds gy p lié
L c\&b TR M‘bﬁ L&ss.\J)) L«S)) Lgo.)l.w )2
boghjy oM ded il by ool
Sygpe 35 Gile gl (olis glauSile
Pl )S 5 Lol ksl ) g b cul a5
9 <55 o lp (BI62) S-HTT gy IS
Jusl lags) (Sl oyt xS
s daldl b edlatwl Slusl pigigpme (godiad
s)lisle slags) b lagnjy cnl e saulio
w3l bdse o (BI71) ply gl SIEJ (o)
sbSdgen oSl plol  Sen 0l
o3l plol |y (MdI-2) oy00 s o (MdI-1) Sy
]

G awd  Jold wodd edlatwl Wi b,
2o ¥ a plid ey o gauel ol



oG § 83l (B3 3888 ... OATG) ) IUBE slo gnsle Lsa.'\.yﬁ Sla 3wl ($3dy Ay

gy o agnj, 5l awed ol (ol 085

li latd she Wi oI b "ad
ol adloe ol 5 ol slaosls 5,8 e 3
).,)f s.,j L;Ml dl.m.\ﬁ.w] Sl CEYP U B (0
clbains g 1)l b 4 gy cated > (YY)
YA PFFO L iy 4 55 ogd 4 9) 5 G ol
M3 an ol 3 1) Ol slagj, 5l sy
soy0) oy Wik bl Geeg g awdd gl )l
g bl 3,8 O el slanel Gle ) (ol
24y )5 4 slaghjy np Cedgriee S s
G g b ied ogigme somd Jlanl Hlsle
GRS w53 S 4 9y td ooy sadesg
spé (ny Ol solie olis b L
S e ol atel Ll 93 opl 4 bgye
2 i Sllhs ol opde .l 0395 Lz
Jasl cldled e w5 o 18 atwd puod > &S
(B) w23 oo 33 1) o> JUSl (g5l g (igig
b s 49y satin 13 baga) oee i e
L35 olly cmg) 93] 9 omwgd Sl o w3 U
sboojy Ole ) 5 obsS (sl sopd) oty
B Gl s iy o (Sl gdgyun
Slolp & lael sl (sloog)S plo I 0,8
& ol By e 4 gy gad 2y B
@ gy il sl aod ) dgvge ligiu s
Lyl o oS sien Sl clagij, wud
S ) B S plid b b paites
Cj (Gl youo aiwd Cpl > cpjeps Slolyd a8 cul
oM asuie oy cpl (ol i olge 4 4
» gl Slghs as Slagas, (VYY) conl (o
ol (095 3 oMo sl o b)) (gt
Wle e (SopsIl ol bl slagnsy 5 cuelisls
wile cute (Sl )b gl slagnjy (Sl
e b &S s 4 ) (satod > 5555 5 Y

55

wlid s b lagl b (lboyos; S
s iz s S5 ool wlely .l
5-HTT ol uSla VW caiel (clasgwl oS )5
25 1 Slaghy a0 FY jpds gorimd oL
o) ke &Sl Jb sl ol (slg ol o
rle) @i e olis oS 3 e
Sy FMBL 4 (o U 5 b yygpil s
= Ol Gliee 090 5 @S goniad lis Wadly pl L (A)
OSen oeSle s> JIS-HTT olie isw g5
il Gl cpl b cwl olis ol o
b onSon ool ©odgrien GiiS ma p &5 COS5
ONS wp n oSke b gl olis cbaag
SF 8y e cwl 5 S i oSy
Sl dw Gle 3 (Slgyde padld polie (g
o 3y il o e & 5 o sl
S92 ) gl g e Wl SHTT olias
sloyes; yuin Job )b odly & Cuns g yidn
Vil ol 0 Cond () 932l 5 Oawdd (Sl
S ool @ ey bcwl 5t S8 ol sl
Sonjy Jl JSiie adllae (pl > aiges (sLAS
) Sl peSila (slagsjy 2 sl b oSl
dgd o 0dd Lie b by (g)lidle o yisy o oS
Sile & ol Kos &S5 (V) el (3l (0
Sede 2l Sslog)l lagas, Syl
OEFgre o JW o a) olis gles
ot ol aalllas oS s 55 ((A) ol ZA (Sl
ol 700 dgus 4 5-HTT o e ol s o
sl )3 il sladsl o5 ol 5 (S b
ol V1 b Sslog)T g9, 5-HTT (g
Sslogyl logiysy oo o 1) Glsld o Vb &S
ot Slog)] (gloglssy e Sl Ll 55 g
YU 5l ey 4 olsing g ouias oYl b )
oS e cusl S5 @ pY )l yes s Slsls cny
OSen oY1 b 4 s o Slgh o9
il ol )3 290 JeuS g)um 058 Cul
o) sl ple Oglis el & AL cpjop
CRoxs S99 pis ol disel dowl 93 ol > Sl

ool dog b b ol 53 55 e 2 g) dod



Q¢ )o2)ih (@ d)Laud (Al § Cuny 2)9s

ol (Sib)y eolc alGisls (iag)y (alc alas

ol b Sl 82 Sty Jb ool b (VP
dyg0 ol 53 yiday gadlas (gLiS ol Wlgi o adlllas
JUsl cpl 5 Sles (g0975 )50 3 IS sk 4 g
Al plis godimd
5 Miwd Ton (g 4 gy &5 oleobj)
I3 e 4 gy slagny ety gl (Sl (0555
e g lolid " ey 4 gy gaed pU L b S
sl JsSUse sl ot & s olod ok
Olpl 5 e (1gn (g Sl Hgee Sl 55 Ll
& gy sloghy oSy yidn ungd O (slaga,
UiSy yd odd S ol il ey LSS 1y s
S99 pf) s &5 WS b e me bl
9) s ;3,5 O cainel slasl Slas oy ieS
25l Glagnsy oy (wwd ¥ e ) (oo &
closad Jlsl cwYl fls ea atwd pl o
5- 3y50 0 5 )b LU L wglaie (g lidle olis
Omgare s Joee oaimd Jl Sle slad HTT
sl il b Gigig e ke Cwl mdw (g 9
55 e o9 Sl 305 T s b (i
b Sl gpsdl S o2 2 ol 4 bl
SsS o g b e b sl bt
9> Glp ey Vg ool ) oegig
Al ag) 4 gy sitwd )3 325 Ol gl (slasl
b g3y5) jpa> doyd g g9 rgh JB OISl (S
ol (ladwl Slold 5 i Cal dtwd opl g
OIS & bape S 4 (o) 4 gy alod
98 5 o5 5 (1Y) mogd 932l g e (10)
il (Z) Cpdsad g Owgsie 4 bgiye
s o)l jho Slghd 0g)S oz o )0 (pasius
slaal Jlglyd sl sdalie BB &S ls o)
o 5l oed 4 gy e p SoS aul
Sl &5 S i ool ity aigel slasd
Ylois! wiwd cpl 3 Koo sail sladl YL
o oogd JB slad g5 JSS ped) s 4
S cwl S5 4 oYl Gg g GEFare s
4 byye € jlor ple (Swed Glie (S
9009 4 9) 30 9 e A gy 9 ood gy sladtd
or S &S e 9wl be o

Y

opl ol L0 dgas died cpl g3 o5yl 9 oY
slo a5 ) "anyeS" gasl g b g,
Sohiy Se s by ) (oo sl 4 I S e
(B> 1208 anb )3) Y (59455 99 5 o5
ol lid glasgd 000 gloj b JiiSan

G2 5 Cwly by aned b g5, 3950 i
Sy puSela — Sl gla LS ob 0 pld
bis > ppe ois S ob p cpl il 4l
2LV b plie lanien pow Hisle
b Sale soley 4 ol slo 1S o2 2 cnl <8y
sl (65 JSB 4 oxie oS ol (g sl
Cglre (sl b i 9 0Ad 2l g03)95 U
@y pyw Bl mowe LS 5 0 b oSyl
9 3205 Sl gy ole ol (YD) wmd e s
i 0bigS sl g0,y uab b Y Se s
boodly (V) w5 o W] b iiSen p opl 0 cepe
L o ol ddllas cpl j0 JEle )l Jeols
e 4 o g culy slaatod [ el Al oyl
Cuol gl diwd 93 52 3> o] Hlade g 3l jeuas (o0
Slod o (LB laasl b ssalie opl &5 (V SW)
G Obe G dd ) Geeg sy (V) 2)b
—oSale S w2 > Geeg )0 1) Sl
o) Wlo (Bgpme (idige sba)lile  wSla
ol &l Hlanl e e 1yl w8 )
oS op p 3 B-HTT (g 50 diel sl
by ALy i Sl — Sl

oo 329 O ool bl @l S
@ gy 9 Culy b awd lo ho > AY | S
Jen! (pl e @V (Stnon oo (i sl 1)
ol » i gl uSils &5 WS gilae |,
JUE o ey g 5L 5l (B Somele)odiS s
4 o ol Wb (S e eximy Jll
Loa b a6 b bpsSils I a0 Sl
Oy Sl slagwyp plo > adl a8
b onny sl 3Sles pilSe 59)p 485
V) ol 005 e lenh i 555 b ol



oG § 83l (B3 3888 ... OATG) ) IUBE slo gnsle Lsa.'\.yﬁ Sla 3wl ($3dy Ay

(MdI-2) pg> Jao sly ulpd (e (ke b
Colps > M ol e sl 5 RS Y
PO TN D S
Aepe (AVADMEe i e a @pe sl
MAI-2 5 a2 pe slojldlo ple (Stuor calps
2 gy, /A Ser cups (ol Ll
P IAY edd &gy 0 /AN ol 4 gy (gdtwd
S b o cwl cwly gaws p /A 5 co
<IN Cs g a ML s Colyps oyl JBlize yolie
Sloj Goles pl el sl /FA o +[Ae [EY
9 P Shewed cupd will & 2580 poles
I B N JC R
el plyy M (0558 o il €S, 53) iy gl
25 b &Sl ol €85 S (g 42
el sl (Jio cdlo ) ooliul 3590 (5ol
A Ngd oo (g Olyusi oesuiwd &8 ¥ gladiwd
Dydice Batod (pl (Slaghj) S5 s 4 e
ol 3 el (slags) o5 cul dxe cp
P9 S K lacusdae 2 Cuwl S atwd
Mlls 25,55 )5 by 5 S5 S, domd
oo ol B Jso ol 3 (ool (6yuis (o @ oS
el ] lodind 5 5 Staad gy
L (M1-2) e Jao 5 (ML) 5 cims Joo
A e b gy G (ol 4 b e pe jlSle
hoedlatal cpl s o ol atwd gden o |,
2 dadie Cono (i yp 3 (Sen ulyl
Sy Sideer il Jho bl owien OlWlas
Oy ledllas j3 (Yo =YA) sl 48,5 113 oolasl
Jgene oy | Leges (Jae Cono line o
5 s Sl slogn S ol RMSD )y il
S A Gl er A e il
Cawl 04 o3lazwl (SUpPerimposed)
Ol Ol pires BBl (pl 4 a2 b
A plie Gbodyn Giledse o c8S
Ly B-HTT wliee (gylidle a5 o yyeudly
e s A ) a8 leen b oSl 1 eslizl
o3lizsl BB et Loy |y Jio 5 o0 @) Jod L
S odlitul dn) (LB slaadl cwomd opl WS

FA

bl g gl s> SogS lagujy Syl
B-HTT sy B oS J Jobo Lo
N8 slghs) (Sl o xS cax (5162)
HSan o) S & Ul wlwd ol 4B
sbe adl g )5 pl @ 2y L ocwl
» el Jiw olen 4 &5 S-HTT  Juy 568
Olese ol odol Cawd 4 6550 Jlail oKl
5 2l 4l ) &5 JU glad )l plagn, cdS
o 4 (Sayudl as clagyhy b Ll Jlas!
2SS B aed cpl 3 s B (ng
el bawl I eolass (b slrasl olwl
plr Plaw =l (Sl 05 (55l Jlail > e
Alal69 Tyr95 Lels 5-HTT 55,0 Sl 4
o b gaulie (0) s Serd3s , lle172
ool Cawd 4 ol g Jlias S8 Ll 1 odel Cawd
» L"’s-\:’.}) O.;"] L;ol.oj A UL.\...; aalllao O:’J )
G5 ) o) g Ve S o B o 4 5y st
Oed) 4 gy saod Slaghjy G (oS Aol o
ol GBI L S o g0 pd
90 d“-;lf)l-ﬁ% L;LM\L»J dc\.....\..gb"m axlllas L)"‘ o
Mdl- 3 MdI-1) (iglsen b9y 4 ol adle e
555 (BITL 5 5162) SIS gllins S sl 53 5 (2
Sidgen il Jio Coma (e loxiw Sl >
Jisl s S olid lageSdn o8 S 5
Nl Jol Jao cale e o &l eniad
YY (identity) ol o YA cals L oL st
Owelgd oy Jsl 5ol
Loy FF Sl ¢ £+ calds L melanogaster

Drosophila

cald e ghoy VY coley b edlatl
2 A5HTT) Gaa oy Jly L S sl Jly
sl ol 4 oo (gdm dw sl Jle cole
Sl 00 el (glogsl Slglid 5o > 65 i
gl gatd ¥ pls (Stuen ol by &S
el iy gbeodly (wlal e 0 dul (gl
SO ¥ glaaod gl (Sten colpe (1Ske
awlis ) (MdI-1) Jgl Jio o (516Z) g o ksl



Q¢ )o2)ih (@ d)Laud (Al § Cuny 2)9s

ol (Sib)y eolc alGisls (iag)y (alc alas

ol dad 4 gy (ghiod & bgrye VY L b WSiln
@ gy 5 o Cunly glraiod oS cwl Jb > oyl

o329 4 9 032y Cuwgd Ol (logdyjy o (y09)
Semsl Sy o AXX 4 g @ gy (ghed
Cald oy Culy g ded 4 9 (glasiion (gleial
Sy cald g oS g )b R L)
o9 @9 9 g sloated Ghe 5 Al sl

PR < Ui )...\a.s u.sl.tbu*u)).» )‘ sl )94»@ o)
e coll wwl aBS Ojan adllas oyl

o Jhwl Lgo)ly'l& J)Slo.c cL‘j d‘L"”lﬁ

€5 ol 3l A o Cawd Ay by yiouilyi gy9 ol
SlaJde CatsS wyp 2 Glg e B> (GAu dlwd

I plad GlaoSeny 4 baw ol

2,5 odlatwl Sl

d)‘}i*":w’
a8l dllie LB ()8 I aluwgi

12y g St dlloses (ol pum) 553 5 5l
.)94»‘_,’.9

References:
1. Wang ClI, Lewis RJ. Emerging structure

function relationships defining monoamine
NSS transporter substrate and ligand
affinity. Biochem Pharmacol2010
15;79:1083-91.

2. Arkin IT, Brunger AT. Statistical

analysis of predicted transmembrane o-
helices. Biochim Biophys Act Mole
Enzymol1998;8;1429:113-28.

3. Andersen J, Olsen L, Hansen KB,

Taboureau O, Jorgensen FS, Jorgensen
AM, et al. Mutational mapping and
modeling of the binding site for S-
citalopram in the human serotonin
transporter. J Biol Chem 2010;285:2051-
63.

4. Field JR, Henry LK, Blakely RD.

Transmembrane domain 6 of the human
serotonin transporter contributes to an

54

Ol 9 03,8 b 1y (AT Sl BBl L ol
wlhis osnd JWsl gl e dy50 > sad 0
25 4S5 bl ol plgioe 50
Slagyls ol 5 5-HTT fuifgy il Coonl
odi e ol g olid LS Soudl s
o il bl oS5y e sadllas
& gk cpl 3 4 ol by ol Cueal gy
slodwl S5 i dtwd g T ed, el
e iy U SHTT e clapl (siicd
Sl Cul gy (ol (s0205 685 Cu 2
ol o dlie ol jd o atws elul ey i
ro U lagSon 1 ol Jlibe ol &5
o & ol el olis gl puSila (olis
el Sl nSidn 53 S ol slaghj) lasl
gy oo awd opl g b 5,5 e s g
B oyt xS Cur polel p Sl
09,5 cnl 6ylle 3T Gilie slaasis > Wi e
Al dedgw b SleMbl cusS g bpiisy Sl
IS a0 edel cuns a4 lagh;, oluS s
ot 3Skee oyl Al GleMb daiad
Cawd 4 S clacasdse I plSm > ail

» 25 ol Glagn)y jeas pyiin Aed e

aqueously accessible binding pocket for
serotonin and the psychostimulant 3, 4-
methylene dioxymethamphetamine. J Biol
Chem 2010;285:11270-80.

5. Coleman JA, Green EM, Gouaux E. X-

ray structures and mechanism of the human
serotonin transporter. Nature2016;532:334-
9

6. Zhang L, Liu L, Maltsev S, Lorigan GA,

Dabney-Smith  C.  Investigating  the
interaction between peptides of the
amphipathic helix of Hcfl06 and the
phospholipid bilayer by solid-state NMR
spectroscopy. Biochim Biophys Act Biom
2014;1838:413-8.

7. Ulmschneider MB, Sansom MS. Amino
acid distributions in integral membrane

protein structures. Biochim Biophys Act
Biom2001;1512:1-4.



oG § 83l (B3 3888 ... OATG) ) IUBE slo gnsle Lsa.'\.yﬁ Sla 3wl ($3dy Ay

8. Hildebrand PW, Preissner R, Frommel C.
Structural features of transmembrane
helices. FEBS Let 2004 13;559:145-51.

9. Worch R, Bokel C, Hofinger S, Schwille

P, Weidemann T. Focus on composition
and interaction potential of single pass
transmembrane domains.
Proteomics2010;10:4196-208.

10. Sinning S, Musgaard M, Jensen M,
Severinsen K, Celik L, Kolds H, et al.
Binding and orientation of tricyclic
antidepressants within the central substrate

site of the human serotonin transporter. J
Biol Chem2010; 12;285:8363-74.

11. Ravna AW, Sylte I, Dahl SG. Molecular
mechanism of citalopram and cocaine
interactions with neurotransmitter

transporters. J Pharmacol
ExpTherap2003;307:34-41.

12. Hahn MK, Blakely RD. The functional
impact of SLC6 transporter genetic

variation. Annu Rev Pharmacol
Toxicol2007; 47:401-41.

13. Scanlon SM, Williams DC, Schloss P.
Membrane cholesterol modulates serotonin

transporter activity.
Biochemistry2001;40:10507-13.

14. Tusnady GE, Dosztanyi Z, Simon I.
Transmembrane proteins in the protein data

bank identification and classification.
Bioinformatics2004;20:2964-72.

15. Webb B, Sali A. Protein structure
modeling with Modeller. Protein Struc
Pred2014:1-5.

16. Guex N, Peitsch MC. SWISS model and
the Swiss Pdb viewer an environment for

comparative protein modeling.
Electrophoresis1997;18:2714-23.

17. Gasteiger E, Hoogland C, Gattiker A,
Duvaud SE, Wilkins MR, Appel RD, et al.
Protein identification and analysis tools on

the EXPASy server. Humana Pre
2005;22:141-6.

18. Kyte J, Doolittle RF. A simple method
for displaying the hydropathic character of
a protein. J Mole Bio0l1982;157:105-32.

19. Pantano DA, Klein ML.
Characterization ~ of  membraneprotein

interactions for the leucine transporter from
Agquifex aeolicus by molecular dynamics

calculations. J Phys Chem
B2009;113:13715-22.

20. Chou PY, Fasman GD. Structural and

functional role of leucine residues in
proteins. J Mole Biol1973;74:263-81.

21. Melicheroik M, Holubekova A, Hianik

T, Urban J. Effect of the aminoacid
composition of model a-helical peptides on
the physical properties of lipid bilayers and
peptide conformation a molecular dynamics
simulation. J Mole Mod 2013;19:4723-30.

22. Jesus AJ, Allen TW. The role of

tryptophan side chains in membrane protein
anchoring and hydrophobic mismatch.
Biochim Biophys Act
Biome2013;1828:864-76.

23. Adamian L, Liang J. Helix helix

packing and interfacial pairwise
interactions of residues in membrane
proteins. J Mole Biol2001;311:891-907.

24. Degrado WF, Gratkowski H, Lear JD.

How do helix-helix interactions help
determine the folds of membrane proteins?
Perspectives from the study of homo
oligomeric  helical  bundles.  Protein
Sci2003;12:647-65.

25. Bowie JU. Helix packing in membrane
proteins. J Mole Biol1997;272:780-9.

26. Forrest LR, Zhang YW, Jacobs MT,

Gesmonde J, Xie L, Honig BH, et al.
Mechanism for alternating access in
neurotransmitter  transporters.  Proceed
National Acad Sci 2008;105:10338-43.

27. Shi L, Quick M, Zhao Y, Weinstein H,

Javitch JA. The mechanism of a
neurotransmitter sodium symporter inward
release of Na+ and substrate is triggered by
substrate in a second binding site. Mole
Cell 2008;30:667-77.

28. Forrest LR, Tang CL, Honig B. On the

accuracy of homology modeling and
sequence alignment methods applied to
membrane proteins. Biophys J2006;91:508-
17.

29. Modi V, Xu Q, Adhikari S, Dunbrack
RL. Assessment of template based
modeling of protein structure in CASP11.

Proteins Struc Fun Bioinform2016;84:200-
20.



Q¢ )o2)ih (@ d)Laud (Al § Cuny 2)9s ol (Sib)y eolc alGisls (iag)y (alc alas

30. Kufareva |, Katritch V, Stevens RC, assessment  meeting new  challenges.

Abagyan R. Advances in GPCR modeling Structure2014;22:1120-39.
evaluated by the GPCR Dock 2013

\a



oG § 83l (B3 3888 ... OATG) ) IUBE slo gnsle Lsa.'\.yﬁ Sla 3wl ($3dy Ay

Clustering Membrane Helical Residues in the Human Serotonin
Transporter

Shariatpanahi Al, Taghizadeh M?”, Goliaei B?, Madadkar Sobhani A2

(Received: February 6,2017  Accepted: May 20, 2017)

Abstract

Introduction: Recently, 6 crystallographic
structures of the pharmacologically
important human serotonin transporter
protein (5-HTT) were reported. In the
present  survey, two  of  these
crystallographic ~ structures and  two
homology models were used to study the
distribution of 5-HTT’s residues based on
their position and orientation. The aim here
was to understand the structural and
functional roles of membrane helices better
in transporters and the costs/benefits of
using homology models in such studies.

Materials & methods: The membrane
helical segments of 5-HTT were identified
using a KD-hydropathy plot. The
classification of membrane helical residues
into 4 groups (Lipid-facing, Lumen-facing,
Right and Left) was done using a novel
method considering residue positions. Also
two 3D structural models of 5-HTT were
generated using MODELLER based on
templates with 38% and 60% similarities.

Findings: Although the majority of
hydrophobic residues in membrane helices

were in the Lipid-facing cluster, a
considerable percentage of them laid within
the Lumen-facing cluster. In the Lipid-
facing cluster, lle, Leu, Val, Thr, Ala and
Phe were the most frequent residues,
respectively. Thus, their 3D positioning
patterns were responsible for most of
protein-lipid interactions and the functions
of these interactions.

Discussion & conclusions: Judging by the
correlation coefficients, Lipid-facing and
Right clusters are the most similar. This
suggests that helices may rotate during the
outward-inward conformational switch of
the transporters. Our  model-crystal
structure comparisons demonstrate that in
the case of membrane transporters, using a
template with 38% similarity, results in
poor modeling of the membrane helices.
These findings can help us understand the
structure and function of membrane helices
in transporter proteins better.

Keywords: Residue-level study, 5-HTT,
Homology modeling, Membrane helices,
Membrane transporters
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