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Study of Conformation and Electronic Structure of Serotonin
in Aqueous Solution
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Abstract: Serotonin is a neurotransmitter associated with regulation of various functions such as emotion-
al control, body temperature /blood pressure regulation, physical function, digestive organ function and so on.
To express its function, proteins such as serotonin receptor and serotonin transporter in nerve cells are in-
volved. Serotonin has a molecular structure in which an amino group is bonded to an indole group. In this
study, the structure of serotonin molecule in aqueous solution was theoretically obtained by molecular orbital
method, so we report the molecular structure and its electronic state.

F—J—Fk ko rzv, IR FLEE, &k, SCRF &
Keywords: serotonin, non-empirical molecular orbital method, optimization, self-consistent reaction field
(SCRF) method

1. & L & (C

o hzyv G-t FaFEy 7% 3y B G-HT) 3R T A EEWEO—>T
HbH, F—/3v, TEVFUY, VT FUVFUVEELRILL, 73 /& ETERP DL MR E
WETHL, CNHIFE/TIVERKBINTWS, =y (K1) &, AEIGBININT I/
MO—HEF) T L7 7y VEFERELTERINS, P T 77 v00% 3BT =V EnD, B
FBRMBEHICVAENS, —J7, FPUT 757D K —HIEMmEMBEF A8 D (R ~E X h, %
CCkmbhzvEins, IS, ZOMAOHRKMRERFOLO 2 Vid 590K K5 L TwWbEED
NTEY, TOWRFICTITYF T ARBRFOL D b = VREA RIS ¥ 57200 SSRI (R o - =
IR D AABAER]) < SNRI GEIRfy o b=V - /U7 FUF U VHRDARRESR]) 72Emn3EE LT
BHasnTwa[1], KBFRREORMKNZ BIE, ot vERKEldtn oy - PSS UVAR—
A—=—REDRRICE D =V G FoRidT 200, TOBEBZWALMCTALIETHAH2], ORI
SSRI° SNRI &\ o7z [D O8] EFREDF 5 v 7 FHA VI ERIERE 5 2 5, ARG T, 20
widd & LTt VT OKBIRP CORBILEE (FRC, A4 AMUE) BRI KRD/DT, %
DFEFIRELEEIC >V TN 5,

ES R seiE NS L I E I S oy N B L T e N 2 el

School of Science and Engineering, Kokushikan Univ. Email: odaikei@kokushikan.ac.jp

1
1
2 College of Engineering, Kanto Gakuin Univ
3 School of Education, Waseda Univ.




KBRS T A0 P v ol & zOFETIRE
+
NH, NH3

HO @
N N
N N
H H
(a) (b)

1 vor=v -HT) 7FoEER@ Akl a =T (b)) (a)fksXid C10H12N20 Th 5,
AVE—IWEEEGRELTT I /AP L OB S/, AVFE—VT IVO—FETH5, MRIEEWE L L T
B/ T IVTHB, OEFTHEICHEAL 2KBERFPTOET NG, OHEBIUNH, KA A bl D% H
Wz,

2. &t B 5 &

2 TOF T Gaussian03[3]Y 7 F A FIH L7z, P8I MP2U kA Vv, ERERIHRIT 6-311+ +g
(d,p) AL/, tHFZVOOHELSL TV AHEREL 720, NH &7 o b vl 7z
NH;* Z 58 T D 720, EEREBUCIT DM 2 ) T S EBER L BB L /2o £72, HERORSZ
GaussView4.1 TIEX L 7=,

2.1 S[HEHRTORBE(LEE

FIRMIC, [P TOLI P ICOonT, ExB55FHEEL L TIR2BEAHEL: (M3),
2L, OH#o7v b vomEid 14 (K2) OAheE2/2ETVThHb,
2.2 KBFRPTORBILAE

KERPTOLHR =/ OH &AL 7 H byl 0712, NHy 2375 kw723 n L 7c NHy*
o TWBEREL TETWVEER Lo WHhWAHA T MLLICRETOSFLE 2/, £/, AV OD
RN RIL SCRF  (Self-Consistent Reaction Field) %k THJEL 72, BHEMET L & L TCPCM (Polar-
izable Conductor Calculation Model) [4,5] & PCM (Polarizable Continuum Model) [6]D 2 DDEF )V
TR L, HiEd 5,

2.3 AFAbt0 b= KD FORBLEHR

KopFeearZVOMHBEERICOWTESE TS0, —flE L TR TF2HEDOEE & 3EOYET
FHEL 7z KRR TR FIMEOEEOFKREZRY LT 5, £/, RFHITIIBERDRITEE L T
W

L second order Moller-Plesset perturbation



ELEAACE Wbl 840% (20194)

(a) (b)

K2 ‘wobrviaFoOHME OHHEOT/ORVOREIZ2HANEZONS, QDT FURERRNTB, 12
HOLTOEFTIVTIRIVFE—PED 5 72720, KB TIE @ OEFIVOFERDO S G T 5,

- 3
4 ;J il . 7 m s @ J.*H s * _,‘*j
... & ..*J“,.QJ .‘i.’* @ i.‘,._;
@ _’-‘ & @ B 3 @ g e
0 S Late o e
a2 a = > -]
| [ ] v
- L »
El
s de ; ‘
$ 0,4 ;3% L. LA
: ] S .‘ ‘%H "‘*‘JJ .I‘ith
" ‘., J-J‘i' “‘J-. . ‘J".
¢ 4 -+ jY - » o
A" Vi VI Vil
L “ o i [
; - "J "-'. . & % 3 s 4+ w9 ., ; e,
: : - .'J‘i“ a_ e 9 ) : :“‘
L & 4 L]
Ty St Syte TR
4
IX X Xl Xl

K3 12fEotn o vikdEbhs 211 VF—DRWIFICH S I~XIT A&V 24Tz,

. ft B & R

3.1 [HEHRTONFHEE

FECHON YO F D VRBIEES12EAR 3 ICRT, £/, ThZhOLETFIVF—%K 4R
Fo B FIVF—DEVIHIZ, EMEOFTTICILE XML OFBSLEIVIES 72, £ FVFE—OffIE, &
LIRS THHES I OHTOMEICK T 5N RE L 78> T b, FHEEOE WL, IS CHy-
CH,-NH, D[ & O#WZTTHY, TOITRIVF—2EL KR A T3.3kecal/mol TH -7z, ZOREDIT R
T —ETKBERFP TORFEEGREDMETH S, KEKRFPTHNE, ZFHHICZOMEAZ(LIHT



KEWHIC BT 50 b = offls L 2 OFETFIRRE

kcal/mol
35
3.0
2.5
20
15
1.0
—
0.0 - I
| 1] 1] v Vv 7 Vil Vil IX X Xl X

K4 SMHPOR#EED P2 vOLT VT — 12EOREDO T RV F — = i, FHERO T OV F—EITRK
T4 3.3 kcal/mol F&ETH - 720

. 23
,I?:';t ped

Type A Type B Type C

5 KEBwRbhToOvo vk LS BB FIL SCRF 2% v, CPCM 5L U PCM EFIVCatE L7z, &
T IVF—DEWIEIC Type A~Type C & L7z,

WhHEEZBND,
3.2 KBRPTONFHEE

SIHFORBEEGTA TR LN 12 OS2 RS & LT, OH&E: NH v znetnA 4kl
T, KERTPORBILFTEZIT - /oo WHERHREE L T, CPCM & PCM €7 )VEFIAL 72, B LiHHE
DOFER, BONIHERINSICRLICLDICI DDMEDATH > 7z ENENOREE 2T 1IVF—
DIENEIZ Type A~Type C& L7z, Type A iZZMFO 1T £ 7213 111, Type B & VI, VII, VIII, Type C
XL XD ER7EETHH, T/ Type DETFNF— G5 TFOXAR—IVE—AV FDEEFE LI
RL7z, 723, CPCM EF IV COFHETIE Type C OB SIS SN - 7,

FREOE T, [AHHPORER LA, W5 CH,-CH,-NHs* O & OE W2 THD, £OT XK
VF—7% 3.8 keal/mol TH - 7o KERHP TOKREMEICET 2BREOTIINVF—ETHLI Lh
B, KGFOEMADAHICL>T, EOMETLHEIALDHEEZONS,

3.3 AF kO b= &K FORFHEE

W% SCRF E TRV AL DO TiE e <, KoFa 3MEEL T, o b= vihF EKRGF0ERAE
HIC E OB EERAZ L TWADL T THERL /2o K613, BHHES PCME5 LI LD EREL



ELEAACE Wby 840% (20194)

F1 BEOREEEL VD o VREESOS T VR — X
A IR—=IVE—AV |

structure SCRF method
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