Vol 41,No. 10,pp3172-3177

&L 10 o ¥ 5 ok i 4 W
=10 October, 2021

H Spectroscopy and Spectral Analysis

hY

BETEREZEERTZHEEERFAR

Wzt AR, A ARY T, EES, KOAL, fREE, ABE

h

L. VG R Rk R 2 IR BT A RE VR R} B R B 5 S8 s, Ui 4B 621010
2. vplE TR BLOE I B OGRS BESE L. U1 4B 621010

3. WAL TR ¥ 5B TR, Il BT 643002

4. A AR ELE O B R AR BB ST BT, DUI 4RBH S 621900

5. HRB AR FEPE R E ALK R, dbat 102205

B OE KW RTE A YR 2 SR — R R AR YR . T Sh-TT L WSO 1 A 98O0 1 5
AW TR AN A M R T B SR B 2 R I8 (DFT/RD 3 T 4 K 3 B UK (GHRP-6) R4 7= %
(Oxytocin) P Fft 22 Jik i) 25 14 158 700 0 73 T HT A UIE 5 76 7 I 4 232 ok B35 (TDDEFD) g 4k B . 51 AT TDA 4
TN, HESL T 2RSS BT A 58 b AT LR SO BE R 2 D i i BB AL, 25 SRR LR 4G 8] GHRP-6 #)
5 A0 DU IO 3% die R I O 279 nms THET AT B A B RO 0 282 nm., ERIEDN 3 nm, BRIET 4 IE
Z)28 1% 5 Oxytocin % Fh-1] WKW 09 56 (5 4 275 nm, HH5{EH N 269 nm, RZEH /AN 2% . GH-
RP-6 FOGIE TR 368 nm, S2E{H Y 360 nm, 2% 43 LK 2045 Oxytocin 8 G5 TR E S 305
nm, FHEE K 312 nm, REEH LA N 220, GHRP-6 =4 56 19 & 3 W 5 6 &R 7= A (0 28 6 I < TE
AL W] GHRP-6 7 4E 96 ) E T TN (A Z MRSk 36 B/ n—>n” HUBERIT . Oxytocin 285G B 5 &
PR 7™ AL 1 98 G PR L B AR I - Oxytocin ™ A 98 1Y) 32 28 TTHK O B R Sk 4 110 m—>n” PUEBRGE . MR 48 %4
BT RA BT 5 S a5 R WA BB R WA B RE 8 v o 31 58 22 IR 2K 0 o 5% - T L W Ol 3 AN ke
Sl . S H6 4R A3t AT R A BRI

KR SR LA WG s TOLERE; ST EIZ KIS A FATLE
FESES: 0644 TEARIRAD: A DOI: 10. 3964/j. issn. 1000-0593(2021)10-3172-06

A58 BT X R B (AED F1BR AL AE (% 3 ) 1 131
T AS 1B B A B/ R R AT LS 0 5 AT R
WO 1 5 D' e i 5 S 0 (B A W) R R BRI R o [ A X

5 5

ZWRGr T ok Z P A SR AR A . Hh AR . (K
R 2R R R AE A vl WX g PO BN, 2B R ER
R AR R ITRIIRESR T, B 5 AR A G s, RA A
2 AR A R s T s U . R A ok 2 A B
TR S ORI R R AT SR . SR AT IR e i S
PGS R FE Y4 F I E BT B, R ST 4 7R 40
LER AT RAE , FERTE A RE R MR A A 1k, 0 T 7 %5 3
Jyef e g, AR T mE AR

H 2 R RS I R AR R TR A S T B T L Y R B
W (DFT)M 45 i) % B 92 o6 B8 (TDDED ™) j R 55 4 F
EESHATWFREE ANk, HE LT85T M

i HHE: 2020-10-09, f&iTHHE]: 2021-02-17

E£TA: EHRAKRBFIEAETH (11872058) % B)

TEFR A : Bz, 1997 4R, PRI RHE K 1 B 52 2
* WIRTEH e-mail; 693801236@163. com

T/MERA YL 7 00 BUR 25 0638 9 B T B T K
98, A AFE I X MER B BUR B H#AT IR, AT
VLG 5 e 25 SR W) & BEAR & AR S R BEoeas . | il Sk
I 2 38 X = i S B TR 1) B A5 A0 B RO SO0 ik AT T e It
BWFE s Boo Hl Ryu £ %) 4 #L4> F Di-9 H-fluoren-9-yldim-
ethylsilane fif#4 B4 JH 2¢ 51 50 1% 19 52 w480 1 338 3+ B A 585
Dai 5 % 9L F A100 MOF f) 9% 5 6 3% 1 48 Sh- 0] 0L
OGS BEAT TR TR FR IR H OGP, H Y3 B X
ZERBER(EZREEY KON, @it 5 TDDFT M
TSR TR LR AT O R HE . S TR AR BT %
B BF 5 B A 4T E

e-mail: 18281635818@163. com



% 10 )

S 54 BT

3173

R TDDET/TDA @8 4 T {6 % 1 557 3 fif e TD-
DET 35 KK R 9 Bk & 45 IR XE AY 1) A, % B 2 KA 400
A KR B k-6 (GHRP-6) il i = & (Oxytocin) E k8 K
KRR SIS E A 4, it TDDFT/TDA X £

0= aa i
R
N N HoN
HN ==y
=N

Gly

IR WR S AT S TO& A T 2 RS W iy 5 Sh al L
SR OGRS T IR, O BRI R 2 IR W) 5T D't 3
REWSH HHE.

OH
Tyr
O
HZNA. N
Cys H
S
Pro Cys S'
Leu -/ 0
’JQ <:\ : X
S \Njf\N ) Gn
BB B
N A O o (6] (6]
\[(\g 0 Asn
o NH, NH,

B 1 EREEBMK-6(a) 5EFER(b)H 2D F1E

Fig. 1

1 SEHsy

% F BP86, B3LYP/def2-SVP (def2/], def2-SVP/C) i}
TR S EN S o M2 I Ay ) S AR AR . WS AE T Bl
BHLJE (9 D3 #8526 144 T H4k GHRP-6 Fil Oxyto-
cin [ 3 A TLAR 254, I EL I8 3 503 23 A7 1 o B AR, 01k
A U SRR B O - fB 4 A% fk (Energy Change): 5.000 0 X
107" Eh; 5 KB B 48 {6 (Max. Gradient): 3.000 0 X 10"
Eh « bohr™'; Y77 # # & 48 fk (RMS Gradient): 1. 000 0 X
107" Eh « bohr '; & K # (Max. Displacement): 4. 000 0
X107* bohr; ) 4 # {i % (RMS Displacement) : 2. 000 0 X
107 bohr, 353 WS MR EE B 4R 3l 43 Bt TG e 43 B GiE B AR Ak 58
B G R 4 F I IR TE A o UK AT RER FE A R 1153 &%
B, TEOR S W TSR B RS 0T 51 A RT R 43 3 LA
Tamm-Dancoff 31 )l (TDA) 3k 45 55 11 B 1 8] . F) FH % Jr i %t
Z IRHEAT JL A B8 A6 AR 35, L L ik 5 i B #E OR-
CAMT R FAL T AT .

TERSWOR AL BT AT SN, 2B = 15 % IR s B 5T
X SR FRBERIT A5 L BT o B4 AR K i 184 Jn - 53 4
W B T 2 IR B A RIR R 1 R HMOR
ST SR TDA G Bk i 3k &S A # . X T 58
By TDDFT, & A5 =l b K R e A A 1)

A B X w 0 X

<B* A*><Y>::<O —w><y> )
K. A, B Rl Hessian HiFE, X, Y NFIERE N
HHE ) 45 AE o |y T 3 — (5] B LE 8 FE . Hirata and
Head-Gordon 5t #& H) T Tamm-Dancoff i {21, ZngH b B 4E

W 1) DT HR o 4 0 R A (170 A 1k — 4
At = wrpat (2)
A, X 8 UK, o B wra BUR G ARL 2 130 5 Al 980

Structures of GHRP-6 (a), Oxytocin (b)

e KRR A, fEBERER, MKZHEY
Oy F AT HR A TSR R a3 AL R LA A T A T SR R
B ORIE T SR . B3 S5 S0 v) &8s g R .
1.1 25077 MR g e i

2O UAE Y R LR, P N R B R BOs R
B, PR NEE KT B AN B T RERAT . e T AES
BRAT (1 32 7 v £ 25 R 20 BE R R0 55 B BE KT, Mk, %4
A D0 R S 33 R R RS . T AR ORI T T RE LR OK
— e £ ¥ A 22 ST L X 38K (200~ 800 nm) . L T BRI 45 A B
TACHLIN PR 5% A0~ R LR St 3 B A AR SO RAE . BT LA
I P 28 A1~ RT UL IR I 335 % 0 B A M A T . BT P R
AL TE B 22 K00 S5 4 EAT IR S B BN RE T, A9 80 S
5 0% K T BB AH 9] A BT A SR S RE G BR AT RE . 3RS0 T
L Hh-n] WL O
1.2 Sk

JeF R sk & St R Bt A BE fu i i s S B
RS Y BRIT R R A

S, — S, + hv (3)

G T I G 3R BE 22 4% T 45 4 T (I S T R i K, HE
AR Z BRI Z A S b, B 9RO 1y B =R O
TR (O R, B, RWNER) , = 3Em A
TER B S B, HOOEFEH n>n” WHRIT 4. £k
VI B9 6 & AT A Kasha U, Xt F 286635 M8, &
AL Z KA T8 SR A (SO S K, 48 S 45 i 4y
FRTLRBE . T 50 R R 138 s 31328 — WOk A F)
B IRAT Al 15 204 T BRI .

2 HR5E

2.1 EXZEHRLERFISH
il ok DFT Jr kb GHRP-6 #1 Oxytocin Wi Fl K S AH 1



3174

S 4 BT

CEENE o

JUfT 54, DRAeAs B JLM &5/ W 2, B 3Ca) . Xtk
JE B HEAT IR Z A BT, BRI AT R A RS
BRENSEHIE 2(b)], GHRP-6 &4 6 4> 5 £ R 5k &,
Oxytocin &4 9 & R AR,

R PG JE M S5 i . A3 B0 3 2 Kb 55 & e Sk e 1 38

@ *p-a ,
H,,, P ﬁr’ 'S
e J jr,'{
a9 N <%
T I 9\ Y 2 2
) “ ,". ‘9 .70
,,/‘\J/
> -] 9
W2
&
f{

SHER T8 A . WK 1 PR . GHRP-6 2544 A 75 P
AN B Tk L I (4R . TRP) . H 1 ffy 8 #2350 P ifd » Ox-
ytocin B —AFOGTIRRAE H (B 82 . TYR), H WM A
14.37°, 5 GHRP-6 A0 E . 4544 Y R 1~ 0 AR 32 A 3 g 7 A2

WP,
uuvrvvvl V Vvv "Vv VUI
®) [
—— GHRP-6
>
=
s
=
x
2000 1500 1000 500 0

Wave number/cm’

B 2 GHRP-6 LGRS FLEHIE (a) FHRBNH & B (b)
Fig. 2 Optimized structures (a) and Vibration spectrum (b) of GHRP-6

' T [ 'W oI ILJ
(®)

> Oxytocin
E

£

=

T T T
2000 1500 1000 500 0

Wave number/cm’

3 EFERURHNS FHEHE SR EE

Fig. 3 Optimized structures and Vibration spectrum of Oxytocin
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Solid: Calculation results; Short Dash: Experimental results
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Abstract Peptides are important biological molecules. Ultraviolet-visible absorption spectroscopy and fluorescence spectroscopy
are important methods for studying the fine structure of biomolecules. The structures and molecular frontier orbital of Growth
hormone-releasing peptide (GHRP-6) and Oxytocin were calculated by density functional theory (DFT/RI). Based on time-
dependent density functional theory (TDDFT), TDA and other parameter approximations are introduced to establish theoretical
models for calculating the UV-Vis and fluorescence spectra of peptides. For GHRP-6, UV spectrum peak is dcq. =282 nm (Ag,,
=279 nm, AA=3 nm, E,<<2%), and fluorescence spectrum peak is A, =368 nm (g, =360 nm, AA=8 nm, E,<3%). For
Oxytocin, UV spectrum peak is Aw, =269 nm (Agy,, =275 nm, AA=6 nm, E,<3%), and fluorescence spectrum peak is Ay, =
305 nm (Agy, =312 nm, AA=7 nm, E,<3%). The fluorescence emission wavelength produced by GHRP-6 is similar to the
fluorescence wavelength range produced by tryptophan, indicating that the main contribution of GHRP-6 fluorescence is the
n* —x orbital transition on the tryptophan residue, Oxytocin fluorescence peak position is similar to the fluorescence wavelength
range produced by tyrosine. The main contribution of Oxytocin’s fluorescence is the n* — n orbital transition on tyrosine
residues. Calculation results obtain via theoretical models are in good agreement with the experimental. It shows that the models
are feasible to accurately calculate the UV Vis absorption spectra and fluorescence spectra of polypeptides, providing reliable

theoretical guidance for experiments.

Keywords Peptides; Ultraviolet-visible absorption spectra; Fluorescence spectra; TDDFT; Molecular frontier orbital
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