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Abstract : We have examined Raman spectra of cis-peptide model complex, diketopipera-
zine in water and D20 with 320 nm through 218 nm excitation. Our study examines assign-
ment of the resonance enhanced amide vibrations and charcterizes their enhancement mech-
anism. Three resonance enhaned cis-peptide marker bands were observed in aqueous solution
at 1676, 1533 and 806 em-!, which were assigned to the cis-amide I, [I and S band, respect-
ively. The 1533 em-! amide Il band, which is almost pure C-N stretching, was most domi-
nant in water and shifted to 1520 em~' upon N-deuteration. This band will be probably a
potential probe band for cis-peptide moieties in proteins. The excitation profile data and an
Albrecht A-term fit indicate that the cis-peptide vibrations derive their intensities from
the 188 nm cis-peptide n—n* electronic transition. We Propose that the geometry of
cis-peptide n* excited state is C-N bond displacement relative to that of electronic ground

state.

Key Words : UV Resonance Ramau Spectroscopy, Cis- Peptides

39



40

o}-‘\v

LME

ol FA e I el ofn)i Al Abo]o| A 3
2ol A= Aie) ExbAde] HHFEE o] FoiA
gith' 28}t 4§ i, carboxypeptidase 2] R
el A E}, R e olm|Ale 2 o] Foz] 2R
FAM Al F2E 2T Sl XA TR
d729} 27139 AT Sl 2sled whed A 3 girh
ol#iqt FAEE A3l Heeriv) o] %o ExiE
ol ofnli Al ArEAE Abel 2} QlAl ol wfjFof L E
A7} ol § ool Ao R wolEedxr k) Ejdsl
ol xax AlA-3 el EA= Ao x|
o¥ar gl o, Aol 4] 2.5% % %.9] N-methylacetam-
ide(NMA)'2} me}sle] o eler}, e ¢7 42
ehet B3R A Alaolv|er) By gla,’ B3l
ub-gol] o1& Egd A A|A F3t o)W ke 25}
22 A 2ge] AR o] AT R
o}.>8 ol2iqt WS A 2 379 55l ojv|=
315189 NMAAME Egbx-3o) Al 23R} of 2,
3kd/mol A% ] rAHY A W' AR S
zhi= olu)inAtel| A 2] iAol A zhe} v Ho WA
ol P2 Aol ofshe] EjbA-ube] padel A 3
1 gly Aoz Ad9% 5 9o}t Diketopiperazine
(DKP)& zref4l o|gHalel A && AlA3sle] 471 7H
g eyl fels sgERA s Fr
Aol & R R wheolEod| 1 glct. o] HEL
2 F-FAE rigidity wlFell Bk Al el s Afo)
of gyl xo)g FHE gl Al Aol Astel o
ghod 5 e Aol g AlAEleg Easly] o
ol Bl gt el Fx Aol bl Ao
EAsle AladElne] BA g7 nda ofF
Fr&-3hct.

gt Bgul-e 7hedgl Exle] PRt opdjel Bt
F AEA e T2 od7et A HrpA| Abe]e] A
2hg AFo| x olF {48 ©q] o E Hlolgo]
A3 gleh” =g, T oepd Febyde BAda)g
{Prosthetic group)®] <i--¢} w4 23} %, 33
2 AFe o Adh A} AU ert ol F Fgol olw] g
ZE g}t B A7t Sl o)sle] zpej Al 39 of7|e)
2%k opwde Al o|3HA), S84, polypeptided R 2
g Eqt e Qele 72 AT

ol A& 9lA ¢

AR em ol2idt d-g vl gy 347z
ATE Wl AW AYek.>® et Al e =
718 A= A9} AW e QA o

£ AFelde ehlt ERPE ol 4sted Ay A
Bl= 728 AT738}7] fiste DKPE 22 sfo] v|
&F A7 RE A= nr A} o] el A
A FH A7 E ol 4ate] Al E s AF
& B9k, 38 3% v E e Fes, 9o
o AaAEE T2 ATl 718 ARE Agstaxt
gt

2. 5 gy

DKP+= Sigma Chemical Co.ol| 4] 9} &}e] A 5}
@l a2 ARgsledch D,0(99.8D%)+= ICN Bio-
chemical Inc.ellr Flsled Ag-aledct. 4480
DKP+= D0 HE=E X F, o ol A&
&) gm a2 Abg-shedc),

of 7] ol o] 8%} W2 Spectra-PhysicsAt2] Nd-YAG
do]jA 2] 718 W4l 1.06nE doublingA]Z] ez Al
#F delAE J71A17 F, o] A FAE KDP =&
ADPZE 4] DoublingA] 717} 1.06m Nd-YAG 7]+
A3 EgAAAM ek ol A}43 Nd-YAG #lo)
2] "2 uelis oF 4ns A Kol 20Hz MR-
&3tk " do] Aol 27t Fuk-e- ukr] 95k
of 25cm A3 Hele] BEQN AR WS A8 AP
Hrp ofF 3~5em #loll 24§ ghgo] AL8-8l9d T, AHg
g # e A7l 3~5 mWalr) gt Adledg e
Peristaltic §Z 24 24 1lmme) A< F2] & £3)
o A &E &7 e Agioh AbaEE o] A& Aol
o4& F58 7] 918t 1357 wh upko A WS 2
Ababel 3, AFerEl W2 ellipsoidal A& 84 & &
1200 grooves/mm<| 3|Awe] #AME] triple mono-
chromator 241 #-A4FA7) F, PColl 234¥ OMA #&
71824 ~HERE dgdo) e AS g4 2kg
T3 A1ZHe- oF 158-0] %}

el A F Ad ey AF 2kl Y
27} %% Perkin-Elmer Lambda 9& o] 83}«
d-er, 190nm o}8l9) g9 % A4 7bAaE of
5217k el F Al ER S dqch

Heldal 2hnk e =7] g8 A43L7] §lslod W

°]

Journal of the Korean Society of Analytical Sciences



ZhelAd 3 ehb g S o) £ Al wel =, ol sl B weby T 41

H 25 E4d 24 0.2 M perchlorate ©]-2&-& A 5ol 7}
ate] &3 stgdr}. Perchlorate o]2-2] 24 i A&
% (totally symmetric stretch)¢l 932cm™' Wi =9}
Ael= = Al a71E 7§ F, Dudik 5ol
olsle] W%l perchlorate |22 A} b9t cross
sectiongt'’& o] 8-8ted 2hut cross sectiond AAbs}
Atk OMA Z%7)9) =7} 7} pixelotct ohg g
rAgsted e

3@

Fig. 1& &9l =9l DKP9) #1e4 5 Ad =38
ZAJER g o) 188nm kel A viehd H o FF wlse
A= popx HAzE HMelllelw B FAATE <
7800M 'em 'oldr) 4 H A We ME= now+ A
Ab Aoli= oF 220nm 24l 4] Velut A o2 ote]
A dAvh Aol M7l abeld o) A= A
o] @ag = glsdrh Fig. 2+ ol 2] DKPE 320
nmHE 225nm7AR| of7) S}R-g WA T A e
gl 2~ edolrt. ¥31% DKP9 320nm 7] 2
EF, & preresonance 2}9t A~ EZ ] 1533,
1442, 1318em ™' Wl=r} =A) vhebobsd 932em™ ol 9l
7ha & == W8 15 23l perchlorate & il
o]t Krimm %%} 28to] 345 DKP9 514.
Snm 2 e s} v wshd, 5145nm A% e o A
1676, 1533, 1442, 1318cm "ol 4] M=o} Ao} %<lgh
A7 2 akEg] o 139%0em ! W 2 Fakulo] v
A gabs] ek 8 o Foll Al #H3g) 320nm A B
o A ¥ 1533em ! WLl Al A o w =A el o
1676cm™" W=+ &9 2t W= ojslo] #3157
el Ae] fite] Brlgslgdrt. ofr) mpabg 245,

e,
Ok L " e

186190 200 310 226 230
WAVELENGTH /nrn

Figure 1. Absoprtion spectrum of aqueous diketopipera-

zine.
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Figure 2. Raman spectra of aqueous diketopiperazine
with 0.2M perchlorate;

(A) Saturated solution, 320nm excitation

(B) 10mg/ ml, 245nm excitation

(C) 10mg/ ml, 235nm excitation and

(D) 4mg / ml, 225nm, excitation
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Fig. 3. Raman spectra of 2mg / ml diketopiperazine

(A) in water and (B) in D20
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Table 1. Raman Band Assignment and Frequencies of
Diketopiperazine in water and D-0.

218nm* 514.5 nm*
Assignment{ Hz20 D20 H:0 D20 |Assignment
Amide 1 1676 1657 | 1675 | 1656 C-O str
Amide I 1533 1520 | 1523 | 1510 | Ring st
CHz» 1442 1436 1443 1432 CHz v
NH id 1390 1385 NH i»
CHz2 wag 1318 1329 | 1313 1324 CHz wag
1249 1249 CHz .
Amide S 806 790 797 790 Ring sur
units : em™'
*This work

'from reference 11
Abbreviations . str= Stretch, b=bend, ib=in-plane

bend, t =twist

Tuble 2. Absolute Raman Cross Section of Resonance
Enhanced Raman Bands of Diketopiperazine ( X 107%°

em?/s1).

Wavelength |Amide I |Amide I |1318cm™! | Amide 8
245 250 920 320 290
235 660 3000 960 270
225 1440 8300 2400 1320
218 2800 15300 4300 1900
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x 10790 K Ve(nm)
Amide | 14.0 182
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