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fRIRRFI R
A EE nuclear magnetic resonance: NMR
X BHERATH X-ray diffraction: XRD

X HHERLH T REIE X-ray photo-electron spectroscopy: XPS

TRE T secondary ion massspectrometry: SIMS

H#HETERS.  scanning electron microscopy: SEM

HHBEEZ B scanning tunneling microscopy: STM

POPC 1-Palmitoyl-2-oleoyl-sn-glycero-3
-phosphocholine

POPG 1-Palmitoyl-2-oleoyl-sn-glycero-3
-phospho-(1’-rac-glycerol) (sodium salt)

DMPC 1,2-Dimyristoyl-sn-glycero-3
-phosphocholine

DMPG 1,2-Dimyristoyl-sn-glycero-3
-phospho-(1’-rac-glycerol) (sodium salt)

DMEPC 1,2-Dimyristoyl-sn-glycero-3
-ethylphospho- choline (chloride salt)

DPPC 1,2-Dipalmitoyl-sn-glycero-3
-phosphocholine

DPPG 1,2-Dipalmitoyl-sn-glycero-3-phospho
-(1-rac-glycerol) (sodium salt)

DSPC 1,2-Distearoyl-sn-glycero-3

-phosphocholine

2 s TP SR V) BTl g = WO S R A e RSP
FEYERFE A FR KRR A . B ROET R YT & 51 R D R R
IG5 ZFEMERAAE . HEeR. BRA . WHREFS
PR R HERUR J LA G 1461 IR, MR A
JRONAR 20 L, T DA A 8 i i 0 A/ 53 5% 4 8 7
PRI R AT, B g B I AR AT I 3 A P A
X, B, MRETS R M T8 ghsh,
BURER 22, AR 2 AT e e DN R vl 2 25 93 ) B
I7 IS AP A% IR s B AN TT S R A B 2 5 MR
i 10181, TS SR A b 2 AE SR AR 1 A TR R AR
P B LB 1A AT N R AR S I R R DD RE IR L, 4E
1] B Ao 2 AR 0 R R R ER AL . AR AN TR T
R R E AR PR D e & 1 DL R ik 254 73 1 v R 4%
R EEMEM.

B. FH®H A BT 455 30 71 F R T R R
A

AR TR -DAERERNER. EARENU
IR NIRRT R = T, BRI RS
Py B v T TR R SE AR BE  T ER R A R
atk (K1), gt VIR 2 R, SeAh, Al
J R — AR —E R Rk &R, HEE AR
#7398 FEAUAH TUAN R R B IR XU 12 . 4
(SR R R AR R R M IR — BRI R A
BCESRRAL A BAT LW 15 ¥ 4544 73 15 P AN I (] 7) B
FZ, RN, AEE L AR AR AR AR

LR, IR (Nuclear magnetic resonance:
NMR) 051, XS 28 f i fir it 061, Xob s 7 RE S (X-
ray photo-electron spectroscopy: XPS) 0, —HE
F i % (Secondary ion mass spectrometry: SIM-
S) D8, 49 # 7 & % (Scanning electron mi-
croscopy: SEM) 19201 2% g A LR (Surface
plasmon resonance: SPR) U, JFi-F 71 B4 (Atomic
force microscopy: AFM) 2210 Z¢Je ¥R, FEUk 4x I 5
Ao B Ak, B E LR, T
B BEEDGEVE S 2 HORTFBROZ N T &AM
i sr B32T RIR X Se R, BT BAASY T KSF
EWHEAR S EAHEAERER, B, RimsE
BT AR LR T A RO L 5T b R 5 e 2 IR 7
g 28801, fHRIXSEH RF/ELL FRRME: FHEAR
TIWE T AR, RBUEA & LIRS A B b
MEAR (ZIR) 2 TR HAE) 1. o, X
REEEEZMRE 5L, MELUFRESLRE R
tetnn, X-S5 4R B ARATSH Hd M AT 45 ReRES I E A
Bi (2 hk), MasfdBRIRATRSBEAR (ZK) B
Yoo BESLIR BT ZH TR A mEAR (£ K),
ERE R R BRI, LI HERK, LI
REER (ZIK) TR B AR . A, iR
SRR IR G R A B, BRI R
WO BRI RS REE A 2 R R UE
JE, - R AR R A A0 B R S e — 2 T T DU
ARG 5y A I AR T 3 R 55 56 o AR HE 1 2%t P4 2 A4k
J2 EHL AN R B 8 I 02 R o U R R, X e
W 2 R AR AR ) 396 2 v 45 ) 20 % R v I 1
HERE, DARCEFIE . 280, 3. JEA AR,
B, R FE R R 1R RUBE BT 9T 5 AR A B T AR
5 715t MR R IAED R A B — A Bk, R R
A VB A A SO R AR AT R
i)

BT R R B SN SR B AR E G (sum
frequency generation vibrational spectroscopy: SFG-
VS) BN 2 AT LA A I 36 2 1 L8 SR O HOA 2 4%
ARz — B4 W PR R . SRR A sy
TERBE, MIRsGHE H TS iz NH T & A
FUHIPRBE R A8 (T4 T 450 5 30 ) S 3R AE 2758,
fln, S JRALRAE S i £ TAPP. Prion 283 #1 iR
HEARKE K, MRS AR B AR EE5 8 &
AR HLEE BO—O s JRUN BT B ik 4 7 N 12 4 g Ji
AR, g KPR 5 4 IR AR HAE T AL
o (62651, s i A WL 1 0@ 0 AR A B O R
JKAE pH 3R &0 N (i IE T e A%, 1 B8 T8 T R AL



134 BOBS RHEAR

53T G5 R4 5 3 D1 S RO RR B B 9T

Amino acid 1 Amino acid 2

Ry 0 R 0
N/ N 4
yﬂf yrf
NH OH NH \OH
H
R, R, o
p)
hc—y H\C—C, Dipeptide
<~ N\ \)
NH NH H

Peptide bond

K 1. A AR R R

B, 2R T AT — L) AR 316 SR A SR A
FHEEARR S TERmZ KD T HGE . ALk E
T AR B0 6 W B 7T 57 1 8 R T 45 5 3
FWITE REP S RILN A

I FHif & 5 4
AR 3 6 T

A. AR 61E fRiAr

a5 80 7 3R A BB -

R 20 382 = 4 30 TR AR — b — B
MR 69, HEE AR PO, — A
S, AT TR SN, FER A2 1A E [ A
FREHRE M L, RGP E 5 =006, MASDE,
W 2 Fis. AR TIRE R R
T 60 FB T ARG IR P A — A = TR TR i
B SR TR R AMIAMRE A A
SR 5 0 O 2R e R, R B R R
P40 I LT 20 SN m R B e . B30 b, AU
e 3R FE 55 R A T R () 1P W
HRNSEIREE I (wis)~ T2(wir) BIEHL B2-41;

I(wsra) = (1)
8miwipgsec? B

e3ny (wsra )n (Wyis)na (Wir

Hrh wsrgr wir 5 wyis AR FIOCHE, LM
R WOEHE, JFH L wsre = wir + wyvis) ¢ 2
T# mWﬂEﬁiﬁwJMﬁE i AR IR I T
%, 2 SFG M 2 R IR R B
AR . éQ%%ﬁ$&IWﬁﬁVW r R
BREIT, A IE(E 5 15 23 08 . X ) BELT AN
AT AR IR A -

) ‘Xc(jf) ‘211 (wvis)IQ (wIR)

l/ eZ Pv

X2 (wsra) = xGh + Z (2)

WiR — wy + 11,

A A Rk

Hef Ay, w,, M T, 2500 RAE—NREIE (v) 1)
IRENEIRSE, IRBNEFR SIRBNEIETE, o RN
B ARBLA T, JFRE A R IR sh 6 2O MO 1 A5 5
(1 SR EEAT AT o

Pot. Energy

\
\
<Dl

P 2. RIS BRI Y 6 7 2 ]

WRAE B AR L Ot A AR A AR R e B E I, A2
RSB BAR ,  EA e BRI 23 - B o b ) —
IR RGN T, AR ERIE S . DT, A
e FLAT AR X R SR T B AT R A . R AN
TEIEBAR, BATABURT LUK 2 1 25 7 1 1) 70 1 FR 3h e
WA S MRS 5 X 0T, B AT LA H 2% i s 7 i L
4> ¥ 5 Thae B HCa B24, Bk i, AR
2 e AT LB HEBL R LT S B 1) S B AR AE
17> 72 2) oy THSIA PR 3) A
TSR 4) i B RERIELA ; 5) T Tk
gifhys 6) Frm o TR Eh J1 s T) ST SR R A% g



BOBS &R AR TS S ) R RR S BT

135

R 1 — LS R A RUTER DG e Lrik 9]

i Pt F (BRG] SCHR
Engineering and characterization of peptides and proteins at Solid /liquid
2016 surfaces and interfaces: a case study in surface-sensitive Air/li qui d ’ BEi% I, C=0 [42]
vibrational spectroscopy 4
Advanced experimental methods toward understanding e
2014  biophysicochemical interactions of interfacial biomolecules by SOAlil;i//llilquuil(?’ Og’ﬁ’ ﬂg I;IQi\Eg?” [43]
using sum frequency generation vibrational spectroscopy d ’
2014 Biological macromolecules at interfaces probed by chiral sum Air/liquid, Wfe 1, BbA 10, (4]
frequency generation spectroscopy Solid/liquid fkh% 111, N-H
Biomolecular structure at solid-liquid interfaces as revealed by e OH, CH2, CHs,
2014 nonlinear optical spectroscopy Solid/liquid WEi% 1, N-H [45]
Sum frequency generation vibrational spectroscopy: a sensitive C e CH., CHgs, Bt
2014 technique for the study of biological molecules at interfaces Solid /liquid i 1, N-H [46]
.Elumdatlon of r.nolec.ular. structures §t buried polymer Air/liquid, air/solid, OH, CHa, CHj,
2013 interfaces and biological interfaces using sum frequency solid/liquid OCHs. ikl 1 [47]
generation vibrational spectroscopy 4 3
Structure and orientation of interfacial proteins determined by Solid /liquid
2013  sum frequency generation vibrational spectroscopy: method air/li ?11 d ’ B 1 [48]
and application a
Characterization of crystalline cellulose in biomass: basic OH. CH,. CH
2013  principles, applications, and limitations of XRD, NMR, IR, Air/solid O’D @%’Hﬁ I 3 [49]
Raman, and SFG )
Nano-bio interfaces probed by advanced optical spectroscopy: Solid/liquid, -
2013 from model system studies to optical biosensors Air/solid CHz, CHs, BUIZ T [50]
Molecular interactions of proteins and peptides at interfaces e CH,, CHs, CDa,
2012 studied by sum frequency generation vibrational spectroscopy Solid/liquid CDs, Bth& 1 [51]
Molecular structures of buried polymer interfaces and OH. CH,. CH
2012 biological interfaces detected by sum frequency generation Solid /liquid SiéH Qﬁﬂz f’ T [B2]
vibrational spectroscopy. 3
Chiral vibrational structures of proteins at interfaces probed e CHa, CHs, Bt
2011 by sum frequency generation spectroscopy Air/liquid iz 1, N-H [53]
2011 Nonlinear spectroscopy of bio-interface Air/ z(l)llrl?a,cl(;netal OSC O%% (;é—l 2;[2 [54]
3 5 JHZ
In situ molecular level studies on membrane related peptides e
2009 and proteins in real time using sum frequency generation S(;lilr(%ih?;il:id’ C%]’)C}é%’ﬂ; ]I:)Q’ [55]
vibrational spectroscopy 4 ®
2009 Sum frequency generation studies on b{oadhe§1on: elucidating Solid/liquid CHa, CHs, Wil T [56]
the molecular structure of proteins at interfaces
SFG studies on interactions between antimicrobial peptides e OH, CH2, CHs,
2006 and supported lipid bilayers Solid/liquid CD», CDs3, % 1 [57]
Sum frequency generation vibrational spectroscopy studies on e
2005 molecular conformation and orientation of biological molecules 8211;(%11(11?1111(11(17 (%g 21’ %g%’ E% [58]
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Fl ssp IRIRIONA 3 FF Bt B R £ 22 UK FE AR AL . C) R
EREMIEWAFAER MP 4+ F5 DLPC, DPPC il DSPC X
SEIEAE R ssp AU . D) ASE R FRIZE T R
B S BT KA E A B RO B A B Sk 80
1 81, RRAUTAE American Chemical Society.
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F 1L B ERRIE A R AE S B (44548, 74]

— = g WERL (cm™")
gt I sFRK H - _ _ )
TR A NS ~1655 NR 1220~1250  No
o- e 3.6 Cis/s A E; ~3300  ~1655 NR ~1300 No
310 MEJE 3 Cs. A, Ey ~3350 ~1635 NR NR No
B: ~3270 ~1685 ~1560 Yes
AT B i 4 Dy Bo ~2410(In ~1630  ~1470(In NR Yes
B3 DQO) ~1720 DQO) Yes
- ~1620 Yes
NI é
AT B IS 2 Cs AB NR 1670 NR NR Yes
NS: £ff5; NR: £ARE.

1 ™ mastoparan (MP) %81 cecropin P1 (CP-

1) 10:82=85] - pardaxin (73861 melittin (6287 4%, jxit
VIR BB 7T AR o S G fE Bl R R LRIk 1 142510,
XERAILAERER MP 27801, @i 2 koT o
W 5 M B B A0 BT, A 8 A A RO R B 1S T
FANA B FIRERM pH (iR REAEME L1757
gERgm L, HETIRTE MP 45 R R 40 B 1 F AL
B,

R T MR RN A ATE . HhBR BV K S &
EEREKEM 95% LA L, WAKFPER 3.5% A4 ML
Bl b, AWK E RS THRERN =742,
HEEHESERELIBE T, KRELN 0.15M.
XML FIEE S E A RS 5 AE EEH
FEAE R E RO, HHE 0 R B (5 7R ST B
e, i 58KERE. N T/KFLERESTH
RO S S A AR ML R,
YA X SR — AR HE AT RS 8. &
XPIXAN ) B, FRATTR AR 3 1 R G AT T R
TG e] 2 e B 15 7E A [7) R AT R AN [ 5% B 2K P D [
RSP SHI _E B SRR B J1 24T R . BRATTHE R U s K
KN 2.1 nm B MP 58 /KKEN 2.3 nm B A
[F) ol B A 1) 168 O 20 1 002 B (P A AR B R B, IR
BT AAEINE MP 6 A\ 273 7 LA 1) DMPG il
ditE DMPC 5 g XUZ B2t R, 55 1 68 B 46 A 2]
W7 IE BT () DMEPC Bfig s 81, WLEE 4B, B 4A
i, MP 4T 540K EE T (C=0 mM) [ DMPG *{
FEREAE R, FOWI R — AN T 1665 em ™t 72 A 1
RESR RN, B MP E4i KRB AT H At
T BTG R 2 il S5 0 o o o TR 3k % 1 VS VROV P 1) I
F, MP o FHeiggEf &2 1655 cm™t A4, Ht
T i P S 5 P 3G I 4 O, U W R A R v R
WHIIMAAEHE T MP 2 F o- W8 ie MK, HE
AL o- MR WSS Z Ky T 5 A B RS A AR A .
WEIM S, MP 7 IEHM, 77 ERK MP 57 E /M

i ) DMEPC fEHTERE & LR AWM. KT HMEZ
WG, FAVIERT T 1 FHAd AT IE B B 2 K207 (MP-
X, melittin Ml LKay4) 5 1EH A DMEPC A 4 5 ()
MEAEH . SRR, EMRSEEFERT, MP-X,
melittin M LKy, WHEAHA 57 IEHE A7) DMEPC £
Yl U, e B, BRATEHE SR T AR
AEREER KA, Eh B TS DL R TG IR AR R A ) i
Ji 73 XS MP 5 AW A HAE TR SE R . 45 3%
B, TEBERREL S T, MP AOCRES N BB KK B 4K
i/ DLPC (1.95 nm) A1 DMPC (2.3 nm) XUZ A,
[ It e 4 A\ B B KK B2 MP P ) DPPC (3.6
nm) 1l DSPC (4.05 nm) XZBEF (K] 4C) B0, @it
BURTE N E A, ATRILE T H/K G 16 Gibbs
H e 5 2] DMPC XUZ B MP 43780 ik 1
K& (B 4D), BHIE 7B TR RKIKEEM, i
IXzh MP #ANBIAEY . R AFFEERE, MP 54
WRR bt 1 e B IR (A4 H 2 MP 4 N 3 A P
R ) — b B0,

B. 3.0 WE4iH

310 BIE BARTE AR E A R S B, TR
CURN I B R e AR S5 R R A A 10% 245, HIH 2
—MEZEMEAR R 310 B EAAE TN
I a-MRTEEMINIE . AF o-F R TIRMZ KA B
WA 310 e, BIUPTHFHAK (Alamethicin) 1,
W —EE 20 MEERMZID T, ik
PR, Bl LLRINHE AR 310 SEHEM a-t8 skt 11,
P H R BT R R v A E R R T T
TE I 5 A/ NER AT RS BT T
A AL 1 BT I R g AR R B L ) 4
o Wl 5 iR, MNHHKS T 5RSIE40IEE (d-
DMPC/DMPC XUZ M) fEHE, ik A A~ 2
FEAEIE, &R H 04 BIFE 1635 cm™ ! AT 1670 cm ™!,
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5. pH = 6.7 WAFAHKS FTEAFEMLE (a)
POPC/POPC; (b) POPC/POPG; (c) d-DMPC/DMPC;
(d) d-DMPC/d-DMPC; (e) d-DPPC/DPPC; (f) d-
DPPG/DPPG; (g) d-DSPC/DSPC L) ppp J&il Ll K&
FHHRTEA R ERsn S . B i E SCEk 11, Mot
B American Chemical Society

XA I 310 BEHERT U8 E 45 H) IR AE 0% . HH
T 310 BRERIFEM, T H K oM R R A AT A
FEH A 2 K o-SR ERFAEVENT B (1655 cm™1) HIEL T
W, BRI 310 MEHERT a-REE 45 F R AT BLE 20 AT
R LUHITE P R % 45 R (R I 43 Dy 43° R 63°.
YRR RS 7S BRI (¢-DPPC/DPPC X
JEIEE) VE RIS, R e G TE B R AR B IR X2 3 T O %
CREEDS, SR T RENEAFE] T 1685 cm™t (L
AT 1720 e ™t BRSNS B BEAR 2> T H) C=0 2%
F) W gedh, SRR K S R IR B N IE T T T
VAR FE 55 T8 IR 023 A 7 A i o D R IR 40 7 4
W 555 58,89,

C. p-HhB&4wH

B-YT S EERIAFAE T T2 | A . Wk DL S B F 4F
ey FAHR BN IE R S B B-Hr B R AFE Pri-
on 1611, LK, 3 (7490 TAPP [56.60.91-93] o 4 4
W25 (Chemical Reviews) 44, ix B LAn &
H (Prion) NBI#AT A . Wik B &SRR (R4
) IR Ao BUANBIRF AR E N o-18 e
CEREEAR R BT B R A, IR AL
g KA RS, SEE U E B .
B2, BiEAshEME LT MPLHIEANTE R, 5

0.00(4“ itz L ]
1550 1600 1650 1700 1750 1800

F L ARREER PrP il Riff) o-SRHEFT S-4 8 L5 0 1EE
Hh AR 41 A E L) (oY)

- PrP118-135 ¥ (mg/mL)

e 001 002 0.03 0.05 0.10
o-185E (%)  90.7 929 90.6 67.8 56.1
B-¥1& (%) 93 7.1 94 322 439

AR N AR A M S 5 RENLH) 7 2
BBt . ATH B (110 B PrP118-135 fE N
P 437 161, R AN B SR A7 SERS AFF 7T T PrP118-
135 5 sl POPG XUZ MM EL/EM . WK 6
Fion, B PrP118-135 4; TR JE 1IIZRH L F+, ssp o6
RN ppp JEiEH 1655 cm ! &b o B4 4 O RRAE I
FE B HA BT, 1 psp JGiEH 1620 em ! &b B-H7
B 2 I R IR U 5 0 R T BT . I o BT AN ) £ K
WE B 135S, nTRL3kTG PrP118-135 )
GER AR S R AL A (5 B . BRATR DLAE 2 Ik
I, 90%LA Ly PrP118-135 7E POPG X2 ik %
I -8 L5 R 10% LA R0 7o -4 S 4hit. Bk
LK 8K, B-4T B 45 F BT o5 1 EL A5 o 16 K
HEZ AR E AN 0.10 mg/mL I, B-3r & 45121 LL
IEH) 44% (W 1D . XERP PrP 4 FEMKKE (<
0.10 mg/mL) ~, #tAl LAJE 30w 1 -4 B 4514 .
XL BT S S5 K LR A T RSO IR DI % O
MNTT 5] Fh 2 AL A o« %I 98 2 T 7K F E 38R
7 PrP118-135 7EZM B A (1) BRS04k, % T 3
WCER 51 R 50 BB TR A I R i i Rl o B L

D. TR i 454

TG FI ) A6 il &5 44 2 BT 0 S B T Ak Y
gy ABRAEMNZ 1 i, RSt KR EE S o
UEVE R R AE UG LT 2 EE A 1, AR X 9 R & A X
oI, X TCEES B L A IR R AR R TR 2 N
Mo X FEFIA O T BRI B # 1150-1350 cm !
X IEEF, FRATRBL, @8 A s M meiz Ty B nr
CALHER 2 TE RN 454 5 o-88 0450, B ITIMIR3N
W43 FI67 T 1260 em—! LLRAT 1260 em—! BL_E (731, AL
£ IV PR LAE H, MP-X. CP-1. Pardaxin Al Melit-
tin PORHZ ik 43 55 B A R A B A9 0 0 B 26 b 45 440 . (R
MK PUFh 2 BRI T 37 ssp Gl HEABEE HIR
KIZH CanlE 7B Fra) 5 i A DY F 2 BRIk A% 11T
TET IR ssp HEIEHI AT LA HI R ZER (K 7C) . b
Ab, 2 TE R £ R LA AS R, JE ) 45 AL R AR
W (1) g i 5 W 57 BB A R A T MO . [ R o 5 A BT R
IR Fie TIT % 5 R A0 0 T AR bE 5 2 (1 5 P I e
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(a) ssp J:HE; (b) ppp Jtilk; () psp

Heik. AERSELANEIL. BATBESGHR 61, R BUTH American Chemical Society.

IV, a-WE LB SRR TIT 345 E G 2% 70

% ENF AT

o o RO BEEEE
(NMR/CD) . e

(em™) (cm™")

MP-X 86% 1255 1296
Cecropin P1 68%—88% 1237 1297
Pardaxin ~63.6% 1228 1277
Melittin ~54% 1227 1283

2 P AT TE SRR R T XL R, K
ol T BRI L1 0k R0 FOATLAR 20 0 8 (2 LA
Gitr, TSRO HEERI I o i
WIFD A, P TP RS MR 2 B £
it

IV. AR BN GUE AE R 7857 1 5 sh 7y 24
R H]

AR 2 06 1% AN AT 00 B 5 i A B A AR A
gity, e U TR AR ERKAR . Fmirs
R REASR I A R R A S A B S R

A. BRNEH = o- iRk

MITEH A i B o-B2 e 45 K i e A R R A 4 B
15— Z R A Dk = A3 24X 203X 19 b 25 44 (14 7 T
TR, sei BARXEDT 7T 5 & A i E AR, D
MPAZIE AR A A AR A BRERE T
B TG Hh S5 k%, AT 5 A2 R o- 1R i
SERATI IR S A MR M R o 3B B A A D I P A X 2 IR

T pardaxin TEAYIE F 137 &I FR R, FRATTHIESE
Wi 111 A5 5 v] DLAAE R & B 4 S0l AR 0 7 F4R %5 .

FATE LA pardaxin 4> T £ d-DMPC X2 i
R RE B0, K 8A o pardaxin 4> Tk 11T
We B ssp JGE BE I ] AR 4L AT UE B, 7E 1240 em ™!
(peakl)5 1290 cm~' (peak2)4b H B ANHFAE g, i3
B pardaxin 7> TR T P R4 oAU
GBS o2 e . B 8B Hf i I 8] 2% 1k 1) g
SRAE SR LR AT UG H, B pardaxin 40T
1E d-DMPC XUJZ 5 (1 W b & B B )3 7 b7, {3
J& pardaxin F3F P45 AL 2 B D L9 8 R AR R
KA . X RAETRATIIM A R A, FEEER
A2 pardaxin 43 F1E d-DMPC WUZ 5 L Wt /46
NIRRT B R A RS

B J5, FRATTER AL S HuAS M pardaxin 4r F7E d-
DMPG W Z EEH ISR . B 9A BIR ssp Jb
WYY H BT 1230 em™! (peakl) 5 1280
em™! (peak2) W ANYFAF G . B IS [R) (0 HERS ,  TC R
s {1 85 ¥4 T 6T JRL ) AR AT U B8R R AT VRS . A A 0 1 A
BWEH TR E 1240 em™! (peakl) 5 1290 cm™!
(peak2). M 9C Hv I AN e (1 06 538 LL 451 A8 A, i 34 ]
PAE i, pardaxin 43 970K 3 i 45 1 1) LG 451 B s
V) F4) S K TR W B o X T B 7 S 560 0L 4D F 1] 51 Bl
W, WHHE d-DMPG M2 ) pardaxin 48 F & 4
T AR A, For T R ) A i 25 ) B A5 2 O
A, - BR TR A A LB IR T N . X e gk R, AN
JEE = {47 R T DU pardaxin 43176 4T M B A (1 3
A HEER o- MR TR BITE B XA R B T34
RZERER R E QRN & S54SR 7 A
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8. d-DMPC ffleXUZ M pardaxin 70T 1) A) BEi% 111
IR ssp JGitE, B) 1655 cm ™! AbiEU&TRE, 1290 cm !
REVEVETREE, DAREETRELL r = x(D /X, B
Itk . 9% B Sk 86, FRAUTA American Chemical
Societyo

E, BABERR N 7AW L pH 555 KRR M & H
ST B A R 4

B. THMNEH = o- B = - TBFEE

BA BRI S 2 ST B8 R S B (b
PRI T BRI SV I A S I AR i S L A AL
IFE. Elsa Yan % B ERF M5 36 F M ATOG
X} hIAPP 7& DPPG HEE 18515 45848105 7
AT TS 445991, hIAPP J&—Mh 11 BURE PRI A
REAN, &R RYTE LAY ik p-4i
BT R EE . WE 10 s, 2337 10 AN
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9. d-DMPG BHEXUZ B pardaxin 70711 AD BEf% 11T
W ssp JEIERER T 284k, B) ik T3 E ssp ik, C)
REERR L - = x;ilkl/x;ilkz BE I (A AR 1L . B3 B S
ik 86, WALFTH American Chemical Society .

P T IHEMER, MBI psp GIELE 1620 cm !
A HUEL T BB IRBIE . 1620 cm ! ALHR Bh I ) B
KU WIAPP TR T AT B-Hhidasditg. K 10B f&
INIEIAE hIAPP 437 FUATOG UG Bl o 18] R AR A FE o AN
f& 1 1 ssp JeiE T LAE ], hIAPP 2 T HIRRIE UL,
BM 1655 cm ! B AL E 1660 cm . BRI Y psp
R 1620 e ™! AMIRENIELE 200 78 2 JE A UG H
PLIFIZB G5, Wl A B psp JGIGH 3285 cm ™t AbHY
FEAEVE SR BETE 200 781 2 J5 A JF 46 I 2 7 -7,

£ 3 /NI E Bk e e, BE S SOB TS, IRAAE 10
B EFEATE R TG A B 3285 em ™! 4b
PRENEZE KA T o- MBS, BTk, DL R4 RERMAE
5 DPPG B EEAH AR, hIAPP & 2% M ICH 35
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(C) Ve B it FH I 8] (192840 DA S, hIAPP TERRSR I 25 M A

fehE 1

NEE. B ESCHER 59, BAUTA American Chemical Society.
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JERER R H R FBEE 1 3B 1) ppp JeHES ssp JGil.
B B SCHk 1, BT American Chemical Society o

C. BTimi#s) £l

FVIRR 20 ' 1% B 1 w] LA SR A 78 57 T 2 1 5 1) 45
FEAR, 8 AT DL R4 7 55 1 38 3 TFSOR O P IX R 1)
HAdFE. BEIR Peter Agre Al Roderick MacKinnon
[R R B B8 ¥l 0 25 R T 2003 4F 3R 15 18 LR A6 %
A 195971 (H & H FT AT 8 E S 9% b i AR o
AN HEEAEERZ K3 A B . B EAF
TEZHA F U B, 43000 0. IR IRIRAF A,
BRAL, DR 1957971 BRI — IR, BRATIR
F TR F IR B 0 1 SR A 5T I P 5 2 AR AR G R ) AT
REtE, DUKA! B il iE A 8 o B IR R e 4
WL LA A0 BB B S h A ksl Jr 2 e i A5
O], W INBERR E,  BENE 2 Sk 0 B R A 4]
65 2 JIK E RS 2B 2k A TR il S AH BAE T, TRk
EhMr A, T R A, S B T EE . A
Bl 11 AE pH E T A P H IR Tl 13BN ppp
S ssp JGIEXSEE AT LA H, pH I EFAAMLGIE T
i T ik Bk o B2 ) B R 3SR, ssp S ppp JGil
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12. pH {4 (1 6.7 R 11.9) J§ POPC/POPC M
ZIER RS T 1665 em ™t A B K ppp MIRFIE S
AR BB A B R R AR A . B4 8 SR 1, RROBUIT

# American Chemical Society.

SRJE 2 AR R A T BB AR . W 12 Fios, B
#H K3PO, BN (pH fEM 6.7 ZBRL 11.9) , HNHH
k4> F 1665 cm™1 ARSI E(E 5 kAR T PR 1) AR
1, T 400 2GR B0 P, R HA 4 B 45 R B,
P RR > FEZ 3] pH BN RIEZ )5, 310
WRTTE A - MR T 5 A4 P 1) £ B2 40 i EH 720 FR 50° AR ik
T 56.5° Fl 45°, X Hegh AR B Bl 18 8 AR 2 2 A
GRS Ik P R R G R AR A CETA] A ek
ANFILR B2 TV £ 2280 ) SRS i P 1

D. SrHEARBIERIRSEERE

AT 1 e RS 0 AR A SR R A B T RE Y IE
WISAE R RE L, VF 2 B A B 20 3 AR AR K A
THERARMEREERERLRE, Fla, MR
ANAR o) 38 V5 Y H T 2R R RE AR R LR AT R .
PR HA 200 BE B AR RS 2 R B4R R AR AR R R Y
WIES TAFRE ZORIE. I, FE AP 5 8 A
J5 F) i B A% I R 7 R R AR LR O B

A2, &5 Rk, M EEE Rl 2 54 & E D
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FEAE AR A2 05 By B By B i B[R] R PN ROk 5 80 1 %
1M H 7RI RS2 58 E XSRS 1, JUHE S
TR 7 301 77 % WK B R R L 6k = 47 2 A UK 7 i
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# John Wiley & Sons, Inc..
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CAFZE, H 517 B 8 5T 23 1 IO H B 2 2 (1 i AR
PLifil. XeenFRX ERER, KA T3] me
fige F T B R R 4 R 5 2 0 SRR AL, 1) W T AR R
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Molecular Structure and Dynamics of Interfacial Protein Molecules
Investigated by Sum Frequency Generation Vibrational Spectroscopy

Wei Feng [, Tan Jun-Jun [, Zhang Jia-Hui [, Li Chuan-Zhao [, Wang Wen-Ting [!!, Luo Vi [!l, Ye Shu-Ji [

L Hefei National Laboratory for Physical Sciences at the Microscale,
University of Science and Technology of China, Hefei, Anhui 230026, China
2Institution for Interdisciplinary Research, & Key Laboratory of Optoelectronic Chemical Materials
and Devices of Ministry of Education, Jianghan University, Wuhan, Hubei 430056, China

The interaction of proteins and the interface is a universal but complex phenomenon in nature,
which plays an extremely important role in many fields such as physics, biotechnology, chemical
engineering, medicine, and environmental science. For example, the structural mutation and
dysfunction caused by the misfolding of proteins at the biointerface are directly related to the
occurrence and development of various diseases. Precise characterization of the conformations
and dynamics of interfacial proteins in situ and in real-time is the core of revealing the function of
interfacial proteins, which is of great importance to elucidate the mechanism of neurodegenerative
diseases associated with protein aggregation. Nevertheless, there is still a lack of knowledge about
their structure and dynamics at this moment. Protein folding is also an unresolved problem in
molecule biology central rules. It is mainly because its characterization technology has to require
enough structural and temporal resolution as well as requests for in situ, in real-time, in vivo,
and non-invasive measurement, yet few methods can meet all the requirements. Sum frequency
generation vibrational spectroscopy (SFG-VS) is a powerful technique that can probe the structure
and dynamics of interfacial protein molecules at the molecular level. In this review, the application
of SFG-VS in the structure and dynamic characterization of interfacial proteins were introduced in
details. By probing different protein backbone vibrational bands of amide I, amide IIT and amide
A in situ and in real-time, the precise measurements of the structure, conformation transition and
dynamic features of interfacial protein molecules can be achieved, which can further reveal the
molecular mechanisms of protein-membrane interaction, protein-protein interaction and protein
aggregation. This review will provide a new train of thought for people to study the physical and

chemical problems of complex interface systems.

Key words: Interfacial proteins; Sum frequency generation vibrational spectroscopy; Amide

bands; Conformations; Structure and dynamics
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