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1.1 HE5RA

LS55 #2596 B it . Lambda 650 £ 4h-1] 4% 56 5% B 11
(PerkinElmer /A @) ; Chirascan [& — {4 3% (3% [ W 64
D 5 Delta flex B[] 43 3% 5¢ 56 Y6 3% X ( Horiba 3 [H ) ; 1S10
e B 21 A0 6 3% (Thermo 23 7)) ;5 Avance DPX 300 #; fif 3k
PRI 3% A (Bruker 28 7)) ; AB104 — N 43 #f K F (Mettler 2>
A

FEARBHEE N Zein (LA RBBHEARL A, &
98%), F 85201 & AR A5 5% 15 min, B 5.3X 10 g
mL A A R - R AR CAL atE R R FHECA B
Al SR 99200, 8500 ZEEBLAL 2. 9X 1077 g« mL '
BW, FIKFAMRAZ, HEZRMBER I FHWwRE., 356
KRk .

1.2 FHiE
12,1 EREBRINR#EST

B 1. 00 mL Zein 45 F1 0. 50 mL 2. 9X10 ° g+ mL !
CA M T 10 mL HL@EE . 85N LMELR, IRAEY
SEEWRCE 1 h, SREHGERBEW T 1 om A LAN, K
B R WK TEE 200~300 nm. & &K TEFEl 260~380 nm.,
et 5 5/5 nm, PR ERKBHEIE 5 nom FH—K, 53] Ze-
in il CA-Zein = 4550015,

MG = e OLIEERE . E4TH 10 mL lEEH, 1y
A 1.00 mL Zein ¥ W, AR EMN CABR. RG]
Joo TARNRETAE 1 h, B R BEK A =280 nm, K
S8 TERE 5/5 nm, K H A AE 260 ~400 nm J8 [FH . i CA-
Zein TILIG1E

FEERT, L8N NS M, M 1 om A3 IHE
ML, 7E 200~300 nm y5 Bl A 3154 W) B2 19 CA 55 [ 5 Wk
1 Zein 254 A J5 19 2850615
1.2.2 #EEFH0E

B 0. 80 mL Zein 45 ¥ F1 0. 60 mLL 2. 9X10 ° g+ mL !
CA M T 10 mL LB, DL 85N LMELR, IRAEY
SIJE EURTCE 2 ho R Delta flex i [H] 43 B2 6614, 43
FIREI 5.3X10 " g« mL ') Zein F1 F iR Zein 5 CA R &
VW26 a1k 18, DAL Bl AR AU G s % i i 2
1.2.3 B=&k#&424CD)

P il — B MR BE 1Y Zein VMR — €W BE ) CA 55 Zein 1
RAHW, 0.1 cm H @ ML E 190~250 nm Jw [ A /Y CD

.

1.2.4 ATR-FTIR £ 5h 5 # & & = A3t 5

IR 32 9 4 S 4T ATR B 000 2 4 L o 28 46 20 A0 ol 3
BN Zein RS CABWIRA, BT ATR [t L
M. ffi i OMNIC 9 B {4 #F 47 40 4 6 3 439 Hl . 43 5578 [
4 000~400 cm ™', HAFWAEL 64, S HFFE 4 em ™, XL AT
FLL M UE, 2 Savitsk Golay piBUBE Wy AL BE . 3% BUBE AE 1
WX, F Peakfi V4 G RIEE M H L HERAL, £
B S B0 L b b R il R AT 2B A, AR 25 0
AN AR B 5E 4 0] 4y BRI A 0 R
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Three-dimensional fluorescence spectrum contour map
(a): Zein; (b): Cinnamaldehyde-Zein;
(¢): Ethanol(85%)

Fig. 1



1942 i 2% 5 61 43 Hr

%39 &

BRI A3 BUCT ARG TR I 03 . IR AT 300 MHz,
WG9 7 183 Hz, Bkh$EHE(P1)10. 70 ps. 2230 Bk ol e 51,

2 HiR5THE

2.1 PHEEE(CA)X EREEAE A (Zein) 33k F & B 220

Bl 1 & Zein WA CA R J5 284k 19 = 4E S5 R & 1B . AH R 1Y
FIESH W% 1. B 1 BaR7ElEmEKuEN, FmLE
Jlrf Ay 2 U (Peak A fll Peak B), Hi Peak A WERIAL B Ao/
Aem =280/305 nm A 41, Peak A J& 8 [ i SR (14 9 S 1%, 3
UL T SR R % B (W 45 1F . Peak B U BN T 85 1 Ik 46 1 245 4
AR

4 1) FI(b) . Peak A 1 Peak B 114 5¢ )65 & {E Bl &
CAMAB B, FEAHFR ML AT, ¥ ARKT

51%, Mg BREAIR T 3220, NE 1 R A%, it A CA, Zein
[ Peak A H7$C % 87 (7 B 08 /)N, Peak B 74T 55 1 {7 £% 48 5
VLW CA 1 Zein A RE & A4 T A B 1E A, X Zein 235 FR ok 3
MRS =R T m, AR Reasl Mgk, hFaB%
A EE RN, CA R Zein 2 EH R4 TAEM, oI LIS B H At
JCRE 5 B 7 it — AR .

1) f& 8520 VA I %5 R 2k B, T HR i i 1 SR
R CBEAE 220 nm BT A — A0, BRCAR SR BB AH R R AR
K AHULWEXT CA-Zein (28 H 1A — & BE 0. RF
W 1 CBERT U CA-Zein 3577 W S50 05 B I FL3 B2 55, X
SN S RERUK G F A RS RAS TR & 2R B R TE BB 1Y RE & 45T
P F AR, T LA TR, A AR, Y
Fr L TE 2 25 ok, DRI S 06 v 2 T I VR B A6 A0 E . DAY
I Vs R 6 ¢ St 6 T 1 5

R1 ZHRABESH

Table 1

Three-dimensional fluorescence spectral characteristic parameters

R R E

PR - R OK A

Fluorescence

Fluorescence Fluorescence Fluorescence

peak A peak B peak A peak B
Peak position Aex/Aem (nm/nm) 280/305. 5 230/305.5 280/309 230/310
Stokes shift AA/nm 27.5 103.5 25 107
Intensity 404. 5 669. 4 199. 6 453.9
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2.2.1 CEINBOME S

o T CATEEINXA WA, AR 2 H i CA S
Zein &5 . WA 2 BioR . fEARSLH & 1F T . Zein £E 202 Al
278 nm A 2 AR WO, 202 nm AR B IR i 0E . 3R B H AR
SRR, FEREREARE L C=0 Y n—n" FKiEFIHE. X
ST IR IRFAE R, 5 Zein Y o BRTE E A G, CA BN
AAE Zein 7E 202 nm 4b WY W7 I8 A £ F% . (ELBE S PR AL 8 Uk 2
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Fig. 2 Effect of cinnamaldehyde on

the UV spectra of zein
Zein concentration; 0. 104 7 mg * mL.~ !, Cinnamaldehyde concentra-

tion(mg * mL~1);: 0; 0.085; 0.11; 0.14; 0.17
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Fig. 3 Effect of cinnamaldehyde on

circular dichroism of Zein
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& FWEE 17 s DAL AW 3 A A I A AR 4k, (H7E
Bl 4, 1625 em AL T W B A JE I, R CA K
J5 MR, B 4D FESIX 879, 44 em AR R ETH R, K] 4
(D)8 BLIX 973. 46 om ™' Ab H BLBT 0, 0 7% Y P R s s Xl e
MR, BEWT Zein 5 CA R E THEHEAER .
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Fig. 4 ART-FTIR spectra of zein (a) and cinnamaldehyde binding to zein (b)
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Fig. 5 Fitting of self-deconvolution curves (a) and

second derivative curves (b) of amide |
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0 R B M X X — X R i S TR
— TR R Y, R AR E LR RN &
B, X — RGN [ B RTE ., RS
A A TR 0 43 FF o MRAG 43 HF W PO 5 B8 FIE IR, &
— Tl W Xt B 5 R R D A, T g A R
YR, SRR AR R EEM AR 4y S i, S5 RN 5(a,
D) iR . X Zein, CA-Zein 85 & )5 )44 F U746 N AJE
T AUE LR 2,

x2 BRITTFENCE. EXERMEE
Table 2 Positions, relative areas and

assignments of amide | band peaks

ERBHEA R TORBREA S AR iR
vem b WM A% v/em b WEER A/ %

1613 188 9.13  p#f& 1610 105 4.32 pifE
1625 3.20 15,5  pFE& 1625 430 17.7  pHE
1637 4.43 215  Bf& 1638 472 194 BB
1649 532 25.8 TMEM 1649 5.26 216 FEMM
1 660 82 13,7 o MiE 1658 3.81 157 o iE

> 5
2 3

1670 147 7.14 pHf 1668 .02 124 B
1 1
0 0

1679 .08 5.25 pHEfn 1681 90 7.81 gl
1687 .39 1.85  pHEfA 1693 0.26 1.06  pEEfA
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MFE 2 AH, Zein 5 CAZ54 )5 o BRHELSH A 13. 7003
Nk 15.7%, MW T 14.5%; g B, M 46. 226 N A
42%, BT 9% JTCRE M 25. 8% /N N 21. 6 %0, b
T 620 BN 14. 23688 21,306, FHE T 490, F
B I 1 T N S5 A A PR Y o BRI 5 A it A X AR Ak
AN BEEM A EBERAR K, B R AR E A
T AR IR R R, A A AR R E A 1 A TR R
B, U CA Y Zein TEARHFRTMATAEN, XEHEA K
PR 45 ) 5 T R X /N, 5 SR A S R [ e i O 5 B Y 4
R—,

2.2.4 BEEEIREAGE ST

Bl 6 J& CA g4 20 R HAZ w4 4R &03% ' H NMR., #] DX
PURUE i b N Ol o R AN S SNt F v O S LB - 30 R 7 WS B7il
LR TIENE Zein 2545 R1HY 8 9. 68, 7.73, 7.45 F 6. 86,
ThJGME, AHMNAYAE N 69.67, 7.74, 7.46 F 6. 87, fh2E 1
AL 0.01, 4 h J5 PRI E , (L MBIKARL. B CA S
Zein AW HERAAEEHGEX, REERAAEEANED,
Xof PRRE TS 1) HE 2 43 T WA B S
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T
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Fig. 6 Structure of cinnamaldehyde and it’s

nuclear magnetic resonance spectrum
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Fig. 7 Fluorescence spectra of Zein with different
concentrations of cinnamaldehyde
Zein; 5.2X 10 * g « mL~
L '): 035 5.2X10°; 1.07X10 75 1.61 X 10 °; 2.15 X
1075 2.68X10 75 3.21X10 °; 4.29X10°

'; cinnamaldehyde (1—8, mol

i3 Stern-Volmer J5 58 5 1 7 ¢ 6 78 KA F M HL ]
F,/F=1+Ks[Ql=1+K,r[Q], H F, Al F 451 484 %
PR VR R FI T Zein BTG, [Q]R CA MWk,
Ko B SBEK B by I TR S FRBRE L o 2
TR KN KAy T 0T 398 e At BUE Y 107° s, 5
BRI, CA 7w W B I F B PR . AR LA RN R
il CAFEARWE . nf LIS B E & R, SRR H L Key Al
HREE A, BRI 3, hRP BRI A, CA Y Zein 25
B Ky B EE A TE @ s, AR B E s &, HRF 2.0
X10" L« (mol » s) ', FLFfi % Wk B 09 F i 0 B AR, R 3Lh
RS

R3I EREOSHEBESHNEEFBESERER

Table 3 Zein binding to cinnamaldehyde linear equation and quenching constant

PR R 2 /K 27 R? Ksv/(L * mol™ 1) kq/[L* (mol+s)~ ']
PR 288 y=81 2162+0. 926 9 0. 989 6 81 216 8. 12X 10
297 y=179 528x+0.932 6 0.985 5 79 528 7.95X10'%
311 y=78 042x+0.945 7 0.992 6 78 042 7.80X10'?

9 A7 i A I Sk AT LA DX A3 i S0 K 5 g A R [R] if Al
PLEGAIE Stern-Volmer J7 8 . 24 & Az #2845 KI5 4 K] B0 4
TERA BT TMESWIC M, o/ =1, JRE
SRR PR R ARV T R A a4 . LA Ao =
280 nm MK, KT 305 nm P K AL Zein LK CA 5 Zein
RA W Pt H 4, P 8 FIE 9 TR . 7 =3. S4ns, 4%
2% 2*=1.40; r;,=3.51 ns, ¥%82= 2*=1.38; ¢ /=1, B CA
5 Zein B 5 1A T ENEX.

CA 5 Zein (45 & H BOMEE & 0L 5 80T LU i 1gL (Fo —
B)/Fl=nlg[Ql+1gK, #4715, &R WKL 4. NEEET

CA 5 Zein W&5A NS A2 0 1.0, CA BS54 % Bl IR FE 1
TR TIBEAR . #F — 2B E S CA Y5 Zein 195 K ALl J2& # A 25
K, H K, (HERIGEE 10°, R RS £ REOFE
BRI EM T .

CA 5 Zein (254 J) v LB i Van”t Hoff A =03t 8 R
BLHKGAE AH R AE ASTT ISR RBIAK 5. FE AR
WET, CAY Zein 854, RIM AG ¥/NTF 0, £H CA Y
Zein Z A& A &R, T AH<<0, AS>0, $iH] CA 5 Zein
ZIEEELEE ISR,
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Fig. 8 Fluorescence lifetime of Zein without CA Fig. 9 Fluorescence lifetime of Zein with CA
4 FEABRET, AEREEXEANESEH K MESHSHE n
Table 4 Cinnamaldehyde and zein binding constants and binding sites at different temperature
PR TN Fh 2 /K A R? K./(L * mol™ 1) n
P L 288 y=1.230 4x+6.003 4 0.999 5 1007 860 1.23
297 y=1.225 5x+5.975 1 0.997 3 944 278. 3 1. 22
311 y=1.221 42+5.949 6 0.999 3 890 225.4 1.22
*5 HAEBEEXBEREOLEAHNRNESH 5 PR BT DARR R AL M R . 3R O POt Ok . S AN T .
Table 5 Thermodynamic parameters for the [ — 5 38%  Z0 AP OT Mo g i S 0 IR R I S OK I AR
binding of cinnamaldehyde to zein 25 A R AUGIEAT R O KRBV 28 1 oP I PR e 2 At
e T o WFSE ARG . 45 40T, VRS 5 T K BRI B8 1 % LB
ES /K (k] »mol™") (J+mol™! « K1) (kJ + mol™ ") B &4, i H 516 I a6y 8 T8 06 78 B il M 1Y 3R 5
MEERE 288 —3.96 101.1 —33.1 o, R S ORI AR R S R R AR B E T T X SRR R
. tort ooy M BRI TR 8 (TG 200 2585 .
311 101.1 —35.4 N N P N
KEF o BHELS AR 055 . B %% M RS L& ih e 22 KR,
PR A T %o T K I A 1 ) RS A R RS
3 45 ik
TR BV B B EAA v M. TR AR AL, W
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Study on the Mechanism of Interaction between Cinnamaldehyde and Zein
Based on Spectral Analysis Technology

RAO Zhen-hong, WANG Ming-an, ZHANG Li*
College of Science, China Agricultural University, Beijing 100083, China

Abstract The aim of this study was to investigate the mechanism of interaction between cinnamaldehyde and zein by fluorescence
spectroscopy, UV spectroscopy, circular dichroism spectroscopy, infrared spectroscopy, and nuclear magnetic resonance spec-
troscopy. so as to provide research basis for improving the mechanical properties, antibacterial properties, and antioxidant prop-
erties of zein films. Through three-dimensional fluorescence spectroscopy, it was found that cinnamaldehyde has obvious fluores-
cence quenching effect on zein, and solvent ethanol has an effect on quenching. When UV-spectroscopy was used to explore the
mechanism, it was observed that the absorption intensity of zein in the UV region at 278 nm increased with the increasing con-
centration of cinnamaldehyde, but the increasing range was not proportional, and the characteristic absorption peak positions of
the amino acid residues was not changed. Before and after addition of cinnamaldehyde, the two curves exhibited by circular di-
chroism were nearly coincident. Using the attenuated total reflection ATR appendage for Fourier transform infrared spectrosco-
py, we found that after the addition of cinnamaldehyde, the absorption peak at 1 650 cm™ ' indicates C—O stretching vibra-
tion, and 1 538 cm ' indicates the NH bending vibration in plane. The peak positions at these two sites did not change signifi-

1

cantly, but there were obvious acromion peaks at 1 625 cm ', reflecting the absorption of cinnamaldehyde carbon-carbon double

', reflecting the

bonds. The peak at 879. 44 cm™ ' of the fingerprint area disappeared, and a new peak appeared at 973. 46 cm™
absorption of the cinnamaldehyde trans double bond, indicating that a non-bonding of zein with cinnamaldehyde. The self-decon-
volution calculation of the amide | band revealed that the a-helix structure of the zein secondary structure changed little and the
B-turn changed significantly. By means of NMR, the chemical shift of proton H in 4 positions changed only 0. 01, and after 1
hour and 4 hours of cinnamaldehyde addition, the change of chemical displacement was equal, indicating that the binding reaction
of cinnamaldehyde to zein occurred on the surface of the protein and did not cause changes in the secondary structure of zein. The
thermodynamic parameters of the system were calculated. It was found that the spontaneous binding reaction occurred between
cinnamaldehyde and zein, and the binding ratio of them was 1 : 1. When the concentration of cinnamaldehyde was low, the
quenching constant decreases with the increase of temperature, but the change was not significant; when the binding constant
was very large, the order of magnitude reached 10°, and decrease with the increase of temperature. The determination of the flu-
orescence lifetime of zein in the presence or absence of cinnamaldehyde further confirmed that static quenching occurred between
cinnamaldehyde and zein. Comprehensive analysis of various spectra showed that cinnamaldehyde and zein was mainly ©—=x
stacked on the outside of the aromatic region, and it was a combination of electrostatic forces, was static quenching mechanism,
and was independent of the action time. The results showed that the combination of cinnamaldehyde and zein do not significantly

affect the secondary structure of zein.
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