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Spectroscopy Analysis of Interaction between Vitamin B,, and
Soybean Protein Isolate

LI Yang LI Mingda WANG Zhongjiang ZHENG Li TENG Fei
(College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract; The vitamin B, is an essential vitamin and participates in the biochemical reaction of the
human body, including folic acid conversion and methionine synthesis. However, it is easy to lose its
nutrition and function in the food processing process and storage such as light, heating and pH value. In
order to improve the stability of the vitamin B, and the vitamin B, nutrition fortified food, the interaction
between vitamin B, and soybean protein isolate and the effect of vitamin B,, on protein structure were
studied by using spectroscopic techniques ( fluorescence spectrum, ultraviolet spectrum, infrared
spectrum and circular dichroism spectrum ). The result of fluorescence spectrum showed that the
fluorescence intensity of soybean protein isolate was decreased with the increase of vitamin B,
concentration. The quenching mode of vitamin B, on soybean protein isolate was static quenching by
calculating the Stern — Volmer equation. Soybean protein isolate and vitamin B,, were bound by Van der
Waals force and hydrogen bonding and binding site was one. Synchronous fluorescence spectrum
indicated that the binding site of vitamin B,, and soybean protein isolate was located near tryptophan.
Ultraviolet absorption spectrum presented that vitamin B,, enhanced hydrophobicity of the
microenvironment near the tryptophan residue and changed the structure of protein molecules. The results
of infrared spectrum and circular dichroism spectrum showed that the secondary structure of soybean
protein isolate was changed with the addition of vitamin B,,, which represented that the contents of
a-helix and B-rotation were increased, and the contents of B-fold and irregular curl were decreased.
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GRS SR, I AR @ AR Sl A BR 2 w5 4
A FK By, , K Sigma KA A AN R IR G N
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ZESCHR [ 13 ] 07 5 01 RS AR A8 o0, FAIK R 3t
TS LB T OK e OB 10 mL/g R A S,
2 mol/L NaOH % ¥ % pH {i % 8.0, % I (20°C) $iit
FE2h )5, %W T 9 000 g & .0> 30 min, B I W H
2 mol/L HCI ¥ WM pH (% 4.5, W E 2 h )5
F 7500 g #.0> 30 min 15 F & [ UOE K E A UTER
T EB PRGBS 3 K, H 2 mol/L NaOH i %5 Wi 11
pH{EE 7.0, 5o ¥ & 1S R ACF L % 7R T
WRIER M A RK G B &, s .
1.3.2 RUNSBEERA-HER B, ZHWH&

ZHSCER [ 12 ] 1 7 B IR SR B B, B 1. 2 mg K
OB E S TR S h ¥ W (0.01 mol/L,
pH {4 7.4) , B il J5T vk B2 12 mg/mL [ K G5 85
HEEW, T 4AC T, W16 mg 4E4E K BLIE T
WERR Eh 2% vh ¥ W (0. 01 mol/L,pH {5 7. 4) , Bt il J5i
HIRIE N 0.4 mg/mL A4 B LR, T 4°C F 6k
fFo ¥ K S50 B 30 1 WO B 2 300 pg/mlL, 43 il
5N TR ot & vk B iy 4E A & B, (0,10,20,28 .40,
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50 pg/mL) IR A, iR TR 1 h, 53 K G5
HEA-4EER B EGY.
1.3.3 Otk

Z IO 14 ] B0 2 07 2 0F RS AR B ok, R
B R B, E A YN RO R
F—4500 8563 0 BETH AT 4l . M G Wk
w110, 01 mol/L Wy R #5 2% v ik ( pH {H 7. 4) FC
ST EE N 0. 15 mg/mL B . WOk K B E
290 nm, & EHCK A I LD 300 ~ 500 nm, 3k
BREETEIE N S nm, &SP BREE TE AL 5 nm, 47 4 3
J¥ 3 240 nm/min, [6] £ 501 W T, 23 B [
£ AL =15 nm fil AA =60 nm, Hf AN TR Kk
TN A S A ABE A T PR 455 71 7 118 90 < ) ol o
1.3.4  SOLRCKHLA

ZIOCHRL 1S TR I g J5 s O RS AR 1B ok, # K 5L
EEAYEER B, E SR ED 3 5,
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2RS35 . T 0. 01 mol/L Y B B2 #h 2% #h ik ( pH
B7.4)F 5 YR H B 0. 15 mg/mL )5, T %
2% 1 R HE AT 5 Ah O 3% 11 A, 11l Y 250 ~
350 nm, F 3 33 B S 200 nm/min, 53 FEER K 2 nm,
1.3.6  ZLAMEIE I E

ZESCHR [ 17 ]I 5E J7 125 51 RS AR 18 20, FRIBUCR
EomER-4EAER By E AW 1 mg, it AR AL
100 mg, FE4MR A R Ja T 2 ST L0568 4
T T A 41 4 3 Rl 400 ~ 4 000 em ™', Gy AR
4 em ™' FHE 64 W, I Peakfit 4. 2.0 K {4 &b B %
P - 1 5 AR 0 T BR 545 A R B A
L.3.7  [6 (a5 &

BREBEEA-YEAER B, ZGWHERALVER
G O B A PR O] O 0.5 mg/mL,
HERE A A IRAE 190 ~ 250 nm i 58 5 X HEAT 49 4,
i o 60 nm/min, 43 ¥Rk 0. 2 nm , 03 [ B 8]
0.25 s, BREEFEEE A 1 nm, ffi ] CDpro 41l & &
FI 5 A 2 5
1.4 HiEALE

P2 /5 & F Origin Pro 8.5 #fF, il ] SPSS
19.0 #E47 ANOVA 2 5 & 3 k0 M #1075 22 70 i
(P<0.05 HBFEEES). HMAKREL 3 K,
RFRNFPYME = bRz
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R B 1 TR, 248 kR [ e B
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F B, 58 Y 55 K BE AR L AH HOAE L R
A i DT Bl A8 7 0 B TR R P TR B
SCHR (21 JAEF s 4EA: R B, 528 13 F1EE 1 (BSA)
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Fig. 1 Fluorescence spectra of soybean protein isolate and
vitamin B, composite system
2.2 WHREXRHIE
ECHERHLIRL— AT DL S #2510 KR 3l 25 4
KPAFE L o A7 K E R R AR KN 5 5



344 & ol HLOM ¥ R

2020 4

Yy 5 2 (R AH A PR TR LR & 0 5 B0t B R [
TLEE T 5, 2 R B (B Stern — Volmer [ £ 4% %)
TR S AR KA B, R AR PR KGR 5 9 T
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Fig.2 Stern — Volmer plots of SPI interacting with vitamin

B, at three temperatures
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Tab.1 Fluorescence quenching constants, binding sites and apparent binding constants of vitamin B,,— SPI complex

WL HE /K K,/ (Lemol ") K,/(L-(mol-s) ") R AWK,/ (Lomol ™) B fiidn R
298 (2.404 £0.118) x 10* (2.404 £0.118) x 10" 0.997 0 (4.121 £0.033) x10° 1.279 £0.002  0.984 7
306 (1.803 £0.052) x 10* (1.803 £0.052) x 10" 0.9875 (1.256 £0.011) x10°  1.192£0.001  0.994 3
314 (1.532£0.092) x 10* (1.532+0.092) x 10" 0.9853  (1.806+0.039) x10°  1.242%0.003  0.9962
T PR 5 B R 22 5 2, Rl
HE 2 Fik 1 CR4EER Bt RE B ER °r
(9 IR i AR K, A B4 5 W K S & =02
(VAR QU TP/ o 04f
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* 08t
Bhlg((Fy = F)/F) % 10 15 &, AR IR T 4 ol
B KK W4 B B 1T I OUR B £k 4 P 3 L
Mo B HAL AR NG R B, 5K E B E A B2 B S0 s g T e e
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306,314 K it BE T 1E I BF, =35 [ 9 45 & % 50k
4.121 x10° 1.256 x 10° 1. 806 x 10° L/mol, 35 0 —
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Fig.3 Double logarithmic curves of vitamin B,, quenched

soybean protein isolate at different temperatures
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B, SR E /B & B ZE AT ER T

YAV

K, 1 1 \AH
mgt=(7-7)% (3)
AG = —RTInK, = AH - TAS (4)

A AH—¥578  kJ/mol
AS W72 ,kJ/ (mol-K)
AG—E L A HREZE , k]/mol
R——5S % %, B 8. 314 J/(mol-K)
T HE K
U BE AR AN KB, S ) AH T AR R
M8 SCHR [ 27 ] B4 /Ny F 5 AW Kok F )
IV B AT 2 2 800 A ) W — 3 T) 32 A T ) Yy 28 A
MY AH >0 H AS >0 B, B KAEH J1;AH <0
HOAS <0 B, Sy Ji 846 Jy U5 fE F AH <0 B
AS >0 B, AT E AR
M2 i, 4R B, S KREsEBMA N
REAE/NT O, WX 2 — A H HBERE IR A ki 72,
AH <0 H AS <O, RUIEAR B, 5 RESEEAZ
] Y 3= 2EAE Oy Je u AR Uy A B . SCHR[28 ] 7
WRALT RS /MEZEA M TR LI, bk
FUT RGP R (K45 R-3-0-4 4 b
1 ,C3G) 524 4 f 1 35 B o Ju AR = SR

e

x2 #EZRB,SRENBEAEAYNRANESHE
Tab.2 Thermodynamic parameters of complex of

vitamin B,, and soybean protein isolate

IEE/K  AH/(kJ-mol™') AS/(kJ-(mol-K) ') AG/(kJ-mol ")

298 -0.273 -32.032
306 -113.528 -0.273 -29. 869
314 -0.261 -31.599

2.3 EHHEKENH

[v) 28 9 ' 0 1% 3 % 0 T/ o 1 AR W) Ry T
AHEAE R ORI 5 e, e e 0 2 S 38 IS A 7% F 5 0
V7 2, A TR R 0 B 5 114 A0 P A7 190 DA T S e /N G - X A
PN IO LR AR A IR FUR 3 ¥ 2
KA RS Z 22 AX BEAE 1S nm 360 nm , 7351 Xf
RT3 1 1 v ) Tl TR S TR 7k ik ) L ) R
AT S0

YRR B, 5 R G B A EAE TR R 25 92
JEOGTEINE 4 Fros, B AE 484 R B, BT R 0 1Y
TN % 2 5 e TR 0 R B s 1) € ' R R 3 W A
fE AN =60 nm {15 B0 T, [5] 25 52 O 0 A7 42 B Y R
¥, 282 nm WER E 279 nm, [ 7E AA =15 nm 0,
) 25 56 W T B B A% gy, w] FI W 24 A 3K B, X i 2 1R

280 290 300
K /nm
(a) Al=15nm

(
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WK /nm
(b) AA=60 nm

B4 AFEYEAR B, BT T R E &

S84 R B, KR H 601
Fig.4  Synchronous fluorescence spectra of soybean protein
isolate and vitamin B, complex system
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280 nm [ 3T 477 55 S W U T £ A 3R B, 7E 361,
520,550 nm Ab 77 15 55 Hh R WU B 4E 4 R B, R
BRI, REDEEAMAEAR B, ZAKR
4 5% S e R I Wi ¢y 288 nm i £% B 284 nm , 8 W] 4E
AR B KR E B EH L7 T, AR
IR €208 N S R S S S S T/ 1 4 e i 4
I B A2 R — 38, JFH RS EE Mg R
B, 250 95 5 WRAL 5 1, 33X ol 45 4 728 A T 25 i ol H:
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Fig.5 UV spectra of soybean protein isolate and

vitamin B, composite system
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LLAMGIE & —Fh 3 A 2 B R A M DG T 4
AP A LT A T LB — 2 B S E TR 4
AR AL o AN ] 5 e B2 4E A= 3R B, R B0 B
HELLAMEIE WA 6 FroR o el 1 205 I 11
AL TR BT AR R, BIECA
AT e B - A o R A 5 4% 1 W) )Xo 7 G 3R
N1 646 ~ 1664 em ™ ARE X 45 H - UEE s Tk
#1615 ~1637 cm ™ F1 1682 ~1 700 em ™ b XJ 17 (1) 25
4y B-HT 8 5 AL 1 664 ~ 1681 cm ™' AN i 1 45 ) Ay
B-FE 11 DL 1 637 ~ 1 645 em ™" KX R (14 45 ¥4 A G I
W 6 AT, 4EE K B, AR, K4
B EMBERE 1 A R AR R (1 633.3 em ™' 4T
B 1635.8 em ) i Bk 1 1 S A A B 3, vl BE
YRR B, 5 REEH KA THEAEN, @i
AR E R, SRR G EHEAKSETEHE,
B PR R L AN, KT R
L5 A 8 B2 AT P ik 585, U0 B o MR Y AR I

A2 B Ja WIS, SCHR 31 I 058 K 500 By 3R
F S A6 R IR AR R B, 25 A R M i 1Al e R
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Fig. 6 Infrared spectra of SPI in soybean protein isolate

and vitamin B, complex
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[R] 2 3  — o 3 Ao A 0 K 1 R R T
HREA R SRR WAL ZE B,
i, REEHMW ZREMERMES in, ME
Y2 B, BUER B RIS R, KB S5 & it
R T W B, oM B AR A X S i
T, BT S R TR A i A X B e 2 i R AL
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Tab.3 Relative content of SPI secondary structure in soybean protein isolate and vitamin B, complex

YR B, U/ AXS B /%
(p.g-mL’l ) a-T2E - B-F £ TG EH ] 5 il
0 (17.94 £0.01) " (31.95+0.01)*" (20.92 £0.02)° (29.19 £0.02)"
10 (19.44 £0.02)° (30.51 £0.03)" (20.90 £0.02)° (29.15 +0.01)"
20 (20.43 £0.01)° (29.01£0.02)°¢ (21.48 £0.01)¢ (29.08 £0.03)°
28 (20.60 £0.02)° (28.88 +0.01)" (21.50 £0.01)° (29.02 +0.02)¢
40 (20.97 £0.01)" (28.43 £0.01)° (21.60 £0.02)" (29.00 +0.01)¢
50 (22.06 +0.04)° (28.44 £0.01)° (21.92 £0.02)*® (28.98 £0.01)°
3 B JEIE TR WY HE A R B, A5 R LA b R AR
=H

(D) T TR, dE A R B, X RS 508
HEBA VKA P KLH S H K, =&
EERGE R ) A E RS S A A SR EO Lo

(2) BB 2 W 442K B, SR
3 AR R4S 5 L S T 0 R e S 5 SR A I I

H P A SRR 85 e A AR A, K PRI 5 L B TR LR
HIH R

(3) ZLAMETE R — 36 7 A R W], 4E A2 % B,
AL TR B0 B 8 A i sk, Bk R B
N B3 e R LI s A X b | - SR E T B-
B AR S s
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