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Mechanism of Interaction and Film-forming Properties
of Glycerol, Soybean f-Conglycinin, and Glycinin
LIU Meiling, SHI Linfan, REN Zhongyang, WENG Wuyin"

(College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, China)

Abstract: This study aimed to elucidate the interactions among fS-conglycinin (7S), glycinin (11S) and glycerol, as well as
their effects on film-forming properties. Molecular dynamics simulations with experimental characterization were
systematically combined to analyze changes in molecular interactions and their impact on the physicochemical properties of
protein films. The results showed that as the glycerol content increased, the radius of gyration and solvent-accessible
surface area between the 7S and 11S globulins gradually increased, while the number of hydrogen bonds, electrostatic
interactions, van der Waals forces, non-polar solvation energies, and absolute value of binding free energies progressively
decreased. At a glycerol concentration of 40%, interactions such as hydrogen bonding and van der Waals forces between
glycerol and the 7S-11S complex reached a maximum, and glycerol began to exhibit aggregation. As glycerol content
increased from 10% to 50% in the 7S-11S protein films, the elongation at break (EAB) increased from 13.72% to 208.01%,
while tensile strength (TS) decreased from 30.62 MPa to 2.51 MPa. A strong correlation was observed between TS, EAB,
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and the absolute value of the binding free energies, with a correlation coefficient exceeding 0.8. Glycerol addition enhanced

the film peak intensity at 1040 cm ' in the Fourier-transform infrared spectrum. The proportion of hydrogen bonds and

hydrophobic interactions between proteins in the 7S-11S films decreased with increasing glycerol content. Additionally, the

high molecular weight components involved in hydrophobic interactions gradually decreased. The water contact angles on

both film surfaces decreased from 115.82° and 112.33° to 94.00° and 84.33°, respectively, as the glycerol content increased.

These findings suggest that glycerol modulates the intermolecular forces between 7S and 11S globulins, shifting the

hydrophobic interactions among high-molecular-weight components toward ionic and hydrogen bonds, thereby affecting

the mechanical properties and surface characteristics of the films.

Key words: molecular dynamics simulation; soybean globulin; glycerol; interaction; film-forming properties
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10DS) > 5 F RCSB W3k (14 25 1 o 4046 22 o H il
( glycerol, GLY) % #4 ( PubChem CID: 753) j# iz}
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Fig.1 Initial configuration diagram of the 7S-11S-GLY system
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TE 25 °C, 9000xg B.L> 30 min, BS.ONJEHI_ LR (L)
Fii A 10 mmol/L NaHSO; ¥y A, 48 J5 A 2 mol/L
HCL ¥ pHHE 6.4, 5T 4 °C ¥ 16 h, FhE /=,
FAE 4 °C, 6500xg K B0 30 min, 1551 11S JLiEH
FIEW(L,), FFm FiE PN 5 mmol/L CaCl, ¥y
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B LW (L) pH VEE 4.8, £ 4 °C, 6500xg T &
0> 30 min J&, WAE 7S BREEEDIUE. 7S 1 11S BRIE
FA A DT TE v 4 S A GE = 250K, I pH I =

7.0 fEDIVERME . WARSTE 4 °C TiBHT 48 h, T 5
%17 K SDS-PAGE FEIKM 7S Fl 11S BRIEE F1AY
Al ST HNZI R 87.52% Fil 91.23%.

1.2.3 7S-118 BE#il4s =35 Hu S5 fRIE 74
£ 7S-11S I, #f 2.4 g 7S BREBEEH 1 3.6 g 11S BkiE
4T 100 mL 28187k o, 4350 A 0.6, 1.2, 1.8,
2.4 71 3.0 g Hl. W pH A X 7.0 #iF 30 min
J&, T 95 C /KB I#I F it 30 min, R4S MW -

AR A AR AU R e, 25 M Sk

R IR |, FE 25+0.5 °C | AHXHRE 50%+5% £51F
NEER 24 h, KRR MR 3R, JEAEAHTR] S

FHCE 48 h JE T .

1.2.4 JKSFEEME 28 Zhao S5 {1y 5 I &

KAy EE . BEAE 25+0.5 °C HAHXHRE 50%+5% 2%
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W, -W
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A, W, R 7S-11S JEFRATINER, g, W,
KRBTSR E R, g
1.2.5 HUtktERE G SRRV A0S HEE ik,
I TA-XT Plus JFUA S0 %€ 5 (20 mm<45 mm) Y
P PrfH 58 FF (tensile strength, TS) A1 W 24 i | 2
(elongation at break, EAB) . TE 5 B & 4
AR, eI B RIARTRIEE A 30 mm, {X#%
MHE o 60 mm/min. TS 1 EAB P AR

F
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AR A, mm?,

EAB(%) = %XIOO
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PRI AR TEIEE, mm.
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FB, YK e B BE IS AE & 0.025% 2% Tl 2% % R-250 1Y
5% HESRT 10% LRiFIgeta 2 h, B A 30% H
B 10% ZERIFI (L 20 min. 5 PR 2H 53 B 43
FHXT IR 10~200 kDa PR 415
1.3 BRI

By % FH IBM SPSS 26.0 ;34T Duncan #
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2.1 FFEIFEES
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SIS HCIR S o Bifi o ASEAELA 2 v H v S i 1 o,
7S-11S A3 M5 1 H B B . 24 H
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BEMENITR. X0 GeEH T & H T 2200
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S FEOE S TR R A A BEAEH
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%2 MD BH 7S-11S-GLY 1K R By &5t 724k,
Fig.2 Structural changes of the 7S-11S-GLY system
in MD simulations
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il 3 4 5 AR i 22 (root-mean-square deviation,
RMSD) F1 [B] i - 4% (radius-of-gyration, Rg) X # $)
RFE T 7S-11S BILSAERE PERN E B T 43T, 45
RANE 3 s . FrARRY RMSD 7E£8 60 ns 1
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s OgETRE. B 3B TUAER, SR
Rg {HIITE 10 ns PNREARBE G FAS AR, E— 20150
A ERR 7S 5 118 BREE A TEAHUE 2 P AR B SR
IR AR R E G S HW S =8 10% B,
7S-11S (1Y Rg (HFFMKE 4.6 nm A7 UH s TROE o
grang, FEREE HYR & SRS, R (EB WS O, 3X 7]

AEEI B H 53723 BEAS 7S A1 11S BREE FH AR
HAEM, T2 7S-11S -G YIRISEH St T IR%E.
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Fig.3 Changes in the structural stability and compactness
of 7S-118 in the 7S-11S-Gly simulation system
TE: AL B30 22 B. M4

R Rl M 2 A (solvent-accessible surface area,
SASA) LT A WLFR 1 JE 2514 B2 E, SASA {EREAIL
ARG BRI SR, 7E 7S-11S-GLY B4 5
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Fim ol 10% AR R, Bl AT TRI AL 0 ns ZEC
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Fig.4 Changes in the solvent-accessible surface area of 7S-11S
in the 7S-11S-GLY simulation system
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Fig.5 Changes in the number of hydrogen bonds between 7S, 11S globulin and glycerol during the simulation
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HImMREARIE ] eSS —H R H TS5 H il
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T X 7S-118 52595 H il 43 18] i U4

R ZE R — 2R SE T H IR R BRI £ HAS
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I E S REIa AT, &3 H M PR AN 5/

ZZ W5 9 B Gln FlI Pro #% 363 i &L A 45 &, T
H &5 ad S48 B - H R IR 4L, i fn &) & H

[EIAH EAER . &l 5 G553, Hh &g 7S-

118 B RS HIRZ B EEEER, B H
OSSR 1 8] (1 SR X 265, TS i 8 SR
SERRRE M

T IRAIRIE 7S BREEH L 1S BREH -5 HhE]
A EEEAH BAE e ECH -85 A R e S 2
T 40% BB R X 43 (8] & UE AT T Ak
(Bl 6). g8 won, Hihm izt > el S,
AT RCH - H SRR, 7S 5 11S BREE I Z W]
it Arg Fll Asp SFEFEIRYRFTE LA, HYHYEE
H 5 7S BRI AU Asn. Arg. Gln. Lys F1 Ser &84
gL, sk 11S BREE MY Asn. Gly Fl Tyr 8544
FEPRTRILIE B A% HE . Zheng 6% iH T MD A
K AET & cyanidin-3-O-glucoside A #2 3kt Al L)
55 7S F1 118 BRAL 1Y Asn. Ser fl Gln S5 2 FL 1R 5%
IR ESEA EAEH . HihipREmT LS g-2Leki
I Trp 1 Gly G2 IR R ILTE sl AR, 4R FR
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Fig.6 Hydrogen bond connections between 7S, 11S globulin
and glycerol molecules
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Table 1 Binding free energies between 7S, 118 globulin and glycerol in MD simulations
- (%) 454 H HfiE (keal/mol)
AEvdW AEclc AEPB AESA AETolal

10 —289.39+5.89° —4520.46+137.89" 4659.52+133.70° —44.99+1.72° —195.32+11.72°

20 —256.70+11.22° —4005.49+119.20° 4114.66+120.74° —41.79+1.82° —189.33+10.19°

7S-118S 30 —283.05+7.41° —3590.39+103.10° 3754.96£106.88° —44.43+1.20° -162.91+18.23¢

40 —207.14+11.51°¢ —3601.86+87.75° 3701.50+90.65° —32.83+£1.41° —140.33+6.35¢

50 —207.06+£7.91°¢ —3153.86+185.15¢ 3283.02+173.48% —29.80+1.60¢ -107.69+21.21°

10 —1322.03+£34.16° —489.01+47.61° 1198.81+58.43° —228.74+6.03° —840.96+24.39°
20 —1875.3064.32¢ ~774.01%38.27¢ 1778.85+36.60° —321.3249.05¢ -1191.78+50.93¢
7S-11S-GLY 30 —3046.17£71.73° —1362.03+£57.43° 3027.18+77.23¢ —522.53+12.11° —1903.55+60.91°
40 —4262.27£70.99* —1910.90+78.91* 4209.95+£101.66° =713.58+11.21° —2676.80+£60.00*
50 —3554.23+64.70° —1768.58+79.49° 3752.47+93.06° —597.26+12.08° —2167.59+59.13°

1 7S-11SFERTSH 1ISEREE L Z [ A945 A A i 6E; 7S-11S-GLYF/R7S-11SE &Y 5 HIMZ M M454 A hibE; RN TR R SRR 225 8% (P<0.05)

TSR S, P A BAE AR LR E S 4stata
RE PE RIS A Ak ~AA P Ty TR A B 2R .
2.1.3 BHUARREES A HREETPT 7S BREM. 118
BREEMA . HMa TN S A HERAIER | s, 45
A A aEH UERASTRIRENE A A gh &, EmI4
XHE AT ) FL5 5P . IR R i, JufiEse )
(AE 4yw) « #HL A AR (AE,,) AR PR L fiE
(AEg ) ¥R 5E, AR I BE (AEpg ) 2494 TEAH,
FHBHAE gw- AE, .« AEg, FEFEMESET 7S BREH . 11S
BREE . HVHArF 4SS, MAEpg ANFIT43F M4
Ho AERES TS S A HBE(AE ) PN THE,
T 7S BREE . 11S BREE AR H MO T AEAHAR R
R DL RS A . TEREE Hh S R, 7S-118
MY AE 1o X R ETREAR, 2B H 512l 7S
5 11S BREAS TS G . 524K, 7S-11S-GLY
FJAE 1 AaXHMEEIREE HIh & T2 40% 12T
W, R HMS> 45 7S/11S BRE A4 S —il,
ZE R SR 3 b 7S-11S & AW S5 e R .
BRI, M H I & U — 20 8 K& 50% B, 7S-11S-
GLY MYAE ., LXHEAHEN R/, Xl aeEh TH
T RS T, 53 HI A ] T R H T SR AR
R, AR S A R AR EAE R, A HE T e
JHRIEAEM PR FIALBE, 7S-11S-GLY U454 A th e
A AR Ty 4 T Za X E TR R, R ITYEAEAE T TE
7S/11S BREH S HMmmas G REEEN . X—%
5 Kang 859 (1943 X 2245 SLAHPT R, Al T )
Hhor T BB B A EAERE S5 7S BREL A MY His204
N 11S BRE Y GIn67 ZEFRILIE AR BEAEH . %R 1
PIEE SRR, HIh - FREEFEMIC 7S 5 11S BREE X
[EIPES A F1, B H A S S EOE Z H syt
AR S45 S 7S-11S S WA G, At i H i ASF
FHEABS HTRZAEAATE

22 EBEBAMRAYSSISFRAE

221 FHABUKSEEST HuhdsniExs 7S-118
JEIK A3 S BRI ISR 2 . SHMME R 10%
T 20% B, 7S-11S B IK S & EARAAS W3

B Him & it—2F L2 50%, 7S-11S JIEH )
IK G5 P BT G N (P<0.05) . Chen 252 235
TZUBLE, ¥ SBOC G E K
B, SRR S H I R I AT L SRS R AR YA
RHE B S S 2R 3 v B K S-S e i inel,

F 2 HMAS 7S-11S JRAK 53 E e FIHLAR A RE 52 1)
Table 2 Effects of glycerol on moisture content
and mechanical properties of 7S-11S films

HIh (%) K> (%) TS(MPa) EAB(%)
10 8.80+0.93* 30.62+3.25¢ 13.72+10.04°
20 9.45+0.53" 14.35+3.08° 52.30+28.13"
30 14.38+0.90° 5.99+1.09° 112.56+31.64°
40 20.62+0.58° 3.13+0.42° 183.29+27.41¢
50 23.94+0.30¢ 2.51+0.28° 208.01+48.15¢

H: [FF/INE FREA R #7822 5 1 35 (P<0.05) .

222 FHHEAMRYLW MRS HT  7S-11S B4 TS Fi
EAB U3 2 i~ TS {HBEE H &= 10% B4
& 40% 1M H B SEREAIR, 3O i H S REAS 7S
S 1S BRE A M AAHEAEH (£ 1), Tarique &7
BIFSE HTHRRTATE 5E B3 ISP LA BB (A s el i, & B0 H-
T2V GE M 2 TR] 18 SV DT AR TE A s i)
TS. Lu%EPY ymfge R, Hilsr Tl &t 524 %
MRS G SRR A BT WAH AR, 455 53
22 MY TS TR, R, 2 H I & &8 it 40%
A, H XA AY TS BN B3, X rl i S e AgH
WH BT RERAE(E 2) . BRIHE )
EAB B2 5%T TS BYFZMH BRI (= 2) . i
FERW, H 75 8 U553 (8] 04 AH B AR FH X
M) TS <sr=A A misg ), i H s F R A BEAE AR
SEMAMR TS, BORFAT Bh T3 - M B H s nxd 7S-
11S R HERE R PR

SPI LA BE -5 25 1 T = [a] (9 AH B AR A
&, [R5 26 P s A H i =2 el B9 AR A A e,
HINH W2 7S 5 118 8REE A Z @5 A I AE
FHUES (3 1), 3] S I v 8 1 SAH BAE FH D 25 9%
R, N5 IdE TS M R, WiH, Hihsa+5 7S/11S
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BREE P 22 18] B AR A G 5 2 SRR R P 3R TR 2544

BEE (R 1), G5 2 EAB ¥, @A S Sy
(& 7), ZBL 7S-11S JEY TS 5 MD #EfilH 7S-
11S HJ AE o 28 X {H 09 4H 5C 2R %0k 0.84, HLE Y
EAB 5 7S-11S-GLY 1 AE 1, 48 %F & 14 A 5 F %%
b 0.87.
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Fig.7 Correlation between mechanical properties of 7S-11S

Energyss is.oLy

films and binding free energy of MD simulations
:: B Energy,q s A1 Energyss 5.y 77 AL 7S-11S F1
7S-11S-GLY [JAEy,, ZaXHE; #1835 P<0.05, **fLE P<0.01,

2.2.3 EHEFRmME KM E£ 3 WIRT 7S-11S
Jiss b R AN R ARl A OS5 SR . R R R K
Pefh i), FeRH IR S K R . I SR A K
Bl A RS H B BRI T Z EE S, AR
HimEr B AT DL (P<0.05)7S-11S EY T 35
KM B RAE 95 C i {ditE (1 AR T 575
HgK L H], 7E T A R ER MK A A5 2 B
BhF) 5 s SRkt R0 SERUAY LS HY E
T 7S-11S JFivp, BRH XTI A 2 i K 32l ff 52
L R T =T e O (5 = M = £ 4 N el w3 1 8

3 HuhxF 7S-118 R m/K A i B2

Table 3  Effects of glycerol on the water contact angle
of the 7S-118 film surfaces

HilE (%) AR KA A () T RRTE KA ()
10 115.82+0.79¢ 112.33£0.59¢
20 111.52+2.98° 110.24+5.60¢
30 106.960.88" 103.34+4.52°¢
40 97.95+2.30° 94.49+1.93°
50 94.00+2.17° 84.3342.06

T [FF/INE FREAN AR 22 53 .25 (P<0.05)

2.2.4 AHHEMARGLT AN GIE ST AU HGEE, R
% FTIR SG3% A A7 T° 3600~3000 ecm™ (14 57 AiF 15
RFES 5 A 8AHE /KM N-HF O-H & H P,
TE 2930 cm™' &bt MR e B W& B T C-N Hifi
AI-NH, $7AHUS, 78 1624, 1532 Fl 1235 cm™' Ze A7 HY
I P e T L Pk ke T AH R Bk e T H AR A1 04 53 531)
XF R C=0 Hiff . N-H Z5 i f1 C-N fifle, {17 F
1040 cm ! Ze A BYWEAAL S Hmh C-O PRahf 6,

W HMS TR O-H R A KB, 7S-118 Ay
FTIR JEiEE A 72 T 3270 ecm™ Ze A BIMENE A 54
AEIGEsE B A1 5 H v S m i es (& 8), REZ
S5EEEMM O-H H¥in, X5 MD LR (E 5
FE 6)#H B EPiE, R H M T RIEAMNESE
7S 3% 11S BREE 1 h & SR 5% BOE Bl E ke, i Hoad i
M H S TR S i SR, 455 80 R
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Fig.8 FTIR spectra of the 7S-118S films
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SRS KAV E 2 sk 55, 7 e sl b A X 3
e X AT B H TR S A SRR A E VR
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Fig.9 Chemical binding forces in 7S-118S films
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