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Figure 1 The different configurational isomers of tyrosine molecule

N: blue, C: grey, O: red, H: white
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Figure 2 The different configurational isomers of glycine molecule

N: blue, C: grey, O: red, H: white
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Figure 3 The different configurational isomers of glutamine molecule

N: blue, C: grey, O: red, H: white

&

(b)
B4 2R BEE IR T T A R A4 B [ S 4 1
S:H A N .CRE .0 46 H. A6

Figure 4 The different configurational isomers of cysteine molecule

S:yellow,N: blue, C: grey, O: red, H: white
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Figure 5 The different configurational isomers of tryptophan molecule

N: blue, C: grey, O: red, H: white
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Figure 6 The different configurational isomers of lysine molecule
N: blue, C: grey, O: red, H: white
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Table 1 Energy of the different configurational isomers
I3 F Fig 7Y figtt (a. u)
a —629. 77006259
ik R
b —629. 77243560
a —284. 31172647
HHEm
b —284. 31383861
a —531.55102332
A I
b —531. 55348309
a —721.76197323
F P AR
b —721.76371255
a —686. 10186300
BRR b —686. 10390802
c —686.09954441
a —496. 84423339
AR
b —496. 84257036
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Figure 7 The transition state, potential energy surface reaction path and relative energy in the reaction
of tyrosine with glycine. unit: kcal/mol

N: blue, C: grey, O: red, H: white
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Figure 8 The transition state, potential energy surface reaction path and relative energy in the reaction
of tyrosine, glycine with glutamine unit;: kcal/mol

N: blue, C: grey. O: red, H: white

2. 1.4 B AWM VPO MR H A R S AR R E RS R A RS B
T E R H R A EBE I 1 e Z R 5 (0 =R I 1 o I A AR A2 RS LAY AL R AN 1 10 B s . K
10 AT LA Y BN 5 AR B RE 42 41. 97 keal/mol, O AT LAIE % #E47 .

PSRN M 2R R L A =G L M R AN (0 =R 7 1 WY B ke et AL Ak 2 0n LA R 1A
11 F7R . FERCSSHY T 2EATHEAL SO0
2.2 AERNBERREIRERR

T W ST AT T I A A A R I S R R BN AR AT T A N S R i A R . AT R
Bl AWM S BETRA 4 MR AT 12 s

A% B T g P 0 R T i A 5 R Y R R A R B, s — > TR i TR A 2 DR
LBEREA 1A TN 1 AT I L AT ST I 55 050 2 T I e 3 119 7 i LA B A ot M A 2 1 3t = 1) o7 o
BATERE . P 7 20 B e HE AT TSR A R R AL

10. 14028/j. enki. 1003-3726. 2022. 10. 012



%10 M AN ¥ i i « 113

Iy

b
‘_
3721
a_ c
a—_—
0.0 o2
(b)

B9 BEERR . HER A E WS 2 DR R O A P2 R N B AR B S BE T AT X BE B BR37 2 keal/mol
S:E M NBE.CKE 04060 H.A0
Figure 9 Tyrosine, glycine, glutamine with cysteine reaction transition state, the potential energy
surface reaction path and relative energy unit: kcal/mol

S:yellow.N: blue, C: grey. O: red, H: white
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Figure 10 Tyrosine, glycine, glutamine, cysteine with tryptophan reaction transition state, the potential
energy surface reaction path and relative energy unit: kcal/mol
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Figure 11  The structure of optimized reactive center

S:yellow,N: blue, C: grey, O: red, H: white
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Figure 12 The chemical structure of glutamine and lysine
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Figure 13 The reaction process of alpha amino in glutamine and the alpha amino hydrogen in lysine

a. reactant; b. transition state; c: product
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Figure 14 The reaction process of glutamine alpha amino hydrogen and lysine amino epsilon

a. reactant; b. transition state; c: product
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Figure 15 The reaction process potential energy surface reaction path and relative energy of glutamine
alpha amino and lysine epsilon amino hydrogen Unit: kcal/mol

a. reactant; b. transition state; c: product; d: potential energy surface and relative energy
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Figure 16 The reaction process of glutamine @ amino hydrogen and lysine e amino
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Figure 17 Reaction process of Iglutamine ¥ amido hydrogen and lysine a amino

a. reactant; b. transition state; c: product
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Figure 18 The reaction process of glutamine 7 amido-amino and lysine ¢ amido-amino

a. reactant; b. transition state;c: product
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Figure 19 The reaction process of Glutamine ¥ amino and lysine « amino hydrogen

a. reactant; b. transition state; c: product
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Figure 20 The reaction process potential energy surface reaction path and relative energy of glutamine

gamma amino and lysine epsilon amino hydrogen amide unit: kcal/mol
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Figure 21 Glutamine release hydrogen alpha amino and lysine epsilon off bits amino orbital electron

density distribution in the forefront of the reaction process
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Figure 22 glutamine gamma amide amino and lysine epsilon amino hydrogen reaction process of the frontier

orbital distribution of electron cloud
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Study on Mechanism of Transglutaminase Cross-linking Soybean
Protein Isolate Simulated by Gauss Software

ZANG Xue-li, HUANG Zhi-yuan, YE Chun-min”
(Changchun Medical College s Changchun 130031, China)

Abstract: The purpose of this study is to further verify the mechanism of transglutaminase (TGase) cross-linking
soybean protein isolate (SPI). The mechanism of SPI cross-linked with transglutaminase is simulated by Gaussian
software, which is usually used in the field of the heterogeneous catalysis and biocatalysts. And the catalytic process is
simulated by the chemical method. The results show that the center of transglutaminase activity comnected with 5 amino
acids is the optimal structure by calculation. The enzymatic catalysis of the lysine and glutamine dehydrogenation reactions
is simulated. The calculating results indicate that there are 8 possible deamination reactions. However, only 2 reactions can
be carried out smoothly. Each method has a certain proportion, that is. glutamine amide y-amide and lysine e-amino
hydrogen. Deamination reaction occurred between amino group and lysine toxic amino hydrogen, and the energy barriers of
the reaction process were 49.50 and 44. 35 kcal/mol, respectively. SPI can be cross-linked randomly to produce high
molecular weight polymers. As a result, the functional characteristics of SPI is changed, and the gel strength of isolated
soybean protein is improved.

Key words: Gaussian software; Transglutiminase; Cross-linking; Soy protein isolate; Mechanism
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