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Prediction of Enzyme Catalytic Efficiency Based on Multimodal Information

Fusion and Graph Convolutional Networks
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(College of Artificial Intelligence, Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: Enzyme turnover number Kk __. is an important indicator of enzyme catalytic efficiency and plays an important

cat
role in many fields such as protein engineering and synthetic biology. However, traditional experimental measurement
methods are time-consuming and costly. In addition, even when the substrate and enzyme are exactly the same, slight
differences in experimental conditions can cause fluctuations in measurement results. This paper proposes an enzyme
catalytic efficiency prediction model that integrates compound molecular graphs, SMILES sequences, protein sequences,
protein molecular 3D structures, and reaction temperatures for deep cross-modal feature learning to achieve accurate

prediction of k_. values. The model uses a graph convolutional network to extract features from compound molecular

cat
graphs and protein molecular 3D structures. Using two pre-trained models, Prot_Bert and SMILES Transformer, deep
feature extraction of proteins and compounds is performed, further improving the model's multimodal data processing
capabilities and K.
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value prediction accuracy.
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Fig. 1 Number of Wild-type Enzymes and Mutant Enzymes
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3 3 0.74 1.04 0.54

4.4 HRhSEE

NT P A AR v AN [ S 43 K i 4 0 A ) L
DR, BEATIH ML SELG . D B B AR AL K R e LA
BUREME,  BRAE IR N 3BT B A DR 2% 00 A5 B R A4 14 RE 1 52
W), DACTTT i R A R 2 0 TR A TN 5 SR 22 DG EE R
NT RGEHPE MMTKcat R b 5] N Tl 2B A |
G E O =S5 B DR IR P R 2 1
X PR RE P A T AR DR, R — B AR TIX =
HH R — T DR 35 00F SR 45 S R e B O B, AR SRS oy
FIXHAUAER GCN $&BURY) LA I B 1 iR AE A5 Y (Case
1), %Pk GCN #EUE 5 3D S5 H Aot
(Case 2). Epi P AR TS 73 0/ B (Case 3)ZEAHIFII
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Tab. 3 Sensitivity analysis

S5 MAE RMSE R=2
Case 1 0.76 1.07 0.51
Case 2 1.03 1.32 0.25
Case 3 0.75 1.03 0.54

MMTKcat 0.73 1.03 0.55

4.5 RGI5H

T Pl MMTKcat #5288 7E SERR R I RCR, B
MU HL DLKcat i 4 4 13843 4% B iEAT =61 b,
L 7 S5-I -Kear 208 2504 HE IR AASEAY )1 5
S, AIX 7 ZBEACREREGRS, FURBERT
MMTKcat 8 IR FERIER, HARMSREEALL, T
MEER WK 4. BFE 4 nTH, BAILE DLKcat 34+
[F)BE A S B 4 O TN

x4 ROIDHE

Tab. 4 Case analysis

JRA B FEK it P HELEE™  HMEE
Benzaldehyde Benzaldehyde 26.4 23.96
dehydrogenase
(NADY)
30,7a-Dihydroxy-5p Cholesterol 0.217 0.363
-cholestane 7a-hydroxylase
gamma-Nonalactone  Hormone-sensit 0.38 0.634
ive lipase
Adenosine Adenosine 0.5 0.295
kinase
2-hydroxy-5-methyl Naphthoate 0.135 0.144
naphthalene-1-carbo synthase
xylic acid
trans,trans-Farnesyl Amorpha-4,11- 0.186 0.278
diphosphate diene synthase
D-Alanyl-D-alanine D-Ala-D-Ala 156 1385
dipeptidase

ARHELEEHR

FE T ECHE AR B B, K Bl R 40 Dy R AR R il
(MUT, 25505 221 35%) A AAUEY (WT, 294
i B 21 65%) , AT B PP AR AL E AN R FE 2R A
TR, 2 17 S S T I FE 2 1, ]
1) 5B 7@, FLEIRETE A U A 1K ARy
fE, BFEPAE. BT, 5 AE S S A
B @ TR HE S A A AR T 4 A ) — Bl

(a) HpA:TA

(h) RATIRG
E7 BEXESTNEREZEXE
Fig. 7 Comparison of box plots of true and predicted values
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MRS, ERZMEAT, HI9E S mE
(73 AR R RE DR KR T BT AT SR 2 o 3 B PP A B0
U, H BT Ar EE AL, SR AR AR R AR Y
BEREA L B RE R T Ky -

LR, HSUESTMELE WT 5 MUT Pl
BRI R B o0 A — 2, Ui MMTKcat #8 AY
REAEM T Ko 18, & HABORANZALRE ), BENEIEN
ANRIZR T Wl 7y 1 O FRINAE: 55
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Transformer PN FRYIZRAEELFT GCN 23 IR EUT 515 B
MEMER, 6 RMIRE, g2 BRI A1
TRIHESE . sio o AR 0, 12458 20 7E 00 ffg £ 44 35 250
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(AR s - R, SAPROTIOIZE R E AR (4 /7 3D 45
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