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Abstract

Enzymes are proteins or RNAs produced by living cells, which are highly specific and highly cata-
lytic for their substrates. Enzymes with multiple catalytic functions are called multifunctional en-
zymes. Cells are highly sophisticated and complex organic networks, and multifunctional enzymes
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are common participants in important metabolic reactions and participate in multiple cellular
metabolic networks. In the field of data mining and machine learning, the research of enzymes can
be regarded as a prediction task. The article provides an in-depth review of the research on en-
zymes from the perspective of machine learning. From the perspective of methods and applica-
tions, the modeling methods discussed include data preprocessing, classification algorithms, and
model evaluation. For application, a comprehensive classification is provided for the existing mul-
tifunctional enzyme application fields, and then the application of each category is described in
detail. Finally, combined with experience and judgment, some suggestions in the paper are sum-
marized, which provides a direction for further research in the field of multifunctional enzymes.
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Figure 1. Two-stage keywords tree structure
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Figure 2. Publication trend of multifunctional enzyme research
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Figure 3. Top 13 journals/conferences on which most multifunctional enzyme research
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Figure 4. Word cloud of the title words from the collected paper
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Table 1. Summary of articles employing feature selection or extraction methods
F 1 EAHERFSIRI G AN E RS

WE Jivk TR SRS
Lusa [25] Filter BET AR S HEVT AR O RFAEHE 4 (Gini $8 %, 15 B34 75)
Yang et al. [26] Filter FE TN 2% Al T R A1 AR UL IR R AE HE 4
Casafiola-Martin et al. [27] Wrapper Ja KA %
Dubey et al. [28] Embedded B R T M R R Vs 32 8 e
Zhang [29] Feature extraction 1£4:771:(PCA, NMF, SVD, etc.)
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Table 2. Common methods in problem conversion methods
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RN g EhRAE KRB E,  Oki ke
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AT 5

(7)) BFERNE . BT RGN T 3R R I — 5 € S ATy R [31], b ik S ik A5 RE 8
WP 2 RSB . AEALGENLAS S IR A LK 2 AR 28 7 SRR U] 5 s . 3% 3 B 1 RS
A& DL -

;1 Lazy learning Multi-Label K-Nearest Neighbor, ML-KNN
/

/ Decision tree Multi-Label Decision Tree, ML-DT

LIRSy RAETY

Kernel learning Rank-Supported Vector Machine, Rank-SVM

Neural networq - Back Propagation-Multilabel, BP-MLL

Figure 5. Common multi-label classification models
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Table 3. Representative article on classification algorithm

*® 3 HAEENRERIE

i TEANHIR R
ML-KNN HAE G0 KNN RETIR, 0 T8 — ISR, Zhang et al. [32], Sun et al. [33],
55 K 56 A8 2 DU (MAP) e 5 AR A P s 2 B Zou et al. [34]

PR MRHENE BN 16, IR 1G MECKKHER AR A L T (Lo -
ML-DT  dhFaAbEA, Wl s — & a2 74 4, Somaf,ah- Albaradai et al. [36]
P45 SR AR AR N 0 A1 1 [RER '

DIRREEE ST S A AR, e SCHHT % 22 bR B0 LR 3R R R

BP-MLL g e /
TR AR S ISR

Xin et al. [37], Zhang et al. [38]
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Wb FES. IEMi%. HEZM F-Score 25[39], (HAF T ZFR% Y ] RGUX LT 8 b2
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AT H R K E A RS BT FEN B3R 7R 22 D BE AR il AL ] B2 W e . 1l iR 2
LAEF =R T, BATEAT R ERIKITIEAN, R EE, LB, AT 49 F MR
TR TREN T A ISR . JATH 49 RSCE 2 4 DR AUR. E55 3.2 o, BRI SHCR TEARHid
T4 — 251
4.1. MRS

FATRE 22 T REBEWE T N AR 4 KIE: o FiEAR . e, Hofth. HAMSRIEAEY
OB AEMIE R B R4 BoR T R BL R I SCE AR 7 AT .

Table 4. Application domain categories

4. MAGUESE

8% FH 4543% SRR
(1) Z 13
(2) MR, e 14
(3) Wiw 2
(4) Hefts 20

4.2. BEANGUHRIFEANTE

(—) 2 DIRERGAESIN S IE TE A R L EAHE: TR IR T AN f S M B, s i 42 4
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Table 5. Applications in various fields

=5 BMGUHHIR A

WAL TEA R SCHR
WERIT Ghaeidamini et al. [40], Zhan and Wu [41]
PN
PR Wang and Gao [42], Wang et al. [43]
TESFSIERE Y Kathryn et al. [44], Li et al. [45], Allina et al. [46], Yuan et al. [47], Song et al. [48],
Sk A Rl R S Hideaki et al. [49], (2020.9) [50], (2020.10) [51], (2020.11) [52]
Jiv g AT Rahman et al. [53], Menendez et al. [54], Yukie et al. [55], J.Z et al. [56], Li et al. [57],
JERRE AT A etal. [58], Zhou et al. [59], Wai and Azhar [60]
7 96 240 e B Rae et al. [61], Lei et al. [62], Yan et al. [63], Xu et al. [64], Bueno and
WTEH Quintela-Fandino [65], (2020) [66]
JpiEE B R Natthida et al. [67], Zhang et al. [68]
HEWa Chen et al. [69], Jia et al. [70], Lorenzen et al. [71], Nabil et al. [72], Maier Timm [73],
- Gao et al. [74]
LRI John et al. [75], (2020) [76]
HoAth A Janel et al. [77], E et al. [78], J et al. [79], Takaaki et al. [80], Singh et al. [81],
Neetu et al. [82], Jason et al. [83], Singh et al. [84]
K Gong et al. [85], Yang et al. [86], Tang et al. [87], M et al. [88]
gi4l Nabil et al. [72]
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U7, HETHRMIEE AT T — 282 02K 51{E55 . Wang and Yao [89] I\ AR Hii A
IE BERCI T BN 73 AR IO HE B L AN T A 0 688 IV 22 R, RORAT DA 1Rt 2 AR 22 2 S (1 2y
REBHATERM, VIR ELFRITERE . A1) LIRS EOBHE 2 hr28 A ST b, PR SR Rtk
PREEUANE LA AR AT 7 0 [

(=) M5 BB 3 55 AR 20 A1, RAT 2 R STHRISHE 1 2 DO REMEAE IR 25 0F 7T U805 T RO 2T
HI TR 2R C2BEAE] 7 DEYRERRORZ O IIIAR, Rl BTSN ZE SR B it 2570 ) Hh BLAE A
ARt B R) T PR SERR, ARCRRT MR T T HCE 2 19 TAR: 55— M M E R F T [ e e
FoAt sk, 2 DhREREAO N B A& B & UK #E I8, JCHGE 4R 2 ThREMEAE R 40
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