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Trend of hybrid enzyme design in the big data era

Qun Zhang, Xiuyun Wu, Xukai Jiang, Yue Zhao, and Lushan Wang

The State Key Laboratory of Microbial Technology, College of Life Sciences, Shandong University, Jinan 250100, Shandong, China

Abstract: The high efficiency and stability of enzymes are the basis for industrial application. Hybrid enzyme suitable for
industrial applications could be constructed by many molecular biology technologies including tandem fusion, domain
insertion and post-translational protein conjugation. However, the low expression and activity of hybrid enzyme limit its
application in industrial production, and multifunctional design of a specific protein domain has been becoming a new trend.
With the advent of high-throughput sequencing, biologists are starting to wrestling with massive data sets. Besides, the
concept of protein sectors and co-evolution provides novel insight into the relationship of protein structure and function. The
residues—covariation of a protein sector displays preference, which imparts functional diversity to different enzymes in the
same family. The covariation-residues in specific protein sectors can be located based on the analysis of massive data, and then
these functional residues can be assembled in a new enzyme variant using the biotechnology of synthetic biology, thus
completing the redesign of natural enzymes. This indicates a new stage of designing hybrid enzyme, as well as the new trend

Received: December 21, 2017; Accepted: January 12, 2018

Supported by: National Natural Science Foundation of China (No. 31370111), Shandong Provincial Natural Science Foundation (No.
ZR2013CM038), Shandong University Basic Research Business Special Funds (No. 2015YQ004).

Corresponding author: Lushan Wang. Tel: +86-531-88366202; E-mail: Iswang@sdu.edu.cn

E % HARFL 34 (No. 31370111), 14 ARRI# 44 (No. ZR2013CMO038), 114 K 2FSEARMIR L 45 3 L Wi %5 4 (No. 2015YQ004)

i
[ 4% H R B[] : 2018-05-23 o 2% iRk« http://kns.cnki.net/kems/detail/11.1998.Q.20180522.1335.001.html



1034 ISSN 1000-3061 CN 11-1998/Q A4 T #£244f  Chin J Biotech

of protein design in the era of biological big data.

Keywords:
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Fig. 1 Screening and design strategies of enzymes!™®l. (A) High-throughput screening. (B) Directed evolution. (C)
Semi-rational design. (D) Rational design.
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Fig. 2 Traditional methods of constructing hybrid enzymes™. (A) Site and secondary structure mutations. (B) Direct
tandem fusion. (C) Indirect tandem fusion. (D) Domain splicing. (E) Insertion fusion. (F) Post-translational fusion.
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2.1 IDhEELHIBRRBERES

A5 O R R ARG R HR R T A 5 2 A [ il
TR RNEE T, EEEAR (R
WA . pH 45) MM RESS T DL B4R T
Je 5 T FA B TN R, T 48 M ) 5 U
Jie 4 TG AT 75 b A A G S R R U A A
A E AT L E RS, B — R0 N o5 5
— Y C I ELREA A - Lu 2045 — 0k A MR b 2
TELFT T 114360 RO 8 5 0 1A R 2 SR T ) R RO
B Bz G, A5 24 G 0 R B IE PR e T
3%, MIARRMHEEREAE T 31%", MPrE A N 3
o, C uip A HETIRE, B0 A5 45 B R a A
iz hea IRV Bl s o G O P Sty U S oA B
1Dk AN ST 1 [ R T ¥ 1 L1 L
Pt e A 0T ORI A EE K (Linker), 32
A DAAERFERAS5 1 S F G A A vk RN 25 R R e
36 B R R K A AR T 1A

el e R R T AR — B AR IR AR
A, WFEE AU 2R N T A T
BTk, PRI Ar 3 RS . ek
AU WIPERSFIAT AR, R 1 B TS AR AL
PRI ARAE S ThaE . HATE 26 1R 234 B ket
TR, 0 Kim SER RS K (GGGGS),
SEPL T AR YE R Cel5B FIARBERE Xyl10g H)
A, PR A T A SO R R R RS AR A
s (K 3A)2, Chen Z5F) ] — iS5 biE (DTT)
AN A B A R R R R 7, AT T AP AT

x1 BMEBFRKROLCES
Table 1 Summary of all kinds of linkers

W 24 3% B2 K, SEER T Ok AN I 4R VR N B N T
(G-CSF) H# e E M (T IR N IS (K
3B)[24] .

22 IheeEMEMEBAME

Z IRl o 5 AN [ D) RE 0 454 34—
WP HEAN AR IRl — Z2 ke |, R A SR LA 9%
B Z I RERE > FAAAEST A SRR B S, Bl — 445
P A — sk op AL B, K —Ah
FE 25 4 T A 1 = 4510 SOk Al 2 5 e 2 —
FIVRTATORME , 38 5 AT B BT AR 1 I K i 1 W e
él;l:'; 7‘:@ [33-34] .

MARASHARTEW A EME. 5,
T BEARAR AR A X 4 A 25 R S8 2 PR B O B R
TGS R AR L Y Co I T HE B 276 5 A
Fedr, HIONE/N T 245, Hok, %k
(et BT VR ST i B A AN g B
] AR PDB i 14 h 4 509K K 115
AT A, i AR A S R A S5 BT kT
15 ELE WA T FHRENH AL A, X LR
E RN S L (PO S PN (v e e B
M ST 1Y loop UL fA A EAT S 45 A8 m AL
M, XA BREE A sk a7 e, (HATRE S IR
T8 ELS R A AR AR R 2, (115245 B4s
ke AR HaT, WARGEARE 2
ZARENZEH], W Ribeiro 286 AR MG XynA
ABI KA ARS8 1 XBP i, ik 2 P Fp
AR R 20% 9 22 A (181 3C)B9

Types Illustration Function and characteristics Examples References

Flexible M Maintain flexibility and increase spatial distance; rich in (G)n [23, 25-26]
Gly, Ser and other small molecule amino acids (GGGGS)n

Rigid ._. Maintain distance and functions between domains; o (EAAAK)N [27-30]
helix/rich in Pro (XP)n
Release free functional domains in vivo; reducing/ Disulfide bond/ [24, 31]

Cleavable
.V"f A. enzymatic hydrolysis

protease target

This table is redrawn from Chen et al®?!,
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20 S M SR 2R 5 A S DR R i A v TR B
BERR, FEGEER SRS REIER TR,
X BRI T 25 WA B T2 0 o R AATI U A
T RHPR IR 8 UK b RS sE A H AR, B
VR R UK R Rl BOR T AR Al s s ik
FIBGHRE o Ao sk nl i e 2 g o1, B
Pz B RSk, 0 & S EOR G R TR

Linker
design

GG/\ GGGG

E 3 #EZalghy =gl

PR IE SR A IR S A T 2 A B I B
WL, ZEAR FERE I . A A B
it} (TGase) LA Bzl A 5 5¢ WU DG B 1 B 454
sl 2454 Hirakawa 255 1] TGase fg T —
TnAA BN (2K P450cam . 5 BAAISE A ZE 11 Pdx LA
K Pdx I il Pdr i —JC¢ G, SCBL T ArFINH
FHOPEERS , SRR SRR 3 Fh
e E A BUR A YA TR (| 3D),

Thrombin
treatment
Disulfide
reduction
Pdr Qlinker P450cam

Pdx JEE}:&E_ \ TGase

P450cam

Fig. 3 Successful cases of constructing hybrid enzymes™?****1 (A) The fusion of cellulase Cel5B and xylanase
Xyl10g constructed by the (GGGGS);, linker. (B) An in vivo cleavable linker utilizing the reversible nature of disulfide
bond as well as a thrombin-sensitive sequence, which release free functional domains granulocyte-colony stimulating
factor (G-CSF) and transferrin (Tf). (C) The xylanase XynA was inserted into xylose binding protein XBP, and by
designing the linker, two hybrid enzymes with 20% increase in activity were constructed. (D) A site-specific branched
fusion protein of P450 with its electron transfer proteins using enzymatic cross-linking with TGase.
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Fig. 4 Hybrid enzyme design scheme in the era of biological big data’®®. (A) Graft of thermo-sensitive sectors and
active architecture. (B) Accurate grafting of surface charged residues. (C) The new design strategy for hybrid enzyme in

the era of big data.
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