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Recent progress in fusion enzyme design and applications

Ziliang Huang, Chong Zhang, Xi Wu, Nan Su, and Xinhui Xing
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Abstract: Engineering and redesign of enzymes are important to industrial biocatalysis. Fusion enzyme technology,
based on fusion protein design, is frequently used in multifunctional enzyme construction and enzyme proximity control.
Here, we reviewed the recent progress in molecular design strategy and application studies of fusion enzymes. The concept
and features of fusion enzymes were introduced, followed by a systematical summary of the design strategy of fusion
enzymes. In particular, the effects of different linker properties on fusion enzymes and their possible mechanisms were
discussed. In addition, recent studies on fusion enzyme applications were also discussed. Finally, based on our own studies
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on fusion enzymes and the current research progress, the key problems in fusion enzyme technology and perspectives of

this field were discussed.
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Fig. 1 The importance of fusion enzymes in process integration and proximity modulation of metabolic enzymes. (A)
Fusion proteins with visible signal, affinity and catalysis functions can realize the process integration for enzyme
production, purification, detection and catalysis. (B) Fusion enzymes is a useful tool for modulating proximity of

metabolic enzymes.
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Fig. 2 Several strategies for fusion enzyme design. (A) Direct end-to-end fusion. (B) End-to-end fusion with a linker.
(C) Insertional fusion. (D) Branched fusion (N and C denote the N-terminus and C-terminus of the protein,

respectively).
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Y, XEFIEAEGYIRZ R BA RN ERE
2Rl Tl A HURERH B FAL 27 4 138 85881
KR 43 A8 AL I T T Y i b ER T 2L A (A
NADH, NADPH), A1 7% [ 24l 5 5 A%
T2 T AT AT 0 T A T sl AT A e R Y
VA AR Tk o E R SR R A 1 2 3 5 F
T3 RIS R, A FH B B S R
BT AR O e b T A A R A
ARG, P LA R4 5 A e AE i b0 2
(] A% 328 AR EFR] 90D A A R ) ORI i
P& i H R A A S0 B, AT AT AR iy TP A Ak
PR PRI S ARSI A AN/ T T A
KARIE  WERR I 2 (PTDH) RELL B B9
MR A MR 523 NADPH (% 4=, Torres
Pazmifio Z5f4 T — & 51 B-V # il (BVMOs)
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H1 PTDH KRl 85 , 76 NADP ¥ £ H A7 5 nmol/L
B, A5 BE SR DY R B 2, R 7 TR 1A 80 AL
(79%, 3 h), [FIEFRLE 52 A AR RE DR 3F R A
il I AL R P, R T A G AT T
P T 471, Holsch 45 kgt T HY R i 0
(FDH) 71 3-Filil Bt 5-ACP &5/ (KR) AIFLA
B AT TR AR P, SRR S WAHLL, W
ISR R T 2 £, IR LR AR A B
99.97% , I H HA WGk (99.9%
(S) -1- (pentafluorophenyl) ethanol) B A7f 5841
A, 8 2 1 3o A T PR U8 (ReADH) 5
W2 Jbi I (CbFDH) 4 il & 45 1 LA i &k 7
FHFFRBLMFE, 4T ReADH 1 CbFDH )
ANV Rl G W R 4T T WRE FAR T . FoT A IR AR
WY, FlG LS FIRLG T % T ReADH FiI CbFDH
SRR AR e, e CbFDH 1) C Sl &
SEAHPERE R, 0N Sl G W S B
A ReADH ¥ C Sl 5 F1 N I il & KB BB OR 47
—EREPE, (BN SRl A SR . R,
4 ReADH 7 C i Al CoFDH (1) N i A7 45 it
(ReADH-CbFDH), il # 2 F A B B P 13
P, A SCIRAHE F5 e P A R 2 P
3.3 RiHEZ AT PRI

FER A Dy A T AT Ak S B v
TS0 4 A Y AR T HEA T A B R fg
% {0 35 3 H 155 IS W) 1 e Ak AN H AR 7 B B
OV b M R AR P AN R L
FWE, AT D RN TR A0 PN 19 23 (] 2
UHEAT R (o fo i R B S0 kR L AH
), 32 48 AR X 4 i P A T R A T R 4 A
D e N < ¥ %7y il - N DR I ETS s
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P (Enzyme proximity) X &l 7= 4 () i 16 G &
HEMEW, FeAEEL T ILAES . 1) |
] 7= A A 5 4 Sy 5 2) Hh )= AN ERE 5
3) H )R A B A B SO X A AE S 1
Hil; 4) HAbdk B RY A 50, Frix st
oL, RS R, PO B T Y
A (BEAY) WA EEE B, sl b= 4 ) U
K, ATLAARAR SRR PR R RR Y
b3,

Albertsen “F7ERRPIEELE S| AR AT &
Pogostemon cablin i) 75 & A i (PTS), F
FH TR RE 20 M N 7™ A 1 125 Je S £ R (FPP) 1M
AP =T A A0 R RS PN 1Y FPP &4
A A HARIR RS, SRR
P A= 7 () FPP Sl s AR /D 58 i e A N i i ek ik
JEELEHERR 1 (FPPS) I PTS HYRIG B, REHY
B FPP e PTS fyid s, MIMHAS) A
PR R O FOR Y 2 451,

FrMEFMEE (GGOH) J&—fh & 5 17 K
I 25 5 B JEURE L, Tokuhiro 45 1 1 I £E 40
JfiA: 7= GGOH, gt T HA ikt by 54
MSLEE RS A EE (BTSL) AnH i R A 0k R
R (DPP1) B4 G BTS1-DPP1, 5 [R] i #ph
itk BTSL Al DPPL Mk, i ka4 i
BTS1-DPP1 RETE AR =i 4H ML GGOH ;™
i, AT — it RIARLA B BTS1-ERG20
(ERG20 ik Je HLAEWEIR 5 1 , & GGOH & ilik
1 LR —ASRHER) , RBUEOR I e
Fei M 191.9 mg/L TR 6.5 mg/L, 1 HAR=4)
GGOH MM 0.2 mg/L I 7+%] 228.8 mg/L. f)m,
i it [6 B o % ik HMG1, BTS1-DPPL HI

BTS1-ERG20, f#ifF GGOH ;=i figit— ik %
3.31 g/LP¢],

Zhou %5 X HLAG e Ak I 3 A I 3 5 ol 1
(GGPP) & WS HZEi ik itk & Wk ST S —
R IIRERY TN SmCPS #1 SmKSL #E47Hl &
Tk, RIERMEEE RN, A&
YRR, F—2, Xf SmCPS F1 SmKSL
A B S5 R T T A AL, R IUASIRI RS
L FEfh ORI 225, RRhRE
Y PERESRAE T HEE R, SmCPS il SmKSL #6
L WIEN, TR T 2 WA a4 w
FERAE A TR Hh S B4 17

XL R, il AR RS
Wi, AR RAE R NASTFB, EACh s
TRM—AEETH, Wi, 255500 E
MF-Be, IR BER AR BE RN iE— 25 5 8 7=
PR F177

AN, 2 BRI — RO A A R
A, AT AR AR A 2 AR 3 2 T 2 By 4 i ik
FT A, R EA AL A R )
FEACTHRE AR ARG, 1T LA P W Ak b
BAEHE TR A, SRR 8> T )
BEPERYSEIE (5 PRI S SR A L), AT B 5
HRfLA PR T 22 20 H AT Tl B A 77 1 B
HEMBTFAYZ—, ERN A= LR iR
R i) S R AR AT VR B8 1) 7 > 22 ¥ RE KT 400
PAEVT R R REYE . A TR RN,
Albertsen 7EI A P i Fe ik E HH LFEFE|E (OMT,
AR 2 R BUER R G — L HIEE) 1 UDP-Hi
SRS (UGT, X 22 KA TR b &1 LA gt
PrRagrk) MRS R, SRR MEK OMT Al
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UGT # L, & 22 Z MBS~ VG eI Y
S I, AL MR > T
40% , AN A K HRR & T 14% , RUIFG
ity (1) T BLREA U BR = (BrP R )
P, 0 A g R0,

4 BEWERZE

BEE 71 AW AR B K e, Rl
il 4 Ry S SR B L AT e il 1 B9 B — = i, O
H=A i Zoofe i K ke s, Ak, 4f A
B OPBRE S BT RS SRS A B
ZEE4 AL, OR T RE MR BT, [
BP0 A S 8 I P 4R 1 o TR A 2

HULRRE B SUS A BUIR , S B KT [w)
FEERIEM )T, — R IREL. BARIRI
AE (0BT A ol Rl 5 PR (RS EA) Mk
W, SRS BEE 2 IR T TR R R, T
N2 RAL R DI RE RT LIAE HARdE A 528 55
Ab, RS A BB IR T R RAT, L
JRTRRR AR, A T REZ Rl BEPERE T R CER,
RS BER N E Nz . R 28, L
AN 3ok 7 14 o e Tk E e R A DA fE AR Ak
AN A Y T kA, Rl I R i s
(RAIRSL ) 2R 6] Y =S [ H 2, Sl
AR (S EERIERON), JCIBTE in vitro i
JE invivo R R AR EAT WL P AR H AT A
R A — e B TE AN PR B R AY 2H &, Xhid A
PR RS IR AN BEAT R, i LA ASBED X 2
WM o i, A —LSET I/ N TR BEA T
Z ARG 2 AR S, IS T AR

1[62-63, 99, 101]
o
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BRI T KRR (5 — R # 2 Fh iR
7). AR AR SR T AE AN Ak
2R, (AE R RN i R, RSB
AR . EAARIERITE . BEAARE
DA% Tt SRR 1 0 1 2 B R 2 e AR S ) R, X
BETR) @AY AR JEAE T H AT X Al A RS a2
[F1] 4 HH 5 T S L ML il = 8 TN
I BEPEAS [F] B Fil G SRS RETE — AR BE L
SERIRZ (] B AS DG ZR , DA 028 il 45 il 3+
SRR B] A RH A R 100 LA [ 3T 5 {FLi
FB L RESC A BRI LR R, FORRESCEE N
KGN (fF 2 5 2 22 AR 2 o
REE), R, TG S 1 i A T
FEMHENCTE S, HAr HAERBUREE IME . AR
B G & T e T W T . —Jr T, AL
FI R 53 80 1 BT @l A B R4 T 4 F TR
BLERAEAT . AR B AT XE L Ko T3 TR B 1Y)
B, (R AR R RE R R, HAETR
TN FVRAF 9 45 KA S0AH B AR FH o 25 & #5 ok i
VR, hml G B R SIS E 5. 5
— 5, AR A5 Fh LG Oy 2 R SCHET
P, RIS MG KT A S, JfREXT Al A B
fErs R R A EE A T
Do A R R T GE IR TR,
linker engineering) MY, 77 2 & S 30 %) il & W25 H
e [ B S EAS NG e A (BRI ETNNPS
SEAE T 1) T e R SR 2 A S [T 2
BRI WAT REMIE . A EIIE s
X B/ BEHIUR . X SRR ST A NMR 257 5%
SEAREERI T, 8580 Tl 1, A
FEIX 7 T AR5 , 1 17 S B o 42 R R A T B
Wit. 2) WEY RAEARFMRE . AFEJrm (Wi
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B U AE) BUBZEH S M EUC R )
BN, PR BOT R M A TR R
oo aTLATIL, FEARHRE T DAL WA S ] Y
fifi b, AMTRESCBLES KA BE BT, I REE B
WU RO 2S (M G5, SR MRS RS, Hel
I 2 AR I S 2% Rl TR AR I BRI O
SR
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