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Fig. 1 Two major routes of lipase—catalyzed polymer
synthesis: ring-opening polymerization (a) and
polycondensation (b)
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Fig. 2 The 3D structure of AFEST ( a ) and FNE ( b )
used in polymer synthesis
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Fig. 3 Enzymatic cascade catalysis for RAFT polymerization

B3 WEFREKENRAFTES



2023; 50 (5

FEW, & BRERS: FENSHSFHHEHREAR

-1021-

P20x-HRP JHRAEAAR FR, ZEF H R A AL T
T BB AW fEEH IR, TR HEERE,
RBTEHRGNERG S FREREY (M=
2 003 kg/mol, H=1.35). F|H FOx-HRP ¢ Hk f# fb
RZ, Dhmid e ny ) XAE 2R A T AR S5
MR R TR R EY), SARARIATCA 50 pl.

JEU- £ 2 AR U . DNA Yk i AR I iR
SR B REC AN I R B =R ARG R
PERG) 7 SR ARG A A RN B T ) XU
Yo, Wk TAERSOGEHEIL A hEEA LG BRI
A K RE . Z I A BCE R L R R A
(GOx Ml P20x) ffb -Gl , &R T JLZEH T
RDRP G EAT PR ARG, WndE TR s ik
(R = TR R A MR REY . Gl
AL RAFT BRAWIHLEINT . ZELAERET, GOx
5 P20x A4 4l X 7 FAD ¥k 45 25 B 5¢ 4 b i Ay
FADH", HAOCI & 528 Jid JibE 55 i) FADH *,
FADH * 1] DK oL T 56 85 45 RAFT I/ 0k, i
FI R RAFTR G . MMEREGKRZRAAEAT, GOxil
AT DLE R FR SR B BR A D Bl FLRR S, (AR
BRI & B, FH GOx B S8 T LA W 1 480
AR AL TR AR BB K. MEA e
FeZJE, s A AR IH A DIA ) FAD, A it
AR R B E A 2. XA eIk,
MGEHTFHRERS, WiEHTFEETEERE I
WREENFAHRE

HATE ] T51 & RAFT A4 A B A Rh 240
UCF Bak 2 #h5 ] k. IS RS A B Ak B N
Fooefe” 4k A ML YR, AR Tk
RAFT R4 .
2.2 EB{EATRP& AL
221 [EACER A A ATRP IV

ATRP 3 358 7] 396 2 17 H 7 1 e -5 PR IR =2 1]
A, TN | 3E T RAFT 14 2 1 S8 AL &R AT L
R Bk ATRP AR R I R AR . T BRI
JE, TEATRPRZRY, SRR )™ 21 HO, 7T LA
AL Cul, 38 T W A R 1 AT R
(55 A . 140, Enciso 25 Y 75 F FH GOx [4: 4&
W, RIIRREYN M, EISERN 14 54 T8
IMAWERRRENZ 5, RS o+ i 5 e
ST, BAEMH T RS, XEEA
WERRREN S HO, 0, A TIK A CO,, Ef 15
EHMENA, HO, M EEXT ATRP (#5200 LK
PRI T R 1355 o HLO, A R BE i A Rtk — 20 i 5 . X

ol LA AT R A Sy 6 550 1 e A ok 4 T X
AAE F T 51 &R R 2 Fr A g4k 57 (ICAR) 1Y
ATRP, 0 i& H F 4k %= N+ 5 9 ATRP
(eATRP) “*' , f B T GOx fi 1k [ % () ATRP,
Navarro 55 ) il 2 T — RN Y AR A
Wi, IR TR AR ML BB TE ERE, AR R
B, 16 GO FA1E R DL T il 45 IR 2 HEAS B GOx
A8 R 2 S HE R 2 2R A .

bR TR0 CBSINPIEafRe ) ABRREG
AL B 4 ATRP {& & 7= 4 (1) H,0,, Enciso 5§
I LR GOx 44855 HRP A AL g6 e . %44
Z ., FIF HRP 4k H,0, 84k S BE N R 72 A 1) £
PPN R F F s Cull/L i )58 Cul/L, s SEt 1
il % 3¢ A AL B9 ICAR ATRP (8 4a) . 783X Rl fis i
T, AR T ORATEE Y CBREL, R R R TAE
T8/ SA REA ALK 3l ICAR ATRP, 4K & i 4R
SHHERZ G, BAEMaEE; YHKEAERZ
J&, REVUEHES ., b Uk RS
VR R RS ] L #d SR G G 40 AR Y

@) BB EILATRP k

Cu'"Br,/L

N ik
Pn'

T
Fig. 4 Enzyme-engaged ATRP

B4 EB{EATRP K
(a) BEEBRAEANFAYATRPIN ; (b) FEHEILATRPZ)V o

H A7+ ATRP /& & (9 2 AL B BR T GOx, H:
i 7F RAFT 45038, #7052 AL 1 4 P20x 1 FOx
W AR H T ATRP, A LATH UL AR 2, ok SE iR i
T ATRP FEATBR A . (Hi2, B XL H T



-1022- EYUFSEYYIEH#E  Prog. Biochem. Biophys. 2023; 50 (5)
ATRP T % JEHA TR M L, YT AR U E A e XAAE, % T NVIm

i TR 1) [P ) R R AR B 5 4™ A6 1 HLO, 23 5 Cul kA
SRR, B 2 Ak vk s A A A
ZWGIAFIEERE N ATRP AR R b, X — R 2
TR
222 [iEALATRP

F5 B L AE RDRP 45U b i 51 107 FH il 2
FIFH 42 @ B J 4k ATRP ', {555 1) ATRP &1 T
T 4R (nCuflFe) &EW1EREILHIE
SR A k- AL TR . KE S TREN
WEA B, X —ILFERE L 48 &
IRl B FH TAAL ATRP ) (&l 4b). 20114, Bruns
PR ) I di Lena A2 7" JL-F-[R] i) 8 T fif
& BRI B PR TR AL 2L L) (ARGET)
) ATRP TAE, L8l T N-SFREAGB . Bl
it R PR TR TG AN SR 20— T M PR i 58 /K e B
T ERA

H A9 FH A AL ATRP 1 A9 A1 45 HRP | IfiL
A, B, SEEE. SERNSESE
BeAWIRIR, X SR 4 B AL 0 B 25 S el
W, 4 E AT BN T, DA R KB B H
DTHESEGRERAWH TR, #li, N-20
FEwkme (NVIm) FRXE(E FH A% 58 ATRP J5 15 2E 47
RE, —THRERFZPRREG IR, %
S NVIm FUER G 5 4 PNVIm AR 5 5 4
JRETFEE, S04 E M ATRP (L gl
Bruns i 8 2H 0 F) B B A 1L A9 ATRP 52 B T
NVIm AR A, X B R Bl i 2+ 5 8

PNVIm 5 H454G . BESSR )G, BT
A B Elifb L IR IR G e i Bk, 15 B4l
PNVIm, JEFiz A2, Jiang 55 0 SCL
T HA T E ARG BRI LT 275K (DhHP-6)
TE4 B A HIHELRA R R RG4S, AN A
RAr i S AL BTGP, R BERS S 2L fk ATRP
R, AR M, =35 M 45 900 g/mol, 243 EE
HJ1.27 (E15) . ZMRRAMUEA B AR
FETERPEIAE G S, HEENRE, AX0keT
ATRP J v H 4 Ja 4 A 300 (9 R 2 % B S5 W 7R B
FEAE YIS FH R AT RIS R R T b A A A
RN BEMS . LA, Sl ek B 2 %
PR 4 B A HUHE AR 3 1 r 4 g i N Tl 43
T, [AIRERE R B ATRP AL TEYE, & B0
M, 751k 33 200 g/mol, [A]IHZ A T /4> 1 H 5 fir A
A E ARG T, RENE A R K 2T
YW R, AR R GRS EL A T R A R
i 2,

fiti fifk ATRP BB 5 B 2 U5 T 025 g ot
{H2 H mi il 4 ) Bl (L ATRP TS SR & W4+
R (M, <10 000 g/mol), ZMHUEH K, XE
KA ER Gt R, REWEETT 2t A B ML
O, BERGWHT, REVHEANIGK, 3L
HEA TG 0 B MERE R B R, R G R g
il o Bl X RS HLIERAAEIITE, LA R T
XA RE R4 T, BfEIL ATRP IS ST
R EE S AR A

PEGMA,,

Poly (PEGMA.

500)

Fig.5 ATRP reaction using DhHP-6 nanobiocatalyst
El5 DhHP-64HE (KL ATRP R KL



2023; 50 (5

FEW, & BRERS: FENSHSFHHEHREAR

<1023

3 BRI RBEMEE SR

31 BeRASUFERERMMBEK

B Rk 19 2 Ji AR S AU SR A AN It
XHRE YL MU RER ZERBAEAWHRT, DXt
A WA FRP R & AR I T R R EOR,
U4 B — 25K 5 T RE A 2 R BRLC ME L 2 A=)
PEer U H AR KRR Z R OR . IR T IR A2
BT 2R TS — U s R s — Bk S IR AR
RERETTE, Ik Tl s S A Eh R dhe
MREY, R TT B4R @5 ORI
o, ATRP S 56 S 07 R IOZ BB d
TR R R N — P B KA 5 ATRP S
ABIRAT 45 T RN RES AR, Br i35 %

X

‘B
X// -

BT R &

BT EBERS Br 0 MOTH
OH — - Lol

ATRP IV, A Sify 32 56 0] 5K 2 il 41 28 6 )2 I i)
ﬁ,ETUﬁﬁﬁ%J% AR R S AN |
#HHARREM SR ZRBEREY (K6).
Zhang 5§ P DL 2,2,2- =G OBHE RG], LS
IREGHE e- O IR TT IR R A BN FIOR 2075 ATRP v
MBI, # 4 T ABA-RL (Y H) =ixBiILRY).
Wei Fl Tao ifF 5% 1B 5% | ATRPHGTE A 454,
RIET ZMEAREERER, NHTIRRILRY)
sOCFIEER AW R E A, G A - R
ATRP ., {27 - A0 I8 5 48 [ i 55 ATRP B, RAFT
G DL AR TR 43 ROV 5 ATRP 4 &55 . T A
IXUE AR IR G AR R AR Tl A 2 HREEE . AR
%ME*mmA%,%ﬁ%%SQ%%ﬁ%%ﬁ@
P B T el 2 28 Kol At B N N4 58 SR G )
14 1z 3 L

(CH)\

B#BC

Br—'\NW—O‘LC'vva

X

Fig. 6 Polymer synthesis through the combination of enzymatic ring—opening polymerization and ATRP
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Abstract Green polymer synthesis routes especially for enzymatic polymerization, have become a hot spot in
the preparation of biomedical polymers owing to its characteristics of mild reaction conditions, low dispersity
index, no residue of metal catalysts, and high enantio- and regio-selectivity. Oxidoreductases, hydrolases and
transferases have been successfully applied in the polymer synthesis. Among them, lipase-catalyzed
polycondensation and ring-opening polymerization were most widely studied, which dramatically facilitated the
preparation of polymeric materials with high molecular mass and narrow distribution. Meanwhile, enzymatic
reversible deactivation radical polymerization including reversible addition-fragmentation chain transfer
polymerization and atom transfer radical polymerization has been rapidly developed because of its unique
advantages of mild reaction, high efficiency and oxygen resistance. In addition, to solve the limitations of
structure, property and application of polymers, enzymatic polymerization has been combined with chemical
routes including atom transfer radical polymerization and ring-opening metathesis polymerization, and the
polymers have been applied in the field of drug/gene delivery. Based on the existing literatures, this paper
reviewed the progress of lipase-catalyzed polymerization, enzyme-catalyzed reversible radical polymerization and
chemoenzymatic polymerization, and the limitations of current research and the future directions were also

discussed.
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