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defined molecular structure and catalytic mechanism. Photocatalysis represents an important strategy to initiate free
radical reactions by capturing photon energy to activate the chemical bonds of substrate molecules. As an emerging
synthetic tool for asymmetric synthesis, photobiocatalysis merges the advantages of photochemistry and enzyme.
Unfortunately, photoenzymes are rather rare in nature. Thus far photoenzymes identified are DNA photolyases, light-
dependent protochlorophyllide reductases and blue light-responsive algal photodecarboxylases. Utilization of advanced
molecular biotechnologies such as protein engineering and directed evolution under the guidance of chemical
mechanisms of photocatalysis enables us to explore unknown photocatalytic functions of natural coenzymes, synergize
photocatalysts and enzymes, and rationally design artificial photoenzyme with defined functions. The past few years
have witnessed remarkable advances in these aspects, significantly surpassing the spectrum of substrates and reactions
of enzyme catalysis, compensating for the scarcity of natural photo-enzymes and expanding the chemical boundaries
and synthetic space of biocatalysis. This review summarizes the latest research progress in chemically-driven
photoenzymatic asymmetric reactions. Based on their merging modes, the review categorizes the integration of light
and enzyme into four classes: coupling of exogenous photocatalysts and native enzymes, photobiocatalysis driven by
excitation of electron donor-acceptor complex, direct photoredox catalysis by coenzymes, and energy transfer
photobiocatalysis. The chemical mechanism of bond activation by photocatalysis and synergistic control of
stereoselectivity by enzyme in these photobiocatalytic systems are discussed in detail. In the end of this review, we also
delineate the present challenges of asymmetric photobiocatalysis including the monotonicity of native photoactive
cofactors and low catalytic efficiency for abiological reactions. This review also proposes future directions from the
perspectives of new natural enzyme mining, expansion of artificial photoenzymes, enzyme de novo design, and whole-
cell catalysis, which are anticipated to foster green bio-manufacturing of high-value functional molecules through the

fusion of chemistry and biology and push forward the sustainable development of synthetic chemistry.
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Fig. 9 Asymmetric reductive dehalogenation of halogenated carbonyl compounds
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1038 GRAENE $55

WRRFEN I LA, 3 — 08K B B I N 5 kB A
REE, ATHAEYETM WL LK.
TEARXI AL TT T, 2019 4F, SRt igid ™
HRIE T B TR CVFAP R A6 0] B 3% 6 1 = L 1)
i, i CvFAP ML a- S B BR A - 32 ZE R 1) 3))
J1545 5, LI R IE 99% [ ee {EH i % T — R 4
w-RBFHEAEY [E15G ], 1E#H BT &AL
515 B 5T R SR A O R T A AR, DL
Hi/NHEE T SRS A, B SO UK
Ja IS G K 5 FAD B 5 55 S R R FR IR #h e 7 R
THBWIK, WRFMENIEE KL, it
a-FRIE TP &Y 62 . 2% NS T & Hl T
NADPH 12 5 kWAL K. Kk, R, £&
[H . iR e e g5 R B b B S AN E R AR
(focused rational iterative site-specific mutagenesis,
FRISM) SR W& i — 0 & CvFAP, 3R 45w i 3L
AR EL AR A AT A A5k s B R I R R O IR B B
JIEEAR Gy, LI ik 99% I ee B S 3T 14 A i 51
JE 4. PR AR, m Y AR A
i TAE A CVFAP SEBIL 1 MR AN UK IR (1 ' i
AL EEBR R, WAl o BURIR I G IK BN 3 /)
¥ [E15M) ] 727 al Rl se s R e,
RALNK G2 WA R imy R ML £ 5 i 57 FAD Z [A] )

o *

TR, HAEH ROR B SH R RY 70 1S3
i B2 b Ko sl Ju 29k o o AT T CVFAP fiEfL
2 J3 5 3% 73 W] I R ) v B e L AE A ]
N T REM CvFAP HE AL T4 28 R AR i 1 )
THRH T ERITA.

3.2 FREIRESEW

WREHZR T BT RY K
-1 7% SRS A 1 AR A A TS T 1 R R TR A A
1 R] A AP 5 T ) < B LT TR G FMIN,
FMN,, K i 4% 3 22 S A PR IR 43 1 T B E fl &R
B B9 1 3% M b IR O 5] RS 2 RORL . 2020 4,
Hyster F B\ ' {5 I 3 3% 40 361 B 075 4 340 Ji g A o i
7, Tricine {E A4 IE JE 55, S2I T AV
A o= 1 AR TR Ji PR3 5 ot i B AL, DL S ik 97% 1)
PR 96% ee B T — RAF YR B R E Y
(E16). ZMNEPLFEM T ®WRALBIEK T
M Tricine 3K HU L FL -, 5 A% 3 HL 1 45 o- <1 AR BE Ji2
JRW Gy AR B AR 2T R - E
W 5L R A, % B R AR S 2 1 IR 3 K
AESTARIE R IR . B A TR T X
— A B RN AR R T A R, R O

CVEAP 9

X =OH, NH,

R
' (%]
(s}

FAD 80%—~99% vield
90%~~99% ee

(a) o- B IEFE M o-Fe SERE 1 B 122 07 5%
(a) Kinetic resolution of a-amino acids and u-hydroxy acids

Blue light

COOH

R2-F-R! E
R® 0
N N. .O
AL
H e}
R2—4—R! /
&

up to 96% yield

Ol

racemic O

0}
0
N
OH
o]

0}
up to 39% yield, 60% ee

engineered CvFAP

(b) BRI R Je Hoah Sy 224k 5y
(b) Kinetic resolution of a-substituted carboxylic acid

Bl15 CVvFAPfiEALE) /1 #3753
Fig. 15 CvFAP catalyzed kinetic resolution



%5% www.synbioj.com

1039

OPR1 (0.5%, by mole)

R

2
0
o7

Me

Tricine butfer (pH 8.0)
10% iPrOH (by volumn)
Cyan LED

Rh,l
N

/
Me up to 97% vield,

94% ee
f@ F 0
S~—mEg— ©
-Cr Me
FMN hv.SEE ALhs Cyclization
J dependent
N
Tricine  Tricine” L 7 A8 a4
R2 R2
Rl P RLp H
0 ks (%} -
/ 5
Me Me

B16 FHEMKEMGEE

R R AL I SRR B 3 1k

Fig. 16 Flavin-dependent ene-reductases catalyzed asymmetric radical hydrodehalogenations
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Fig. 17 Direct excitation of flavin dependent ene-reductases for asymmetric hydrogenation
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Fig. 18 Flavin-dependent ene-reductases catalyzed asymmetric radical hydroarylation of alkenes
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