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Abstract: As a class of enzymes widely distributed in nature, peroxidases are involved in important life processes
such as innate immunity and epidemic prevention of organisms, anti-oxidative stress of plant microorganisms, fungal
lignin degradation, plant cell wall metabolism and wound healing. With the rapid development of DNA sequencing,

gene editing, recombinant protein expression and high-throughput screening technologies, more and more peroxidases
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have been discovered, characterized and recombinantly expressed. These peroxidases, characterized by their species
diversity, abundant quantity, and excellent catalytic performance, have attracted extensive attention in many fields of
application research. In recent years, remarkable progress has been made in the recombinant expression of peroxidases,
further promoting their development in the field of applied research. Additionally, as we deepen our understanding of
the catalytic properties of peroxidases, new opportunities have emerged for their application in the field of biosynthesis.
Their high catalytic activity allows for rapid oxidation reactions under mild conditions and enables the construction of
multi-enzyme cascade systems in conjunction with other enzymes, thereby facilitating the efficient synthesis of
complex compounds. This paper provides a brief overview of peroxidases from the perspective of systematic
evolutionary classification and function. It systematically reviews recent progress in the recombinant expression of
peroxidases in Escherichia coli, yeast, and fungi, as well as their application achievements in environmental
remediation and compound detection. The focus is on the latest research advances in the application of peroxidases for
the biosynthesis of high-value-added compounds. The paper also discusses the current issues in this field, such as
substrate and product non-specificity and the cytotoxicity of the cofactor H,0O,. Peroxidases have enormous potential
for applications in medical diagnostics, environmental protection, and biosynthesis. However, current technologies and
applications still face several challenges, such as the stability and activity of peroxidases in complex environments,
high production costs of enzyme preparations, and poor specificity. In the future, by integrating the latest advances in
protein engineering, synthetic biology, and immobilization technology, these challenges can be effectively solved,

promoting the widespread application of peroxidases across various fields.
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Table 1 Research progress of recombinant peroxidase expression
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L T HE TR A 25 PR BRI N A e 7= AR T ™ B
o 40, A AR R D 3 AR R AR R I 255 Je )
gy G0l K B HE U A S RHE K, X L5 e )
R 38 3 R K YR R AR HE DL RS A, T B A R
A, SRRSO BT, BT X
BLs g, NIRRT . A 88 XS
g (BEC) MIZWEEAEY (PhAC) WXTAEDS
fd JE itk ol K fG %, PhAC E AR IR FE T ] g S
FOKAE BUR A = A 2 v s AR EE PR ) 4y
WFHE B TN X By e, AR G K Ab 3 Y
AN ER B . R RN Ak 2 SR S A A A R AL
R, @A, TZARESAE R AESRLEY
GEEE T TR R R AL B, FE AL E S R
AN G 07 T AR AR B3 . Bk, B
TERA YA, B 800 i B ik BV (R A
REMS (R AR IR B F AR B R .. R4k, Bl
Ak 3 F5 TT DALE B IR AT B pH AR TR 4T, X
AALBEAR T REFE, kb T 5% Ak B 9% it 1 5 ek AR
PFE. LAk, FEVEAL BRI A
5| PR S A Vst V/NE S v%: A SRR ) e
W T RIS B, PODAYEN—F BT 2
JRYEBEVE I BE S, ARSI AR B g,
BET 51 K — RANMEA . BEMMBERRN, {#5
L e i B PR AR B . X —REMEE 45 POD
TER NG YRR BRI T ERIIE ™Y, &2
IR TR — 2 5 POD AR A3 HLI5 YA 5% 1)
W9t .
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Table 2 Studies on the degradation of organic pollutants by peroxidases
’;if@ eI SRR LR i;
[HESE R Jo 75 AL A (TP) KRR OB T BN TP, R4 FXT KRB [59-
gL FA P 2 B I 30 93% 60]
ENU PR 1 A L) (HRP) K — 5 A5 HRP By [ g (e B Mg SR R (e [61]
185 FH 5 VI B R T B 22 50%
IR PR 1 A 6P 5 (HRP) TE ST DA I S SR I B 3L [ 8 HRP, % 100 mg/L R - [62]
T BE B R 0K 95.4% , FL 4% AR E T, 75 B B E (¥ 20 K 5 B vS
TR 50%
ENOE L w8 N A EF(RSVNP) L A2 Bk il 3R 4R U 3C [ 2 16 ) RSVNP-CLEA H % 588 E  [63]
P, 647 60 K5 AR RE 100% [F935 1, 5 25 4R o H o 2K iy
FxF FTY 92% FI1 98% I i S B %
EN S E N PR 1L A L (HRP) HRP & 5 AR [ e e Rk b B (L HRP R T [64]
79% U B9 G 1 75 AR i TR AR SR B R RE A B 100% 11
ZRT AN 92% X ARy
ES BRI AL ) g (HRP) L ] s A R AR A A SRR K UKL (NP [ HRP 7R [65]
HH SO 7R I B SR Y (2.5 2/L) 100% F 22 B, B A A0 10 k5 17
LR B 60% ¥ Uk s
ot LAY R AL (BGP) Con A JZ IR 5 FR AT 41 4k 2% Bk N B4 [ i (1) BGP ESH AR X [66]
7 7 BB 3 B 96% [¥) 6 IR , 1M HL % 8E12 4T 30 KA 5 fig
T4 75% i R
E N PR L A L P 5 (HRP) SR I T A T [ S AE AR IR LM HRP B R E N, O [67)
SAEH 10 RS VI ERIF 70% FBEE 1
ESN PR 1L S L P (HRP) [ 52 7 FH B 1 AL B 1) HIRP S8 7% HH 500 80 T O 88 (1D 25 7 [68]
X SR B At SR I 1 2 B ae 0, A 10 K5 0 ERBE 66% (AT 4R
P
S PR AL (HRP) LR 1 9 P 8 etk S B 1 [ ) HRP ZE S tE 56 1 R g [69]
5 22 W 96% FI Y , T8 4218 1) 4 VRS U317 B2 61% HIHIGa % T
Ak B B AP B (HRP) SR FH SR TR 7 T v e, AL 8 O 97 5% AR 1) HRP, 7E 3 AR [70]
ek} A ) S B 2 P R B T A 90% (1) F
[LiEAN BRI S A0 P 16 (HRP) KA T A AL B S G U K HRP B8 W RS -TE [71]
W At /NER b [ 5 1 HRP S 21 0 25 B RN 55.87% , 42 5 55
HRP [1 11.5 fi%
2t CKF ok B 24K 1# IBL-06 (1] DA N RS T LiP [ 475 3 1 S IR R AR R s T [72]
I  GWF. AR S E A B (LiP) S0 % A B 5 CKF A 5 GWF 140 5 C4ABLN = Fhifi v Je ksl , &b
414 C4BLN 6 h 5 IR BEAR 2 73 018 89.6%+81.46% F1179.6%
MR IR 6R K A (SBP) 40 mg/L [¥] CP6R Je KL 1l LATE 1 min I B SBP 58 =Bk, [73]
(CP6R) HE— 25 TF 70 45 L 2% I A R0 8 el 0 e e AN S A1 S D
[Lpie NS
TS SRR T A VE B 28 f AT B MN-13 BaDyP &b FI 45 4 (50 mg/L)72 h i , B2 N 63.0% [74]
FI3d AL 1 (BaDyP)
BER DY 106 VA S A (CP) IR 5 I8 R L 2 1) CP B S TE 2 min PI{H 87% LA | [75]
4R DY 10650 mg/L) i 5
ZIE AN KAIRT H B E 1 Phanerochaete sp. B P EX A MnP AL BE A B AR R IR 21 R S A B = [76]
LR HSD )4 i A AL A (MnP) F AR k), 78 0N Y REDE K B 200 mg/L DAL (1 Ykt fi
T, 90% LA I
B K AP (SBP) I I e (PAD L3 (¥ SBP B & B AP AR g AN ] A [77]

FAE, 7530 min N REBE A8 & 13 85 (40 mg/L) PR 80%
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gi? BRI A LR i;
BRI H 223 IR T K (85 77 W SPR7T TEW N 10 mmol/L A K 1 5444 7, POX &1 20 h feME AL H 78]
METE 15 1 S AP POX TR LT 23 MU TG 15 i€ 75.4% F190%
P 158(AB) il CTM10002 K5 1) 15 2 % 24 h J5 5 2646 K MnP AN30 % 34 kE AB (1 it K5 3 [79]
i AL ) MnP AN30 98%
AT 1 133G TERB S H AP B (CFP) PEEL BT EEE AR SR K CFP /F I HE 4 1F T REBS A gL RL 4248 [80]
Drim Red CL4BN A 133G (25 mg/L) F1 Drim Red CL4BN (50 mg/L) [£fi# 85% Al
92%
21 17B-#E 3 (E2) B A AL P (HRP) LAk Fe,0, v kUK [ 22 B HRP 76 S 56 1 R Re M B2 [81]
T (1000 mg/L)F# i 80%
WEY W a(BPA) =4 e P STIEAIE OF BT S T 0 VP RERS S AR B S G 3, BRI RIE ] [82]
AE(TCS)  HEBR A (VP [2.5~5.0 mg/(L-min)]
(ED17p M %
CE2) FI1 170 e 1
(EE2)
ZEE(TCS) KA (SBP) TEARAL B 2645, SBP X 9K 4% 10 umol/L HIZ5 W75 ek [83]
Jide FRE I (SMIXO) IR B 6 AE 95% LA I
WERR (E1) . 17p-HE
ZREE2) R 17a-
SR (EE2)
il fiic HR I KE T E A (SBP) 1E 78 nmol/LSBP #1156 pmol/L H,0, ) & F [ i3 h, ik FE 2y [84]
(SMX) 500 mg/L [ SMX BEWS [ fift 78%
PE AN e S BRI AL CHRP) A AR - B R L 3 Y HRP A LiP i 52 5 W) # R 09 LGB BRTE MR VE [85]
R IENFAYSET AR J5i 2 I A A A (LiP) A I R e M T LR IS 3 K JiE AT DA SE 4 B ARSI
TG PR PR
PYUFRZ (TCO AN KR T3 A SR S 1 #0140 U/L ) MnP B, 50 mg/L (1 TC F1OTC REEfE 4 h A% [86]
+#HEOTO) A A G (MnP) fi# 72.5% A1 84.3%
Ti iz VY TG e PR 1L S L P (HRP) P SR G0 2005 v 7 22 AF i 0 [ A I HRP B 32T 7 HAs [87)
(SMXO FI-R 5 g S PRV S A P T L RE 55 7E 24 h P9 B AR 80% LA I 10 mg/L
F-(CBZ) ) SMZ 11 CBZ
T e F G e 253 KRR F 1 CPO AENS SR PP IRG I 2535 A DUPR L ME I B e A [88]
CENITEZS- N i S E LR (CPO) R R AN UG IR , [UBE 10 min Jiz , AT IS it #64k 80% LA I
i i R A % TR
GIRtERAN

T B RBOR 2 [ W TR ], POD REHE A 2L
B A 75 K B LTS B, e HGR o fE T RCR
I SIS 2. & AR & PhACT5 e {HPOD
FE SEBR B A, T i A 485 AN BOR B Bk .
B4, POD YA Maitb A B sy, 2 Xt T
A EE RO TAk{s K, BEMadr it —2 5
Tto FUCHE POD FAGE T ), A2 B F 3 A
B Z BRI, iR . pH A L
FIRIAEAE, 7T e BB T PR 2 R0 . B4t
AR AT % R WA AT PR F POD 02 — ANk . AR
Al FH B0 i 52 A Bl BOR 72 RE 8 {4 POD £ — € f&

JE B AER], B AR S B B A AT T I AR A 22
Gr BT ROK, B BE TR BOR 1K AN A
72 EA B AR, POD A BB AE A HLi5 Ae R i 7 1h
PRI -

3.2 &Y

POD E N —Fh 2 N H B, H AifE 2 fhks
MT7 i R E SRR, Hrh s W2
VR A AL AR R ARV . i B POD 1L
— R E LAY (W ABTS) KA B [ M i B
FERT AR 2 H,0, 142 i, 17 H,0, /2 £ i 5 75
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JE 5 LA R I A A B AR T 2R BRI, RN R
WESHO0,AREM G ITELR [B3@].
H AL, 5 A% AR R Rl [ 7R A R T (1 POD 5
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W B iR AL 5, S BRI R A,
D& () B 5 HL0, W FE s LA 0 [ 3 (k) ] Uik
&b, POD LML i@ I 5 4% POD i A6 A4 1) B H
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HES RIS R 2. £ 3512 T # 4% POD
FEA G P D v (A DG AT 5

POD ] F T4 & il () 55 35 AR A E T 3
R, POD 2% i i Ak 1% P Al L BE 6% R oS
DU A 2 PP AR 0 HLO, O AR B, 328 T 2 T 5% A 11
WSV RIRE I . Hk POD HL 410 75 1 Fa e 1
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(a) colorimetric detection
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(b) detection by electrochemical sensor method
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Fig.3 POD-based methods for the detection of compounds
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Table 3 POD-based methods for the detection of compounds

LisalNER 7R H,0, £ i fify o i HE EEBUN
BN B-F= LB T+ L SR FET L] 5 -1 FLAE T - FLAH AR AT POD (170 28 AR PR A% 8 3% [91]
Lk B~ LA Pl 5 i S A T POD {1k ABTS & 4 [92]
SRR SRR A AT POD fi{k TMB & & [93]
IR JRER AL B FRT I & HRP 1) 5% DU S 2075 152 e Rt A% I [94]

1% 1 W A LG HRP Z11h 4 44K (AUNRD 2.6 [95]
1% 1 % A LG FETHIE 52 HRP A B 2T 4 v i A% K 2% [96]
H=m AW e 3 - B O A AL HRPAEAL 3,5- A 2- B E R M 4-H R LR A B0 [97]
H = BRI 3- B I A SR T T R SR AR N 2 4 R R R R [98]
JIH [ JO i e A A HRP {1k ABTS & {1 [99]
JHEL ] JIEL T 2 S0 A+ O ] 5 T 5] sz UF I P g L] 2 S 6 1 POID (1 28 % i JE L VAT A J% [100]
e AL H,0, ELER 0 TR 52 POD 147 S8 i A P 45 2 [90]

VU5 2 = J& T RIRP= W S ST e Yo A A A
GV 1Ny 9P bR A FE 11 IR R DA I R e i
PR R AR 0 ) A 7 A 3 RN 6 32 SR T I
T B, PUERAT &R MIUE RN,
HATAE E R AR il & B =T B
CAEMEY h LB T B A A . (H
TRAG OB R WA M, B CHREERZ, H
Al AE % 38 3 0 W0 A ) RAR 5 R o AR
(AN

POD BAJZ I RME R . i RIS 1
FLAE 20 20w A K& POD B T4 il AUk )
FC. Hln, HRP RES M Ky 2 AT A K AR
S IVRII RV EE | e ST IR S LS NS S QU ES
PRI R ST HRP AL 1 2K 1 2K 4
MR BN, s 2 R th RE A2 HRP O AE AL T 5 2R 1)
Be, A T RACHIBEEIR Y. BT R R
A& RN, POD IE REME A0 £ 5 AR R T ZE I
IR SR . Saliu % " BIRF LT, 3 oot 2 2 P
FRATAEY) (WmmERR FF S BT B0 R FR I A O TR
M) £ HRP BIHEAL N R A TR ISR, 1 15
FEREL N CINDE |/ AN N B T
2REMAFI R X R IR EERR 254 v [
I A7 Py o I RVVBBR B UL 45 4, 3K A 4 X R 5 4
(¥4 4 HRP AL B 0 RE 6 T2 P Rl RS (1 B
M, B bR BB At 2 2R, &
B3 M AR AR ORI . 38 e Bk
55 0T FR B PR IR R L 45 # s R, L AE HRP F i
R R A E 2 RIS, (E Li%E ™ i

FiH, fEHRPRIME T, & EE0] LYEAF pH
N KA S PO RBRE R B, &85 FA TR
(28 P B R AR . POD {4k S B 35 36 455 55 2
Re e (0 I A i B 2, X ek | g B d o
R BEAR i R P A 2 Y. fEE AR,
FFAEMZ 2 AR I Y, POD [f13X A f#
R Bos A RR =AD& R E R
7.

POD 76 KRR =W & Ak pi e, R
AT B, (H R B A NE H 9 .
Ricklefs & """ ik 9 20 Mg g B i 7 X, BT s 1
R U I A B A AL PsVAO 5 HRP 45 4, 5K
W7 NT EHBMBRANE RN [B4@]. X—i
e, PsVAO ¥ T 7 My A A 242 B I Fa A B, 7
HRP (4L Tt — 5 ZRAUERMER, MU
7~ 1 POD £ R AR =& B )3 77, 1 B o=
AR H,0, e B T )5 8 RN, TG % ALANA N
BT, RKIEE T RBIAEMET. b5,
Lii & "% PsVAO-POD Jf 4 1% 2 )87 M. F 21K Ji #F
W AED G A IR ER . A AT I PsVAO-POD i ¢
R B G N KT A& &R S, R K
B PN 5 Prx02 5 AR 0k LA 20 3R 04 (1) HRP,  F i@ it
PsVAO 5 HRP [ i f &5 ¢ 38 (2 3k 5 I8 -1 HLO, I
RORIF, [N 38 40 HLO, B AU 40 e fr 453495, B &
R W 7 A RER B, SR T 11.23 g/L
fEZ, BERBUCRIER] 52.77%, SEBL T N T &
B F = S E AL

7K R T K RCR T R KK R SR EUY)
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(a) Synthesis of pinoresinin by PSVAO-POD enzyme cascade
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(b) Synthesis of silibinin and isosilibinin by the PSVAO-APX1 enzyme cascade!'"*!
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() Synthesis of syringarin by EUGO-HRP enzyme cascade!

B4 FIH POD A R
Fig. 4 Synthesis of natural products using POD
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AEFRAACEMR ZERT B —aF e, @
i POD AL S damE kA & [ 4(b) ] filAl
E— 309 K POD iy B, & B 17 7K TR ] Sk R
ook M2 i E A W liE APX 1 B A e i AL 30R
I J 308 3 e R 0K I T 3R A 2 B TR hem A Y hem L
FORBERAL, TE HEANEL R B & % T 2.58 g/L I
KR R K R, BEIR R AN 76.7%. TEUL
Sefih b, Yang %5 U @RI R IE 7 R SRR R S Fh R
SR BRI T PR RE 8 Sk A9 & % 336.8 mg/L
TETERA 22 A1 201.1 mg/L A A B 14D TR 0 2% Bk T F2 18
W S P o TR R BV P 3 B A B (R AR RS FRTRA A
BEPE APX 1T KAETRE RN, 1E500 mL & MNA%
AHFAER T 104.85 mg/L FI7K K] 5 A1 196.26 mg/L
5K CE R, 720 —Iutsa s, Liss e did i
EARE BT BT 0 3 RSB IR AR RS 7KK
1 7% A 7K B SE I — BRTE M CK AE A R. hAT
53 AAE =R KM A B e 4 e b vl 1 A S 5 8 TR K
FA NI & BB R I TE T AL 3R & B Ak, LRl
FE ol R A B I % i & LA P Bk 1 b R — b
AR RS FAA MRS, J5 P P IS APX1
AL A A oK & B R K G . =R
T KL R O R A B AR R A ST D) B A
KMk, MRS E It IR, s R A
WO P 2 M 37 (18] A 0 A Dt 8 o) G 2R 5 A WA
AR IR R GRS B BT, ERR s R
T 2.02 mg/L {7k K8 5 LR K KB 5. Park 25 1
WIRR T F L A AP APX T 528 /K 8 i 72 A1 57
AKRE] NS A . B, AT BT
REGE MK 4 Bk 187.7 mg/L A FAEE A1 239.4 mg/L A€ i
M ERIRAT B, 3600E 73X 7 2% B 42 i ml 4744,
B Ji5 K RRORA A B AN A6 AL 3R 1 0 7R 5 IR Rt A
A APX 1 LE R R I8, SELT K K #] =
AR 7K R T B MK A G . (H Park S5 X
KL 0.04 pg/L /K K& T2 F1 1.29 pg/L 577K &8I 5,
FE A I R B T I 2 R R S SRk I AR £
AL, RATRE S HR T B0, AN A R K.

T & Wy A AL H EUGO 5 POD #4) il 1) i 4% Bk S
TR R AR T4 A ) B A R R R I T BRI
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TR m TR, I g2,6-—
FH AU -4- I T 2 2% 1y e 0 H 1B 1) EUGO-HRP i 2%

B33 7 870 mg T /MR ER [Kl4(o], BERE
2N 81%. Guo s M ik — b ot Tix — R M,
PR R R MR AT FEEENR T ORIEH
WAEE I 2,6- ~ FAIML-AIGHIEKE, HoLE
it EUGO f# b S Ak IR ) — & 7 1 B A i TF 12
b 5 it — s it HRP IR A R T &&= . @
B EUGO KA my 1 H 0T = &% 1 B 1 fiE
AR, ERAEIE RS T 68% 1T &M g~
R, R H AT AR A KT EUGO-POD B 2% B A AR
YA b BEERE, (H5T H mE  TE R
2, ZRMEAERKEEDE BT .

Pl 2 /KRB SR 5 K OB 7 AR ) A R
(1 B I 7wt POD 75 KSR =W AE W6 i 1178 )
{HH T POD L3224 1, 7E MKW & BB 15
5] N POD R W] fig 22 P B T & Uk A%, M6 i
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BERIA B 2R G R BT, 1 HO, fE Rt £ 2
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4 REiMRER
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FEMREALTT),  RERSHE AL R A A Ak, 25
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