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Abstract: The development of biotechnology and the in-depth research on disease mechanisms have led to increased
application of enzymes in the treatment of diseases. In addition, enzymes have shown great potential in drug manufacturing,
particularly in production of non-natural organic compounds, due to the advantages of mild reaction conditions, high catalytic
efficiency, high specificity, high selectivity and few side reactions. Moreover, the application of genetic engineering, chemical
modification of enzymes and immobilization technologies have further improved the function of enzymes. This review
summarized the advances of using enzymes as drugs for disease treatment or as catalysts for drug manufacturing, followed by
discussing challenges, potential solutions and future perspectives on the application of enzymes in the medical and
pharmaceutical field.
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B A= AR R, AEACI L R v R 45
YER . TR, AEYH AR K R OB HL Y
RATFFE, (HEESEZ A N FBRRIR YT . B
R EEHTRIEIRIT, W - RABIGES . K
Wit . AR RESE s T IRIAYT, AR
it | B K Tt R 2 2 T 2T Wl R N A s BT
R B, ANFUREEG . o- LMY G . BRERSE; AT
BIT 54w (Biofilm, BF) AHSGHY L BB
U ALY . RO . AFEEAET s Hofl
TBIT PR R, TR N AR AR TR YT RN
T JRAE (Phenylketonuria, PKU)2, B i 22 i
TR YT HAE B A S % B BE %%  (Severe combined
immunodeficiency, SCID), Ji& 54 1 T4t
WOIARSEE . WA, WS A TR AT
WAG B T HRGE I K JE

F—J N, FIHEEA G SR R R A VAL S
YEAT OV A ETRR . AR ROR KR Sk L i
Bk . RIS B, Btz T
AXSFRG R, WA 43 5 TP 25 W 1o — X ek
THREZSWIZi v IalA, 0. T AR Jer g o] 5 AT T
X PUIMARIE 5 Z R 25 0 ST R B
ALK A B 25 BTG A T T I EE L - EAR R
BEL BT 245 1 BT 25 % 2K BRI 711 B8 G2 55 24 0 1 O it
Ha] (A0

ARICEEG A A AW IE, B
G2 T WA R 2106 9T 0 B AR AL R T 24
Vil 2 5, JF R HAEAE B ) R H 1 AR 1Y
fifR gy, dJE A S 25 SR N AT S E T TR
B DU R SR i i o B RS

1 ATRABEN NS

1.1 #HE&EmAf AR EYSRE
PAGIRTT I — Rt 2T LU R . (1) 72
NN BAT RS s P FIAR E 5 (2) XKW %
R (3) ENANEIEE; (4) M)
ISk A AR B VR IR 2B B 5 (5) MR S
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AN RN Y I EE H AR AR R (6)
PR DU AT L A 0 2 81 [ i A [ ot 51
A 7 R AR EAS R — B, R ) ) 4 i 22
JAE A [ AR AE ) HARZER
1.2 EBEImKEHEES

Tit ZE AR T 7 AR A I 0 A 45 A P Ak 2% B 0 )y T
EEELEEM . BEE R HAR W K TN B bl
AR ADESE, WS 25 W) o A= W 24 Wy i) 21
BBy, #E B, O — ML BRI
Iz ATFIGR, 25 SR 1 15 FEEE 254,
A5 20 Z2ANHAR T it 390 AT R TR L 0
BN MRS . RIERITSE . R 1AL
TS TR IT (B, R A i R A
mi.
121  L-RAM N

L- K4 MEME B (L-asparaginase, EC 3.5.1.1)
S PR K R, AL LR AT AR L-K
KRR o R 2 0 b e A AR 2 LR A
Pk, DA AR A o it B 4t A R A I
G L LA A B LR AT s R A Tk =
L-RAMER A I, HAe%E L- KA iy Sh AL
I DA AR R A - K A Tk e il e K A
L- K 2 Tt e JE )R A A R A, TH AEAE 24 1Y
L-RATERE , AUk R 43T, i 20 4F
I R B 2R B, LR A T g il 2 2 7 2 4
F1IM5% (Acute lymphoblastic leukemia, ALL) J&
7RI E R IR, e T TR A
PERLAN M I . R EL A P i . R AT A
W AEN IR AR R AN R R A Uk
B, Py g 2090

L- TR A Tt e 1t )32 o3 A T 8h Wy . A AR
Wy (AN B L EESE) P (HAE AR PR e
MRAE LA E AL . YR A R 254, A
L- R ATk e il T LA 43 SR P RS 1Y, P 28 U g 35
X L-RAWERCH L-Ar ARG A . T8 LKA
T 2 it A2 — o 57 T 200 B 5 v ) 2 R TR Tl IS
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Table 1 Some enzymes used for disease treatment

Therapeutic enzymes Diseases treated

Treatment mechanism References

Therapeutic enzymes with clear clinical efficacy
L-asparaginase ALL and other tumor diseases
Arginase and arginine
deiminase
Methionine y-lyase

HCC and malignant melanoma

Melanoma; prostate cancer;
liver cancer

Urokinase; streptokinase; Thrombotic diseases
tissue plasminogen activator

Urokinase-type plasminogen Thrombotic diseases;

activator Pulmonary embolism; acute
myocardial infarction; eye clots
Lactase Relieve symptoms of lactose

intolerance

Relieve gastrointestinal
discomfort and promote the
absorption of nutrients
Exocrine pancreatic
insufficiency; indigestion

a-galactosidase enzyme

Pancreatic enzymes

Lipase Gastrointestinal diseases
Phenylalanine ammonia lyase = PKU
Adenosine aminohydrolase SCID

Collagenase Wound debridement; skin ulcers

Dupuytren’s contracture
LDH

Serratiopeptidase Anti-inflammatory;
anti-atherosclerosis;
enhance the role of antibiotics
Krill enzymes; papain Biofilm-related oral diseases

Therapeutic enzymes with clinical potential

Salivary peroxidases; lysozyme; Biofilm-related oral diseases
lactoferrin; bacteriophage lyase
Ddextranase; mutanase
Antioxidases MS and other nervous system
diseases; tumor; COVID-19

Amino acid depletion therapy: deprivation of amino [8-10,15]
acids of tumor cells growth and metabolism need

Activating PLG to convert into PL and then [18-20]
decompose fibrin or fibrinogen
Hydrolyzing lactose into galactose and glucose [21]

Catalyzing the hydrolysis of a-galactoside bonds of [23]
anti-nutritional factors a-galactoside

Pancreatic enzyme replacement therapy [24]
Catalyzing the hydrolysis of triacylglycerol and
phospholipids

Reducing the concentration of Phe in the blood by  [2]

converting Phe into non-toxic products:

trans-cinnamic acid and ammonia

Hydrolyzing cell purine metabolites (adenosine) to [29]
reduce its concentration

Removing the necrotic tissue by hydrolyzing the
collagen fibers between the necrotic tissue
Dissolving the collagen deposited in the palm

Reducing the protrusions by hydrolyzing the

collagen molecules in the disc or around the

protrusions

Inhibiting the release of pain-inducing amines, such [33]
as bradykinin, from inflammed tissue ang inducing
intense fibrinolytic

[3,32]

Disrupting bacterial adhesion to oral surfaces or [1]
affect cell-cell interactions

Limiting bacterial growth [1,34]
Degrading important carbohydrate components of

the biofilm matrix

Protecting blood-brain barrier integrity and reduce [35-37]

transendothelial migration of leukocytes; inhibiting
myelin damage and phagocytosis; preventing
ROS-induced oligodendrocyte and axonal damage;
regulating the production of cytokines; protecting
against oxidative damage and inhibiting the
replication of SARS-CoV-2
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(&£ 1)
Therapeutic enzymes Diseases treated Treatment mechanism References
B-site amyloid precursor protein Prevent AD Inhibiting the formation of A [38]
cleaving enzyme 1
Acid sphingomyelinase AD; PD; major depression Reducing ASM in neurons, improving the [39-40]

inhibitors autophagy process, reducing the accumulation of
autophagosomes and abnormal proteins (such as Ap

and cytotoxic proteins)

Improving and repairing nerve and synaptic plasticity [41]
by modulating cAMP-PKA-CREB and other signal
pathways, thus enhancing cognitive ability

Producing excessive ceramide and inducing tumor [42]
cell apoptosis

Changing cell movement characteristics and [43]
membrane dynamics to enhance DOX accumulation
Amino acid depletion therapy: deprivation of amino [10]
acids of tumor cells growth and metabolism need

Phosphodiesterases 4 inhibitors AD; HD; PD; MS; major
depression

Carnitine palmitoyltransferase I Cancer
inhibitors

15-LOX-1 activators Cancer and cancer resistance
Sarcoma; breast cancer;
Ehrlich ascites tumor

Breast adenocarcinoma;
Prostate cancer;

Fisher lymphadenosis
Melanoma

L-amino acid oxidases

Phenylalanine ammonialyase

Tyrosine phenollyase

Inhibiting the formation of BF of Pseudomonas [45]
aeruginosa; reducing drug resistance; promoting
penetration of antibacterial drugs and enhancing the
phagocytosis of human immune cells

Hypertension, cardiovascular ~ DBH regulates BP through the SNS through
disease, and cocaine addiction  excessive activation of dopamine receptors

Against nerve agent intoxication Binding rapidly and inactivating nerve agents [49]

Degrading main components of glial scars—CSPGs [57]

Alginate lyase Clinical adjuvant treatment of
diseases related to mucoid
Pseudomonas aeruginosa
infection

Dopamine beta hydroxylase [47-48]
inhibitors
Butyrylcholinesterase

Chondroitinase ABC Multiple sclerosis and spinal

cord injury

YR AR s TR LR A T i T — b J)
Bty , X L-RABERARE R, HEATZH
JEYIRRSAE, B LA LAY LK A TR e it S s HH G v
ROFTRE RIS, I 2T ALL 36 7 L Sk
KIGFFHE . 2R SC B 3 2 % (Polyethylene
glycol, PEG) &M () R ATl (Ck A KIAATFIA)
39 E et i 67 ALLE,
1.2.2 FEE BRI 2 IR i B

¥ A W2 (Arginase, EC 3.5.3.1) #EfkK fit
L-tE 2R A R %= o HR v E AR s A MR TG 7 1
PR PR | AR 77 R 2 Ak R & R i 1
(ARG1): BCT-100, 7EM PN ohi i o5 I T el
e E I, 7EIF RS (Hepatocellular carcinoma,
HCC). 2 PEBEAN M i . B8 298 A f|) B g v
¥y R PRI YE , IE T 2012 4345 55 A S A
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iR TR (FDA) 324 R A it 12

S G A BR AR L, R 2R i (Arginine
deiminase, ADI, EC 3.5.3.6) 7E/E¥H pH FliG &
AT R R I A B BTSRRI
Y Wi — FIAE G BR 4 et WIREAS R % Ak K
R . WEARE T AL HEER, EF
R M2 R, I R RGP RS 3R R &
A (Argininosuccinate synthase, ASS) il 2 3%
MR Z4 /7§ (Argininosuccinatelyase, ASL) & A% ;
T 928 A4 R e = K R H R A g, L B A AE
R A LR HAE KB GE . ADI 3l i) 43 ik 24
iR, PR 2R E RO R M A e i 24, B
IEANEAERS, B JE T, ADI RYREARVE HTE
AT IR 20 S — Ak A (NO) &, —%
A SRR IS AR B R v T AR 3 0l 78 P R AR A
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T BRME R AT AR A M AR KR T DL R B 4 R AR
PR R DS, DR, ADI 3 S 6 R I Re 2
W AR REER) 9 HE N R Bt i A8 A= A
PER (i NO J7AE), 3 [ 410 il A Py S 44 fiek g
fig A B4

ADI A1 F 3 AR S0 7 Pseudomonas putida
K @R S 5K Mycoplasma arginini, {50 MO B
FURESFAEY T, IR Z - Fim Ko, 78
PR AT LS HCC i . B4 . Fm
AN . FUS AN . R AN e N
S Z R AN A A KUY A, e FLIRIE AT (R
#1 ADI FOHT I A S ) R O A
AP AT S . B WE (PEG) &1fifly ADI
REAR T S sk O I K TR R . B,
ADI-PEG-20 (ADI 5 A% 4T Jfi & 20 000 /) PEG
M4s4) FFIRIT HCC UGB KM E B FDA
A, BRUN 20 S PR (EMEA) it TG
JT¥ HCC,
1.2.3 JREAEE. SEE(EE. t-PA Fl u-PA

JRI4HE (Urokinase, UK, EC 3.4.21.73). %&
(W (Streptokinase, SK, EC 3.4.21.38) 14141
2 V5 T IR TG 79 (Tissue plasminogen activator,
t-PA) REBLTE 2T EE R (Plasminogen, PLG) #:4ft
FEFVEINE (Plasmin, PL), HETT4Mi#£F 2k 2 11 2
A PR LUS BIPTEE M BUR R ke H Y, )Tz
T AR YT o DRI B 2T % I 5T R
(Urokinase-type plasminogen activator, u-PA) J&
— P2 IR EE A, PN 21 1 Wl i e Ay £ TS I
AR S LF 488 ;A u-PA TR 2T
VR R G A R S A AT TR AT u-PA PR
— R MR R . CHOH TR TR 2E . SO
LR ZE | REESC AL AR 00, I 1987 AE4KAG
TREEMRMAYER)R (FDA) #tifE; IR
FIRGLL Kinlytic™ T2 244 g vk 2 s 119

SK & — i L5 22 IR A0 T M A1 L 0 2T Tl
Jo PG R AR LT AR R ), BHAE AR AT dE R T
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(I BEH Y =R 8 5T), SK AT B HE R A 4T 4
EHE TS BE LN ZES, LRV SK
HIKIN RS, T OB Xk L 2 1L

t-PA & —FhFLEE 22 IR R I, PTIE PR
T I TP A £F i i, O T £ A A I A 5 7E
HFUEREFEET +-PA TR ERR, XTEF4EE
PR S P A G B R Y T IR T 0 1 SR Al o t-PA
VE R85 AR RIS 25 W, AR 5% D it 0 R S I
5, HABBRICRE . A5 EBURE RN . X 24k
E ARSI . WL RGN AP,
1.2.4 ZFULVEES. o-RIMTEEMBEE QR

J7 B2, IR RS B0
AR, SIEEHALE, ARTERY R, A
ENRMERE . 20 SRR S g Xt
TR 32 ) B3, Bk g = 2 08 20 0 i
(Lactase, FRK B-D-2f-FLME T, p-D-galactosidase,
EC 3.2.1.23) THAkFLME, S 2R E YR (n
A=A RN UM LA ) 2 s B | TS S E
Ko XPFXEEH, BT LEIMWRE, @07 LI
o B A U Fe R CRLBE ) L A e FL
WA 32 R P

o-EFL BT (a-galactosidase enzyme, EC
3.2.1.22) J& TAMIIBEIT G, fEfk o-F2UME TR K
fift, AN . 228 (Brassica vegetables) #3g
(RSL3E | SE3E . 3E) e aa mRms
HIPTE SR T, 18 AR X el R L AT
PLF=ASR (00 Hyo CO, %) 5B MK . 1EH .
75 R FLR A T8 2R m 2, - LB
Fit T LA AR £l 5 0 ) 8 b 7 791 9% it i ' AN
PR35 S5 W o R AL

R 1 (Trypsin, parenzyme, EC 3.4.4.4)
FWARSFEEFRBEMRBAR, BYERIRR
FNBE VLT AL 2 5 1S A 53 WA B JR it ) REAS 4 1) 8
DLJRA, @i BEEE (Pancreatic enzymes) #E17T%:
RIBIT CY AT PR Rb s S . JE
I A 1 TR ) , T A 2 B U 2R
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AR 2RO I RAEAR A e A, TR AT A
HAANR . EAFIE AR R . B E RS,
g Wil (Lipases) L 285 HFiRyr E MmIGE =
BLATTHALAS R B e 55 2 — o

125 FKHREMRMBEW (PAL)

RTERAE (PKU) J&—Fhst it g, &
H W T RN AR (PAH), SECRNZE
iR e JLARIES 7= Wy ) v B8 S 3 B . R VAR B R T 2
R ELAG 2 Bk, o fdi s 9™ S n R ) A
A PATAEA T B R A g 2k R P WA Y PKU
P A B AR T 1 S 3 3 K I ™ A 4 P AR TN 2 R
(Phe) FEIRE, BRI MARNERIEKE R
T HEIE RN, HXFET 7 AR XE R +F H
Ko MIHAEIVE ARG R, FI SRR
97 kg & ALY 5 (Enzyme  replacement
therapy, ERT) Ji h5&# .,

FNAMREEN (PAL, EC 4.3.1.24) H 4
S PKU H Phe ZK-F Mg AIT . BT
Phe §44b hJoes ™ W XN FERR N2 ;s e X R EE
R PR AL R R, fEIFE 5 H R4S A5
YE R B PR ERHEM 5 1 2238 1 JR AT PR IE B R R HE
HRSE

PAL " IZAFFE TR Em, 7E—2LH A |
SRS T A/ A h A R P, Aydas 4120
W5 T O MR B bR, b ] & B AR M e
Synechocystis sp. BASO444 FI BASO673 43 5 bk it
7~ K PAL T R BT ALTE M, %
PR UIAE PAL IOMRIESRTR, S PKU B354
& & PAL 9259, T PAL MR AL EA,
SR REARIL G M AR Y PAL Ho sz TH A i Y 25 1
KRS, BRI SIE RO PEG fh2eE
Wi, 2018 4 5 J1, 3£ FDA #ttif T Palynzig™
(Pegvaliase-pap3) £k PKU M7 55 R4 3 A,
KRN 25t HL) (EMA) $52 T BioMarin 23 m] 2
ZZ 11 Pegvaliase I i1 7] H1IEE, SE4ER , BFFEA
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R R T —S3 i) PAL (B IREF AR R 458, LhE
BRNARIIAKT, LUE AT PKUPE,
1.2.6 JREBEE (ADA)

B H i 2 i (Adenosine aminohydrolase ,
ADA, EC3.5.4.4) J& T/KAMFIEZ, fifb IRt K i
RS AT s AERRTT Be 2- T SRR 11 i A it LA
KA RGN iR CHEE ] . ADA BfE 23 5
AN MIEER A (BRH) AIARER, A i E
PR, SENR NG RRACE o i ot 2 il ke o il B0 R
JI36 2 Pl g o 75 ™ B K S 2 ) 95 (ADA-SCID)
o T A 7 T A e B B 9 10%6-200%1
PEG-ADA (Adagen: pegadamase bovine) 4 H
FIRYT SCID, B4R 2, —WEtfi)n , It &
P R EREAL . 1A, Strimvelis™ A y-RV
AKX ADA-SCID B JLHEATHEFNRYT, K15 T
EMA B E iR Bk T AT SCID AT ik
ADA [R] T BEFELNA 1k RI2 Wr b A 52220 H
127 BIRERNE

Jit AR I (PRI 5L, Collagenase, EC
3.4.21.49) MK, JIZAAAE T & A
AR (FY . 3. YD), (B3R
S oN IR 4 SR IBE (Matrix metalloproteinase ,
MMP) FRL A W) I Dt g o A T8 2 DA TR v 4 A -
K7 KA FTF I Flammeovirga pacifica i3 R 20
LR F) 1 — B BE LU SR R P A, 4 Pfam
TELL Wl o34, %74 JE T Peptidase_U32 5%,
T IHYG T 1 T8 114 12 5 IR %) D 2 11 il 22 R D B00i
B, R T e bR Y i ek
I-TASSER Xf HA 5 (#h %0 )7 4 7E PDB JCi:
FEBFRRUME R T 25%R9 R, Tl R4
AR VE M E 3D 454), JFJH SAVES v5.0
(https://servicesn.mbi.ucla.edu/SAVES/) £ £k (] v
VAL S, BT 2 1 Y — R a5 an il 1 R
AU A5 5 24 U32 ZEE B A 220K, AHG
Y BRAR A BT IEAE RS o
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1 FREXFFEAEFERREEAHY=REH
Fig. 1 Tertiary structure of collagenase from Flammeovirga
pacifica.

Bifi 5 X HAF I B H TR, IS Bl vz 1
FIMGIGIT i Il R 35 e 1) T 1) Tl
A5 B3 EBLREfR HE I A A T SRR I
FF# Clostridium histolyticum 431077 £ 4 Jist Ji il
AR I AR, i T b R R
TURH T 85 2 48 A/ sl v 4 (8] OG5 22 48 LIVR T
K DR 4G 28 4 0E (PR 2 R I 2E 4 E
Dupuytren’s contracture), 34 FDA Htifi; RE S
JOE T Tk (K i M TRD 48k PN 5505 L A R L A e D 4
T, MNTIE/INGE ) B T S I T A [ 48 58
Hi5E  (Lumber disc herniation, LDH) fE43 %4 2% f#
PmIT R YIRe, HIO™EIFRAE R AL Ak,
R i T A 2 A S gk AR 7 ] FL AP IZEAE ] 28 5 H3
i HLAG ST BDR AR o . BRI BE 2 . HRAE
i s e B2 oy TR IR 145 2 e Y A T
WA (A R RS) WUTAOG, R R
J 2 R AR O S 2 R BT R B L
FRIFHEHBEIIRIT
128 VERELORE

WE W E A (XA K,
Serratiopeptidase/Serrapeptase/Serralysin, EC 3.4.24.40)
S PR KRR, DIHBTR . HOK b AR AR
(i e RAA L IR T, Bk
Bak), fEAMER. ERE. BRMR . BRI R
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SR E AL T 200 AN, I A 4R
. BEOAEEEET), A —E sl kst id
P IR, e el P 7 T A 1 RS R R 77
R, ATNHERSIERNWALFERT),
PrAEREN . REVRREARY 268,
(B AR RS2 B b 0 52 T A AR e vk ik
T Lk — 2B
1.3 EBHBIaKEAENHEE
1.3.1 BT SA B O BB 15

BB RS0  ESE FOT K, B BRI T A
Wrth B, AR, R ™ e AR
1 v B AR W v 22 LA W BOE XA T fif o)
A8, MO RS R RN, vT5] & 2R 0 B,
g . FER . FRBEE, BREHBURE T
GIKAR) b, UTAEREEAE B R Y7 R B
R T B . A AL Qi o E ALY
(Salivary peroxidases) . % [#fifi (Lysozyme). FL%2k
M (Lactoferrin) A B[R] 4 I AT D2 B 5 BR i
HEA R AR, IR DR 0 R MK
it 25 £ 5 %5 B B B (Dextranase) . 75 & b
(Mutanase) ik B A 5 A= WD BB 45 6 110 200 B Ah 2k ot
TS5 BT I 200 TR F AR R e 285 B A B I £ W
BRI 8, AT BELAS A R B AR R 5 — 2B 1 il
ARG (Krill Enzymes, Krillase®). AR 17
(Papain) Z& Il R FEUE S AT LA IE 2o 5 S8 40 1 )
P 2% TET P9 285 B B35 i) 448 G 1) P9 A A FH R 7 1k A2
W B, LA F B BRI . e oo & 30,
I AT (A ik Tt CYR i V47 4 11 Jls 0 1) 331 B B
Jr R B EEH . ClyR BEMEFEME A K T 80l
M4 , tn7s B R Streptococcus mutans . FEE
HEFREH Streptococcus sobrinua LA K SECHR AR &
BRI 263K Enterococcus faecalis, 1M %4
DA T s A B AN 1 4% BR T Streptococcus oralis
a5 g B,
1.3.2 HiEiE

1% PE4 (Reactive oxygen species, ROS) %%
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HEA NS 2 & B EE  (Multiple sclerosis,
MS) 242 RGUPR 0 & A S DA OC . A AL AN
ALY . o E AL MR AR,
IO AT S A B FIBT A AL BT (Peroxiredoxins,
Prax) 45 PR T AR 7R T BR 6 M TR P pl
JCANZ A T & HEEEAE ;PR AL EERR A
SEINET LA 1) A4 I 5 B 14 5 2 I ek 1 4
FRLI 5 D9 B2 3B RS 5 2) Il B B 1 4 4 D A e A
Hl; 3) Bilk ROS 5| %2> 5 Ji Jix 24 Jid i 28 45
B3, M MS 1 % A2, i 21 2% o AU ] et
HA AP R, P AL R S bR 4
FrAN A P 1 2o SR KO- L 3 Al AR
HABE . BTSRRI N AL, TS R T A ST
v R FEE AR . Prdx F/af Prdx1 #8735 1 ROS
WA A 530 s A LI . B R R e ) K A
FE R Pl B AR i Ah, Chen ZEBU% 3R,
Prdxl 2 & HBR MM (Esophageal squamous
cell carcinoma, ESCC) #iififd rh ¥ £F B LAY #r
BRI R], 78 ESCC MRy P AR S E L.

HAF R, WAL (Catalase, CAT,
EC.1.11.1.6) 1E WHLsa LA o] LA FI6 77 8k
i %858 COVID-19. A WFoT R, 4K+ X
FELEAIE N SARS-CoV-2 5| 1y B 48 i J i )
B2 52 M) FE 5 B ™ SRR B B T ) 2 [
Qin 2507 1 JEU SR A o R AL AU TR SR
Wrwiget, B n (CAT) BIAKIEREIEAEH T A
FIANAE . i b g, 45 SR % AL A G
B F IR AR F 7=, AR SRR A IR
SARS-CoV-2 (& i, XFHRIASFF (n (CAT))
BARA . BN AT A A A 7, i L
RIS IRIT 259 .
1.3.3 MERGEIRIRIT S

B[ JR PR R G (Alzheimer disease, AD) J&
— R 2 RGBT TERR, BURE R M AT,
FHT B-TERIFEE . (Amyloid B-protein, AB) i
BRI B —S0AFE, BTN A R

% : 010-64807509

EMPTBIE B Z4EBE (Senileplaques, SP), 774k
PRBETE, SEM L ICR M YIRE, REAMLITE
PEFET-S3 T AD (& EPE. B-BE ML A AT
2R 1 (B-site amyloid precursor protein
cleaving enzymel, BACE1, EC 3.4.23.46) 24 i,
B-TEMFEEE 11 (Amyloid B-protein, AB) B MR #
fitg, FIH0E AB FIIERL, X AD B FIFETE AD
RINAEE (T Ap FRERRIHRE) M H A
\EE L,

AR, BRI (Acid sphingomyelinase,
ASM, EC 3.1.4.12) RIRELH AD WETEIRYT LA o
ASM & —FPEE A AR ACU G, TT LUK S A
AL N R M BE R ARG ; LA, ASM 25
MFEAIEAETE . EaEN: . WSS S e S
SR, FRAEAN A PR A [ WEy TE A P
P FAEO . ASM 1 350 8 2ok Ui/ D b 28T R 9 ASM,
U T A RER RIS T A AR SR R (i
AB A sEvEEE ) MR, FRILT AD KRR
JLE; ASM JII 304 R 3 e Jai 2 b 22 IE g v 2
FE A pl 22 3R 171 05 A 4 AR (Parkinson’s
disease, PD) I B MARAE (377 J7 Il & #4 2L
L,

AN, WERR &M 4 (Phosphodiesterases 4,
PDE-4) 8% I\ M J2 36 Y7 i 28 28 8.6 95 1) 0 1 #E
¥%. PDE JKf# 3 IR 5ms/ (Cyclic adenosine
monophosphate, cAMP) FI¥R 2 iR (Cyclic
guanosine monophosphate, cGMP) Jf [k 1% £t
B AR R KO, T cAMP AT if i
CAMP-PKA-CREB %5551 % il 35 Fil i &2 48 It
R mT EAE B SRIAHIGE T o I, A7 2Eid i PDE4
AT PD. FEWIHA (Huntington’s disease,
HD) . AD (CAMP AJ 3 12 45 il P4 J57 I A g ZR B
AN N-HBE AL e B AR TR 2R 1T (Amyloid
precursor protein, APP) 4k h B N-O-B 5L fk
B, S AR R A) . AREE A MS (7
1.3.2 JF v 9 I SR AL 0 BT 387 MS)Y,

EL: cjb@im.ac.cn
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1.3.4 JEIEIRYT HUEE

UTAER , i 105 R A e e rh B H 52 3]
W N ARIOCHE , 2 5 BRI R A L 5 1) S K38
AR RTIMIG, W R &1,

Wom A% M Bt %% % B 1 (Carnitine
palmitoyltransferase [, CPT1, EC 2.3.1.21) &
NEWj R4 Ak (Fatty acid oxidation, FAQ) PR #
B, 7>k AL B, C =R, Hrb CPT1A 21
AU TE S T A 2 Ak Sk T 58 TR B ) R 20 B, i ik
KAEAR NI E Ak . CPT1A mll i %1k K 55 i
W2 55 R 7 IR 1 5 i, B il 6 P PR R IR A
T — 5 i J3E b 58 S 1 g 200 g 0 1421
I, CPT1A FIRER—FhA 8 s AETR T HE AL

gIn4E i (Lipoxygenases, LOXs,EC 1.13.11.12)
— RN Z BRI IR IT 7 Az BAT A= 13 1

IR . 15-f5 A A HF-1 (15-LOX-1) fEH
LRI, Tt AR AR DU A BR AN R 5
TV BT -AR B EAE T, el A o A A
TR A DL R ™ A 5 RAE 5 5 AT IR A DG By i B4
=Pk R AR B AR R R . AT R,
1L 15-LOX-1 BYZRIEACE, AT LA g 240 i
AR, Ak, Kazan Z5M31p g 8L 15-LOX-1 78
MCF7 1l HeLa J&Z 41 ig 22 HhX$ Pl E$ & (Doxorubicin,
DOX) M2 A H % 3, B 15-LOX-1 (i
ik W] o 7% PPARy (Peroxisome proliferator
activated receptor gamma) %55 MCF7 DOX 4 Jitd
PR, e A el A A i SRR R Bl ) ok
SR 25 MCF7 41 DOX UL R 5 BSRTE Hela
DOX #ififik s FiR B4, {HZ 15-LOX-1 Ui}
774 13-S-HODE Ab RS IR A5 7y JU T o ix S 25 L I
/N 15-LOX-1 FEJREAETARTT B i 24 1 Fp 4 B 20
X, IR T IR i 25 B A TR R

B iR mih 2 505 B gL, L R
AfLlE (LAAO, EC 1.432), HAMR v-2Li
(MGL, EC 4.4.1.11), RNZA Rz E (PAL, EC
4.3.1.24) . AR ZHE (TLP, EC 4.1.99.2)

‘Fﬂiﬁ‘&ﬁiﬂl

http://journals.im.ac.cn/cjbcn

S5 G FE TR 5y fff B AE 24 FE IR FEvB YT IR YT IR AE T
RAFFEEAEM, B MGL 4b T I K B BewE 5t 41
AR TURN AT Ab T 1A N i e B Be v o
1.3.5 FALEEE S KIGYT G

TEEEIR L 24 (Alginate lyase, AlgL, EC
4.2.2.3) AL BERRERARRSRE, | I A TR
K WFVE TS LR Y P RN i 4
AR, R R LA I AT LR T I DR i By

TRST 55 RE VR 1 2 Al B0 T SRR e AT SC i L ]

ﬁhi%%ﬂié/\ﬁﬁﬁ:{ AR JuRAR: IS RS )
AlgL REH AL W B4R 4 i S M TH - Pseudomonas
aeruginosa A=W BT B, A T REE AR IS 24 1
PR FEBT TR 24515475 TF 38 9 A4 928 240 JRL KT 4] o 52 £
T TR A/ FUOY oh, 407 1 -1 2 .
A Z R AYE R Z HShRe, WPThE . BowEE
PR . PR, T TSN 5L A ) S hE
R A

Z MR B ¥ALlE (Dopamine beta hydroxylase,
DBH, EC 1.14.17.1) J&—F4 s 5 e,
AT 2 R A o W B ER (AR B
FIRR), TEILEmE (iEERE ERER. B L
MRZE M Z OB YA BGRTE h R CAE R,
HLAS B B K- () 728 Ak 22t 228 L0 1 78 2
AHIC . DBH 382 2 U i 52 A (9 4o B 0 DA T 8 5
TIRA 4 R Y5 (Sympathetic nervous system, SNS)
JHI Mm% (Blood pressure, BP)7, 3:F DBH 4
HilFR A 8¢ 2, DBH il 550 o] LAXT e & s
O LR B T R PR R S 5 , e Disulfiram
C FDA HEUEF T 259036 7 WA M AT R [
JURE, HoAx DBH 5 40 T I i g6 i B 1O
DBH HMRE M S E M LR S FIRR =5
Z i (Attention-deficit hyperactivity disorder,
ADHD) . FIAISE A I e 8850 BLEEAR G, fHE
T DBH s Ao i b, ik 2 &< 3 DBH
i e 5 7 1481

T HEHEGEREE (Butyrylcholinesterase, BuChE,



A% sEmarrensnsnmrte  (QEAS

EC 3.1.1.8), & AL i JE R B it 110 32 B 2 A 40
AT ISR . S AN . PR 81

Bf, Cerasoli ZEMV% M HAE A HLEE (OP)
hOREEZEEN, MAITEKRKR PR T AT R
T T T XoF 5 AL ot 28 5 SR R 4V FH ) b2
Jo . 1) Bl i i A s UL R A N T T A e s T
(26.15 mg/kg=308 nmol/kg), ki) i BE B BEiE 7 1
FEBOH S st R 2 (Soman) 5 VX B85,
PIAK P36 97 s W i o R B EOOE it (Median
lethal dose, LDso)o Z&E5E&BL, AT kARG S
(308 nmol/kg) 41 T Soman Al VX [1)°F- 44 #4E 7]
(2 154 nmol/kg 3 n3] 770 nmol/kg & M
30 nmol/kg ¥4 1% 312 nmol/kg); I H 3@ 3 445 12t
R 53 55 S PR AL A EE R [, 75 Soman 4k
FFEAATE 2 0 1. Ik, BuChE A k4
Xof ot 2 M B 1) PR I 3 AR ) A P AR TR BRI

1.4 &R IAT AEAIKIR

BRI IRIT I 2 R IR T3 . MY I
e, (HREE Y TR AR H# A, &
Tl e FFBLAG I 285 D5 5K, Tl A W R DR e g o
FURE Y H o KR35 25 F B R S i 3
) T80 A A0 R AR T A A2 T 1) 2 A R e AR 1
WEERARRETE . ki) 2 EREAE R,
OFY ORGSR . WS A B2 RIS
CaHR T ZHEEYHTIMAE, WA
ORI AT R ARG R 2R F AT 7). BERETE (BRI B
2z Wbk . BeoRmERk) . w (R . Kihd .
ZLheg) 5o WA R AR R B Ol A i
HEEER, AN, R A MM Y T R
AR R R AL P, An Al Ak R S T Y
WRIZ o BLAL, SRR WX 1 3 PR AN AR [R]
TEEFE TN E S &, HET, P ARIEY R
Bl () SHOB R e MeE Rk, DA™
HLA Tl AT S

IR A ) T A ™ R 24 P G 3 58 2o PR D
RIFEH ARSI, BV ASIRZ & W% (Submerged

% : 010-64807509

fermentation, SmF) F1[&E & & W% (Solid-state
fermentation, SSF). X R&AILHLS, Br
BSOS I AVERE A7 oMl il P RS A B A, R
G Tl ek P A TR e B A 7 2 0
15 ERTHFEMRBREBRERERSAE

BT BAR B R e AU E L
B A S e A ), 51 T 5T A
BB Z 0 . MR, MR AT S
bR . IFRE R pH RRUETEAL . g
i 24 P B A ) s T2 Pk, TR T
R IR KA F, FAESHAE R IREES .
Gy PR OO . B — R 1B R AR )
AR, SHBTEEIR (RR T KR i P 4 T Y
By . HE DNA HORFMEE T80T (B AR
A Em el BRI L B [ e L AE)
G R R e B T st R
W UL LKA TR i 1t Ay 91 3204 I B

b3 1.2.1 prik, L- R AT RE B E 697
R HEE SR, (BT R Le B 4R A A
N, Bk g kbe. HIIREA A B
PRI . ETAMIIR A E | AR AR L P IR A AR
I AR A BRI, LR AT
IR FH R LA A B RS e i . T
TR I R B, R TR JC A 2 Tk g I P Y B
PR PR IR I R A TG . Radha %5 %1% Bk
B BLOR TR 1Y LK A& T g i 0 A A 2 Tk e Tty 1%
PE, HAZBEXS YRR Bom, BA B A
FUEMEFE M, mTEINHZBUSE, W
I, MWNIEBUR A h TG ER L-R AT
Mt JU Ry B2, TR IR 0 52 2% 22 8 M m] BB IR T Tl
AEYEEL . B FER . B SRR, TR
H—— 1 KA FFE Flammeovirga pacifica fig
#£ 0-5% NaCl (frefd: 3%) i &k 42 'C (32 C)
M N AEK TIREGE pH YERE 7.0-9.0, Xt
Z A Z U, T, AT F pacifica g%k
2 4R 3 T — BB L- RABERGEG T 51, &

EL: cjb@im.ac.cn
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5 N(4)-(beta-N-acetylglucosaminyl)-L-asparaginase
(PBD: 1P4K) [P 4IAHMIME S 65.52%, 43 HrJf
P AT RERTE AL, AnE 2 B, %A
R FRAC R R W A FE N A . 1k Ah,
8] 7 A B AR Y I RO REAR 1 B Jst e [ 2, B
1R A A A BELAS: T W A R B B iR O AR i
4 T-REBhANNE, T RREAR e ik . PEG &1
L-RAWERE M A RO EZ —, RO BT
SYMCC IR Y LR A BER I S5 s AR L, HoA
P2 IR AT, X ot 2 R A 2 S AR T B ) 47
P, L R T R i O, At [ AL
B, A LR AT R [ E A ST IR OR . ek
BLOWUORORL . BRI . OKBERCSE A, AN [E] AR
JE G TR . YRRy . A E T
GREIRVE | e I SR,

[ 7 A B AR AE LA AR 3] T
F, iR %K H Z i ABC | (Chondroitinase ABC,
ChABC, EC 4.2.2.20) REFEM#HI THhixpli& REE
AT A B I ORI 114 32 B N —— B R R R
HEHHEH (CSPGs), etz £48 (CNS)
105 5 19 Bl g n] Bk L b o8 AR R BE B

2 BEXFFEAEBHE -REEBEBI=RENR
T g9 75 AL R

Fig. 2 Tertiary structure and the predicted active sites of
L-asparaginase from Flammeovirga pacifica.

http://journals.im.ac.cn/cjbcn

K (ZIM4TE) ., Rezaei 0@ ChABC
il 2 75 Z LAk oK ik (ChABC@PSi) I vl
T ChABC RBH#RNEG, TF2 8 P r k.
SRIT MR R , CRABC@PSi AU/ T CSPG
i, ChABC@PSi X} CSPG i kit s /b 1 it
i SR | I A e O RV | A N
ChABC@PSi At FRIEfin 1 387 Ak B A 20 58 e Jo 41 i
TR B, R TR B R . AR,
ChABC@PSi XTIl PRIATT 22 & 1 b Ak S F1 A Bl 40
P B B2
AR K IH AT T —Fp 3k T2

HEI1Z /K (Elastin-like polypeptides, ELPs) ik
PitE Mk (SiOy) MR H [ LB A , K il
] € AT SO 84 |, IR B A I E T A4k
REF A L AR R 2 10 WRIEIREU5EA 70%
AR AR LS B T SRR LT s, e
A B 5 Ak b i BRI e o 7R [ A — o
D414 A N AT S EE R R . AR
B AT HT A ELPs 1R R aifbinss, (Ul
T AEAR A S T Y F AL e AL, AL
EAARRBERGR) pH et . AR 0E M 5l B il
MR R M T ELPs HA RIFHY A4
. REE AN dE i (Off-target cytotoxicity) |
R BRI 1 . AEAR N AT B AT I A LR

R ICR SR, s % . 21t
WA AR R BGE I AR, Rt
2 T2 AR s R 0, R, T X m A
e 72 Ak 7 R P] RE 23 B B R IS 1 . PR M
Go g JEME ARSI /L A, JEF ELPs HEfik
AL E RN A B ELPs [ [ 5 fb 4 A A
PO A Es &, A BT =Rl o5 e 1k
ity , DA R L UM SR I e il A R

2 RTHe %

AR, FH A WAL AL BRI 25 W)
CRE B 5 T 259) W2 o LR AL A
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FH B SRR Y A AR S LR AR, AR AR R AR
AYULEY), SEREAREL, A RON 2 HR
U [ R 5 & Y =TI vk o U N L R AR X /W =4
PR B g 2290 410 1 A= D AL B Tl 45 259 P ]
PRE LA T

2.1 FEEEREJRES & R Z540 A

O I 7B 7™ B S N M , AtV T 2R 254
Y HMG-CoA i il (3-F23E-3-H L g
WA A IS5, HMGR) KARIEYIHIZMIY),
T PRI HMG-CoA IR 5, /b 1 Py 51 fE
(o] St A B, DT Ol 20 17 LA 0 1) k2
R-4-5-3-F 2 4L TR £ T (R-CHBE) J&fth T35
Z RN SR TR R A, AT T R A D
(AKR) AXIFRiL R 4-R LW LR L TR (COBE)
B4 o TR R (AKR) SR SRR S T o5
g 11 (NAD(P)H) it , J& T A bk il K
W, EATHEALTT TP B 0 T TR B A e
2 R ] i B BF T S B SRR S T — ok
M E K 2 i FF 5 Bacillus megaterium 51 % AKR
(AKR7-2-1), AKR7-2-1 HAf5 RIFM#EEE . pH
o8 Pk B B A ML R (FE 10% (VIV) A
LA FI i 10 h A OR B2 60% 1Y il 175 5 ) ;
AKR7-2-1 A] U4k N,N-— F 33 -3-(2- & iy
HH-1-H B (N,N-dimethyl-3-keto-3-(2-thienyl)-1-
propanamine, DKTP) if )54 (S)-N, N-—H J&-3-
¥ B -3-(2- E Wy 3L )-1- 1N % ((S)-N,N-dimethyl-
3-hydroxy-3-(2-thienyl)-1-propanamine, DHTP),
J& R BUAR 25 SRR L 1% VU TT B R LA . Ni 25102
L RIR P EL I i T 0 4 2 W e S B L, A
2 R T R B A R T, s A
XFFR AR JE A B (R)-2- F2 5 -4- 2K 3 T R 2 TR
((R)-HPBE). (R)-HPBE &4 M Il & % ik K (L
(ACE) iR E LT Mk, S 5EFER
G254 (ACEN) 1 DR | PEHL38 ] 55 15 Ao
RN R 5N 25 2 DL R R 259, tnT DU
VR IRE 0o 55 U0 RS 118 — R S5 FH 25 ax s 43R

% : 010-64807509

] AKR 1A 9y PR 2 GUSCURAT T el 4 1 TR 5

2.2 INFUYKEEES M E R
KR ALY K @ (Epoxide hydrolase, EH,

EC 3.3.2.3) XKW HA B &M R EBEE, "I
RO T A0 I8 e R 48 A0 5 W B % g 1 K
9, TR TFFUEAE Y M —fE ST 25
] R S, TR R AN kG (ECH) 2
I RS A I A P R At 7T % O
A (S)-4-F-3-FIETMOE . B-F FIRRM
W25 W P I8 IR« BRI L % L IR 24 A Tié I
B 2 ek b 1l (R s, Furstoss 2541
W& @ Aspergillus niger 4L 4K it BT 23
o- -5 TR O AY), 19 RD6ATE MR IR
&Y, FFERJE AT T 4 1R 25 (S)- 1 3% 251,

2.3 S-EARRM IS EXKERELEE S R 2D

5-BERR LS I (PLP) 161 5 g AR 45 H 45 1
25, TGN 7 ACRR TSR, Tz N
Tyl s, i Em (TAms) J& Tir& [ #
VA PLP {8, AT LURXTRRG TP . T
WAL G W R B 2525 A, AR 2517
W BTSN ., (R)-amines 7] LA =408 PR 9
VGHBNTT 5 AL, fE AR T, (S)-1EHE 1 TAms
I (R)-iE#:ME TAms £ &, Hagid i (S)-1E £k -
Tams 377 (R)-amines, {Hi K7 HAUAH 50%,
WO R 7 S 2 (R)-EE4%E TAms,

TR MR (Threonine aldolase, TA, EC
2.1.2.1) BTHE 18 (L-TA) FIIIH (D-TA)PLP
WO, T NH 2 R A A= 7™ 2 -3 JE-a- 2
2 (B-hydroxy-a-amino acids, HAAs); HAAs Z#T
AR Ay I R AR 6 AR R 259 L-752X-3,4-
TRILTEFL 2 R (L-threo-DOPS) 4 JLFh 254
F A% O 4L R 4 BT L - s R O T 2R
(L-tyrosine phenol-lyase, TPL, EC 4.1.99.2) J& T
Pr& 1 A PLP IRGSIEG , T LML SRR By . P9 i
R E A A e B (3,4- R IIRIL-L-IN AR,
L-DOPA), J& & & 3477 A4 7% O B9 1 2 254,

. cjb@im.ac.cn
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Rtk B-24f# M (Cystathionine B-lyase, CBL,
EC 4.4.1.8) &5 1 % PLP K, Bk
B-F2 Db 22U R 1) e B B S A L BRI L-[R] AL e R
W R FI = A, B RES N D-= AR, 25
D-FI L-22 2 iR AR, T L CBL 7l 2541l B
E R,

B R B TR 22 iR, (R)-1E
W IR T | K R . R G ML
A AR i SE L T T 254k . AR R E
FHE AR 25 Tolk EFRR3Em, Wik
FA: W % B AR AE 245 ) ) 4 v ke 45 Bk Bk R
HIAE

2.4 BEEESIEHYEFER LB BRRER
IR AE YIRS IR BE AU R 5 2
il 28 25y R s 25y A, (HATAEAE LT ()
1) B ERIE AR, T & . pH (&
JRNZUAEAY, | v B A DiAE S 34 R] e S O R0
2) e K AL TE MR, T BLIE R AL
TEVESZIR s 3) WA M A T Ak S L s 55 ZEAN A% B
RHEIHE TS5, 4) IRWAUS-YIEIER
B VR VS A0 R 5 0 e o 0 T e S 174 2 7
OO A, R R AT AR S AL | 5
HREAR FFEEAN i B0 43R 740 2 B PRI ME S e st o
LA R, fep) k. 1) Befe
BEAR [T A A 1 o FH A A 8 5 0 0 25 Tl 1)
FRPE (WNREEA pH RUEPE); — e LR,
1.5 FriR AP A AT 3R BT ELPs (19 A [
SEAFE AR (1 AR A0 S T B AY 2
e A ) IR f AL T U Ay Bl AR s b, EEfk
FEAR B IOLFH A R 8 0 It 1 06 P FH VR 5500 T FRAIG
HTEAS . 2) BEAEAEARA BT i A Uik B
FEAK A TP A I HE AR R L K S e T ) ST A
PEPRPE, DRI X Wk 4 T Mk 25 W b ) iR 2 A
LIRS R X 3) W TFIEA RO ARG X
TR BG4 T Bk, Sl 0 [ sk 0
I AEAR KRR s D B piAs , R 2

http://journals.im.ac.cn/cjbcn

HES AN A IR RS (BB RS
W JEVEZ R (Reductive aminase) AY%# AT NADPH
AT DL 0 45 2 R M AU (Glutamate dehydrogenase,
GDH) 523l NADPH Fl NADP HYfE 3. bk, fi
JH 4 200 i A A A ) O D0 2 Tl T A D Tl
FRA[R)E, 4) WAL S0 5 43 B RS AT L —
FREE b DR A s M R AR 5 a2 m
Y, I ORFFRAR A SIS e Bt mT LB I ) 1)
FRIAERT s 7 W 6 40 T 4 A T ek fe 6 i
IR R

B bR i e ik Ah 2B v 2 il Ak
fi] 5 A H AR B A B B S, O MY
REVR /D N R L R A 6 A R B ] L b
BT G R E R, e BA P AR D B R
PRI G L R 7 A T i A AR A
PO, HR, S R N A Y 22 G
N, A DA ARG RE 4 1) 57 AR B R 22 1) SR 4L
XF Bl 25 Bl T 2 4 o i A 2 I A B T 2 1 24
Wy LA HA 1 S O,

3 EZ

BOREER Y T RRin T, (HRR
WA AE A TR AR TH R T e S 8 . i A
M WEROR . B4 DNA BRI IR
RAEESE bl 7R SR LR T o P08 B0 5 0
Pl 2 SCE L, PR O AR A A R U, AR
RFEE; A, WBEHEMRFRIER T T A 2R
PEAIAGH ZREPE S 15 2 X o 2 5
AP E, FTRES TS . mEA . TS
BT IIRE o H B [ X v I A W S A L 0
PR, 5 it — A2 I 78 0 M AT A B T
L 25 (S PIRTIA) dAr A B FL A
PR PRSP R A S AR DR
R BEAS i B o0 = 10 2 Bk IR X S i, A
{5 BB LE Y BOR B 2E 22 FIRHIE A B B AN B35 7,
= 245 P MR 23 A 3R B e B A
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