A TREZR S

China Biotechnology, 2023, 43(2/3) . 180-189

DOI:10. 13523/j. cb. 2209068

BEREMEEMRNEMREXE
A0 Rz X SR BE A 5

ThE HER EAR

2 23
R TR

& RER A o300

(1 BZEAPBUR IR B PTG Jbat 100088 2 OO 2 430072)
(3 PEBERRRY: AL 230026 4 fpEPREBEEER G dbat 102206)
(5 HEPBFABERYE  dbat 100049 6 FPEBFEBRIUBREDIFERT BRI 430071)

WE AR AN A BAK, A S R BN BY R 09 R A KRB Fe i
BEE,RAERENBEARE BTN, RLEED T HRGA EREA BB, ST
B REAM TR Tl R G I LT FRRE 2 M o F A RAT A4 B 529 AR R #9148
FHAF, T ED L2 ARTAHm, BEAFRBRRXARFER S X ARHFEARL LD &
JRAY P R AT B R A T P T e T i R R AR K 8 B R R A R e R 0 AR EE
A, A AR P R0 B R R RN B B R A R BB A AT R

KR AhRe
HESES Q819

EREMF  EEDIR

B LA WA PR 3ok 2 A AR S0 A
RN HE T 5 PR 52 B A T 19 5T 1) 2 JBURIT 2 RE 4
B, G A TR U . TE Y BTG Tz
MO Al PR | R 24 | [ 7 45 40Uk, AR 4R 3
Py Jsi S RS G a3 g i v B (AN 2 K g3
T EEBULEY)) AL A Y B (/N 1258 A
BEFIFREE) AR A 9 3% Pk ) o ) 3 i 428 3L AT 43y
KRR AR KRR/ & AR AR
GiJt— AR TR 4 25 A B BOB B AQ
PR RS T R AR R B W L 7
A LR b A8 S A Sy SO Y R W S R
Y.

TP BORETCR N, T A IR 5E 52 %, S I 25 A1 24
TEVED) TR IR PR R E & A P BAR A )2 4k
AOOCHEEE AR o AR W B A AR IR 5 1 1 oL 42
R H 99:2022-0926 & [A] H :2022-11-11
* [E G R PRI R (2018 YFA0902402 ) | o [E ) 2% e * 1wy Jo it X
ooty AR 7 il A 55 1R R B i H (2019 WQZXO012) | H [ 55 Til
gl e SRR T G2 4 WL s R A S R 5 A 70 4 S A
53” ( BB2110240075) ¥ B 55 H
B IAES , L 540 : liuhuan520@ uste. edu. cn

R B R A A 0 I RE A DG A A iR A | O
BERFIRACAE T 1) H AR =055 o HAR, (H 7= A 136 14
b IR BoAr H BB A VR AR 2 A U, R N
MBI A TR E A R a9 Tl R R Y
LT A A B 1) 259 5 B OATT AR ) B o 24 PR
o FH PR A 2 500 25 R 0 o 7% P 90 Jo 3 328 B AR ol
s IABEIE AR o OB RGOS AR L B B
PRI BB 55 58 S B YRR i, T A2 k3% W)
JiE AR o7 R AN 77 dh T A (9 [a] I, & 183 1R
W I35 5T 23R BT A T R P L A ) 2 e AL
T BT AR A R T AR EE IR R o B A A ik
IRBOR G BE R, B R Hr i P B I R ) %
AR 2R NS B AR 1] 5222 4 T A 1A B DR 1, X ke
PERE AR 1R 5 RS 0 I A R R R RAT S B X
SRR o

1 RARGHE Y& BUE Y R

ENCEE  ER R SRS /B FU PN
AR 1= 0 5 U T A4 0 T A 2 4% PR 1
WPARB N T, 7= R/ MALRAT B ) i . I
T A 1 KSR SR, — S i e R A



2023, 43(2/3)

FURYE 45 4 AR TS P TR 1 2 5 4 TR LR o505 I 5 181

A O AL AR A R R W, B RA
ST S0 7=, DTG S B E AR 0 M 5 A e
SHME P R T 2 R R 7 4 S s 0 T AN S 2R
RN AR

Bt 2 (o B R 1 2 R, AR A AR 5 AL R R
FA BUAE W2 B B Sk A5 180 B 7= 0 14 Bl A= 4 2
T AR 2 A U R i 25 Tl a3 . 25 ik
LA A A5 A A T AN R A SRR A )
14 S S O PF , 6 N T 40 P9 418 9 DL & 3 BL i
K, SR 0 26 A7 R B AR W 38 A 5 T AR 3 45 1 R A
£ BT ST A ) 7 ) T A0 A ) 1 A P R
(e A RV o A ) ek A SRR 4 O R A 2%, Al S
A B ELAT AN 5 1 2B 0 ) O, A T AT e A
A AR R A, 30 2ok 56 AT 2 26 i 4 LA i o
RFAIE , P RE A J5E 516 1) 8 243 15 0t 2 805 ) I, 8 26 0 114
i 52V B 2 R W 42 T, % 22 Fh g Pk 5 LA HEHL A
YRR M) RE e e A K B B, — B A X AR W 36
B FH I ZA% 5 o R H R
1.1 RREHY

BT 2 25 W (R AR 2 o A T A R AR R A & R 5
(R BT 32 A4, 5 T 2 0 0 245 00 55 245 0 i A ) s R
A A RTF B S R YR ( BIA) J& BT A
KLY FE BN o KT R & I R G R
PAPRRIE A SR BIA HR AL (S) -DIR 7 7 A
B HR, R E WY S R AN AR R 20 £
ol A TR BE rp R 2 3, TS B Bt T DA A
H 1 PR (S) - LR T 7 R0 o BT 2
A BB AL SR R 2R W G BRI Y (R B, A A7 o oK A
AL A AR : (1) KARF=IR A Rt . KR4
SRR FIIR A, R BAT A A 1Ry Ry
ARG ZR , S/ i 4 1T RE 5 350 SRR MR I ek, 72k
WTERR . (2) RET=WAED G GB EATE . K
IR B AL TR B L TR A 45 7 A ) P R Rk i AR B
o ) AWK E BT AT E M. A EPEC S
WG 35 S e A 0 R TR AR, A RS A T B Y
SEMIRAR X 43 FF, e AT R st A AR s b, 5
e BRI
1.2 PEHZ

PREEFT T4 2 3 ( BoNT) 2 piy #4214 55 PR 158 40 14 7= 2F
18, 3 2o A PR (A ) B B — e, LA i
FEME R R R R R PUIEME  bA EE S
DRI 7 3 3 DR SR 8 L 7 3% A S R ) 9 41 1 T

HATZ W5 B, d e & 3 1 BA A A ML 2 g 1%
RIS RERFAE 1 A 75 FF 14 2 248 0K . BoNT £58 34k Hik
FUFNT T3 B4R A B 9K 2R AR B 2 5 AR
i O TTRE : (1) W3R T R AORE 1. SR ARG ML Y
14 A B3 AT T M 22 B SR A A Y A A T HE ] e vh
AR S ff et a] o (2) EHTERIIIRE. BoNT [k
PEHES T2 DI RETE PN AT W 25 R 7, MR B
1B AR ) 3 B AR 7 A2 BT Y BoNT AR
IR o PR TR A A U R AL 1 28 A AR S
5B HE AP REAL , 3 2o e 2 Uk B BoNT 9 B0 1k
SR 5 i Hen] i 2o =S AR HAS 5 5408 B
AR AR LA B8 T3, AT RE S AR T Bl
AR R o

2 FRHNEHEEEMSREENR

240 P A A ) 18 5 A o 2 2 A )
FI T 25 AR P 19 221 1 JEE AR IR 119 A= Al S 10 o 28 4 o
iz Ky, 18 5 A DNA S 4LEOR N A= Wy an i N [ A 140
it RERACHERS 5 5% SR fe AT T B AR AR
IRBHRARIE AR A SR T AAFAE I L) 00 i il B R AR,
X B A QAR A AL 4 i TR R 0 1 QI e
Pt N A i AR 28 LUK A 7 R AR AR R SR AL 27 i
AfEEEL"

i A0 M A R AR A % A Wy 2 T RE A Ll 3
AR RIRACHEAR T A AP A i ( BR) AR
QIR (E A 28) AR5, ST+ LR TERE , 2F M fie i
FARTE PR A 7 AU 90 45 AR K AR A&
W, EREAR R IRFE N Berg i A o IR g AU TR A
B BAT R VE R R, i 2 5 DR 4 LA — E 1
UL R R, (0 M A A A 3 A, ™ A R T PR
Ji5 U A — B0, S B0 LR O & A=, L 2= b
FEfi o ARRIR Gl A W 5 B 2R TR ) A7 A0 B 1) i [N 5%
¥, il FEAR KR AV RKIAFAE T B AR IR ST i
M Jir A A 285 1A R A 0 1 T ) A B S 0 3, T
M ABEIAYI R 2R, AR R AR R ALy
RAE = H A 7 25 A 5 S 0 8 28 S BOR, AN B — Y 3R 358
AR BN TR MR R AN AR E Sl A
AR B0 O, 51 AR RO AS O T B R AL 7
SFTEAEIUR o
2.1 BB =-EEE—AVBHESHIHNESH

A BRI 27557 (OPNA ) e f1 2 1€ 20 it 22 30 4F
IRE B, A SRR A B iR sk e 52—,




182 h [E &) TFE 2K China Biotechnology

Vol. 43 No.2/3 2023

A S-(2- "N RA L) -HIE R BERR L5 (VX)) 19
V R EE ) R A0 OPNA ] FHGH O 3% 2, Tk JIE sk 1
i, T B SR ) B A5 o 2 T, X A LB IR TG S5 2
PO FIEL S AL AR 0T, T LA5 5 2 Tt EL Al 5 e EL 7 3
et i TR R0 OPNA Hh 3 ) A4 AR L
FUGRIVERD, BRTEEDS /K i OPNA [y IR BR 85 A 4 1
AL E WIS R R IEAE T 2 ™) B A B A B2 vk
EL 28 I B3 1 A IR — T 7 R e ke A 1
SRR LT R Ge A TR AT R A AT
A5 B it T OBk BE R BB M B ( Brevundimonas
diminuta) BEER =W (BAPTE) ) TREZAR IR, Hk
B R 1 i I A S AR R eP I B T A
N A 28T A TR L U A B 1 A
A VLB K ARG (GV) A XL 12 1A WL 2
BRI MREE 2 (TEs2) R L B R 2 R Y
TERA, ATk s n] R AR i R R R R
T A R 2R TR A AT ML K AR R AL A, B
R B 00 2 15 B A 00 22 4 v RV A L 38 T A AL
AR A AR T X 25 0 2 A5 PR AR 1
2.2 1 4-TBE—EXHERAREHER

1,4-T ZEE(BDO) &—FhE Z (A HLARE 40 1L T
JEORE, RTAE A R R A 58 8E PBS Fil PBAT B 5 25 b4 KL,
B TR A 2 BR T AR B8 K SR T S 1o Ak 250
BT KB R [ SR R T R AR TE AR R 1R
BIRAER R A o 78 BDO JER SRR B4 0 A2 A
B, N i AR HE B 5 8 SRR I 28 128 5 &%
P R R AT A TR, LA
Sy 5K AT A R AR 7 BDO, T H B AR A TG R AR
R 2 ) R A6 O 4 R £ 1R i A T 52 A
S, A B AR R AR AR I3 5 e R B R T 3 A R 0
X H 8 2% 45 1) S, T i T AR 0 1) £ 1 22 4 X
B AVEREAEY R G, LS E EE
BRXT H AR 7™ 9 i it 32 P, B AT R 1 88 2 2 1l A4
Yl MSCER Y RE T AR B 3R A 1 I AR AL IX
A, B AT S R B RE R R E R R KR
fasg™
2.3 MREMKBE—IERAREITIE

i )i HE [Q 1% £ ( Yarrowia lipolytica ) J2&— 7 il %
B AT P9 I 2R A/ TR BEAT A/ B R
AT A SRR A 7 5 AR A 2 ol 2 O i 0 R
FRALS Y, 550 IR I B A L X B B B AT 2R R
B A AL R I AR AL, 2 3 PR R A i R s op

F1E TR BE , Pold R MK E N H AT AN H AR ™ b
W BIRIRTE 22— ik i HIS EG 17 Bk A DY Rt i
FER AR TR T B, 08 2 4 40 O R S A T
SN AR AR A s PR 2 B ML B v, WG 8 A DR 4 4
B2 B [ AR R U B R R o 2 AL S
ANRRERARST T 1 E A0 A9 W) I8 B 52, dhy T A AR 1R
FRIE RIS ) DNA RURE I R 52 AR S R 1A 1, 5
TIPS P B L, R IR B R D 8 . 4R IR
U5 A i i 42 v 7 5 DNA XUEE W 2B 1 ku70 S
PRI SR I [ 95U 2 1 1) ] 0 B 4 2 P A B 1k
%E’\Jﬁ%{fﬁm] o CRISPR-Cas Cre-lox P F1 Gateway %5 4k
S 2 B3 AR X i i HIS G e £ 5 R 2 S92 B Rk i 4
25 IR [ N 2 55 A7 A 2503 A oy 0 L 45 ) et L i
HEHB QI BE A S ali A e B AR IC A BB L RS 7, = BN
SN ERA S R AR HRA

2 b AR R SR % 04 2 W) B i R AR g A
AU BB BT QIR AR G B BT I Y 42 48 5 i A
ARSI S P, LRSS SR AR R A B
PRIBDCIE"™ A A ol o 6 A i ) A
R 7 12 ROKS 240 V8 R, o 5 A 19 2 AR 7™ 0 1
GEL7/R7 IS

3 WEEBEEYR

A=W S A TR LSS Rl A F 5 TRV
H T E S AL TE S A 1 nl A2 P LR & S e &
JICR il T LA R RO S T 2 R Y 4
Y, R E T RN BB B G e 7 SR AL TR
P A P TG R ) o B 7 T RE R L i 2
e\ mp e

AL AR R 92 PR T2 s At — 2 BREE
TESHPI AN E B, AT I et A% 2 1k B0 A il 30 7
P SRE PR AU o 18 P00 J5 1) Sz A T PR PR TE AL 2
IO FPOE A, B RE AT 8] A B T O B
) HEB AR A2 , BE 56 00 52 i 05 PR ) Jo -5 10 B P 45
B in A G A BB B A ROR S 2 S
AR R o TUIR A U AR B S R S 25 P I T
BOSEAN AT AL AN B AN RSO B B A il 7 )
LA AR 00 Bl = A B du el & TRtk as i B
THEAEEY RN AT REE— 2P R AR OISR, H BT
VR ESAE ST 2 B . AW BB H AR 4
D A BOR AR AT AT, G W KRR AR — E %
S HAARR BB, 5 R P AW 1A N 1 45 &



2023, 43(2/3)

FURYE 45 4 AR TS P TR 1 2 5 4 TR LR o505 I 5 183

B B — B A Qs Oy Uk e, Rk A 5 3
[AER ) I GRS el E AT AEE S W S/NE XY/ LNT
s

/L O

3.1 mtMFHEIE—IhRE LRI 22 & B

e 5 2 I AN 5 TR BOHT 1 RUER R 8, A7 5 Tl AN
[ 2540 SR A o ML [ 1,5-a ] BEIE (PP ) 2544 3L )7 2
— WG W ST V-2 3R R G % LA IS RS e,
HATC & A WG & 72 H T ) fig S48 45 o) s
A M3, 4-d ] mERE AT AR A F B S R AR TS
P&, A I SRR — BR A§-5 (PDES ) (815 AR 324K
A 22 QPR M TR A A 5 (LT i ge 398 8 00 P 1 V5
O3 F WL B ELAAR 25 1 380 07 5k AT AN A an X I 4l
GURHTIMFERE 112 L SR AL S b2 7 1 i O i
T 28 G UK 2 1 7 A X e R AR E T 5 R
ZHEVE B PR AL R W 7 BRI e AN [ I i
PR EOZO i AT IR O K, R B S S D BR
FRTAEY) S5, S5 BUEAT REfEr AR 2 AN
NFN P R a5 BTN , BE AT RERZ I~ — 2 & iU N,
0, AT BETE S bR F b A= BIVE T itk me [ 1, 5-a ] 15
WE SR ASARLE B P 36 A 0], V-2 3R A% 0 AT AR
Wkt el J5 22 o Refb A SR B Rl 7 €2 .C3 .C5 .C6 F1 C7
DB AT OGPl I 2 B A S Y B AR R
PR RS
3.2 SHI3—ATZEMk & i1

SINI3 AEh—Fpkme I [ 3,4-d | mE T A9, RE%
0 0355 OB Bz IO 2R A Y B U 1 (SGKL) Ji5
RELAS: N\ g 200 B Bz 18] 50 5 Ak O e SR A B B4 2,
FHAERIMR N 21 5 (HCC) Je P SRR BT 3
HAASBRTEE, NI E iR Z 8 7 E 20
FER L SH3 B it A BRI i R b 2 B ™
PEFNEE S M BER A%, FEXRT RS2 ) g 2 R
ISR P ATV A5 S 1 B 25 W R T8O T A T 78
ARG ProSil13-TP XF HCC 2 (i A o B il i 7%
P, WA SR T ROR o A A W 2 e A5 B X O
HARY AR EC AR o vl g, 15 B2 AW o+
T HBRE AT SRR SR 45 5 T o 10 = BEARSF 1Y
FEF /b 0 B BT A 0 2 AR S B Y
SEAVERNTEE o TR 2 0 S 80 fef A 25 0 e AR v
FHE A5 RN AN —Z, AR S 0] P 4 22 ) K
i I AT RE G R A SO
3.3 MRy

EILHE 2 (NBOMs ) 24 AL A4, el R 1 K%

IRAETER A IE I R AR A TR R BIR AR
FHF M R 2, WS w-B g 2 R F KRR %2
K 1(CB1) , -2 B H AN (9 4 BEVE FH ) . NBOM o] &
a4 A SIS B, 251-NBOMe .25B-NBOMe
1 25C-NBOMe #isinz|Z 4 yums ™ . i —
L MEAT AR W0 1-2 E-LSD ( ALD-52) | 1-74 fi-LSD
(1P -LSD), 1-T fE3E-LSD (1B-LSD) %25 LA XH 45
(7 /N RS R . E MR 2k (LSD) J&
— PR I3 F S-HT 25U i B0 70, i o fiff 5%
5[] AR At 24 i [m] Ao R P s e A ™ 63 4 A 3
flRE B
4 EEYREBEEEAR

Bl A A P2 R R W AR R Ty 1B i A
TEPEY) BTG B N o R 45 B AR T A4 T A 4
AR VI REH A K 25 Py B8 1) 336 3% & 583D AT ER 4
AR WG B2 XSS A W HOR 7 2 BE 2 G AR
AR TH SRR ) Iz B RS, AR B R R R 2
T PPA A 42 4k

TEAZE A IS YEY) B B v, SO AR B R B it T
YORBI -G, A7 AE QR YA N h oA 55 25 9 4y
it g KA W B AR B K M GE A 2w, W] 5| R BT
PAKE AR R AR T U P06 PR A2 B e sl SO N . A
S 3k A B R 2 (6] PN M 26 41 T A 2 4 i 2k 1ok
R SR SR A R AN T B TR R T 5 R IS
WS AERE S S A AEAURTICR R E =Y
FB 75 A JEEAM A P, 1 R0 45 200 B 2 finh | 10078 R0 96 2L 1 A
PR, X A At R AR B A B R 8 A A ) AR R AR
T A AL TR, TP R AT AR R 2 A
DRSS, ANV I 5 3 8T P 0 O 7 2 ARV I, T Bk
FBAE AT 8 L EE & g AR U, H S I
WP s 36 f B , G =l 25 24 25 1 90 58 2 i XU, 3
P8P BRI 251 . 9K R4 0 T4 s 25 iR T
BOR MRS — R AR A R B B B e IR v 5] R
AR RN, A4 5 | A B DAL A A58 45 0009 2 s 3
RN RE ML S W, 1 TS SOOI AR 1) o A 5 ) B 38 I
I LA SRR BHRN A 27 P T %) B0 5 0 S SIS b R ¥
D I i ol At 38 8 A R0, AT X 0 3 S R R S e
4.1 fimdk

T AR AR Ry TG 200 i 5 R RN 2 1 S R e
N R AR B s AR T v, TR



184

HEEYIRERE

China Biotechnology Vol. 43 No.2/3 2023

FREL 5 BN T 240 L P B AR e A PRl i e, O Ak
T N 2 2 IR A R T KR
JRA RN B4 22 1) 18 R - ] 5% i 40 i o e ol G
AT RIBAEMRGE . ORI il 2By %
SR PSRRI h RV I 7= 2B SO AR AR A S B
MAWAEYF LRARS, B R st 23 8 L2
T B4R
4.2 AR

RIRR BB TR Z 2 Re 1, © sk
FHATWAW YR, BIET AR w2y &R/
FEE) o A SEAS Al ri) i P 6 0 R A 5, R
NS FMEST (PIPAC) 210972 /IMATRIE IR 5%
Moty —Fogr 7 o A WFSEE A R mRNA i) B
PR A BE 38 3%, 5 | 7B 5 30 3 0y s N B 6 2K B e
BrBaiE T (HIV) () 12 PP A 3K . R IR
VR RERIAL YR RN 55 2 18 K
PIAN T3 T8, B 250 AR B AN RO 5 355 70 ik 4 A
T80 ) B A G, B AE — MR EE M L A 2 B
B VRRIR L MR SRR R R R . AR Y R
PERG N T PRBE 2 5 KURS: , 0 40 i R 24 4 1 B0 AR
4.3 MRBEGYWHRERS
4.3.1 AN KM R A PGB T RN A5
A P AH B R A R 25 P R0 24 A O 3 T
WERAE R Z R REAL T RETE . 910, 5T R M/ 2 O P Tk
Jtie (PCL-CS) K E & WIE i A 4132 MR HE9K =,
WA SR 1) 6 AN R o A WL KL T
e RIS BA R S R AT NPs A 55 MR
TR = A AN BN, AN [ 465 2 05 SO 2548 8l T 2 1)
AR . KM R B S AR EAER, 74
SEAMIAE TR A B, B iR R S X B A B
F o YUORMRE AT 3E 5 4 M2 R R S AR LR AR
WL SRR AR . B A AR AL T L R
TEA HLAIRRLF 1 W B2 5 1 ) A v AL B S
B AL A dE Y
4.3.2 AR ME AEWAURARHE A BRI
A I ARAS T RO B B G T 43 3 PR B R AR A
b TREEEEA WA G R B R Ok ) % 2
AR BEERT T T 25 W % 3 L e e D 5 36 s 240
Hh PR A L TR I T R R L BT
VTR T O R R TORL LS T AL 9 K UL L 4 e ok
TEIRYT A4 R R, B 2 9 25 25 W) A0 Kb HAE 12
S R e LT A 0 T R BB R e AR

ANMIANEN (V) J2 Hh B 55 iR 200 A2 LT B A5 26
TR 208 0 A R O 40 N A1 BRI A /N B, Sh B AR 2 A
JANEVL I — Fh O 20 AT AR AR MR B, E A DTS
AR 2 K AL AR T3 ik T A KR A R T T
mRNA I ] BRSNS R R B SRk HE
li) 265 25 7 35 SRR RH X R A S — i 24 3 2 % 16
FERHEG R 28 2 PR AR e

4.3.3  TALGKM R TCHLGOKRATR di T HARRR M |
R IS4 T B0 TR IR YT 25 R R Y
SFEWPIE . S fLAAARE AR IURL (MSNs ) HA R AL
r fLIRTRAN Gy T A 2 D e A i e a5, S PR o
A BB, MSNs AT FCI FS0RE R #1050 e ff 3k =
ATREARH GG, OR R Ak 0 T A P DR B R i [] £ A2
YAE BT SR A 1 MSNs w1 L3 4o sl 2 4 it 1N 52
HPESA (ROS), EIHTH =73 5 Bel- 2 3K I il
NF-kB {EALAEE A B e 3R A e vk
P3RsE LT MSNs JOHLAR B ) A2 ) XURS: R 3%, 4
BRI R AT S SO AN AR

5 BEHEYMREXHEREYFEREXEN
T 5K B§

i A= A A AT B R AR 5 AR R ARG M o
AR AR R, AN T JHE S M A7 A A T ) o s A 4
MR T I e 5 IS P o 22 50 5 AR W)
FAEZEST T O P 2 B 2 P 1 O, PR H
PEFIPLH A AR 35 B, O 5 RAR W A Ee A,
BEIT A X D Xk T 58 2 I A1 AE ) 22 4 XU 119 A Ak
fHitE o

X AR AR R AR B 1) & BT 3 S A BT
Yo, S R 5 e U AL A A I 2% Bt KRR
SRR 3 B, A2 A G e A i A
R 5 1S L H A7 A AN B € 1, AT BE 7™ A2 A T ) I
lCE D TR R AR 122 4 RS, o7 45 8 Wi 0 B A 0
ARG A I RE AT W, o N O AR W R A2
SR J FRAE AT PRI o A2 3 JORS A TR R IR R AR 7 W)
A LR DR R AT F 2 A S DR A W AR o A 4
B ae, RIS & BT R AU & P A7
T A AN TR) R SR oA 5 DR i 5l ke DR i) DC i R AR A 2R
X S D R 8 7 0 i 2 P [ LA A 5 0 o AR )
PR AR N A W A i 2 1 AR X A 27 J S 1
FEVERE A A8, A= 9 55 Ao 58 XA T DA 4 T



2023, 43(2/3)

FURYE 45 4 AR TS P TR 1 2 5 4 TR LR o505 I 5 185

A ELAMIER o B EAR X 520 2 R AELE B RS 75
PR IR R 28 SUATIK, 7 7 B i BIAE 20 JXURS S £ L
TR A RN B 3 R 2 XU A R
Wy ST 2 H 1 M 2 SR R AR 22 18, I 740 %
VIS ERN R, 2 2 37 5, 7 I 52 i ik ML PP 8 7 % X
I PR B A B AL o B A 4% 5k, A T I X
JRE R O RHA T
5.1 BEEWEEYR

A4 T YUY TRHAR, KR
£ I BRI P T, 03 o R A AR R 1 2
IR A TR R (H ST B AE Y 5 2 10 B R
B E TR T S 5 PR 4 ) 1) 5 0T, B B R Y
R 5 52 BB IR, QPR A B Lk B AL
TE VD RE R A FBE A B0 ES 25, SOt H bR = 9
(A XS R B AR A S 33 . AR R
H A O B 0 AR o, X R A A I SR B
L T3 90 5 i 5 X 4l S 5 R 7 T80 9 2% 3 1 4
i, 25 B 1) 2K 9y J3 45 0 A 0 A 0 SR JBORE X 5 o K
LSS R FH 0 4 2 B 2 A — o A Ak B £ R
W PR T, A 6 AT B P G g 0 B 2
T, AR T AT BE 77 A 1 7 LR I R BURL %)
FE,
5.2 RAMIERARBHERMED

PR TR S 4 A 0 A L e R B 67 T R
2 M 8 156 456 S 1 AR A2 A 1K, L 7 240 i B 35 2% Ak
O TR0 S TR 1w T I 1 2 e
SR A VR D7 ¥, R S A A0 A K N B A R
PR R D S W N 2 A R e
G ZR B TR 465 120 % 0 2R 0 VA TR o e A R 5 o
Aok S8R P A T8 A X B R I, B T
CRISPR T4 56 W 14 oif [i] Y5 T 2L 15 SR . TR
SRR B A T2E 0 2R TT B T R E BRI
T, AR B BT T AR TS SR AR iR A% 1 25 4 45k
W R Tl AU, B A R K B R
T TARARME SO e TT X 2 o ixkseft:
SRR B A R BRI LA A 4 T AR PR, 7
AR IR W IR B R, 5 7545 % B A L ) A0 I 4% I
PRAER PR 2, 76 O 0 AR I K 0 S5 R R AR
Ak, BRI R B 7 R T % N R TR
SR E VA P 7 0 10 2 A JX G R 85 2 Y 1 s
R, Vet e b A e s AR R S B

GRUTBETE 1L , JIr o DA A 1 R FEE A w8 ELAFAE B AR,
o7 B A SR AT B I AR I ORI
B0, AETT S ALL S 6355 Sl I AT A2 ) 2 A R AR L
AR iy (& BRER o
5.3 WEEMEEMR

P G AR o — LA [ 2 A B A i ] 75 450
SR BEORTE , U 22 26 25 | A= W R 45 790 45 T i T i
PRIGYT , e I 5 4 4 0 SR 8l v A P A 2R REH, A
(ZE A2 AR ) A 2 b T Ay B Pk b ] A AL
SAFR R A A E A ISR G B PR 5 b BL, 36
AR & AT O 3 B 5 O TE A BUBURHI AR ORI B 2 F
R 285 PR 6 7 T A W A R SRR A 11
A E R B 2, B ST L RN U BE Y
L F AR S5 ZERHE IR B b o LA B B0 AT A
YU e XS PR 18 A 5 ML A e T B e e R A
A B2 M Tl S5 AU e o R L Ak 5 7 A 52
TABHIE & A RAE B Sl RS BIL, A= i (8 BEYG BLFT
L5 TS PR AL 2 0 14 A ) 2 4 i G R SR R e
X SE IR R PG T FRE A [ i D U A
— 5, A B A EORTE R A BRI B R B,
IV 35375 RV T 3 55 R AR ) 22 4 AU, i ) R ek
MU P A% 249 L7 i B S I TR A 2, 8 B 2 i
B 55 A BT RSl R R
5.4 BRMKRBZERA

Tt KRR @ d 2 KRR BR e, £
WL B B 8 A 2 15 R o, BR 2 PR AR
FBE L FFRIR AR I R 250, HARRX R IR HAR
AR B AR W) 2 A M 2R A4 IO 0 S
I B 0S G0 AT W PR 5, 336 3% 81 T RE 7 % ) B
Py P AR A7 ) B IR o e PR BT AR
TEVERMEREEOREET 55 . A SAL AR RSO L 1] DL
EYORBORES &, e g S B 1% H AR A 1) 5t
BT SR, AR TR KA R i 3D 4T ER T %8
Feft Tk Zou AL AE al BETE, 19 KRR E Y 4
REH T ML S BT S BOR AR AR X A
SR B A FUARE PR A RAE AN [R) 2 1F T i A 1k
L REY AL A s I 7% . B e S Ak A AR Y T
7, BIE N T AR YIS A RAEI 8% (5 B e, B 1k
AR W b3 5 [ SR FRBE T IR A SR L
B IEPAR PRI JE RN U SE SURBE Rl &, e e AR AL 58
HEW) A UL AU B2 2 5 3 LA Gl R D Sl



186 h [E &) TFE 2K China Biotechnology

Vol. 43 No.2/3 2023

A ) 2 4 O Ao S o R S S AT i a0 A TR A
DR PR 3R ZERHE R B 7 2 vP BB PR A Jm B i BEAEZR
TR PEASBILE] , Bl A A B B A BT o8 8 AL,
WA T ) STk RS AR B o

6 /N Z

TR A BAE B B R i 2 F e 2 B
B BRIRFIAE R AR A WAL 06 Ve L, DA K3l 6 9
BRI P Wy o33 3 1 ik AR op B AR Z W AE I AE )
B4 AR R A TR e A B B 2R . A
A PR TR TC A 0 A3 2 A T ) ok B 1 ™ o, B
AL T . TERUE D) AR B R B A2
BARBEZ D, BT AN A BUE P TR 0 3808 4 AR 35
AR RS ) 52 2% W 26 45 1R 5 5K, 7 A3 R IR
ST T S A A T R G 0 4 S R A
FEAAT S A v TG 16 35 5 D0 R A Ak 58 35 B 47 36 3
HEZE,

TEVF 22 & R 8 42 4R A5 0 M BT ) e 38
o, EUA AR 22 A DRV, 1 39 M 0 I 3k ik B R 1 3 5
B PR, P A M A8 R B O e 58 v o S
PR HRAE AR R 3 R0 o AL o A i B %, DATER R
S BRI 7 G AR AE A R RIRS IR 2B 7 264
PR G A R PR, LB AE AR ) R AR AR B AR 7
FR R ARSI 5 % ek SRR 350 1) A A, 5% B 45 1 0 552 it
1 AR R g B pe ELUE B B K, 1A 7722 4 Uy 45 A XL
WS PP A B 17 23 6 5 AR 7K S LR 3 5001 OBk 27 1 Xof
JES

BB A& B YR B R Pk
EPEMER, G A BUE Y B S E R AR HOR S R
AEFNAE X2 R TR AL, 3 2R iy U oA o SR A % AR
Toll R £ PR A B 2 SR AT M R S AR
ELRFHTRE I, I PI RE h A= 398 306 5 A AH DG 45 385 4n 44 oK
MR A BB IR 3 B AR R RO AR S AR 5
TrOridie X BR AR 24 25 9] h i B i A2 W 700 A T
IRHGE A B AT A A, FT RE XS [ bR At 2 RO AE [
B S R AR J 22 42 S, 76 R I R R E SRR R T,
FEAE HER] 2 o FE2 I A A 3ak 07 FH 14 ] B, 07 o 8 ok
W25 EF LR BORVE T T 8 A Y RO
W

225 3k

[ U] Wi, THOK, HRt. RAWAEY S CARE R ARG

WA= AL, R2pfk2, 2019, 34(12) ; 45-53.
Gao L, Yu X S, Lei X G. Biosynthesis of natural products:
exploring the secret of how nature produces the secondary
metabolites. University Chemistry, 2019, 34(12) ; 45-53.

[ 2] Pyne M E, Kewvai K, Grewal P S, et al. A yeast platform for
high-level synthesis of tetrahydroisoquinoline alkaloids. Nature
Communications, 2020, 11 3337.

[ 3 ] Nakagawa A, Minami H, Kim J S, et al. A bacterial platform for
fermentative  production  of  plant  alkaloids. Nature

Communications, 2011, 2. 326.
[4

[

Deloache W C, Russ Z N, Narcross L, et al. An enzyme-
coupled biosensor enables (S) -reticuline production in yeast from
glucose. Nature Chemical Biology, 2015, 11(7) : 465471.

[ 5] Jamieson C S, Misa J, Tang Y, et al. Biosynthesis and synthetic
biology of psychoactive natural products. Chemical Society
Reviews, 2021, 50(12) : 6950-7008.

[6

[

Tehran D A, Pirazzini M. Novel botulinum neurotosins: exploring
underneath the iceberg tip. Toxins, 2018, 10(5) : 190.

[ 7 ] Masuyer G, Chaddock J A, Foster K A, et al. Engineered
botulinum neurotoxins as new therapeutics. Annual Review of
Pharmacology and Toxicology, 2014, 54, 27-51.

MR, B THERARRAER oo sk @AY & i/ E A T
FRop S F TR O 2, A TR 2000 AR
R 2 0 22 RAF . 2017, 93,

Chen Z. Green biosynthesis of diols based on unnatural pathways //

[8

[

Youth Working Committee on Chinese Society of Biotechnology.
Proceedings of China Society of Biotechnology Young Scientists
Forum II.2017: 93.

[ 9] Jacquet P, Rémy B, Bross R P T, et al. Enzymatic
decontamination of G-type, V-type and novichok nerve agents.
International  Journal of Molecular Sciences, 2021, 22
(15) . 8152.

[10] Job L, Kohler A, Escher B, et al. A catalytic bioscavenger with
improved stability and reduced susceptibility to oxidation for
treatment of acute poisoning with neurotoxic organophosphorus
compounds. Toxicology Letters, 2020, 321 138-145.

[11] Lee N R, Yun H, Lee C, et al. Engineered recombinant PONI-
OPH fusion hybrids: potentially effective catalytic bioscavengers
against organophosphorus nerve agent analogs. Journal of
Microbiology and Biotechnology, 2021, 31(1) . 144-153.

[12] Bzdrenga J, Trenet E, Chantegreil F, et al. A thermophilic
bacterial esterase for scavenging nerve agents: a kinetic,
biophysical ~and  structural = study.  Molecules ( Basel,

Switzerland) , 2021, 26(3) : 657.
[13] Song T Y, Wang F L, Xiong S S, et al. Surface display of



2023, 43(2/3)

FURYE 45 4 AR TS P TR 1 2 5 4 TR LR o505 I 5 187

[N

[

[

[

[

[

[

organophosphorus-degrading enzymes on the recombinant spore of
Bacillus ~ subtilis. ~ Biochemical and Biophysical —Research
Communications, 2019, 510(1) ; 13-19.

Pandit A V, Srinivasan S, Mahadevan R. Redesigning
metabolism  based on  orthogonality  principles.  Nature
Communications, 2017, 8. 15188.

Yim H, Haselbeck R, Niu W, et al. Metabolic engineering of
Escherichia coli for direct production of 1, 4-butanediol. Nature
Chemical Biology, 2011, 7(7) : 445-452.

B, AT, AR, A RIS IR I A IR TR
TR B RARFOE I IR, A9 THRE= 4R, 2022, 38
(2):478-505.

Zhang ] H, Cui Z Y, Qi Q S, et al. The recent advances in
developing gene editing and expression tools and the synthesis of
natural products in Yarrowia lipolytica. Chinese Journal of
Biotechnology,, 2022, 38(2) : 478-505.

Groenewald M, Boekhout T, Neuvéglise C, et al. Yarrowia
lipolytica; safety assessment of an oleaginous yeast with a great
industrial potential. Critical Reviews in Microbiology, 2014, 40
(3): 187-206.

Arias-Gémez A, Godoy A, Portilla J. Functional pyrazolo[ 1, 5-
a] pyrimidines: current approaches in synthetic transformations
and uses As an antitumor scaffold. Molecules ( Basel,
Switzerland ) , 2021, 26(9) . 2708.

He H Y, Zhao J N, Jia R, et al. Novel pyrazolo[3, 4-d]
pyrimidine derivatives as potential antitumor agents: exploratory
synthesis, preliminary structure-activity relationships, and in vitro
biological evaluation. Molecules ( Basel, Switzerland) , 2011, 16
(12) ; 10685-10694.

Rango E, D’ Antona L, Iloveniti G, et al. Sill3-prodrugs
selectively activated by plasmin against hepatocellular and ovarian
carcinoma. European Journal of Medicinal Chemistry, 2021,
223, 113653.

Radi M, Dreassi E, Brullo C, et al. Design, synthesis,
biological activity, and ADME properties of pyrazolo [ 3, 4-d ]
pyrimidines active in hypoxic human leukemia cells: a lead
optimization study. Journal of Medicinal Chemistry, 2011, 54
(8):2610-2626.

D’ Antona L, Dattilo V, Catalogna G, et al. In preclinical model
of ovarian cancer, the SGKI inhibitor SI113 counteracts the
development of paclitaxel resistance and restores drug sensitivity.
Translational Oncology, 2019, 12(8) : 1045-1055.

Astrand A, Guerrieri D, Vikingsson S, et al. In witro
characterization of new psychoactive substances at the p.-opioid,

CB1, SHTIA, and 5-HT2A receptors: on-target receptor potency

[

[I

and efficacy, and off-target effects. Forensic ~Science
International , 2020, 317 110553.

Gee P, Schep L J, Jensen B P, et al. Case series: toxicity from
25B-NBOMe: a cluster of N-bomb cases. Clinical Toxicology
(Philadelphia, Pa), 2016, 54(2) . 141-146.

Poulie C B M, Jensen A A, Halberstadt A L, et al. DARK
classics in chemical neuroscience;: NBOMes. ACS Chemical
Neuroscience, 2019, 11(23) ; 3860-3869.

Wagmann L, Richter L HJ, Kehl T, et al. In vitro metabolic fate
of nine LSD-based new psychoactive substances and their
analytical detectability in different urinary screening procedures.
Analytical and Bioanalytical Chemistry, 2019, 411 (19 ).
47514763.

A1 Y J, Xie R X, Xiong J L, et al. Microfluidics for
biosynthesizing: from droplets and vesicles to artificial cells.
Small ( Weinheim an Der Bergstrasse, Germany) , 2020, 16(9) .
€1903940.

Dallinger D, Gutmann B, Kappe C O. The concept of chemical
generators ; on-site on-demand production of hazardous reagents in
continuous flow. Accounts of Chemical Research, 2020, 53(7) .
1330-1341.

Rudokas M, Najlah M, Albed Alhnan M, et al. Liposome
delivery systems for inhalation: a critical review highlighting
formulation issues and anticancer applications. Medical Principles
and Practice, 2016, 25( Suppl. 2) : 60-72.

QiuY S, Man R C H, Liao Q Y, et al. Effective mRNA
pulmonary delivery by dry powder formulation of PEGylated
synthetic KI4 peptide. Journal of Controlled Release, 2019,
314; 102-115.

Willaert W, Sessink P, Ceelen W. Occupational safety of
pressurized intraperitoneal aerosol chemotherapy ( PIPAC ).
Pleura and Peritoneum, 2017, 2(3) . 121-128.

Lindsay K E, Vanover D, Thoresen M, et al. Aerosol delivery of
synthetic mRNA to vaginal mucosa leads to durable expression of
broadly neutralizing antibodies against HIV. Molecular Therapy :
the Journal of the American Society of Gene Therapy, 2020, 28
(3): 805-819.

Rezvani M, Mohammadnejad J, Narmani A, et al. Synthesis and
in vitro study of modified chitosan-polycaprolactam nano complex
as delivery system. International Journal of Biological
Macromolecules, 2018, 113 1287-1293.

Gupta R, Chen Y, Xie H. In witro dissolution considerations
associated with nano drug delivery systems. WIREs Nanomedicine

and Nanobiotechnology, 2021, 13(6) : el732.

[35] Scher G, Schnell M J. Rhabdoviruses as vectors for vaccines and



188

h [E &) TFE 2K China Biotechnology

Vol. 43 No.2/3 2023

[

—

[

therapeutics. Current Opinion in Virology, 2020, 44 . 169-182.
Rahbarghazi R, Jabbari N, Sani N A, et al. Tumor-derived
extracellular vesicles: reliable tools for Cancer diagnosis and
clinical applications. Cell Communication and Signaling: CCS,
2019, 17(1) . 73.

Wang J, Chen D, Ho E A. Challenges in the development and
establishment of exosome-based drug delivery systems. Journal of
Controlled Release, 2021, 329 . 894-906.

Huang X L, Zhuang J, Teng X, et al. The promotion of human
malignant melanoma growth by mesoporous silica nanoparticles
through decreased reactive oxygen species. Biomaterials, 2010,
31(24) . 6142-6153.

He Q J, Zhang Z W, Gao Y, et al. Intracellular localization and
cytotoxicity of  spherical mesoporous silica nano- and
microparticles. Small ( Weinheim an Der Bergstrasse, Germany) ,
2009, 5(23) : 2722-2729.

B, WO, mRR. ZRKRTWREN: EERE
YA A A RS, APk, 2018, 38(9) : 2185-2198.
Li X J, Zhang W B, Gao S H. Total synthesis of complex natural
products: combination of chemical synthesis and biosynthesis
strategies. Chinese Journal of Organic Chemistry, 2018, 38(9) :
2185-2198.

W, B xR TREORMAHE ST, B Siks,
2001, 14(6) : 35-37.

Shen X M, Mao S M. The dialectical analysis of genetic
engineering technique. Medicine and Society, 2001, 14(6) : 35-
37.

[(42] £, 408, T3, 5. A AR SGHE R HR R ik 4™

REWilR S A A= . b T 254, 2021, 72(1) : 351-365.

Wang K F, Wang J P, Wei P, et al. Metabolic engineering of

[I

Yarrowia lipolytica to produce faity acids and their derivatives.
CIESC Journal, 2021, 72(1) : 351-365.

Wong L, Engel J, Jin E Q, et al. YaliBricks, a versatile genetic
toolkit for streamlined and rapid pathway engineering in Yarrowia
lipolytica. Metabolic Engineering Communications, 2017, 5.
68-77.

Lee S K, Chou H, Ham T S, et al. Metabolic engineering of
microorganisms for biofuels production: from bugs to synthetic
biology to fuels. Current Opinion in Biotechnology, 2008, 19
(6): 556-563.

IR, PR, LK, . FR S (SR A 2Y)
MRB AR A EAR. [HEFHE, 2014, 35(2) : 53-55, 52.
Feng C Q, Lu CH, Guo HY, et al. Discussion of the technics of
convergence between chemistry and biology related to the chemical
weapons convention. National Defense Science & Technology,
2014, 35(2) : 5355, 52.

XU, WO JESCARBUR A A AL i B BOR 5 (48 1k A=y iR
PRALY). HAEJIT, 2014(4) : 6271, 136.

Liu L, Huang H. The Nixon administration” s policy on biological
and chemical weapons and the biological weapons convention.
Journal of Historical Science, 2014(4) : 62-71, 136.

Alshawwa S Z, Kassem A A, Farid R M, et al. Nanocarrier drug
delivery systems: characterization, limitations, future perspectives
and implementation of artificial intelligence. Pharmaceutics,
2022, 14(4) . 883.

TIER, VL, KR, F SRS R e PEE
FBeli T, 2016, 31(4) . 432-438.

Ma Y H, Jiang H F, Lou C B, et al. Synthetic life and
biosecurity. Bulletin of Chinese Academy of Sciences, 2016, 31
(4):432438.



2023, 43(2/3) TR R R 905 2 U RS DT 189

Biosafety Risks and Countermeasures of Active
Substance in Synthesis Biology

NING Jun-tao' ZOU Shi-shi’ ZUO Kun-lan® WU Zong-zhen’ Li Jing' XU Yan-long® LIU Huan’*
(1 Intellectual Property Development & Research Center, China National Intellectual Property Administration, Beijing 100088, China)
(2 Wuhan University, Wuhan 430072, China)

(3 School of Humanities and Social Sciences, University of Science and Technology of China, Hefei 230026, China)

(4 Office of Laboratory Management, Chinese Center for Disease Control and Prevention, Beijing 102206, China)

(5 College of Humanities, University of Chinese Academy of Sciences, Beijing 100049, China)

(6 Wuhan Institute of Virology, Chinese Academy of Sciences, Wuhan 430071, China)

Abstract  Active substances are often synthesized by microorganisms as carriers in biological metabolic
engineering at all times, and the formation of metabolites in all stages of the life system provides a natural
template and design blueprint for the development of synthetic biotechnology. If these metabolites involve harmful
active substances or potential safety threats, such as toxins and protein complexes that are toxic to humans,
animals and plants, drug molecules and their derivatives that can be used for clinical treatment and can also lead
to dysfunction and health hazards, and chemicals that are prohibited or restricted by international conventions,
they will have adverse effects on biosafety. Through reviewing and analyzing the safety risks in synthetic biology
related to active substances such as natural metabolic pathway biosynthetic active substances, non-natural
metabolic pathway biosynthetic active substances, chemosynthetic active substances and active substance delivery
technology, this paper puts forward countermeasure strategy for promoting the innovative development and
application fields of active substances in synthetic biology.
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