TRAESGA IR Sep. 20, 2024, 51(9): 3372-3383
Microbiology China DOI: 10.13344/j.microbiol.china.231076
http://journals.im.ac.cn/wswxtbcn Copyright ©2024 Microbiology China All Rights Reserved

RS EAEEZS IR

FHH, TRME, WE, TR, FWRE

R Tl K2F MY RAG&2#BE, MR A8 450001

FAH, R, G, 2EETK, SRR, R AR TR B 2 AT BT [)]. SR eE T, 2024, 51(9): 3372-3383.
WANG Zhengyan, YE Tianwei, XIE Linyu, LI Kexin, GUO Yulu. Application of insect symbionts in the medical field[J].
Microbiology China, 2024, 51(9): 3372-3383.

W E: AREAFAARMP VALK, AABAGEANE., — R THIMNERG R R LA
HERBAWRTA TRty 0 @& IET M HHEEMEF., —RRRELAFTH 7 ANHFIER. R
ke A B BIAR R R A, FAEWNES. BEEE KT FERARILERR, 44
IRE . REAABE KA S ARG, 2R, LB HRBARY BB, 1 RXE T R AK
W7 A6 R BB 7 @ 09 TR, SR B R B AR SR AR T AR, AL R
REAFALRM YO EHAREATT HR, FHoWT EMNAEEZHHRG LA IR, A4 F
A Faff ke R, VAR ) A S H G BT AR L

K Lk XAR, KM W BEAHSRE

Application of insect symbionts in the medical field
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Abstract: Insect symbionts and their metabolites are complex and diverse and have potential
medical values. Some culturable symbionts in insects can be used to accelerate wound healing
and treat the irritable bowel syndrome. The culturable symbionts in insects can produce a
variety of active compounds. Among them, organic acids, antimicrobial peptides, and alkaloids
can inhibit the pathogens of humans; lipases, yeast killer toxin (KT), and reactive oxygen
species can kill malaria parasites; peptides, polyketides, and esters can inhibit human tumors.
However, due to the limitations from immature isolation and culture methods, insufficient
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clinical trials, and clinical adverse reactions caused by their secondary metabolites, the

application of insect symbionts in the medical field is still in its infancy. This paper reviewed

the medical functions of insect symbionts and their metabolites and summarized the status,

problems, and solutions in the application of insect symbionts and their metabolites in the

medical field, aiming to give insights into the study and application of functional symbionts.
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& il iz sz RIANE EEN
AT, TERMINIE L AR, AR E R
W R E A S R P, B HOA AR R I R
FROEBAE, T T T DS IR g 3 A B AR Al
MTh, WiEER. EREE. SRR, gy
M BEEARS) . Al AEER R e
FIRULE TR RILHT A BT, A K AR RS B 1
FHAEY ., AEBIERS . HiEALU8 MG
EMEFAHY, BT AP A
PR I R AN A P ] 5 4 55 =X fR
PR T G AR AR R, 3k e HLA
I HEEER AR D REME PSR AL T LS

H AR A B ) B 25 D) RE O 48 A5 15 5]
IO TIE  — SR B AR IR A =, W2 K
TR WAL A P RS 5 NPT I A L 9 i R
iR A RE O, BeAh, —S R AR AR R 2 A
WHEA NG, RHERZETRTER, Betg el i
BEEAL G R MEmT, a0 T % i (Apis
mellifera) i 18 o 73 B 19 B 2 GO 8 2L AT
(Apilactobacillus kunkeei )73 5 = A= 2 B A1 H
FERELLFE NAD', A b A7 SRR 2R 7,
F H AT LA B SR 5 10 2 B e
M 7% (Bombyx mori) iz i H 43 25 i FLER 7 re A
(A AT 0 A1 ) LT 5 i it R AR R 3 (R
WER A= A FHIEER , I8 RELS A5 [ e AH [
P, DN T 01 ] O s R A o2 AU ot 98 I ] e
(2, PR A AR i A0 1) g J LT

ST R R A T SO IR R 25 T RE
F O A BRI 7E B 24 U B D AT . H
B, B ANz 05T A R R AL AR e 2
S B R, EJE g R B I AR
AARRIFFRFI AN, esh, Bk A o
Je A= Py AF A R SR R | 2 B AR v I
ATKHUBE N A5 Ry BRAE o R, B A T e
O A 5 245 s o, AT Ak TR B B
FIREMELR , A SO B B A R A IR
PREGINREREAT T 251k, HF 0 M T BN IHE R 253Uk
AL FHBAR | A7 B R R g ki A, LADIHE
PEOREMEIC A WSRO o th T E A SRR
YR AVESREAR M EGRY, AR SORR K
AEFRDRERI AR

1 REFAAEEWELIG®

1.1 BN RIRE

B A A B AT DL AR A LR, e R TE
THALTE R pH (RIS IREGR Do PO
R0 7y i v ) T S FLAT I (Lactobacillus casel)r™
AFRR . FIR . R _RM LR, H KR K
P (Escherichia coli) . 7€ V0] FX B (Salmonella
typhimurium) F1 4 B €479 % 2K 15 (Staphyl ococcus
aureus)?!, P 5 25 14 H R A FLRRTE PAM 3 il PAM 4
S R A LR , 1 4 v €03 2 Bk T AN B
FEVPTTERTE "), TG Jy 26 e il 9 1) L Ak PR TR 237
A CTR AN FLIR , I EAZ A 2R 0 RE IR
(Listeria monocytogenes) Fll K iz i 7y FG i,

B A A B RR P AE BRI . RIRINERZE .
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AR, BB B 0 R S B A A DR (R
D)o PURKET U BOIRAE &, B SRS #4158
e, BURBENSMBIER, SIRAAETEY.
— LRI ABERA ST BA TR RN, 2
5 LR AU b 22 A A, ORI e
PN AR T A D REY . AR e i 2 R L
AV ) 40 BT £ K A A ) 8 A PR MR 1 o

| e i S TR SO 3 e O S e )
BE, POHIANE AT, AR AR B
0 F & 8 R B % 1 (flavin mononucleotide,
FMN)FIRZ B R BI2E R, Al LASS & FMN BBk
¥ ribD IEBCHA, T 1 ribD # T IER G R IK,
P FMN B9 8, DA T4 s Do o 2 K B b 5
FRIAR% 8 2R B A Y

R1 BEAERBRB~IMNEARRREENRERLER
Table 1 Insect symbionts that produce antibacterial secondary metabolites
BHufs AFHEERAL A PR 275 3K
Insect host Parasitized site Symbiont Antibacterial activity Reference
VU5 i [ i T LA A PAEFLR . FR . RO, MEIRmIRA R [12]
Apismellifera  Gut Lactobacillus casei W RAGZEVDT ] ST AN & B 0 A A Bk b
Lactobacillus casei inhibits the growth of Escherichia
coli, Salmonella typhimurium, and Saphylococcus aureus
by producing lactic, oxalic, glutaric and acetic acids
H FLERE PAM 3 Hl PAM 4 " AAHLER, ] 6 g (A BRI A BV T IR [13)
Stomach Lactic acid bacteria Lactic acid bacteria inhibit the growth of
PAM 3 and PAM 4 Saphylococcus aureus and Salmonella typhimurium
by producing organic acids
i FLIR A PR CRRANFLIR , M BAZ I AR A TR R T AR [14]
Honey Lactobacillus sp. WA CH
Lactobacillus inhibits the growth of Listeria
monocytogenes and Escherichia coli by producing
acetic and lactic acids
BOME U [EENN] PAE 2RI N BRI G selvamicin 235 116 [15]
Apterostigma Ant nests Pseudomonas sp. RPN bR S BEAR EAE R, ARIRAR Y 58
HEPE I Y S g
Selvamicin produced by Pseudomonas interacts with
ergosterol on the cell membrane of Candida albicans,
thus compromising the integrity of the membrane and
inhibiting the function of membrane proteins
K Jo 18 AT FRANRIK, A <5 B 00 4 BR R [16]
Hermetia Gut Bacillus spp. Bacillus spp. inhibit the growth of Saphylococcus
illucens aureus by producing lipopeptides
Jo e L FLERE Sy-1. Sy-2. PR A R T SR A R R R, AR Ak [17]
Heterotrigona  Honey Sy-3 #1 Sy-4 RN . KpRARE . WE TR, 456
itama Lactic acid bacteria Sy-1, %5 K B8 Al fili 48 7 85 1A FC A

Sy-2, Sy-3 and Sy-4

Bacteriocins produced by lactic acid bacteria inhibit
the growth of Pseudomonas aeruginosa, Escherichia
coli, Bacillus subtilis, Saphylococcus aureus, and
Klebsiella pneumoniae by interfering with the
formation of biofilms of pathogenic bacteria

(%40
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B s & AR AL AT TER A 225 3k
Insect host Parasitized site Symbiont Antibacterial activity Reference
A7 S 73] TALIR I HCa4 PR 2 AR N AL S, I A2 B AP (18]
Locusta Gut Amycolatopsis sp. HCad  Fft 4 % (0 3 4 BR 1A
migratoria Amycolatopsis sp. inhibits the growth of
methicillin-resistant Saphyl ococcus aureus by
producing two new macrolactams
SR TDNIEL G 7] PTCALR 1 M39 PR 4 R B R REAL N R AL S ) [19]
Macrotermes  Gut Amycolatopsissp. M39  macrotermycins A—D, I 4 35 (4 4 49 BRI
natalensis Amycolatopsis sp. inhibits the growth of Saphylococcus
aureus by producing macrotermycins A—D
i Jo 18 LA X802 PR 4 FET L ERR I IR AL S [20]
Microtermessp. Gut Pseudoxylaria sp. X802  pseudoxylallemycins A—D, 1l £l (R B 1
Pseudoxylaria sp. inhibits the growth of Pseudomonas
aeruginosa by producing pseudoxylallemycins A—D
FCEREZE 73t s tadz FPEAEHURIIK nicrophorusamides A, 4B A% [21-22]
Nicrophorus  Gut Mycobacterium BRIE AN BR A
concolor Mycobacterium inhibits the growth of Saphylococcus
aureus and Enterococcus faecalis by producing
nicrophorusamides A
ez il ROV FCTA P RIS AR serrawettin W2, HIHil i 37 B A PE AR [22-23]
Nicrophorus  Gut Serratia marcescens F14) 453 € 4 2 B T P BRLAZ 1 A 2R 0 R [ T
vespilloides Serratia marcescens inhibits the growth of
methicillin-resistant Saphylococcus aureus and
Listeria monocytogenes by producing serrawettin W2
ES RN SL O S RIRERE I AR E AR, H FMN G 8, AITGI400E [24-25]
Odontotermes ~ Body surface ~ Streptomyces davaonensis 1% i % A4 i
formosanus Roseoflavin produced by Sreptomyces davaonensis
inhibits the synthesis of bacterial FMN and thus
inhibits the synthesis of bacterial riboflavin
J¥ 18 o PR 2 T8 PR AR RS A IR, A 6 e G AT BRI [26-27]
Gut Sreptomyces koyangensis  F [ (&R A A A FRAR R, T HRai i i pd e
A
Indolizine produced by Srreptomyces koyangensis
inhibits the dihydrofolate reductase and thus interferes
with tetrahydrofolate metabolism in cells of
Saphylococcus aureus and Candida albicans
HIgG ik [ EAE(!) FEASH R AR A R AR nodupetide , ISR S [28]
Riptortus Gut Nodulisporium sp. Nodulisporium sp. inhibits the growth of Pseudomonas
pedestris IFB-A163 aeruginosa by producing nodupetide
Ve MiE BEAETH FrEAE Z AR NE R IR N IERSE1E &4 sceliphrolactam, #]l [29]
Sceliphron Gut Sreptomyces sp. il A ER
caementarium Sreptomyces sp. inhibits the growth of Candida
albicans by producing sceliphrolactam
TSR b Jo 18 5 R ERA FEA IR 2 mundticin KS, 405 i B BR A [30]
Spodoptera Gut Enterococcus mundtii Enterococcus mundtii inhibits the growth of
littoralis Enterococcus casseliflavus by producing mundticin KS
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1.2 HIHIERE

JEIR A A NR S5 RIS, IRITIERINE
MO RMHAESR, mad L TIUET, s
b= PN e S S N AT /N b e P e
U, TG HH AR R e g
A I BT ST T WAL 2 N2 o I A
T e B T AR B I L, T B AE ST
BRI T2 R RR NG . Rk EE R KT ATG Pk
A B AR FEIE B PR
I (Anopheles sinensis) iz iE H 43 5 H 65 B fit ik
7035 G4 (Serratia ureilytica) Su_ YN1 BE4- g Iy
filf AmLip BLFZH0 AR KSR B AT FG e
(Anopheles stephensi)iziH H1 7 25 H 1) 58 B i
g1 B} (W ckerhamomyces  anomalus) 1 43 i i £
B8R KT, KT 5111 [ 5t U A A -2 1R P R
ZAR——B- IR 2RSS, TR0 e
IR A, ARy, Ok R E RS
FBO3T1 M B L 4457 (Anophel es arabiensis)fA& 4
o1 B W T I (Enterobacter sp.) Esp Z Rer=A:iih
PEAARAEIEJF R A BRRE I CY . (H, R0t
PRI R MR D 75 PR LA AT WL o AN A B4,
1.3 P A {4 B 28 2 B

TE A 200 i 1) 58 D] 2% A28 e A A S FE R
Bl E AT, AN TERAE , B SR A
JIev e 240 A P 398 B AR T 22 53 2, A 53 2 SR
{RALEG 24001 G A4y 2480 M, {H e 41 i
) 200 i 53 2 o SR 4 O, X S ) A i - 2
JEL 015 240 B 3 24 T SO AG A A 28 A5 A O, i mT
& FUE A 530 [ 5 78 R 2 B 240 L 4 54 3 2
R 3 DR B AL A5 A 285 R0 ieah, i 4 il
2 VRN M YE T3 A B A SR T i, A
Tk SRR P MR FE T, X AT B -5 R R AR IR 1R 1Y
ERER N S e SN2 ANy ey s =R=2
1 % 1Y) LA, A S e LR A T RE AN
SEHEEE, AN G E o R, — B R

NN ¥ TR NG RE < SRR E S g S I i
RAWMALEE, A AT,

AR, IhIRE R AN KT BT, RO M
TR , B BT AR R AT R AT
T R e A T G A 2 T R 7 A
TR A P ) ) F SR, 3% ST e T )
Jr EEEGE . REEAEY), DA —Siks
Mg . B . K OImIEERED,

1.3.1  BREALEY3S BB E 1

JRZEim A AR S 2R A4 DNA §%
SEARRARAN IR, I R R BT R SR e A
fit 7 R, —Fh R AR R I A Y 2 A SR T T
(Fusarium proliferatum);=4: it)—F 2575 ik enniatin
S IS PERER FRANM K-562 (4t A3 244
WIBHHATE Go/G, 1 4 (Forcipomyia marksae)
J7EEURERE Culicinomyces davisporus LL-121252
P ) —FP K culicinins D GEIH] 40 i 4324 51 447
VERERYIETR TR F cyclin D3, & fma ifd 724 5
PR p27 Kipl 7K, FEAIHIE T A0 AR Y
mTOR 5 538, MIMMHAFLIEA MDA468
frH4 5 47, 41 Y (Apterostigma octospinosus)
T [FR F A B 5 T (Streptomiyces sp.) Av25 2 PR
PYTR R R RETE 5L SR IR AL 5 DNA B
A, TR AN RNA A e
1.3.2  REZLE D% R HIH (A

SR Ak A5 ) 308 Ao 7 T 240 L S S 0 75 2
FOJE AR T A0S RE S LT & HE TR
TE Ve W5 Bl T v Y 4 %5 TR (Streptomyces sp.)
1H-GS5 2377 4k —Fh R EAZE k54 spectinabilin,
T PR R AR B A HepG2: (1) I F%
fik HepG2 473 2L H 5 1 B1 Hl ede2 HYEEH
K, HEIN p21 MK, 53 HepG2 4 il
1 Go/M HARH A 5 (2) it 7E HepG2 A H 4
Bel-2 FEH £, i Bax EHHEKIK, #IG
caspase-9 Fll caspase-3 355 HepG2 4l i -1,
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i 4E 1 £ 1 (Acrida cinerea) 7 18t AF 2R 75 25
(Penicillium oxalicum);™ A it —7Fh 28 5 i g il —
RIEFMMEDY secalonic acid A BEA R IR
HepG2 AR SAARIEHLN , B b A8 7
PR A LA ST ORI P B a5 3 o, DA T 0 o
e 240 B 253 S5 P K (Periplaneta americana)
N A il 25 (Aspergillus taichungensis) SMUO1 =4
H A BT 2R Y R WAL 59 aspertaichunol
A, BEHYIR ThO 40P 40/ R IL-9, v T4k
2% (IFN-y) R 83 TR HE IR - (TNF-o) (1) 2R 35 1 53 00
JKAF-, T TNF-o Bpa] IFN-y 38005 B0 20 DL
58 ThO MHL IR g Y.
1.3.3  H L &35 Mg ey #lHI{E A

B A R R P A HAB AL 54, i3 o
3 240 L T R0 3 T UL - 3 - B T 1
B (phosphoinositide 3-kinase/protein kinase B,
PI3K/AKkt) i 42 K ¢ 45 50 I g v M o v A2 A
(Oxya chinensis) /& N Bk & 7¢ B (Chaetomium
globosurm);™ £k [ e k2 FH IR 1D 2 W] 155 HepG2 4
M JE T3, P 7 28 1% (Apis mellifera yemintica)
Y B R 2 TR AR IR B RN ER SR ) B 25 g ik
FLIRIE AN 2 MCF7 # HepG2 HO4i LA 12155
W, IR A PR TR0 e i A i
% (Aspergillus sp.) HC2 7= 4 (R —Fh EERZS AL &
¥ bostrycin, @it N PI3K/Akt AL ]
ISR AR AS49 4 kg gt 7%, R s 3 A B
FF 7 (Xenorhabdus sp.)fE ™= A= —Fh 2R & AT A9
WBI-1001, i FEARHTIA - 4L Bel-2 mRNA
FRI5, Al B {2 98 12 2% 5] Bax \Bad il mRNA
ik, fEKE AS49 i R FRIE G, P50,

2 REGAEEEREZIRN N
J AR

2.1 IheeMtEREIR
B AL AR R ALIRT T 2 M N ISP , 78 B2 24 4

A B B N AT St i, D e e g v ] LA
43 R B FLFT T (Lactobacil lus paracasei)
Rl 25 W% L4 1 (Lactobacillus rhamnosus) F1 41 )
FLAT 7 (Lactobacillus plantarum), K5 il Bl St
5 30 R IR VR A VT TR YT R L T 52 F AR P AR
) < B0, A R R 10 SR, T AR BR T 52 PP 4R
PRI 4 v (A AT BR B 0% DB W i 3 43 5 1) L
MR T AUOBUBE AT TR BE A 2R YT it FH AR P AR 4 B 45
HATERTA | A 2R A BRI D RN 7 v B R A K T ek
e a, XS RRE P A LR R , FRAI A
CIIRSE Y pH R, #0645 O B4k, FLER A BE
FE A E AL SRR R A AT,

REVFZ 098 2 B B 3 A TR i B2 2 )
fig, HHAE B 2 0 i AT SR THT I 25 1 2 4k
i (1) BT R A A B P A /N R 2 O
A AR R AT RE R3S 98 Ao B R SR O TE IR
B, AT /D E A T A 35 IR S R 2
JfL 3% 75 BE GG B 15 40 i 2l R AR AR K
Jir g B A B R A T B 22 3 RS R Y5 ()
B ) A BTG TR AN A2, —SEE TE X DA SO
B IE A FLe TR (3) Hhg b, AR
ALIEREIMAE . HREIMAE, W25ER A,
JEA RGN, 7= AR S AU
(4) A D ECE AR TR G 2 A VI PR ASCR I
TNFLRRATF R AUSUB A TR, R 2B W A
FEAL, I HIGRIAE A (5) BARZEMR
RS AE TR R, (A AT — 3 il 45 R s H
ok, WFITas AT A — U R R e T,
PR, e 2 F R B 2 50 B Y . ™ Y BEATL G HR
8 R e RAFF 7T

B AR TR A [ 2 0 Y o R AL TR 2 By
B, Ml i 2y AR BT bR, WA T REN
YERLE, IR B A YA
1) Jre A Bl T 0 e 1 B 22 A TR, R T 2 B
HM P E AR MK i ikt 7T HA BT
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REAA DI ZLAT A L R B LA I8 L R T IR LR 1A
IR iR Z1.FT 1 (Lactobacillus acidophilus)Fl 2f #FT
BRI AT DAGFING DA fi FH 1 25 A B AR A T4 SE TR
LI, DA OB e A A AR 1) 5 E R A OGS
R, A RS, SR Ao FhRic S B
TEPRHE AN D A5 DR 075 328 HR R, sl e A pRT i e
PR, JF A DR AR G B W — AR
B, HEA 2RO BRI,
il B A R LT I | g R FLAT R AU AT
P (Lactobacillus bifidus) ) Z Bk, L&A
XU A BT R T LA TR 1) 22 TR Ak LRI 97 Sk 7
A 51 A JLEE AR K 0 b A 0 A 3 A
FA, R SRRSO RS, Ik
KR B A0 G 5 R A LT R R R 3L
FRAIEA, o] DA o il 3% 4 FC B R R
VDT TR A, AR LA BTS2
2.2 NS ~ZIRI N A

B AR TR AR B T R MR S P g
PR [ B sl i, o — 2 B TRYT
i} 22 25 N ARG TR BT, DRI A B 24 A58 EL A T )
W RTRD, SRI, IRZPURE Y TE AR NG
ATE R AR R N . # Kl (Nilaparavata
lugens) B3t 14 ZF 4T & (Bacillus sp.)RE™ 4= 2%k
R FEIR AR, = ARk 2 A
R, AT LARYT 8 22 [0 I 1 5 R i it 2 24
SRR RE AR | I VR R S5 RINRYT SO RE R 5
FE 1 A SR e U R I g R P X 22 8 B R T
AP, M HZFE RS EARR RN, W'E
FEPEEEE B s 2 d v B db A S
R B ERIBENILED
WBI-1001, fifi I &7 WBI-1001 AYFLE AT LAA %L
A B, (H R IR 20 ) R ot B2 ) ER
FeIH — L2 YA R 7,

F o AR B AR A IR AR = R 2 AN )
REA At , HE MK TF R 11, Rk ser=4)

KEZAFHIE W TRES , 78 B 25 688 1 o i A7
TE—Senl i RO A BT E RO
TR, REVR DRI 25PE R, (H2
AR TR AR I TA P L A Z AR A A AL, X
SRy S B BT B I R AR T 244 )
PR T ) — A B AR B SR P AR AR
W=, T B R R R OR BE P AR IR AR
Wy, A e A TR A IR A R Pk R Ak T TR
R, il H T AN RERS Bl —/NER A TS IR
VANt 7/ R 3155 B~ 43S Fe RS = e WD 7 o
BRI R AR G400 1 e T, 30 3o SR R A 42 4
HAttini IR T EEREFH warkmycins
KM sipanmycin A F1 B Bi~#fb &7, x}
F B O AR T A A R AR P A I R S
IR RN, B EIRYT 1R HR I R YT 25 vk
FEWEI, 2R RAE, R AR AR R,
DAY 2 AN RSy () e AT

3 REMRE

HAT, ZEITAERM2GmME B, M
JERE 2, B B A TR SR A - P A = 2y
NRE AT A Bt — 2 B AR AR £ A2 1R
BOH TR RBEST, BEARBUT T —@ERMBCR, HE1]
AAAE B B AR BROME LA IR E ARG 2 ik i iE
ABELETIA | 22 AR RIS B | LA iR
i PRATESE 45 SRAFAE A — B A E 1 S5 IR,
AT AR BB | B 2RI Rt
A T -5 IR IR AR FH 0 RR 285 55 0 0k i e o 22 3t
A TR R e AR TR DAk — S R el A R AR
A LAR DL 1 IR A B RE 4 ) A A4 B R
PEHE ARV | WERERE R KT HIE PR A RE AR
JL e, 7 A B RS | SRR 2 e ) A AR M
{EE:, TEPR 2590800 ik S s AL St A7 AE
HHUAE R 251 L R 5 D TURR A A
AN BRI A TR, BT DL S A S G A Gl 4
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B AL AL DR 21 2 T B AT AT 25 ik
AV 45 5 2% A e X e [

FE Tl Sk, v il R TR R )2
Tt LB A R LR A 1, ¥5AE | s i
b AR TR S AR Sl el il Dy R A RN = vk
AR IR E, I HLBUS T 8 0 ™.
B, JeF A YL s i o s T e B R %
SR AT DATRUAIVRE 2 1% 200 M oA A ™4, i 2 i
K] DL B RS S o 55, 5 B e
TR R AR IR B T R L R
14 K ¥ A P R 28 A8 B AR 5 1) Ak AR T
DATERE P S RE S R 5 | A BEATLZS AR , DT 4
SR TR IR AR R B RS T
EE R Bk (Pichia pastoris)ft -7 2 4 11 il 1) 7
RAEFE T A0 TR R FHE 4] DNA #R,
FR AR | 125 AT IhRE, DAR R ek
TP AL , R B X KGR IR i T
SR AL, $Em T BRI  se
FEAE AR A e AR TR R LR AR 7 A B 2 4k
IR AR SR AL T 7 1w o
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