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Abstract:

metabolites in the antibiotics-resistant mutants by attacking the bacterial RNA polymerase or ribosome

Ribosomal engineering is a technique that can improve the biosynthesis of secondary

units using the corresponding antibiotics. Ribosomal engineering can be used to discover and increase
the production of valuable bioactive secondary metabolites from almost all actinomycetes strains
regardless of their genetic accessibility. As a consequence, ribosomal engineering has been widely
applied to genome mining and production optimization of secondary metabolites in actinomycetes. To
date, more than a dozen of new molecules were discovered and production of approximately
30 secondary metabolites were enhanced using actinomycetes mutant strains generated by ribosomal
engineering. This review summarized the mechanism, development, and protocol of ribosomal
engineering, highlighting the application of ribosomal engineering in actinomycetes, with the aim to
facilitate future development of ribosomal engineering and discovery of actinomycetes secondary

metabolites.
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Figure 2 Mechanism of the stringent-response-activated secondary metabolism in actinomycetes
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Figure 3 Mechanism of the rifampicin- and ppGpp-activated secondary metabolism in actinomycetes!'*.
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Table 1 Summary of the application of ribosomal engineering in actinomycetes (Up to 02. 2021)

Antibiotics Strains Mutations Significant change* Time References

Actinorhodin (13) S. coelicolor Str/rpsL (K88E) 1996 [29]
Str/rpsL (K88E, K88R) 15 folds, 2.8 g/L 1997 [30-31]

Par/rpsL (P91S)
Str/rpsL (K88E), Gen,

5-21 folds, 2.1 g/L 2000 [32]
48 folds, 6.88 g/L 2001 [33]

Rif/rpoB (H437Y)

Rif/rpoB (R440H, Q424L)

>93 folds, 2.79 g/L 2002 [34]

Str/rpsL (KSSE) 2006 [35]

Str/rsmG deletion 2007 [36]

Str, Gen, Rif, Par,

180 folds, 1.63 g/L 2008 [37]

Gnt, Fus, Tsp, Lin

Str/rpsL (K8SE, R86P)

55-106 folds, 2009 [38]
(0.133 8+0.007 0) g/L

Str/rpsL (K88E-GI92), Par 2009 [39]

Ery

Rif/rpoB (S433L)

2012 [40]

42.0-55.5 folds, 2013 [27]
(28.7+1.3) g/L

http://journals.im.ac.cn/cjben
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(ZEE 1)
S. lividns Str/rpsL (K88E) 1996 [29]
Rif/rpoB (R440C) 2002 [41]
Rif/rpoB (S433L, S433P) 2002 [42]
Str/rpsL (L90K, R94G) 2003 [43]
Str/rsmG mutation 2007 [36]
Ery 6-8 folds, 3 g/L 2012 [40]
Actinorhodin related S. coelicolor Rif New compounds not 2013 [27]
compounds detected in WT strains
Actinomycin D (28) S. antibioticus Str 5.2 folds, 0.063 g/L 1998 [44]
Gen 4.1 folds, 0.05 g/L 2008 [45]
Str/rpsL (K88R) 7-10 folds, 2009 [38]
(0.047 1+£0.004 4) g/L
Rif/rpoB (H437R) 5-11 folds, 2013 [27]
(0.086+0.016) g/L
S. parvulus Str/rpsL (K88R) 2-10 folds, 2009 [38]
(0.032 8+0.008 6) g/L
Rif/rpoB (D427V) 1.0-2.2 folds, 2013 [27]
(0.010+0.001) g/L
Avermectin (23) S. avermitilis frr overexpression 3.0-3.7 folds, >0.8 g/L. 2010 [46]
Avilamycin S. viridochromogenes Str/rpsL (K43N) 36.8 folds, 1.4 g/L 2013 [47]
(®*Co g-ray, GS)
A21978C S. roseosporus Str/rpsL (K43N) 2.2 folds, >0.12 g/L (i) 2018 [48]
Caerulomycin A (20) Actinoalloteichus sp. Gen 14.6 folds, 2020 [49]
(0.011 4+0.008 0) g/L
(UV, RSM, ii)
Chloramphenicol (10) S. coelicolor (HE) Str, Rif 20-40 folds 2011 [50]
Congocidine S. coelicolor (HE) Str, Rif 20-40 folds 2011 [50]
2-aminobenzamide Streptomyces sp. Rif New compounds 2019 [51]
derivatives
Daptomycin (25) S. roseosporus Ple/rplC (G152V) 1.3 folds, >0.8 g/L 2013 [52]
Par, Rif, Neo, Gen 4 folds, 0.324 g/L (GS) 2018 [53]
Erythromycin (4) Saccharopolyspora Str/rpsL (K43N) 2 folds, 0.15 g/L 2009 [38]
erythraea Rif/rpoB (H437R) 4 folds, 2013 [27]
(0.163+0.034) g/L
Formycin A (21) S. lavendulae Rif/rpoB (R440H) 2.4-4.6 folds, 2013 [27]
(0.055+0.014) g/L
Fredericamycin A (20) S. chattanoogensis Str 26 folds, 0.26 g/L 1998 [44]
S. somaliensis Rif/rpoB (R444H) 3 folds, (0.679 5+ 2015 [54]
0.015 8) g/L (RSM)
GE2270 Planobispora rosea Str, Gen, Rif 1.8 folds 2006 [55]
Inducamides A-C (16) Streptomyces sp. Rif/rpoB (S442F) New compounds 2014 [56]
Isoindolinomycin (18) Streptomyces sp. Rif/rpoB (H437Y) New compounds 2018 [25]
& Lactonamycin (19)
Methylbenzene-containin Streptomyces sp. Rif/rpoB (H437D) New compounds 2016 [26]
g polyketides (17)
Milbemycin S. bingchenggensis Str 1.8 folds, 1.45 g/L 2009 [57]
(UV, CM)
Mutaxanthenes (15) Nocardiopsis sp. Str, Rif/rpoB (G3280A in gene) New compounds 2013 [58]
(75%%)

B: 010-64807509
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(ZEE 1)
Norvancomycin Amycolatopsis orientalis Str, Rif 1.4 folds (HEB) 2006 [59]
Nosiheptide (27) S. actuosus Str/rpsL (K88R) 9.2 folds, 1.54 g/L 2014 [60]
(®*Co g-ray, GS, LiCl)
Oligomycin (34) S. avermitilis Str/rpsL (K43M) 20-40 folds, 2009 [38]
1.064 g/L
Piperidamycins (14) S. mauvecolor Str/rpsL (K88R), Gen, New compounds 2009 [15]
Rif/rpoB (H437D or H437L)
Rabelomycin S. dengpaensis Str 7.8 folds, 2020 [61]
(0.015 7+0.000 5) g/L
(UV, F)
Rimocidin (33) S. rimosus Gen, Rif 1.6 folds, 0.673 1 g/L 2019 [62]
Saquayamycin B1 S. dengpaensis Str 11.4 folds, 2020 [61]
(0.039 9+ 0.000 5) g/L
(UV, F)
Salinomycin (29) S. albus Str/rpsL (K88R), Gen, Rif 2.3 folds, 23 g/L 2003 [63]
Tet, Chlo 2 folds, 34.712 g/L 2019 [64]
(ARTP)
Str/rsmG mutation ~2 folds, >0.2 g/L 2019 [65]

Str/rsmG mutation 5.1 folds, >0.4 g/L (iii) 2020 [66]

Sinefungin S. incarnatus Rif/rpoB (D447G) 35 folds, >0.05 g/L (iv) 2010 [67]
Streptomycin (1) S. griseus Gen 10 folds, 0.3 g/L 2008 [45]
Rif/rpoB (Q424K) 2.4-6.0 folds, 2013 [27]
(0.178+0.027) g/L
Tiancimycin A (31) Streptomyces sp. Rif/rpoB (L422P) 40 folds, 2018 [68]
(0.022 5+0.003 1) g/L
Str/rpsL (K43N) 45 folds, 2019 [69]
(0.013 7+0.000 3) g/L
Gen, Str/rsmG deletion 1.6 folds, 2020 [70]
(0.002 08+0.000 40) g/L
(GS)
Tiancimycin D (32) Streptomyces sp. Str/rpsL (K43N) 109 folds, 2019 [69]

(0.019 2+0.000 4) g/L

Toyocamycin (24) S. diastatochromogenes  frr overexpression 1.5 folds, >0.6 g/L 2014 [71]

Rif/rpoB (H437Y) 4.5 folds, 0.68 g/L 2016 [28]

Vancomycin (26) A. orientalis Rif/rpoB (S442Y) 2.6-3.4 folds 2013 [27]
(0.270+0.017) g/L

Virginiamycin S. virginiae Str 11.6 folds, 0.251 g/L 2018 [72]

(UV, MW, GS)

6'-deoxy-bleomycin Z S. flavoviridis Str, Gen, Rif 7 folds, 0.07 g/L (UV) 2018 [73]

ARTP: atmospheric and room temperature plasma; CM: chemical mutation; F: fermentation optimization; GS: genome
shuffling; HE: heterologous expression; HEB: hard electron beam; MW: microwave mutagenesis; RSM: response surface
methodology; UV: ultraviolet mutagenesis; i: reporter-guided selection system; ii: cofactor engineering; iii: complementation
with a mini-gene cluster; iv: rest cell system. *: Significant change including the titer increasing folds, the finally highest titer
and other improvement strategies. Ery, Fus, Gen, Gnt, Kan, Lin, Par, Rif, Str, and Thi indicate resistance to erythromycin,
fusidic acid, gentamicin, geneticin, kanamycin, lincomycin, paromomycin, rifampicin, streptomycin, and thiostrepton,
respectively. rpsL and rpoB indicate the genes coding for the ribosomal protein S12 and the RNA polymerase B-subunit,
respectively.
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RGEAEM* L Hosaka 250k 3R154H9 rpoB
S442W (Trp) RAFMRULIE FiRHA Rif Lo
ARk —FERERS 27 Pip G 1Y, T Fu %5
SRR HA rpoB S442F (Phe) 28 7F 1) 5k 25 18
UM RS £ 7 — 2 A5 A4 701 inducamides
A-C (16)P%, LA FIRNL S5 AE, HLRE 2
PEFF R BR A W L R, BN S, coelicolor
H rpoB R440H il Q424L 275 HFR P Act 1
Ay R i RIS Y 93 5 LA L iR F 2.79 g/L
K, Wi —A rpoB S443L 75 MILKE BRIk 14
Act BILE PSRN AR e B ISR Y 42-55.5 4%, Wik
(28.7+1.3) g/LPY7 HAT I W24 06 T i J
M4y F tiancimycin A/Tia A (314 77 T 415
F77 4 rpoB L422P 57 5yt iR TH 2y By AR T
FERER 40 £59%, BEAh Acn D AR ASKRE S.
parvulus rpoB D427V (Val), Formcyin A 4758
PR S. lavendulae rpoB R440H Fl Vancomycin
(26) A" RARMKAR T WICHTR T (Amycolatopsis
orientalis) rpoB S442Y TE3R15 Rif Hit: a9 [F] AT,
R W A 1-5 A A A R =T, B
R E WA R AL S ALSN . rpoB ) —LETR Bk
R S P R L R 8 AT AR TR AR T TR ) B A
Y& MaE1s, U0 fredericamycin A/Fre A (20)
HVEIRTSF T rpoB R444H Bk 248 5 #53 LASG
A SRl R Y 5 A8 7 5 B R R B DG
MBI 85 2 RIf 2 —ANmsk . 280 iz H
B TR AR,
2.1.2 Streptomycin

Str 175 F A A 52 A, H I
T rpsL it ARZ AR 11 S12 By 2 MRSFRAZ
i ni: 5% 88 ALANHE 43 LAY Lys. # ILHYRALTY
A h K8SE . K88R (Arg) £ K43N (Asn) .Ul
S. coelicolor F1 S. lividns ' rpsL K88E R AL HEfi%
W AR IR TR Act A£G P
H ff rpsL K8S8E . K88R M fii & 78 7% 1y

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

S. coelicolor THFET Act F A =350 ) it 2 $2 7
T 14 4%, 58] 2.8 g/L B/KSEPYS MaA rpsL
K88R KA S. antibioticus F S. parvulus IR
W GE 53714 Acn D BAE R B2 T4 Hh & TR RRAY
7-10 f5F1 2-10 5%, AN EAT rpsL KA3N 5875
MITCR R bR, AU WA - e R R 0 2
filhn: HA FRGAER) Tia 47 Tia A, Tia D
()77 28 0 A 0 R DRRRAR T T 45 A5 109 %5
M S. erythraea "F i BRIFFESR AR}, Ery A9y~ &
BIT 145, KET 0.15 g/LP,

B bR E UL ORAF IR AR Ah , 28 Str 15 ST
LA W ER 08 7 Ak — S R A RN R AR, 15
. HAFEWM rpsL LIOK. RIY4G KA
S. lividns [FJFE AT DLSLTE IR 3% 952 55 0F S UTER Y
Act LERIE Y HA rpsL K43M (Met) %
AR S, avermitilis BEWSAH R T IL oligomycin
(34) =i =K ERRRY 20-40 £, B3 1 g/L
PLEPS gbgh Str i R E Y rsmG JE
BRI AR 9AS , AT A — s it o Btk . By
XIERAZH S. coelicolor F S. lividns [F)FE:GEME B
AL TFUTEIR S K Act tEWIG RIER (7%) BY;
M2 rsmG BE K & HE 5878 I S. albus HLREME 42T
H: salinomycin/Sal (29) r=& k5 0.2 g/L L F )
AOES g Bl L, Str [R) R SR —Fh RV B
IR TR APUER.

2.1.3 Gentamicin & EfbinE &

Gen & — U5 AL S 28 A R0 1 A W 7
Az AR LR PR R, HAEREHIPIAERZ
— X R S R R A B B S R TR R
FERI SR, 40 . Hosaka %5 [RIFEARE T HA o —
Gen' itk Pip A7~ A", Hu %H|H Gen
Ab¥E S, antibioticus F1 S. griseus J& ik PAT T
Acn D I Str i 5 7= R

Br bR 3 Bl WHTAE RSN, 18 Act INAEY)
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FAFTE T Ochi HFTEHIBARBIMA] Par 5%
S. coelicolor 7=/ rpsL (Pro) P91S (Ser) RAFfE
UEAT T Act 77 2= I L TRRAY 5-21 4%, )™
HEEE 2.1 gLB; WAA By #S
S. coelicolor FI FLTE W R AR TP UTER Y Act 2EH)
AFERSE, MiES S lividns WA SERTHH %
PR Act AR 57 4%, ik 3 g/L K
SEROL b, Li 28515 daptomycin/Dap (25) AE7%
EKE S. roseosporus , B K% Ple #1715 A0 P,
FEARM AR rplC (Gly) G152V HitERZESS
Dap " ZEET1 0 L R 1.3 4%, 155 0.8 ¢/L
DL KSR R TR, IR TAEBAR
WRATHPAERER Iz, St ERF
B HBEARE R FIE, L Rea R A = Z R A
(v 5 7 D B A R R

22 FAMERESFSHERNEZEE”
MBUE S FNE T BEREY

LT VR P 2 A RO P A R HR R A IR BT
WL ZH0 AL bR R RE 8 A 7 2 Fh T
TGRS W IT 52 B B A Wy e 23 7, i B
FEAE X S T bR 38 7 OB T B — PR R
AR kK. B0 : Derewacz i it 3R 15 A9 & A 50
rpoB AL 5, (G3280A FE[KRAR) ) Rif, Str*
WHMERAS Nocardiopsis TE &) GE WS 4 F=— 2
TR E T R o IR
mutaxanthenes™™, Wang 2 & W6 T 8 Fhisk
RALHE S, coelicolor TR, FRELMHAT 8 Ptk
R Act P i B 40 sk AR T R TE
180 £ i HA Rif', Str'. Gen" =Hikf
GE2270 55 Sal A/ bk, H HR™=Piy =y
A ERT B TR A RSN, R
BEAR T AR R Rif', St XUHiPE S, coelicolor
Ml1154 FEAZH bk, S IRFKIE A Chlo 5
congocidine, =T 20-40 £,

BT ZE\mYUER WA TRA RS

B: 010-64807509

LR BN 5 F IR S SRR . XK
PrAERMAG RIS AW &, JUH IR
P8 TR AR AT A A I At A 2 B R A B S
PIPR, A 2 T A ) B TR K B
23 ZEAIESHMEYMERARESEH

WA TR EA R ARG E, B4
AN TR AZBE R T AR5 HA T bk 2l By ik
HEEA, M SE B AR IR AR BE ) 5 H AR
PR PR R AR T . SRR A TR A
iz P AR el R BOR F BOG 15 5 ) T AR 5 A8 4
AR, WFHYHIELE I GHL) Ll
PR BB AR RS AR HOR , 1. DNA =
HE (shuffling) FI55 5 AR (atmospheric
and room temperature plasma, ARTP); DA S K55
St =5 SR % R 1), HAESER
TAEH, WAL R BR T 1-2 Fhik
ROrik, TR0 a2 M2 A & FP T 47 10 TR Bk
BN REOR,
231 ZEAIESEZAEMKIETHANEAS
zH

1R G155 28 HOR TRl FE LB R4 1 T A
PE, HERAEREAE, it Sk TRHE G5,
25 TR RS0 7 0 6 TE T LAk ) B KR B 1) B A
PEARROR, DR AN pt B ik A st
DA TR PR o v S0 28 1) i oy i B R 2 2R 41
A (ATA R LAES EIMT) 456 A
ARG PR R R R W, BT RIH
RWESEFE AT, TS B AR ™ Py i Pk B
Berays, il an . zZhu 250 BE T OE KR A7
6'-deoxy-bleomycin/Ble FJiILSc1F)E, R
it 55 175 748 FZORE A TR e R AR I 1 2 7 T
e, 2RI R T 2 R R T R
iB5] 0.07 /L7 Li % F) F 4SS FIAZ B 4
TAFESIRE T BA Str' 19 S. dengpaensis JE 5%
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TR, BREKREMAEERZMNGTAS
angucycline 2% i 4 & : rabelomycin/Rab 5
saquayamycin B1/Saq B1 fJ/= &4 HIHE T A H
KR 7.8 55 11.4 50 BLAMAHFSE A
EF X5 3E A2 7™ caerulomycin A/Cae A (22) i H
£ Gen' REAEWIFHE Actinoalloteichus sp. 23T Kk
AT EAMAAS K P W B BN i — D4R T 85%,
HAER G LR A R B & RS sk, %
MG AT LRSS A B R A, 4
B AR TR IR B T bk 09 B AR AL, B A
Wang 55 H £ SR b 220 4 5152 A St
F R U8 F MR T F2 A milbemycins (30) 47"
Rk, RECT 1 MREA 1.8 5K, BT
H ek E 1.45 /L M e T ARDT,

R 2L AMEAR A, I LA 5 £k 175 48
SRR TR AR 45 5 L RE I AR I R 1 v ™7 28
ARTERE, a0 FFXTA2" norvancomycin Y H:
A Rif, Str" AHLE AR TR SR Ak,
FRESEH - LH A FiH2  (hard
electron beam) #HATANRE, Ff 2% " 1 A
TR E R 1.4 £557) Lv 5 “Co y-ray
525 b PR B AT ) avilamycin/Avi ek
RASKR, TR TR LY, FEE Wang
WA “Co y-ray #FAr, 454 LiCl {2215
AR T A TIREZEIR TR AN
nosiheptide/Nos (27) A== EAb RAEFR; Tong
ENIETE S, virginiae P virginiamycin/Vir f 7%
2, HARMHEINAELEE A MIEE, REUH
TR A TRSERAEH (genome
shuffling) Ab B H & AR AT A% S8 0 T ik
WA AR GEA TR BANE | RO R
232 BEREAIESHESHWEKRIFTIRAR
HEIEH

G FH BB A BRBAEEE S 1T, (BT
JUEE Y SR BR A, T S AR A e TR RS A

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

R, BEEABOIRAMEG R AR PSR 7]
BROPER BRGNS B = %01 TR B 15
AL I SEMEA TRE VLS, LR E R
PER A WA R &8 Blhn. FIAEA
BUAAR . #AE 5l HAB A B 20 17 I
TG HAFE M ARTP FR AR TS
ISR HA Tet'. Chlo" XHLHERY S. albus 57%
PAFK, Zhang S5 B HLRE S 1 bk Sal i 4E Tt
R JETRRR 2 4% A A 34.71 @/L B R AR,
B b3k ARTP 4b, 75 —Fh 5L T DNA FHEEL S ek
b, g T S A E G E AR ML A, X
B2 0 200 B 4 7 ek DR A o A 1) o A A AR I
PR 2 B Rt iz T 4L A B AR TR, T 8K
Bk 26 TR IR AR i A% 1 &R S Ak . Bl
Lv 5 Wang 5 56 5 4375748 SR B B fE 1 & T
FRA T IR EHER A Str a5 S A2, 4351
AREUT HA rpsL KA3N 7 5 58748 B r= i 42 T+
HYAERUTR PR 36.8 %, A2 T 1.4 g/L /K F1 Avi
B A rpsL K88R 7 A5 5828 Y Nos = i
IR 1.54 g/L, 2992 - FH R HMMIL R R
ARFRUTOON AN, SR 4 E HE IS A T A 2%
TG AE A T A TR A& FH2 T, f
w: Yo FFRHAAGYUERIEE, KT HEA
Par’ Rif".Neo',Gen" WUFMHIMERY S. roseosporus
RARM, Ifift— LR RN A REHAS 21
PPk Dap M7 2T E 0.324 g/L, 415 T
KDY, Tong 2 F| LN 4l S HESS A Str B
18 A SRR ER 5 AP S 005 SR S, virginiae
RAFTEAR, HEAREC T HA St Bk i 28 A8 bk
oVir s E 0.251 g/L (11.6 % TR A
BV Liu ) FROME A TR 5 3 4] HEsC
AP AR, WZIRBUT 1 MREA Gen' 5 St
(rsmG deletion) FXHLIETRASKE, FFRIEPEIL
oo Tia A PRI ZE B A HERD
1.6 f57%, ¢ BTk, R R s s bR AR
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REE G TR, 2SI 1T L R AR A IR
G A 7 TR TR o
233 HEAIRESEBRIRERANRBR
LS

Bt B R T AR R B A Je A1) G iy ik
LR BE AR R HHR B A T RS S
MR SR TRAGMHEHB AT Z
o e BRI R T Str if5 27 4E 1Y rpsL
K88E ZRAFREMSHRE My WA FE IR K (ribosome
recycling factor) Y7 aik , # A RGHIE L W A
B A RO L, TR R AL /)
%1k H ¥ ribosome recycling factor fi*) 4 fith 3k [A]
frr, TEAZHRPUER HEFENEN T B
BUEAT B T AR RO 9 5 R 3 R iR R AR
PR, DA T BRI R O A 1 B 26 7 350
Filan . Li %R H ermEp 58 )3 8 F1E S. avermitilis
ik firr B BB 4E R K (avermectin) 2
Tt 2 R MR 3-3.7 1%, A 77 2 4948 0.8 g/L
PL RO JalRE Ma 553 frr SRR RIS FTE, A
WA TR ERYUER Toy J"®ZE 0.6 g/L U
b, WEBEREKEG 1.5 f5KET,

bR B3I fir LR B4, Wang 5]
HAR S Y A6 LT I RE S (9 )5 3l 45
BT R IR LA4NE (neomycin phosphotransferase)
IS T — 40X rpsL 2874281 reporter-
guided Kl R 5, PR vE LT £ 5] T A21978C,
BMIBE 0.12 g/L LA b, 2R HE 2.2 £
R HEA rpsL K43N RAE[1) S. roseosporus 5
7R St Ptk AR #RY; Li S N4RTE Sal o,
K HIFAHH 100 kb DA EREYE BILRE sal
PEAT R, BRI T — R MR A9 mini-cluster, Jf:
FARA rsmG 2278 HH St HitE S. albus JiK
FEwtkrh, AMA IR Rk Sal AR 3L
2 0.4 /L LLE, IRFEF A BRI RRAY 5.1 £57K
SO0 AT ST A BAET X Cae A M)A L1

B: 010-64807509

T2 R RIS 5825 T B X
— PG, R AR SR HIN F T (cofactor
engineering) H{AR , 7EC BG4 Cac A HZH
SN AR AR T H AR PR 1 9 A8 T AR P R A
BRI D TR AR R AR WG R G B ) e
ribA, VIS R PR S ke
R AE A R, PR SR Cae A
(A 7 RN PR AR T T 2 45% 1, JEPH TR
RBEGE A 1Y R HE T H bR 0 B9 A P06
wAR, IS A A TR S I, BXT
PSR . AU RE, BEEINA SO I = W Ik
R P A 7 R
234 EBEAIRESHMAZNESEIZA

TE R T R AHE - P Kb, 22T
SRR S AE A AL, AT P AR T
PRI A B3 R B4 4y FITC b, DA R A G 1Y R 8%
RIS E, T B4 28 T bk st 1%
FEME B AT L, de ORE B A A O 1 A
WA o VRN SRS, LRk ]
DI THAR B FHERRGI )k, Wl LITE
IRBURAER WG, TR XA . Bl
Un¥E Rab, Saq Bl 5 6’-deoxy-ble Z B4/ 54
PR TR G52, DR DU R A bR
17T HE B R BB IR AR T Zhang 45 5E T
W . R AE 3% (response surface methodology),
SEETE A RIF U5 SE Y Fre A A2 AR KR i
FERE SR 0y Bz A B Wi P 32 T 2 )5t
BEFRA 3 R0 ARWESETBN, BEXTIRERAY
A Cae A A7 59848 0k, [RIAE A w1z TETAAG AL
PR E T dRE WS SR AR DT, SR Bk o b
KILGEASRE T Cae A A2 UM AEIZ 35 TR BE L Ty
TARTFERAIE T 5.4 5900 B L &
K24k sh, Fukuda S5 2o 76 K5 57 2 hoifs in
10 mmol/L L-Arg, M| # B4R RSR
(resting cell system), #HA rpoB D447G RAEHY
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Rif" S84SR H P43 255 (sinefungin) A9/ 744
HrRTHE 0.05 /L LI E7,

ZE ERTIR, SRR AR ik S Rk
ML 8 7S, — 96 3% T M AR AR B 1
FARZR, (bR A TR B AR W 5 36 5 k4 5
T3 — T I TF K 22 Rh 2 Y A 5 7 5 A2 Rk S
FARLRTE T F= 1, F & T R R T R AR g
PRI, AR TR AR A 5 S T
RIS TRIGMELESS% .

3 RESRE

ROBE A TR X TR AR s A5 7 5 2ORAR, HOG
7 o6 1% R I BRI RAE N S8 s Mz
REETCAMERAZ PR T, WA 2R B bk
SRR, 82T SHT A Y Z Pk
PR, DR AR R Iz 04 N S B A
Z3 A, A TR 30 AAEMKIR, BEdE
TEMR IR RN AR T 10 KR PH 0T,
PRl T L6 55 55 I I Z TR AT TR TR 7 1
MR B AR, A Rk TR s R AR
TR ABIE 5 55 06 M R AR 0 T & R
o BEAMZREIR TR AR5, o LUiZ
AR GUE W) 5 it il 2 S5 BHE L T 26
R E FRREA, RO R E, (kT
SRR SR R R

SR T M B2k R AR TR A 2 )
B, A ZBOAPLRIAN . B RCRES
BRAE, 2 HLN At ok — 2 B o Al e A Ak
TREEARE R R R, FEEH
ELUR 4 A4~ FH .

1) RIS Z 0] FHMPUAE R MR W%
WA TRCA 10 RFTETAR, 5Kk
HotnT FBTAE R, — 7w AE 8 2 WA R ik
FPUE R BT AE R BRPRET , REAS [ L M R A S I
T —Ir A IR T R A A T
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FER<aCEREE”, i FAE IR, #T IR
Z R BRI A PSR IR R

2) AR Z bt A= 2 V8 R ML 22 o
SE XTI FAE 5 . B Rif 5 Str 4F, 135 Gen
TE N I 4 R o Bt A= R S LT -5 48 P HE A
ANERIf o BT R P AR R FIRE I S AR R AR
PR LA I 1 5 A8 HIL 1] B 5 A G B Y b e
B4 B R S R P AR R 5 I g ELARLE
BEE AR TR A B S SE A I ST ML AR
T 2R 40 1 50 355 S 28 DA AZ M A T

3) BT PR RS AL AE 5T K OF
SR AR AR . ST PR RS TS
ML AT SEAR, BIFSE N DT 78 H AR B iR 9 2
PSRN o S Y bl [ A S N (1 0= K
BT U 0 7 0 A 7 Y s e g AR R, B
VTN R frr i FRBEAR, BRI St Bk
MF = ia e e IF &>, shahbar DL
Xt ropB 5 rpsL EHUTEEERIER, AT
I3 F SRR AE R R TP A B IE U rpoB H437D
Y5 rpsL K88E 4658748, 1 B FH T 224
ISR TR B N 253/ a8 Y N I
M XA SE AR A R BEAS, nER T
K HAT W R PUEEA S ik i, ot
ZOTIE T BRI H AR AR AR, R T Ui
SR AT, s RIS A R AR B
S 2 AR RE, M R B T R B R AR
PR T TR SR CR

4) FIFEARIE R ALE B ot S, Pk
Hr R wEM: MELRNASMRE, RN
7% AT A S T[] PN 5 BB T R R 1 A L T L )
G35 Horh BB B IR A W A B L
DRI, DR abb ) P % 35 81 e e A R A1 5 IR 3 1 5
2R Mrs |9, F A e i 8 R 3Rk A
AR, B0 A TR IR B 45 Fh bk 28
ASBERR, A MR Bk B BRI A YRS A
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s HbR L (7)) PSRBT,
e M KRS 1) T R e T B ) 4 W S 3 7
BIANABFFEBIBN, TEFE R Cae A AY)H L
K% cam v T Hodr BR6 B B A1 i %) 2
W camE, I8 £ B 5 X N 3 € i
PCR 51¥y, fG#E A 1 Y& & PCR S L Hk I H
TEAR Cae A VTG 5B HMR, T ICHT R
Ko I S A TR R B T RE B 9% 0 HoB A 32 57 1 [
R B P E A bl ek ST e S
(%) AL GG R, R &5 sy 2L
FIRTHVE, SEIL H b 58 A8 AR R S 0 3 1
FEAR B A H A IR o

AL, AR TRRAE Sy — T R 40 B X
PACHHTT R mE, AT DA HAth o 22 W A= )
R BARBITAIES SmAAS, SF
P AR B T TR R AR ™ W v s i 161
WA B 53 AT BN B U i DX A a5 3 I 0 Ak 5 ek
G TR MBS - AR T AR R 1Y
e, R T ERR R Cae A AR RN,
gi b rik, MEIERAY: . oTFsfhE. a1
T B AR S KR T WY 5 T R SR W R AN W
J&& | TR FAZHE IR TRR OB E A —A 2T 1 e
75 [a), S R R OB 25 ) A 1 Jey T !
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