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HER/KkEER SHI21 AR RENEL

W B FEW

H & 1 %

P REKRFREBAYHFERE L EET ., AL 430070

WE AN ZR R T A B O & AR AT B 28R a2 e K MgCLL VR BE X B B
SHI121 AR BCR AL, 45 8 B8 AE 50 ‘CHI 10 min, 37 CHIBH & 1 h, LK BT H DCDA/pUZ8002
HEiAfg E 5 FEHEAZ ol 100 = 1Bl RN 40 mmol/L MgCl, By 15 35 3E M-1SP4 , 2 & 1 B 55 R B iy 1T 3k 1) 4
TR 1.03X10 A B F o P EE S AF 1 H2 6 7 R T 0k B 48 G B KL pSET152 e B s Bk B KL pYZ09 B 3)
Ho S ABERE B SH121.3ES23% 77 ¥k v T I BE 55 1 SH121 3% ¥k % 9K 77 9 (042 3 e HC R O A & Al 35 D9 5% 114

WHoE TAE.

K@ WOWOKEER T SH-121; A% BEMRAE, JEH kR

hESES Q939.9 XERFRIRES A

WK BERE T SHI121 48 vh Rl R 2 Jl i 0 4%
T 1985 4ENIIL A B AR X -3 b B B 1tk
HERE T B T 7 00 7 R L RS AT ARG £t
W EA RIFBABORT . R R s T
MR T 220 HA oK B4, WK BE 5 B4 (iR
¥, B I A 44 o8 PR (8 W K 4 B TR (Stereptomiyces
carneohygr()sc‘opicus ) ﬁﬁ /ﬂ;ﬁ YT: Eﬂ: 51? Dﬁ 7J( ’%ﬂ% '?i? %T
SHI121 WP0 R B, & 308 6F bl 5 28 AT 17 4 8
03] 7 BR R S 2% FC PR A0 A B R p A VE
X R M TR A5 B 22 TG B P T A 0 TR e L B 8
2 AR R e R R SR e T A AR A 2R T
KN BN T S 2 R 0 D BB ARG XPI K
BEAE P SH121 #4723 AL 40 )7 i o A= 91 15
BE o B e B D2 b & R K & R R G Tl
(PKS) MHE#Z B 7K 2 Ik B (NRPS) SE A, B A7
P AN R SRS P R AR B v T

ST & W2 R 2 A A W R W A R A O
FEG MR N R 2 M R B D7 7 1 55 28 AL R
&Y, s RwY R EE RS B4 R,
FERZE 1A 22 IR G UG 17 57 HE AL & AR B 1A 2 ik 3
&Y iR E R AR T ERY
A, R 2 AR ORI 2 IR R AR W rh 5 R K

Wi B . 2015-06-20

XNERS
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YT 2R R EE WA SR T
REMFRAE W RTE, T XWKEE R SH121 %
PRI 20 s 6 10 SR AR 7 0 A 0 R TR AR AT A 5
FATE Se 2 o % R R R AE R R AR
DNA § ABEF B SHI121, LU 8 i 5 K A | i 5
FoR B 36 3k 5 B R R IT 5 56 X T AR 4 M A O
W%

5 A TR LT S8 AL A O A A AR A A R
e GG/ 2 P, TR AR TR SR T8 Ao VA T TN 2 i R
fi#% . 7F PEG BI/EF MR SME DNA 5 A A T4 3R
FRAAR A o T AR A i 5 R R AR 19 2 2 52
WE L AL H] L HLAMNE DNA TR %5 5 w5 1e
=F TR 11 LA PN LD R A B T A R R AR
T Bl B TR OF K B 0 5 B TR P ) SR AR O LR DL
B0 N HA AR o B B0 0 B AR RVBE R T L
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BEIE L PR A S B TR & ] L B
Fi 3k MR 5 70K L 1) 45 #B R 5 e B A T R ROR 1Y
EREEK, EHEUSEER SH121 R4, % H
AR AT R DL ST — S i 80 1
TR IR SRR R R AR I R R R E R

1 #MRlE7FE

1.1 # #

DR AR, 2K Streptomyces carneo-
hygroscopicus SH-121 48 4 b K = Ji BUCE 2 15
s R KIS FF B E. coli S17-1(dam ™™ ) E. coli
DHb5a/pUZ8002, E. coli ET12567/pUZ8002 (dam ~
dem~ Hsd™ ). E. DCDA/pUZ8002 ( dam
dem™ )M E. coli DH10B/pUZ8002 , Jii ki pOJ260
I pSET152 ¥ i 2 3 BT 48 5 5 % WO

DI, RGBT R G FR 50 LB WA [ K
Bi R0k BER B 97 35 TSB.2CM,ISP4, YD, PDA
ISP3 #l MS [BCT5 2 WL3CHR[11].

DFE L, PiAE KW A Sigma 24 A5 @
DNA B P &8 B AXYGEN 23w 5 Bl 14
WY R EE A T4 DNA #3880 H Thermo Fisher
AW, DNA maker 1 H 7R A= W) BHECA BR 2 7
KOD DNA S EEERH TOYOBO 2 & ; TSB iy
FI B&D 24 ) HoA 25 i Wy 1 [ 25 5 1415 BT 51 9
T At 4 3 e A= WY R A FRA W5 .

12 FH &

DW 7AWk, BARE KB E
WAl B OB BT VA 2 W SCHR 13 ] 5 B 45 781 1 97 I
& DNA SO W SCHR14 ],

2) AW IE W E . PL Bacillus subtilis 168,

Rice rhizoctonia , Alternaria alternata . Qomycetes

coli

JL-S.Saccharomyces cerevisiae } Escherichia coli
BL21. Ralstonia dolaanacearum J} Xanthomonas
oryzae pathoyar oryzicola RH3 N8/ HE ., 2R
HAE /N RAE PDA 3R B AGE 1 mL AR 3k
FIRHE — A8 1 PDA 55 35 367 40 bt o 5%
R SH121 Ay [ 1A J 1o 35 97 2R 4T 1 e A T LU
28 “CHE 7 2 22 IR FL T B 22 AR 3 B A7 B, WL 2R ik
B D PR TS PR A AT 9 R 5 AN R R s T Y AR
PEDNE < K3 AL 5 09 98 7 T8 T R R S R S R R 2
50 CZATHY LB [ 45 75 HL 1R & 15 20 J5 81 °F #e, 5
V5 B 7 TR T BRCE TR R AR R W, 37 CCE R B R
1~2 dJa WA

R pYZ09 Mk EE ., FIRE# SH1210010rf81-
foru HindIll: 5-AAA AAG CTT CGC GGG CCG
GCC ACA TCA TCC TCA-3'Hl SH1210010rf81- for- 1
EcoRI: 5-AAA GAA TTC GGG TAG CGG CGG TGC
GTC CAG AG-3'§ 1453 or 81 £ N 37 3.04 kb ¥
[E) IR B BB R 22, 28 Hind Il M1 EcoR 1 XU 4] &b
RS B g Ml i fk . Rl 51 ¥ SH121001 orf83-
back- u Hind Il : 5-AAA AAG CTT CGG CGG
CGT CCA GCG GGT AGT TCT-3' il SH121001
orf83-back- 1 Xba 1 : 5'-AAA TCT AGA CGG
CCC CGA CGA CTC CTT CTT C-3' ¥ 44 15 |
orf83 L TUiF 2.67 kb M [FUE 7 Bt RIR 4. &
Hind Il #1 Xba | BUREEYIAL 21 5 B T ik 2l 4k,
Xba 1 Ml EcoR T 3G YT AL PR AR pOJ260, 8K 5 5
b FRAT 1) A2 A R R AT = R B AL KR
W DHO5 o 8432 A 41 i, #9245 2 ik pYZ09.,

DR, B 5 mL 5 IR 0K AT it
RE RS APEZMN 50 mL LB K%,
37 CHEIRKEFRZE Do I 0.6~0.8, A F 1k, H 4%
RPN LB YEik 2 WE 2% T 0.1 5B LB
g . [ A B ff 1Y B 2 R 46 1 mIL TSB B
B2 EET 1 mL TSB.50 CRBHGH G .37 C
B 2T A, B0 E T LR 7 IFE R
TE T LB . He— 8 IR B LL 1K Ak 3 47 1
KIGFEMAFIR G WA S E N IEG R
B ge 5 M 1,30 “CHEFE 16 h S, I 24 v B i 4t
e 2RI ZE W R R 78 76 . 30 C k2 8E 35 3~7 d J5 Al WL
BRGSO S G B AR, SCh ¥R
3 YCFAT S 1T B

2 ERG55MH

FREFENEE

E G HBNZ IR MR EMATHRESH
VGERE G IR TR L) . o T R4S 2 =T
WEF T FRATH AR RS T SH121 M 3 £ Fh 4% 55 14
B =R FR 3k g, 30 CHEIRE R 7 d, MR 21
AR B R RURBL (B D . Z R AER SR 2~4 d 5 PR
KA ENRAEREZ B9 4~6 d TFiG 7= B8 E
T [ B P Bl A A (0 3 AR, A BT L B
SH121 7E PDA,ISP3.MS & YD H; 355 | A4 Kok
BLRAF L TE 2CM AR KOR BN . W B 46 i
THEUG SRR IR 3 L AT e A A R R
B AR SR YD, ik MS #ISP3CGR 1),

2.1
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Bl #EESH2l ERAEFELERKIE S RNREYE
Fig.1 Photos of S. carneohygroscopicus SH121 cultured in different media on the 5th day
1 #EWSH2l ERRAERFELHERRKR
Table 1 Morphological observation of Streptomyces carneohygroscopicus SH121 cultivated in different media
3 Media AR BL Morphological FERUIR I Sporulation
2CM U ILEE T B 22 Only substrate mycelia ARFEH No spores
< NP kS . .
PDA SRR L 4 L8 A Litle spore
Grow well but colonies small and intensive
ISP3 W& AEKBY Grow well PR L H =40 Little spore
MS H%A K BY Grow well 7 A 8 42 A 4 9 T Produce many drak brown spore
YD T 7% K IE % Grow strong FEAE K A G 7 Product a lot of dark brown spore

PRI, B8 YD AR R 77 6 55 5% 3ok IR 15 K & 19 4 85
W SH121 B9+
22 HMEERNE

h TR S B EPRIC X R A TR A
i e, Fe AT X 4 B B SHI121 3 5t Pk vk 47 7
FE o SRR A 3 S IR A BN A R IR B AR R 1

YD AR .30 °C B3R 2 A JE. g A KIS M
(F£2) G5 R FEW, % E SHI121 X0 Z R
R ZBARR P, M AE RS R BA M
559 10T S BT X BT A B8 2 B 4 22 1R R AR R
B AR R T S PR A B PR R SR BE 24 R R
PO B PR 0 R AT S

K2 #HEBFSHRIAMESIE

Table 2 The antibiotic resistance background of S. carneohygroscopicus SH121

P £ Antibiotics 0 pg/mL 10 pg/mL 20 pg/mL 30 pg/mL 40 pg/mL
P $7 %% 2 Apramycin J % X % <
4k 22 18 % Thiostrepton N X X X %
G # % Chloramphenicol N, J X X %
5% E Streptomycin < N X X %
WA E Spectinomycin J J J J J
IR A E Kanamycin N J J J J

LV TREAEEEE AR, XUERAEK . Note: “/” means the strain can grow,“ X ” means the strain cannot grow.

23 BEEBRUNERE

RGBT SO 25 0 AT ek
BUfA g R PE R Y pSET152 1E S #HH 1y
AR, pSET152 Sk & B 85 18 00k, &% A1 R
VR T HE R W K ©C31 AR & i int FIHE A 7 5
attP, ABHE 5 55 8 T 4L 0k b ateB N 5 &k 2B A7 SR
SEPEE AL, TR S B e R h RS R R
M pSET152 W] AR Ay % 25 1 5k PN 3 3k i 20,
FHF PR AN S SRR AR LG L R RIUR
AR Ty AR A . T R v T R R e 4 3t
A B AR WU 5ol P 45 5 A TR R B R R TR
L RV R B 5 e o R 2 ) 1) 28 B A Bl A YL
TR b 3X 2 JHORE Y 8 S O T W] R 2L R, LA
MRS T TR IEAT I R v R R
(AT BEPE , AT LABE RS B SH121 [N 21 v % PR i) —

AVEAE R IR T A= W06 13 TR A A F 90 % 42, 6 B
LR FE R A% G PKS 3 or £82 1E Ry 36 A i bR
AL A L 0k PCR 9736 45 21 H bR 3% [ DNA
F B, v BE B K A I BRL pOJ260 Hr, 15 3 A
3.04 kb #1 2.67 kb 2 A~ [a) J5 B 1Y B ARl BR BT kL
pYZ09(El 2) , AT HE A e B R G B IE
24 PHEHHMRL

TR AL P RE 6% AT A2 44 T rh BRI v 9 B T AN
DNA [iff (1 35 14 » [R) Bf 41 15 96 - & . (1454 DNA
I 0 WU S2E A B 5 17 240 A P . DT ok, AR Ak 3 B
FIET B8 52 2 B B AR . O T B8 il &
BERE A SH-121 42 45 %% 75 0 2R3 45 14, o S o
pSET152 S A E. coli S17-1 {E R LA 1 . 146 R 5] 5L
VIS [A] R 0 32 496 5 A7 BOBork B, 25 2R & 350 °C
I 10 min J5 AT A SCR TR (B 3.
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SHI2LEDNA p0J260
SHI121 total DNA
/ 7e K% Left 1 Righ/t lacZa oriT aac(3)V
PCR EcoRl  Xbal
EcoR1 +HindIl ¥ Hindll+Xbal leachoRl
[— | ‘ OriT aac(3)IV lacZa
EcoRl Hindll HindIll Xbal > =
EcoRI
A Ligation
Xbal
“ Hind 1l
EcoRI
> OripUC18
M 5 6 7 8 9 10 11 12 13 14
kb
UUUU!—J\—JU‘\J"‘ 5.71
—-— N ) N e e ) 3.50
B kb
3.04
2.67

A K2R F B PCR M B VIR IS . A Strategy for construction of pYZ09; B:Agarose gel of PCR amplification of homologous
fragments and restriction digestion of pYZ09 with Xba I and EcoR ] . Lane 1 and 2 are PCR products of 2.67 and 3.04 kb homologous
regions, respectively. Lane 5-14 are restriction digestion of pYZ09 respectively isolated from E. coli S17-1,DH10B/pUZ8002, DCDA/
pUZ8002 and ET12567/pUZ8002.

2 BRI pYZ0o9 HtEE
Fig.2 Construction of the plasmid pYZ09 for knockout of orf82

6x107°¢ . 6x10° ’)6><105
. 5 5x10°t w & 5x107 5 3% 107
RE 4x10°} RE 4x10° 4x107°
R ; ® s ; 3x107
% S 3x10°} & 5 3x107° x
& .= ) 5
TE 2x10°} 2x10° 2% 10
A = } N s g s
T 1x10°f 1x10° Ix10
S 0
0540 45 50 =0 20 30 0 1 2
PR/ C FAIHINE )/ min U K 1 l/h
Temperature of heat treatment Time of heat treatment Pre-germination

B3 AFLEMBHELEENESEBRNENZD
Fig.3 Influence of heat treatment and pre-germination time on conjugation frequency
U A AL BRAT B T8 A T R BT A RO e A IR T R T O A AR T R
BB R R A A R AR . AR R B SRR SH-121 55 e B HY U K I [A], FRATAS
B IR ] F) T A2 A RE AT 50 e (00 4 5 e RO AR T 1 AN [ T R I ) 0oF 5 e B8 B0 52 R (181 3) . 5
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B A AONOKER

W SHI121 8B RS T 53

RIUAE 37 CHUB & 1 h &A1, BB & B
FIR B, WK 3.3 X10 A MER T
25 HEBEIEMNESERBYRNEIE

o T R AE FE B SH121 A 1 L 1k B R 3k qk
FEM E. coli S17-1 F1 DH10B/pUZ8002 Lk K R~
) BE R AL BB 19 E. coli DCDA/pUZ8002
(dam™ dem™ ) Fl ET12567/pUZ8002 (dam ~ dcm ~
hsd OE R AR TE 5. B R pSET152 Al pYZ09
G35 I K A TR A0 L AR A A N ) AR A B
THEAHRBE (B O, 58-I, pSETI52 et Ll 4
TR AT W o B R G R R G 7 it EL coli
DCDA/pUZ8002+pSET152 (IS HEM R R i .
iKF) 2.06 X107 " HALL E. coli DCDA/pUZ8002
B TE R, pYZ09 A BE N T M E A B
SHI21, =GR IRF] 1.96 X107,

2.5x10 mpSET152

]
2.0x10°} pYZ09

1.5x107"F
1.0x 10™F

0.5x107F

BARBE R
Conjugation efficiency

0 DCDA ETI12567 DHI0B

fit (&5 Donor hosts
B HEEEIETEAEBRENER

Fig.4 Effects of donor hosts on conjugation efficiency

HEZLNESEBAENZIT

P32 LU IR 12 5 B A% 0 i v B PR ORI T T R
B LT IR A I R4 R 2 . BB O T e
BEZ L 1 1LE L AR AT A AR A i 5 1 A6
B W2 AR T R AT LR A RS . H
SRR R v R B P A 2 i B 4 D AT LR
HAHRBIRCR ., K% SH-121 fEiEa 2
PRtz e | & 100 = 1, AR AR RCR 2
1 1Y 20 A% . 10 24 {152 HO 3R i 2 400 ¢ 1 I,
HACRACH 100 = 1B 80 A2 47 (Bl 5) . W] .Y
HEZ o 100 ¢ 1 HE G e B B9 0K S AR A0
A A HE A5 A R AR B S T 2 il R AT BT TR . X
AT RESE R R R G A AE 2 2 0 AR ORI R R 2 s
0 52 A TR A A, DT BEL RS 5 R S B A
27 Mg* MEAEBHNZM

Mg 5 4514 [z T RE Y 5 B M A 5%, 2 i o6 1

HoL B AR SE R IZERE R B b A — 2 & 1Y
Mg™" BB 4 & e & Fe B I AR L RATHE W T 3%

S17-1

2.6

BHER 5 7% 5 M-ISPA H i Jin A [8] e B2 1) MgCl,
(Bl 6) . RIMAERTIN MgCL, i3 F2 5 |, o4 6 %
B s b MeCL Wk EE 3N, 35 & B AR B
WiFF e s MgCL MR EE R 40 mmol/L B #: & 5 B 30%E
.5 F] 1.03 X 107° (pSET152) 1 2.28 X 10!
(pYZ09), HEHFEIH . Mg® BYFE7E 7] B K IS B i 45
EEAHBNSCR A BRI Mg™ R
B — I ARS8 A XA AR S 1S A i
FEROCRBEAL .
14x10*
S 12x10"
10x 10"
8x10"
6x10"

4%x10"
2x10™"

wpSET152
BpYZ09

e

=

s
(=]
Conjugation effic

0
400:1 100:1

10:1 1:1

HEZ 1 Ratio of donor and recipient

1:10

B 5
Fig.5

HEILNESEBUNENI I
Effects of ratio of donor and recipient

on conjugation efficiency

14x10™
12x10™
10x10™
8x 10™
6x10™
4x10™
2x10™

0

#pSET152
BpYZ09

B RHA R
Conjugation efficiency

50 40 30 20 10 0
Mg2+${Ef§h/(mmol/L) Mg™ concentration

B 6 MgCLREXNESEBUEMNZM
Fig.6 Influence of MgCl, concentration

on conjugation frequency

28 BEEBTFHRKIE

il i e IR 15 ik AN TR S Bk pSET152
1 pYZ09 ¥ RE LU B9 AR 5 A HE# R SH121.
X3 BRI S B B T B AR A AR
MREENES T. N T RIEES T 0 IE# 1. 347
BEALPEIR 7 A L B9 2 5 1L Al B 4R T 0 A DNA,
SRS PP 3 512 bp A BT A7 55 K Pk 5t
R B, DA UE 92 B kL pSET152 Al pYZ09 il i 2
BRI N BE R W SHI121, BEsi R 7,
MAZS T 5 DNA H 3 3 R 9 PCR Fr Be R/NFF
B T I A2 R R 9 S DNA B I %
i T IR SE 455 T2 IE Al Y



54 LS S NI %35 %

M 1 2 34 5 678

512bp

M:1 kb ladder; 1.9FAETU R kR 2-4. pYZ09 WIS 5% T
5-8: pSET152/ 4 5% T Lane 1: The wild type strain; Lane
2-4: pYZ09 of exconjugants; Lane 5-8: pSET152 of exconjugants.

B7 BE®E®TFH PCRREIE

Fig.7 PCR confirmation of exconjugants
3 it it

MRT H T AR 2 U I BOR K — 4 4l
FEAE TN 25 A S LR R A 8 AN TR BT
PUERMTE R EMHZHEY. W5, AR R
66 20 FIHTAE 20Kk [ I 2 T B 5 I 4 B 1R JE T T A Y
PoA R H PR 80% ., 1R £ m 4k B T AR
ik R B SAE B A A 2 T .
X TP A 28 A W B B R 52 1 A 9 3 AL 4 SR TR
W | PR B DA R S R G R G AR Ok Y 4R
PEN S BT DA — A 5 RO 1 3848 3R R G P &
YA E T B AR R g R AR W
WAL H T A A — e BE A A R A s AN TR Y
FREA AR HEM R 5, Kk HREREEAR
SR ) 5 EEAR R B B TR R 0 R AN NS T R
W H BB ERE RS . AR S RN
PORE R A SHI21 MG HRIERS . ANHEM
AR T A AN R 0 S DR R A R ATl R TR
(T RE A 5T T RE A% 0 4 1 My & 5 KSR 7= Ak
WG B DR 1 5 DR B A T e i T 2 RO [ 28
R 2R (3 5 A 2 fk pSET152 Al [/ 2% AL 48 1K
pOJ260) KA HE 45 & 6 & kL, W] DL 4y il iz H T 55
PR 1) 2 38 0 i B

FEARBEFE T, AT E S LR & B2 {k pSET152
N A RS TR, KIAAT B S17-1 A A g 5, X
PR B SR HEAT T 0020 B &R 25 5 R BLAM UG
DNA W] DU & 2 & 5% % iF A 85 % 1 SH121, {1 &
BRCRARAR L 28 28 AN BE W R DT (5 R PR R 4t 4 S
WK, e, SO A TS T RS2 A
Foli 3R Sk Mg® " Wk 3 45 Z A A7 T Pk, mi oy
ST R B A e A Oy . AR R pSET152 1)

BAHBSCRSGFORM LR T 3 MR %, 153
1.32 X 10 *, A BE 5 6 12 J5 2k 2 A 2 e i 90 19 =
B, FEWEFE A B P IR G T A% A A RS A TR B X
BRB R W, IR TF 4R 7= R 35 e B Bt
PR S A0 5 B 422 B OB 14 18 B, 13X 46 B AR R T
AR SIG AR A B AT I TR E R ERE 8 1
PG R IROR B w5 G R R, A B
FRRBAR T B A B R AN E T ECE
T QAR R A BN GE A R s B E R
GWMRAERGREEEE T, LRERAER
SH121 %t 76 B 34k A& i (1 Bt K B DCDA $2 43t 1) 41
U8 DNA 25 5y 42 5%, 1 % F 3 A 08 i 3 5 A9 it 1A
W S17-1 R MR MEs & Fred, Ul EE
SH121 A7 k& 7™ 4% 14 BR & 1 3R 55 . 1R 45 5 B ik
FeARAE i B8 A JR DNA, sy A s
SHI121 #5552 G0, 45 4 Fhast A4 BB ikl
PATE 2 T8 T IR 52t o S 8 8 i SH121 v i 4 K 4R
7 B A2 25 S

& % x #t
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Abstract Streptomyces carneohygroscopicus SH-121 isolated during selecting biocontrol agent of
citrus diseases exhibits strong inhibition towards Gram positive bacteria and many pathogenic fungi in
plant.Establishment of a highly efficient genetic manipulation system is critically required for functional-
ly analysing genes and genetic engineering in Sireptomyces.In this study, the effects of heat treatment,
pre-germination time,donor hosts, ratio of donor and recipient and MgCl, concentration in medium on
conjugation efficiency were studied by single factor experiments. Under heat treatment at 50 ‘C for 10
min, pre-germination at 37 °C for 1 h,using Escherichia coli DCDA/pUZ8002 as donor host,with the ra-
tio of donor to recipient being 100 to 1,supplementing M-ISP4 medium with 40 mmol/L MgCl, ,a highly
efficient intergeneric conjugation method for SH-121 was developed with highest efficiency of 1.03}X10"*
conjugants/ recipient. The integrative plasmid pSET152 and the plasmid pYZ09 for gene knockout was
successfully transferred into SH-121 with the method newly established. It is indicated that this genetic
manipulation system could be used to discover bioactive natural products and study their biosynthetic
gene clusters in SH-121.
Keywords Streptomyces carneohygroscopicus SH-121; intergeneric conjugation; genetic manipula-

tion; gene knockout
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