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ABSTRACT: In order to study the effect of the receptor protein (SeaR], which is isolated from Saccharopolyspora erythraea, we
introduced the SeaR gene to Streptomyces virginiae as host strains. An effective transformation procedure for S. virginiae was
established based on transconjugation by Escherichia coli ET12567/pUZ8002 with a ¢C31-derived integration vector, pSET152, which
contained /nt. o7, attP and ermép (erythromycin promotor). Therefore, the pEV615 was introduced into S. virginiae by conjugation and
integrated at the aftB locus in the chromosome of the recipients by the ©C31 integrase (/74 function. Transformants of S virginiae
containing the SeaR gene were confirmed by PCR and transcriptional expression of the SeaR gene in the transformants was analyzed by
RT-PCR, respectively. And, we examined the production time of virginiamycins in the culture media of both the transformants and the
wild type. The production time of virginiamycins in the wild type and transformants was the same. When 100 ng/ml of synthetic VB-Cs was
added to the state of 6 or 8 hour cultivation of wild type and transformants, respectively, the virginiamycins production was induced,
meaning that the virginiamycins production in the wild type was detected 2 h early than transformants. From these results, SeaR
expression was also affected to virginiamycins production in transformants derived from S. virginiae. In this study, we showed that the

SeaR protein worked as a repressor in transformants.
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"4 K Actinomycetes) & E9F Relo] ngRe] shtz
sgolst RARE Fefe] mAol FAE TR 18 o
J Aldolth 1 S| A = Streptomyces 452 AR AFEE=
MEEZ 0] 2 70%E A4tsl U= o] A tiAME A4ksE o
2 Qlsto] w2 AR =9] TAlS ot 2 njAEE X FH|
3}, YA AL E o] RpehAARE ABAE 24w A U Fof| gt
A7) Ebs] 43 =] o] 2t Alderson ef al., 1993; Chater,
1993; Kieser ef al., 2000). HrA oo AJAks= A2 A &3]
= A=A 9 TRt A A A, HASAA, A=A,
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FA 5ol o, ol5 R EAELE ofn] A4S}l 4%
skof ofof Bl F¢ Zofoll 5853l thUmezawa, 1988;
Hwang et al., 2005). X Z7}A] A2 o| X thAAHE 24
HAUS & 7P &Es] d-tE FEo] v-butyrolactone
autoregulator@} 1l 2= ] BA}o] AT AGEA T} 0|0 E
o]z o7 A%lsh= y-butyrolactone autoregulator receptor
proteino]e} |3 chul 2wk o] A5 2k gof Jgh ol ALk
E9] AU ZAof g Hto|tiHorinouchi et al., 1990;
Onaka et al., 1995; Butler et al., 2003; Bibb, 2005). & 2} 7}A] g9}
3 A y-butyrolactone autoregulator5-2 w4 2] 2 1] (ng/ml)
o] {H| = o] F3] Aol A A4-8-5tof o|ATAl 52 FE)
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| ¢lth(Takano, 2006). 1S5 EL] 52

220} 2S5t -84 o] EA 5] Wizl o] &
v-butyrolactone autoregulator = 11-5-A=2] & 2 il upzkrk
A2 Eo|& o7 A= receptor proteino] &R} 2}l
ol AFslo] AAGLE =3Y5t A1}, Streptomyces virginiae = 5-E]
Ha|% BarAE A|ZL 0.2 Streptomyces griseus 25-E| ArpA,
Streptomyces lavendulae FRI-525-E| FarA, Streptomyces
coelicolor A3(2) 25| ScbR ©] y-butyrolactone autoregulator
9} A%l-S 3}=receptor protein O Z A 2] |11 7| 5of 1St
A= EHbs| e = o] A £FtH(Okamoto ef al., 1995; Onaka
et al., 1995; Nakano ef al., 1998; Takano ef al., 2001). &L
= Non-Streptomyces 221 Saccharopolyspora erythraea IFO
13426 2 5E] SeaR o] £-0]%] 2] receptor protein &2 2] =]
a1 o ApehAb R ABAE B 2 v A Y Sof TRt EARE
oA O] AR lelA 4] Ao F AR SRt At
7h ko] o] Foj A @41 QltKLee et al., 2006). 2 Aol A= H
SIS 0]-8-3}o Saccharopolyspora erythraea 2] receptor
gene (SeaR)= Streptomyces virginiae®l T=QA17] T & 27
Shel WAl ot 2t wild type o] S E WIS S-5lo] A gk
AI&-%l Non-Streptomyces sp. 321 2] SeaR Tl 2l o] t}okst

7 5-500] Hato] AR,

Mz H

A2 25 4 plasmid

H = virginiamycin M3} virginiamycein S @] AJAF o5
0] Streptomyces virginiae MAFF 10-060145 <3 ©. 2 A}
251 ti(Yanagimoto and Terui, 1971). &2 3% Z}9] SeaR
= Saccharopolyspora erythreae IFO 13426 2] chromosomal
DNAZ 0] 85}0] PCR HPH O 8 2E 3 5|28} 1L, E. coli
ET12567/pUZ8002+= S. virginiae2] LA EE FoHdF2
A3t (Kieser et al., 2000). Entry vector (pENTR/D-
TOPO Cloning Kit, Invitrogen)+= £4] §-#Az}9] S24S
23lo] AFE-E 2™, destination vector+= Choi -5(2004) ]|
Ol&f| Al Z% pSET152 52 2] vectorE AF&-51% tH(Bierman
etal., 1992). Z|% % © 2 LR reactionS =3} SeaR W& H g
5 A|Z3}7] 95t gateway LR clonase enzyme mixture
(Invitrogen) 7} AF&-%]91t}. Entry vector] 3248 A3
+ Machl-T1 cell (One shot Mach-T1 chemically competent .

coli, Invitogen)-2 AM2-5}91 17, destination vector & expression
vector 2] AL Bl o] =5 sl Lkl A

8} #5391 E. coli DH5a S AH8-3}SITh

HHX| 3 Bz

S. virginiae®} transformant (SeaR-integrated S. virginiae)
9] ujjFofl+= SFM (Soy flour mannitol) B} X] = ISP No. 2
(BD Science) Ui A& AR8-5F1 AL, At ulj &Folli= ISP No. 2 Hj
A5 AH&-5L9I tHKieser ef al., 2000). 2ok @ A2 A3
Akl X] 2= YEME (Yeast extract-malt extract), TSB (Tryptic
Soy broth) = SV U 4|2 AF§-51 11, A o] gt mE
1A 2] chromosomal DNA 3222 931 A Al 92 TSB sl
A% AHE ST E. coli 9 Fol-0) Qv vop 1 A
o= LB (Luria Bertani) W} 2| S AR8-5} 31tk 282 A4t 4
#-220 ml©] YEME, TSB, = SV Hj 1| 2 AMg-5}o] 7}7ho)
ZAHENL | x 10°CFU/MmI7Z} B =2 5 £5}31 36-48A] 7
ek vjoket FAE 70°Col A REalo] AulobE o AL
A YA AAR O 2= Bacillus subtilis PC1 219
3 Ao+ A0l ] 2 NA (Nutrient Agar) vl ]
c}. A3 of| ARE-SF = ]| 9F2 Difco Laboratories
hemical Co.2 F-E L35} ARSI

o
2
£
odt
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e

Q
o
2
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11, E. coli DH5a competent cell-2- Hanahan
2 A 23} tHKieser ez al., 2000). Plasmid DNA 2] 2&]=
FlexiPrep Kit (GE Lifescience) ¥ alkaline-SDS &2 A}
Botlon, = ARt a s, A A 9 A7) 958 DNA o}
#]+=TaKaRa A| &2 A3} tH(Sambrook ef al., 1989).

Polymerase chain reaction (PCR)

A3kl o) upAlre] WA AS 4 pSETI529] 4
A 97149 % apramycin A& G-HAAE PCRZ ZES} 5~
Q= ok 1 kb A 0] $AAE Er 2 primers S A|2-5}o] 8
QIBHEIIL, SeaR HAIAFS] HHA G P SeaR §7] DL Fx
5ko] Sphl sites 3Z3tsH= primersE A|2Fste] 2helsict
(Ryuetal.,2015). PCR (GeneAmp PCR System 2400, Applied
Biosystems)-2 Prime STAR HS DNA Polymerase (TaKaRa)
2} Go Taq Master Mix (Promega)E- ©]-8-3}o] =331t 2
T 1% o7tz = Aol A H7] 4% stk
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PCR At=9| H7[HHE 23 & oA

Sequencing-> DNA sequencer (MegaBASE500, GE Life-
science) 2 |- 2 5HAL ()& E Aol o] okl 1, &) A
B3} A A v 1= GENETYX-WIN (version 3.2, Software
Development)Z} NCBI DNA database S ©]-2-5} %1 th

Helo| 2t S verginiae?| HETE I Reverse
transcription (RT)-PCR

E. colio| Al S. virginiae 2 plasmid 2] A A 22 Kieser 5
(2000)°] ZH gt HH of| whe =3y sk ATt 4] 7314k} SeaR
FrAREe] I ME QI pEV615SE L3t 5 ofwt =21 E. coli
ET12567/pUZ8002+ apramycin (50 ug/ml; Am), chloram-
phenicol (25 pg/ml; Cm), kanamycin (50 pg/ml; Km)o] 47}
= LB o5 2]of] 1475k 600 nmol| A FE7}0.2-0.47}
o w7} 37°Col A Hlake 3, Sake] Al=-e LB oAl x| 2
5 ¥ A5} 254 0.2 0.1]e) A28 LB o)ul 2|2 A
et S. virginiae 5 HAGS 1% FoldF = A5t
At A sFA] 925 ul (1.5 x 10" CFU/ml), 10 pl (3 x 107
CFU/ml) 8] S. virginiae EA=2xYT v 2] 0.3 ml 2 Z+-Z} HE}
3t % Z2u] gl Fof et ekl 500 wl (1.25 < 10° CFU/mI)2}
Z et 5 A2 A 1087 g A uf skt st &3
N AHEE st A AASER ™, Do pellet>
10 mM MgCLE 323§t SFM gHA H) x| of] T=i3}aL 28°Co|)
A 1620417 A 2l o shalom 22| o A4S 98]
1.5 ml2] DW ]| 0.25 mg nalidixic acid (Nal)2} 1 mg apramycin
= F7rste] v A] f1ol SR A7 $-30°Cof| A 2-3 A3E T wlj<F
s}t AEkE & 2 A 3kA|(transformant) = apramycin (0.25
mg/ml)o] Shf+l ISP No. 2 vl &] o] A chul &5k

AR Foto] A Z4740) 2 ehA|(transformant)
20 ml<] TSB Hjz]of] A& E(1 x 10° CFU/mI)S H%
5koq 10, 12, 1447 2l &F 5 ulj QF oS A9l hof] ol A4
w25t AIE It 343t A = FE A RNA
(RNeasy Mini Purification Kit, Qiagen)S 5<3}31 DNase |
(TaKaRa)2 *E]5}o] chromosomal DNAE A A3} th
cDNAE §1/d3}7] ] 94 DNase -2 2|3+ H 4] RNA 9]
chromosomal DNA 2] &4 8- 2= A RNAS FF o2 A}
835}] SeaR2 primers & ©]-8-5}0] PCR-E 4=3) 510 &34
t}. DNase [ 2.2 # 2|3t A X RNA+= Superscript III Reverse
Transcriptase kit (Invitrogen) 2} Random primers (Invitrogen)
£ 0]&3to] cDNAE M5kl 2F4cr FAehe
SeaR §-717F2] uhel 958 Bhe157] 915k0] DNAS 7 o

=32l Al As1d A3E

= o]g:a}o] PCRE =33} 9irt.

Virginiamycins A4t 21 vB-C62| K= &M =4

S. virginiae Y transformant (SeaR-integrated S. virginiae)
O] AU FF(-T0°C BE)S P SV w2 2 A HTH 5200
ml (baffled flask) 2] SV 8 %] o] 3% =] A & Z3}o] ujjeksl itk
AENF = EHl G AITHEE 2041 771A] 247F 4 0 =2 10
ml ¥ 51311, VB-Ceol| 23 VMs e 24 5742 2ullF4,
6, 8A17F 3o ZFz}F 100 ng/ml 2] VB-Co S H7}5}10] VB-Co2)
WP 7)ol of5t G2 B4S ST B Ao ALg
31 VB-Coi= Kim 5(1989)0] A8+ VB-Cg (ethanol of] &
a2 AHg Sk RHT AE ke AAIstel A5
AJATE] VMs= A5 B. subtilis PCI 2195 A}-8-5}0] paper
disk (&=6 mm, Whatman)® o] 2]3}] R A= clear zone ©. & &}
Qla}Art.

HPLCOI| oISt virginiamycins®| 241 4l

ol

E=EN
LA VB-CoZ EH[|9F 8A7to|| A7} 5 S. virginiae (wild
type)2} SeaR-integrated S. virginiae (transformant)+=2A| 7k, 4
A7k ¥ sheksisick. Z7ke] vlek A5l 2 mlS SEP-PAK
cartridge (Water)ol] S2HA 171 3 Z}2F 2 ml2] 50% 2 100%
methanol 2 -8-Z35}0] %231 & methanol 100 ploj] &35}
71220 plE paper disk '8 B. subrilis PCI 2199]) T3t 3t
-8 ZA}S}AL Shimadzu LC-10AD (Japan)E ©]-8-3F 9A)
HPLC Haisil C18 column (Chrom Tech), CH;CN:H»0=6:4,
0.1% trifluoroacetic acid, flow rate 1 ml/min, UV 305 nm=

virginiamycins &] AJAHS £ 514 T

0!

Zot 9 D

SeaR expression vector| 7{gf

EA G291 SeaR+=S. erythreae IFO 13426 2] chromosomal
DNAZ&} primer& ©]-235}0] PCRS 4=8§3}3L 1% o} 7|2 =7
of| 7] %45 $-615 bp %4 =] =2 DNA tHH <l SeaR -F-712t
£ 3]4=3}o] entry vectoro]] AF) 514 o1, A1 H entry vector
9] attL site?} destination vector?] a#fR siteS ©]-83F LR
reaction © 2 SeaR & HE|(pEV615)E A 23 T}, 0| & E.
coli ET12567/pUZ8000] &2 A3t sloict. - dske 7o
25 plasmid DNAES E-2]5}o] 27]9% ot A} 4.4kb ]
2] of| LRz, 22] ¥ plasmid DNAE Clal ©2 #] 2]+ A3}
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seaR-integrated S. virginiae
Sampling time (h)

10 12 14

Fig. 1. The SeaR expression of S. virginiae analysis by RT-PCR. PCR
amplification as carried out using the primer (Forward, 5'-ATTGCATGC
CGCCT TCTACTTCCACTTCG-3; Reverse, 5'-GTTGCATGCGTTGG
TGCGAAGCCACTC-3"), which are manufactured by sequences located
in SeaR gene. Primers were designed to generate PCR products of
approximately 450 bp and Sp#l site (underlined).

1.1 kb @ 5.5 kb2] 27)2] Th o] BHQlE] 9l o w, & 25 SeaR
2l WE S pEV615 (6.6 kb) kil 5Tt A2 pEV6IS
= oriT, attP, ermEpY} SeaR 3-AA @HE 7}X| 1l Q=
bacteriophage ®C31 -2 9] integration vectoro| ™ 2 vl= &
AR A g A =l Al = ATk Ryu er al., 2015).

SXRTXIS| dred
Wy
sl

Ho):o

[e]

o GAA| o] 2R S= antB site 2 4T Y E SeaR -F- A2}
FFE=RT-PCRE] =8 © & & 4= Q] t}. Transformant
o YR elalo] TAS 514511 5 RNAS 2Edto]
cDNAE 7t & SeaR -314}e} Holxoz Ajsh=
primerE- 0]-&5}0] PCRS 35} 1% o722 Ao A7)
% 3kich 1 A3 Fig. lJJr o] 247} 9] transformant 2 5-E]
10A17HEE] 21 5hn 2|44 © 2 Bl w1 = oF 450 bpo] DNA
|

Lo

jus)

% Q9IeF S Dol Seak 51 efl

l

1z

T ZRYsto] Q7B A% 7E‘JJrSeaRv
2} 2o TS Elslgict A4 2 transformant
TR R &2 2

S virginiae 2! transformant2| virginiamycins (VMs) AtiAt

TSB AL} SV v} 2| & AL2-3L S, virginiae$} transformant
9] gutkA 2] growth pattern H] 1l A& o A = T 2] growth
pattern 20| 7} A 9] §1-3-5 815} 3It ©]i= SeaR F-74}+9
A &2 Q1 W o] 8. virginiae o] YA ALl = 2 T2 SHA|
%= AS Uetll= Aoz o|atfatol] FaFol & Ao
A= AT S. virginiae ©] 79~ At A-o]l QlofA] o] Akl
AHE, & HEE S 278 8= receptor T I auto-

Table 1. Time course of the virginiamycins production in S. virginiae
(wild type) and SeaR-integrated S. virginiae (transformants)

Virginiamycins production time (h)

Strain
10 12 14 16 18 20
Inhibitory zone (®, mm)
Wild type - - - 9.0 10.0 10.0  10.0
Cl - - - 9.0 100 11.0  11.0
C3 - - - 8.0 10.0  10.0  10.0

regulator T+ of| Tt A7} o] Z13Y = o k7] wjze] o]t
ApIEe] AALe] MBS E5}0] SeaR SR U] A
a2 selshaa) skt

Wild type ¥ transformant 2] virginiamycins (VMs) A4+ &+
¢1-2-70°Co]| H2% Mot Dot SV uij A 2 A& 5haL
100 m19] SV i x] o] 3% = A 1550 vl 8AITHLE 204
7W7kR) €] VMs A A& ZAFSHITh Table 1 € Fig. 20| A B
= H}Q} o] S. virginiae2} transformant C1, C3+= Eu}j%F 14
A7t 73} S RE VMsS A4k ch

VB-C60] 2/t transformant2| SHISE! RS

VB-Cs2] 7|55 VMs *ﬁ*“’ﬂ Z‘ﬁ wolgh= 7)ol obd
VMs Aike S308k= & A A A glem
VB-Cs 37} -2 A17F 0] 0] VMS—J Yo AlAtE = Aoz
e A} 9)tH(Nihira ef al., 1988). VB-Ce0l] 3t S =TS =
A317] 95} = Hjok4, 6, 8 A7t 3-0] 100 ng/ml 2] VB-Cs= 7+
7+ A 7181t VB-Ceoll 2J5t wild typed} transformant C1,
C39] VMs9] =2 A A1), EuljoF 441 7F Zof 100
ng/ml 2] VB-C A7} A] wild type & transformant C1, C3 2.5
VB-Cs©| 2]3F VMs A Ato] 8- 5] 2] 9FQIti(Table 2 and Fig.
3A). o]+=S. virginiae2] repressor2A] &2l autoregulator
receptor @1 BarA 7} A 4d o] E]X] ¢ro} VB-Ceoll 2] VMs A4k
0] S =% ¢Fo 7 o & HQIti(Nakano ef al., 1998). Eul|oF

Fig. 2. Time course of the virginiamycins production in S. virginiae (wild
type) and SeaR-integrated . virginiae (transformants) (W, wild type;
C1, C3, transformants; a, 8 h; b, 10 h; ¢, 12 h; d, 14 h; e, 16 h; f, 18 h; and
g, 20 h cultivation).
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Table 2. Induction of virginiamycins production by addition of synthetic
VB-C; at 4 h cultivation

Table 3. Induction of virginiamycins production by addition of synthetic
VB-C; at 6 h cultivation

-Cs Virginiamycins production time (h) -Cs Virginiamycins production time (h)
Strain Strain
(4h) 6 8 10 12 14 16 (6h) 8 10 12 14 16
Inhibitory zone (P, mm) Inhibitory zone (P, mm)
Wild + - - - - 8.0 9.0 wild + - 7.0 8.0 9.0 9.0
type - - - - - 10.0 11.0 type - - - - 7.0 7.0
+ - - - - 6.5 8.0 + - - 6.5 6.5 7.0
Cl1 Cl
- - - - - 9.0 11.0 - - - - 8.0 10.0
+ - - - - 8.0 9.0 + - - 7.0 7.5 8.0
C3 C3
- - - - - 10.0 11.0 - - - - 8.0 9.0

6A17F 50 100 ng/ml1 2] VB-Cs A7} A] wild type-2 &2
AYAFA] 7] 7} 4 A 7 ©r=E] Q) 31 transformant C13} C3 = &1y
B2 AKX 7] 7} 2 A1 7F ©HEE] 9l tK Table 3 and Fig. 3B). &
joF 8A]17F 2ol 100 ng/mle] VB-Cs H7} A] wild typed}
transformant C1, C3 2.5 A E-2 AR 7] 714 A 7 = 5]
1tH(Table 4 and Fig. 3C). 124} £-0|3}A| transformant C1
7} C3%= wild typed} H]18}o] VB-Cs 710l &3 VMs AJAH

GV

(B)

©

Fig. 3. Induction of virginiamycins production by addition of synthetic
VB-C; at 4(A), 6(B), and 8(C) h cultivation (W, wild type; C1, C3,
transformants; a, 6 h; b, 8 h; ¢, 10 h; d, 12 h; e, 14 h; and f, 16 h cultivation).

n e A ASIY A3E

o] ARt o] Aip= VB-Ceol 25t F=9] H¢- S
virginiae U] 2] BarAof] &3] VMs RAA] 7] 7} 24X 7 =5
ittt AFR E] L, transformant C1, C32] -9 VB-Cs A7} A
VMs A Atko] A A )= A2 receptor = =4 &= SeaR 0| VMs
AAE 7A00] ARkste] SRR 7] Tk AV,

HPLCO]| 2|St virginiamycins2| &4

Wild typeX}transformant C1, C3 7} A AFs}= virginiamycins
9] B.4.2 standard virginiamycin M (1 mg/ml)Z} virginiamycin
S (1 mg/ml)Z ©]-8-5}of BRIt Fig. 40f| 4] K= Hjel
o] virginiamycin M- retention time©] 4.5 min, virginiamycin
S+ 6.5 mino] &= At

2l 8 AT $-of] VB-Cs 37F5Fo] VMso] -5 AJA4HE] =
10A]7E, 12417t ulj kel 2 A Bl 355510 20 pl A& paper
disk§ S 2 B. subtilis PCI 2199]) th gt &F8-2 ZA} 3} th
Table 50f| 4 =291 BR} Zro] wild type} C3+= &=t o] LEt
SEOLE C12] 79 1041717 Fhel-S 5o]7] QIke 5 o)
AMEE F9I8ke] HPLC 2431 A3} Fig. 50 4] EQl vpek 32
o] transformant C13} C3 2.t} wild type©] t] B2 VMso| &

Table 4. Induction of virginiamycins production by addition of synthetic
VB-C;s at 8 h cultivation

VB-Cs Virginiamycins production time (h)
Strain
(8h) 10 12 14 16 18
Inhibitory zone (P, mm)
wild + 7.5 9.0 9.0 10.0 10.0
type - - - 9.0 10.0 11.0
+ - 7.5 7.5 8.0 8.0
Cl
- - - - 9.0 10.0
+ - 7.0 8.0 8.0 9.0
C3
- - - - 9.0 9.0
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Retention time(min)
A B

Fig. 4. HPLC chromatograms of virginiamycin M and S produced by S.
virginiae. (A) standard virginiamycin M (1 mg/ml), (B) standard
virginiamycin S (1 mg/ml).

Table 5. Antibacterial activity of S. virginiae (wild type) and SeaR-
integrated S. virginiae (transformant C1, C3) at 10 and 12 h cultivation

Incubation time Strains
(h) Wild type Cl C3
Inhibitory zone (P, mm)
10.0 8.5 - 6.5
12.0 10.0 8.5 10.0
‘ .
10 hour e im B
cultivation il s <
Retenti;n time (n;in)
A c

12 hour
cultivation

-
-—

Retention time (min)

A B C

-—z
-

Fig. 5. HPLC chromatograms of virginiamycins produced by S. virginiae
and transformants (A) wild type, (B) transformant C1, (C) transformant C3.

SH AL v 10A]ZF 3 2o} wljef 1243 5o o] B2
VMso] && %0t} C19] 749 10A]7HA)] virginiamycin M-&
wloFalA A& E Ao} UL Rolx] pgren, 1247k
A virginiamycin M3} virginiamycin S7} HE%E Zi}of A

virginiamycin Mo] 74 Aksh 2& SHlskick

)

H AL S AHMA A Saccharopolyspora erythreae receptor
gene (SeaR) 2| 7|'5-& A7 | ol thE &2 =2 Strepromyces
virginiae®]| SeaR -G AR5 = QISFA L) S. virginiae 2] & 27
3-8 oriT, attP, ermEp 3} SeaR 3 A A S 712 11 Q)= ®
C31 52} 9] integration vector 2l pEV615 (6.6 kb)E- 0]-25}¢]
Escherichia coli ET12567/pUZ8002& DNA 39| A|(donor)
2 o]g3t HEHEH(conjugal transfer) S ARE-3}o] 243}
%Atk SeaR F-7A2] 4HY] 7= PCRYYR . & 2115}31 11,
SeaR 71 A}2] AL RT-PCRYHY O & SHQ15}GI LY. S.
virginiae2] 73-%-, virginiamycins AJA+2wild type (S. virginiae)
@} transformants (C1, C3) 25 Z|ZAYAFA 7|7} 14X 7FO 2
Aok} VB-Cs 7HA 710 & A4 fs el 2
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C3) E5 VB-Cs0l| &3t virginiamycins A3 0] =5 ] 943k
c}. 2l F 6 A1 7E, 8 A7kl VB-Cs 71519 A VB-Csoll 9]
gk virginiamycins A/g 0] F-= 5= A& ERlskql. o] A}
= VB-Cool| 23t 29| 73-9-S. virginiae 4} 2] BarAoj 2Jsf
VMs AJAEA] 717124 K17 Rk E| 91 AR S, transformants
Cl, C39] 7 VB-Cs 37} A] virginiamycins AJAko] 1A =]
= A& SeaR 9] virginiamycins A gHA G- R}o]] 2gls}o] o
AR 7]5 _ekar 324 = ATk o]t Autg Qlsho] ot
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Ao R ZRIE}lr}
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