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IR T RN SRR TR RR
S5 R AR

EOH O EUE RFEET

(PR ERHZRENEHERTRT, HIX

WEF R RS REEEDNAMNR Y, MEMSEIESRMENEE Fact, sct I
VefRet, MRS ET R Str. spiramyceticus U-1041 ERE RN NS TEES
FEWGABERE pCNHSe, RHEHIITEH, H4OoT8R dkb, B4 TRITE,
HERELERRESERER (Sact | FREN) ERREATEERRE (Sact THFREH
T TER., pCNSHS DNA EFBEE™E TN Stromycarofaciens subsp, 6850 FI %
i, BENSLSSTEEZHEENL. pCN3HE Ei S S ERESEEERER T
Str,coelicolor TKI7THRIRET Y, FRAHRERAZNGE, HEEMBER S @RS Sy
S, pCNISHS 28 BB EStr, tividans TE24 WpyEEEF I, WA E R,

FoCNIHE DNA ML I T ERR NS, griseofuscusB L ik, B TIEEEER
HRFE. WL TR EEE TRl DNA pSG3, E4HF & 55 7.0kb, 7 §E JE pCN3HS
DNAFALStr, griseofuscushiERRELATITER. B {LSBTE, SRR R 2 F W
Tk, BEHEHRT pSGs DNA EREER. SRR pCGe, pSG3 MU EE 2T Str,
ambofaciensF{l, TR EEEW T EHEBER.

XRim FREE, RWEREEN: fEEN

SRR, B3R SRR A
B R R, A1 B3R
FREPOREE B TR, REH RS
R, HEREHRARAEERESRE
ErEREH TR .. BESREAT
BEIGREGIAER BREREFER
(Str,ambofaciens) )= Hpfk HH (sr-
mA srmB srmCYEEE 2, 3 & M
éﬁmB%@HEDNA%%%%%%%ﬁ
HERBEREEE AR ERET RS,
AT R E Bk & H - Bl Str.spira-
myceticus U-1941 fp3apR SRR & A2 2y
HEEH, HEREAEEESENERE
SRR, RGEREER

PR A RIR) R S A A B At

R — RS AR B N, i
RN S BRI R GV R
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T

(—) #H#

1., Bth: WIEEE™ 4 Str spi-
ramyceticus U-1941 AP 4L, Str,
ambofaciens 12 FH C R, Hutchinson %
TRIRAL; SR B AT 0 AR AR £ B
Wi Str, coelicolor TI1T, B HHEE
Str lividans TK24 13818 D, A, Hop-
WO IR 5 525 15 R L ML 2
¥RStr,mycarofaciens No, 68 1 A< s iy 25

FITreeefE 1 H & T HE,
A BT B S ) 2 b R S S W U R %H
C. R. Hulchingon #ZHED. A Hopwood# £ 4 () g5

FHILAEIN, A b 30 EE,
# 0 TR LR BE 4 T
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BERERSFEER) EXRREE4E
wWStr, griseofuscus, HC,R, Hutchin-
son# i,

2, Bikr, pWHM3 '+ g§C R, Hut-
chinson # I8, BERULREH G
faEHact1, actm D, A, Hopwood
iRt .

(=) &

1. HEH R, FR2YE BR
B RANE RS E T AR
#& AT DNA #6{h 2 R4 M D, A, Hop-
wood 7

2. B P54 BSouthern sy F 4%,
R I B T AR B A B S B R R AT B
AR, RAELOCIREN FE
fio Southernsy 7% B 4D, A,
Hopwoodfy 5 #: "7 #k{7. FI FIBRLAH]
e T B 3

3, DNA # /R S, HEE A
O IRE T

4, &pCN 3H8,pCG4 DNARStr,
coelicolor TK17 Sir lividans TK24}
Str, mycarofaciens No, 68% b+ & B,
N E R i

REFHs e R0 I (%) HIRIAE3. 0,38
HOHH2.0, $EML0,(NH,),50, 0,5,

KZHPOtL 0l053 CaCO3 On39 ﬁﬁél%j‘%

NG9 ): SHTEBRLL0, TR0,
NaCl 9,1, CaCO, ¢,1,

ik kR s A8hs, LM PHEE
3.0 BIEVERR, =M EpH 8,0, HIS
BRZEEIREG. BINBIERE ST, EHA
g, (LD/KRRINIET B 2) K
AGIET R - 2 oA BIZERAER (3T RE B
e KC2:1:1)C4 WKBAIE T Bg+ 2%
A EuEBEC 5 )0,6mol/ L pHT, 0 AYLH AR
AR IR RRIRATR ¢ 2 % B I
B (7)) IFRE: D, JE4840,5mol/L

© PERFRMEMHARFATHKSHES htto

PH7 0 BRI (8) 75% H B,
25% AK(HE 3 Y% NaClh, s H s %
EREIAL A, IEREEBIFEFRS O =
HEz9:1),

5. &pCG4, pSG3 DNA Str,am-
bofaciens Feib-T- K BE, REUKIFHEE &
RSN MR TSR & B

FHF e R4 (%) W 1,0,
E B 3.0, EEYE 2.0, NaCl 0,4,
CaCO; 0,5, BEEIE TR, HE
$2,0, JEE4,0. fE52,0, FHELLO,
NH,NO, 0,6, CaCO, 0.5, KH,PO,
0,05, MgS0,7H,0 0.1, NaCli,0,

EBERS SR 96—120h 5 INE & B o
e g RN L/A\EREIREE, M
PR g kb B . R EE I PHIA RS, 0
R B BBIR R, FHE A ApH2, 07K, H
HPHB, O & T HAZ BT Bk, 2
Pk TR R B R, RS T
VBT (2:1), FIE SR Rk, o 2
HedE . HinEREE RIENR,

6, B E EWNE

CLOBRFE 5% 4 T
FEPTPER I, T DNA #6405 4 7 {4,
#R2YER 58 F30CER1IRG, M
£ 3  (Thio) 25u8/ml AR B Z(Sp)
oug/mIg AL, 3 KEHBH Thio
SpRysE e, =FEH Thio B3, i
Thio WH{L-F, HESARKER jE &
FR2YER ARz E " L, 12
TR BRI PITE.

(2 )SEHE R 7 A R AL T g e g
FHiPLACEBINE: 10 &1 W i S e
RWWR2YES &g 5 5t L HEH T,

i/

R T
(=) AREEL WS MR 895 B
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CEIEZE B EEEHE, Baeblact T act]ﬂ%‘i}ﬁ;fjjﬁiﬁ’ﬁ
HNE R BRI RS pNIL e IBE® rfEaU 1941 B DNA 3740 F
WA E R B T e B AR Str epi- BRI, HERPIAEU-1841 E"DNAt]ﬂﬁq“‘—J

ramyceticus U-1041BHTE ™ . ¥
TARE MR &R EEEL A B DNA 5|6
FHRMEE, PR BERENRSE 4 &
B ARBEHact I (BRELSHER),
actmm (3 m’%ﬁhdﬁ%ﬁlﬂwxﬁﬂﬁ & &
FE%E@EE* '

DNA#TT w28 YR

act I ,actll BIEFEIFEMDNAFES], (40T
ZeA B ML) Bk Tl act T BRI, S
EERFERERNCERSE 4 DNA
HIK BT R kTR 2, B e Fact 1 4
5 OB PE RS % pCINSHS (JE 1) o & pCN3H8
|AGEE 7 45 47, W

Bl Aact] BEAREH SRESAFEEREXELTEERZ
Fig.1 Colony hybridization of genomic library from Sir, spiramyceticus, U-1941
with actl gene as a probe

AW tmor oy owmyogr g o
T T T 4 kb Sh Fn— MW:ME{b
act] " aetll
P; Pstl B: BgHi = EcoRI —— 2kh e — vector 3 ik

B2 pCN3Hz DNABME S W ENE Hact [, acth 2 H A HKEREM
Fig.2 The restriction map of pCN3Hg DNA. and its homology with act], act]] genes

EAFRN 4kb, BIEIE L E2. B
act T ,actll ZH fE{f4} SpCN3Hg DNA
mBgl1 ,Pst I Bigip 7t fTSouthern 4y
FRTHERDER L -1—3, L & 17
T EE SRRSO

PCN3H8Bgl 1 -Bel 1 4,3kbE B |, 1%

EEIEARFEBERN & & pCN3HR
Pst T-Pst1skbFE FCRE 2),
FrpCN3H8 DNA 4rBilEs b F 2 ah 5

© P ERFRHMEMARFATNTSEES htto:/

HemoRIEH T #EStr, mycarofaciens
No,68, &R AERMRSE A EE HERE
Tlarsn kT @ 8 8 & Str, coelicolor
TRITEA I AERENETE & Str,
lividans TK24rh, Fib7 78— KB
IF S AR T B R IR W . & pCN
sII8 DNAR) Sir mycarofaciens No, 68
BETRERTESEGTENZRESR
YRR ALy, #rpHS. 0 & T mH B B
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W% ARERRELRERENREERN SRS RANHE 0w

AR, T8 ADPH2, 007K i, F=iiaal
0GB ANB U 5 2 30 58 A R L0
3). % pCN3Hs DNA MR GMEEE
TKI17 ¥AbTF 8RR, ARG EHR™

[0 S N S

230 250, 270 290 310 330 250

B2 pCN3sHa-No,es % & B R %5 5B 36 8
Fig.3 UV absorption curve of fermentation pro-
duct from pCN3He DNA in Sfr, mycaro-
faciens No,s8
1, Midecamycin A;, 2. Fermestation produet
of pCN3He No.e2, 3. Midecamycin Ay

T I B! | 1
220 240 260 2BD 300 320 3401 360 nm

MG ST ETFERaR Y. AT
EG R SOAL R E I h 5 e 2 B RS
FafL (E4-A,C). FPpCN3H8 DNARL
B E W TK 24 40T R B Be) )\

R G ELE LA 4-B,

HIEPCNIHS DNA 7E L) F5x B
e g 2B IR OSSR, AR A 5 pCN3HS
DNA ZLE45FRIEEERNHGMRE &
ARSI L EREE, Str,myca-
rofaciens NO,68 T A FZHEEZENS
W RRRBTRGRR). EEEERS
EHBEWELMEEST AL, ARE
MBS RETRDER, cEREERN
£ BB H RipCN3Hg DNAZE No, 68 38
Berb, BRI RRICR H GRRE, WEAES
il B CIY . Str, coelicolor

bl L [ | L

;02 3 4 5 B T 81 Z 3 4

& 7 3 Vv oz 3 4 65 8.7 8

B4 pCNsHs DNARE LT S m =/ 1 R SR AT g A
Fig.4 Paper chromatography of fermentation preducts from pCNaHs
DNA transformants in Str, coelicolor Triv and Str, lividans TKa4
A, pCN3HsDNA-TK17, B. pCNiHz DNA-TK24, C, @i % KSpiramycin
*HEEL—s APHERETHDEMN A mES

Line is joined line of moved point in & solvents

TKI7T MBSO EERSRERE R RE
L. HRROES5BREFHEFIREL
AR, SdaaEdg g LE Sk
— R Eik, (A EEHAZER, B
JEMPCN3HS DNAYE TK1T i v F3E
XYy, WEELIEE BRI AT TR R B
HERFWREESRBEQDREAR, X5E
HEEEN., TEHERAMBEEENT
BRI N RARZEE.. BARIBLS

© FERFERRMEDARAATIKRSHIESSD http

FEsTE R PR . S pCN3HR DNA #9735
HHEE TR 24 BT R BB
R S, 1 B pCNSHS 46 F £ 45
sHENEREREDSRER, BIUEE
PCN3Hs DNA 5% 2 H W bR 4
—ER R . T B [ Y TR A
R P AL P R B 2 AT o

(ERBERRGECHEE N T
=
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B2 M TH

BT pCN3Hs DNASTE kK, H
THBEE PR REE, EIRITHE
HBEERRSSTEE 7T 5 . &
PCN3Hs DNA H Bgll F4%i)E, Fi
] SS NA-45 DEAE 4% Sactl [Fi
4, 3kbE B, 5 R Ek kpWHMS -

pC.NISHS 44kb

KTTIRIE ~m — —mm
veetor

43D

Roll {ragment

BamHI-CIAY
BamHi

separaticn Bgill
T e
' \ T4 ligation

Bzlil/BamHi%
Transforimation k

BAMHIg#%, HiABHFEDH-5, #4&
Amp, X-gal, IPTGHLBIEHRER -
Pk AN E DNA EAEHRENE A
W, BIFRNRNEEDS, $EhEA
B ApCG4, syFH11,5kb, TIRET
R WE S o

//"

/ G -y
f =3 i3
i

2 sk il
ﬁgﬂ\ﬂg‘ﬂfﬁarﬂli

4.3 kb

£, coli

Bs BESEESSOWLETLE

Fig.s Scheme for subcloning of spiramycin polyketide condensing gene

FpCG4 DNA ki g e 41 H R
G e TR AT RE AR EE Str.
coelicolor TK17, #:4k T % Bl ier=
RV R, EPH 0T HIET
B, A ATAVEIT AR A ES o EiE
%1 5pCN3H8 DNA-TRITH: 67 % B
MR EC R, SBRERZHELK,
A B RS T HI R E B ER M.
HICBATIAT MpCN3HE DNAD 7 5
TS ERE AN pCGe, it

BELEATK 7 AR, FhS

A REH AR, | A pCes DNA
AT o e, SEEFZ A B R
(2) BREERRGEENRERE

WEREYSRERFESHERER
EW. AT HRPCNIHE DNA & F
WEh R 2 K AT AR B, RATH
PCN3HE DNA # LR FEE ™ &£ H
G i & Farve /DT 1opg/m MIEFAE B
oo $E{4F FEThio 25pg/mlf1Sp 10

© PERFREBEDFRMATIKSHREST http://journals
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A
v

\
\-
Y,
T T T T T

1 2 3 4 3 & 7 8

B pCG-TEITHETRESOAIHENRERE
1

Fig.s Paper chromatography of fermentation
product §from pCG4 transformant in Str,
coelicolor TK17

peg/mliFde, HEPERIIERE 0T, £
EAR EE BT & F 100ug/ml. K
HERFE AL o i SRR Y pSG3, 4T
B #5207, 0kb, BT AT# BIpSG3 DNA
frskbEpar R P R kpNMI1, 4kb 32
FpCNSHS /W EDNAZE S (B 7)Y, pSG3
DNAT] # jt pCN 3Hg DNA f4k Str,
griseofuscus 0f i R NGB 8. BT
LSt griseof uscus b RIS F
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1 REOA% AR R R RN 2R T R 29

TP s x__E
! B pSG3

MW=T.0kb

E:EcoRI P Pstl 5:8phl X: Xhol +———— 1kb

BT pSG3 DNA RS KR B
Fig.7 The restriction map of p5G3 DNA

titk, #Sck pSG3 DNA fiHl i 4545,
HITEPSGs DNA Fitik Str, griseo-
fuscus, PLThiofi#:HkiitT . &R
& Thio Hit: i T B EREE S
MR ET R 4000g/ml, ik
ik, pSG3 DNA w&HEBREER #
VR, FESEESEAY A R EE S
fr FpCN3Hg DNAFE -,

() BRSSHERRINEE
BEBREECENHI

AT IREF R B A & A
E—EmaahER R ERERE
FEBER BT ENOGENE RITEHPCGY,
pSG3 DNA ZpB|seibifie B R~ A W
Str,ambofaciens (FLADEALR KR, H
ThiofitEfas e b1, FIPLPRII2-—150%
HEIT R RS 25, W S e B 2 00 BRI »
I F LT A B R, &
BHFED. 2. Hp leREEE RN
LT, cEstEgTE LENRZ ™
W, BERTEERE, BFENMOEERE
Fo BT EEBFUSLZFRINIEEER
BriE, EALSEEETHEM. AETT
BFE LT rh B aE 4 B B A DNAC L T
I-4),

M1 T RS pCGe Str, ambofa-
ciens F LT RV B HEBEANL K &
AT AT 5—3fF. EET
RS RE VR REEEA AR S
S BRI [ B T 0L w4 I by B ik pWHMS
AR AP ARG BEA

© HERFRHMEMHRAATIKSHEES  http

= 1 pCG4-Str.ambofaciensi® ik THES
ERBUMHERE :
Table 1 Spiramyeiz preduction of pCG4 trans-
formants iz Str, ambofaciens

# P COEREEEERMAER
Transformants Increasing of spiramycin
(No.) production (%)
1 288
Z 153
3 324
4 158
5 153
[ 147
7 231
g 228
9 203
10 222
11 203
12 154
coxjt}il 190

® 2 pSG3-Str. ambofaciens ¥{k THREEE
_ BEBRYREREATHUE :
Table 2 Spiramycin producticn and resistance
to spiramycin of pSG3 transformants
in Sfr.gmbofaciens

o 7 (MECHEEBET g o or
Transfor- of sﬁiramycing Resistance to spi-
mants(No.)|orodiotion (05) | ramycin{pg/ml) _
1 [ 168 2000
2 168 2000
8 380 2000
4 167 . 2000
3 287 : 2000
8 258 2000
T 387 2000
8 318 ' 2060
9 229 2000
10 314 2008
11 222 2000
12 201 ' 2000
13 131 2000
14 220 2000
15 ‘ 184 : 2000
Coﬁi&il 100 1000

W WG R R RTE bR 04k RE RO P4,
Control; Average value of fermentation produc-
tion ef 10 protoplast regenerated
strains

//journals. im. ac. cn
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EERE B FETREIIES.

&pSG3-Str, ambofaciensii {2
EERERENIERAET R £ RIS
1.8—3.8{%. FHAENREREEBNHLR
Fag, MRS Z DMK A R e
—f%. LA pSG3 IR e B R b3k
A, TRk a0 AR I M K, 2
HAHEEB R B ENE . 4S5
Cramerl B iR BYE L 50 6/-N 2 Be#
BER, FMiEeIRtEENE, 8

BRI R AN A3 . pSG3
DNAh B B RS EENREL. 5
BieBEEDEREHEN R, MR S
Richardson % A "1 13 3 682 e 55 B = dz
B Str,ambofaciens th =P AREH MR
MR R, {HE8—H .

A ERFAFHEREIBRER
EITPEIEN, AR ENERTE X
HBm A B R AT . AR5
o ET B A R O B R B T
Fih, RS EREHEFEM ER Z R
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Cloning of Polyketide Synthase Gene and Resistance
Gene from Spiramycin Producing Strain

Streptomyces spiramyceticus U—1941

Tang L1 Wang Yiguang Zhu Xuewei
(Institute of Medicinai Biotechnolgy, Chinese Academy of Medical Sciences, Beijing)

According to the DNA homology between the different polyketide
synthasé gene, actinorhodin polyketide synfhase genes act I and actn
have been used as probes to identify biosynthetic genes from the geno-
mic library; from spiramycin producing strain Str, spiramyceticus U-1941,
A clone pCN3H8 was obtained, Restriction analysis of cloned DNA
pCN3Hg has shown that the molecular weight was 44kb, Southern hyb-

© PERFRBEDHARMATIRSHESD htto://journals
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ridization indicated the preliminary location of the polyketide synthase

genes in the pCN3Hg DNA,Introduction’ of pCN3Hs DNA into mutant

of midecamycin producing strain Str, mycarofaciens No,68 resulted pro-

duction of a midecamycin A, like substance according to UV analysis, -
The transformants of polyketide synthase gene deficient mutant of acti-

norhodin producer Sir, coelicofor TK 17 rom pCN3H8 produced antiba-

cterial substance, that was different from actinorhodin in color and

spiramycin in paper chromatographic pattern, Subcloning of polyketide

condensing gene tact I homologous region) of spiramycin was accompli-

shed in vector pWHM3, A recombinant plasmid pCG4 was obtained,

A spiramyecin resistance gene pSG3 was obtained by transformation
of pCN3Hg DNA into spiramycin sensitive strain Sfr,grz‘seofﬁscus. Be-
transformation of pSG3 into Str, griseofuscus has confirmed that the
resistance of spiramyein was associated with this plasmid, The restric-
tion enzyme analysis showed that pSG8 has molecular weight of 7kb,
“implying the pSG3 was formed by in wivo deletion of pCN3Hg in Sir,
griseofuscus, The plasmids pCG4, pSG3 were introduced to spiramycin
producer Str,ambofaciens, The transformants containing piasmids pCGA4.
pSG3 showed substantially increased production of spiramycin,

Key words

Spiramycin; polyketide synthase genes; resistance gene; production
of antibiotics
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Plate 1
Tang Li et al,; Cloning of polyketide synthase gene and resistance gene

from spiramycin producing strain Str, spiramyceticus
U-1941

1—3 _Digestion of pCN3Hs DNA with Pst §, Bgll (1) ‘and Scuihe‘rn hybrldnzahon
with act ] (2), act T (3) genes as probe

1. a. pCN3Hs/Bgl ¥, b. PCN2He/pst I, ¢, ADNA/Hind K

2. ‘a, actl gene as conirol, b, pCN3Ha/Bgl T, c. pCNsHs/pst |
3. a, act]] gene as contrel, b, pCN3Hs/BglI, «, pCNsHea/pst 1
4

Electrophorogram of plasmie pCG4 and pCG3 DNA in Str
ambofaciens transformants

A, B.pCGa/Str. ambofaciensy C, ADNA/Hind¥, D. E. pSGs/Str.
ambofaciens; ¥. pSGa/Str. griseofusous
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