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Table 1 Bacterial strains and plasmids

Ak B R Strain or plasmid FAE Characteristics S P 8l CRk Source or reference
JIMEZ HIE S, spinosa L AW ZE 7 4 # Producer of spinosad NRRL

KBFH & Escherichia coli

DH5« J K 5 B i 2 # Cloning host strain, F~ endAl recAl deoR gyrA96 relA [8]

XL1-BlueMR Cosmid S EMEE T F i Cosmid library construction host bacteria, A(mcrA) Epicenter

183A0merCB™ hsdSMR ™ mrr) 173end AlsupE44 thi-1 recAl gyrA96 relAl lac
JRAL Plasmid
Cosmid 3CPE HE3 A Cosmid library construction vector,10. 4 kb, aac(3) IV,

pOJ446 . (9]
cos sites

MSS2 KW ¥ B8 % B W R 4K Shuttle plasmid vector of Streptomyces and [10]

PR E. coli 6.7 kbohygs int/attp( BT yoriT

plJ2925 KIGHFE AR E. coli vector,2. 7 kb, bla.lacZa [11]
K T B 4% B B 95 R 31K Shuttle plasmid vector of Streptomyces and

SET152 9
P E.coli 5.5 kb,int/att p(@C31), oriT(RK2), ori(pUC18), aac(3) IV [o]
pHL801 gtt 7 ETE pGEM-T Easy # /& pGEM-T Easy containing gt gene A5 This study
pHL802 epi 7 ETE pGEM-T Easy # /& pGEM-T Easy containing epi gene A5 This study
A LS b A - o
& gdh-kre 19 ~8 kb [ Sph | i Bti# 45 plJ2925 (9 Sph | i s plJ2925 s
HI.803 9% This stud
P containing a 8-kb Sph I fragment of gdh-kre ABt5E 18 study
HL801 H & gur 1Y 5% FEAE pMS82 1) Spe 1 3 45 pMS82 taini —
pHL804 b A gu BT BUE SRAE p i Spe 1AL p containing AW This study
Spe | fragment of gzt from pHL801
HL802 W & epi 9 F BEE T pHLS04 B S Vi 5 pHL804 taini
pHLS05 p r ept i }1‘ 5 AR p i) pe 11 p containing A5 This study
Spe 1 fragment of epi from pHL802
pHL803 H & gdh-kre ) Nhel-Hind Ill F Bt #% 3 7¢ pSET152 ) Nhel-
pHIL&08 Hindll {7 55 pSET152 containing Nhe | -Hind|ll fragment of gdh-kre from AWF5E This study
pHIL803
HLS08 14 gdh-kre (8 Nhe | -Xba T W B ¥ 16 pHL805 Spe T fi7 & N
pHL809 p W gdhckre B Nhe ba 1t BUEBEAE p 5 Spe L i A5 This study

pHL805 containing Nhe | -Xba I fragment of gdh-kre from pHIL808
1) NRRL : 5 [# 4 b F 5% 5 Rl A 8 0 UL S. Agricultural Research Service Culture Collection.

x2 SR ESE

Table 2 Primers sequence and description

5149 Primer J¥ %1 Sequence F#& Application
pEpill 5-GATCTAGAGGATCCTAATACGACTCACTATAGGGATCAACAACAACTTCACCAGCA-3' W epi 3
pEpirl 5-GAACTAGTTGGAGGTGGATGTGAAATCCCTCGG-3' Cloning of epi gene
pGttfl 5-GATCTAGAGGATCCTAATACGACTCACTATAAAGGCCACCGGCAAGGTCGTGCAGG-3' SElE gt
pGttrl 5-GAACTAGTGCACCCGCCGATGGCCGACCGCATT-3' Cloning of g1t gene
pGK1f  5-GGATCCTGCTTCGTAGCTCG-3' BAT kre-gdh
pGKlr  5-GGATCCGCTTCCCCCACGG-3' A PR ] 5 2R

, , Confirmation of

pGK2f 5 -TCCTGCTTCGTAGCTCGGTG-3 X
kre-gdh gene

pGK2r 5'-TCAACGAAGCCCTGCACCAA-3' and probe preparation

BEREHhERE ) 4 g, 2 28 M 10 g, W & B 4 g, MgCl, TOYOBO 2~ &l /= .
2g,CaCl, 1.5 ¢, F BB 15 g AMIMZEB/KELIL, 1.2 REFHE

pH 7.2, D RBATH DH5a b5 35 B2 25 1l % | FURL 5%
OPUER G R RIBFFREIEFRHIAER L DNA $BE%5 S5 3CIK8 JikAT,
B R Dy 2R 8 R 100 mg/ L BTA $7 % D HER I E IR 5 DNA SR, B8 A

% 50 mg/L &R B 50 mg/L, SMEEHEIMEANY 2248555 8 DNA 2 S % 30k 11],

fitt \DNA 3% 42 il F1 80 V5 95 B2 1 5 Fermentas 23 w7 3) F R 21 SCPEA I Southern 7% 38 i V& SCFE
. DNA B4 F.ANTPs.DNA 4> 7 i i Marker 3£ 4 cosmid 3 ¥ @i 24K 10(')}446»‘(ﬂ , Gt
H TaKaRa 24 ®] 77 . KOD @ik H R & WA HEIr k2% SuperCosl B Bk i 5] & (Strata-
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gene) Fl CopyControl™ Fosmid 3 #4 & 12 77 £ 1
B9 4 (Epicenter), Southern blot # 8 DIG %3z i
# &5 Ui B 5 (Roche) .

4)Cosmid 3CJF 3 4 3% FiH5HY ., N=In
(1=P)/In (01— f ), P, CEBEE R, 3 HERR: /.
AR BRI 5 R AL 0 el s N, 7 55 21 S RE
L

2 ZHRE5HMH

gtt.epi B PCR ¥ 18 R 5= &
ZRAWRBRANBERMALEY MIEZRER
L& PR G RGEA D s £ A BsfE iy 5.
Rit 5 DR I S % O B L R SR 3l 5 AR I S TR A 1Y)
15 B0 % JE S 15 8 ] A 55 2% 9 3 3 . GenBank
g epi GG R IR I B FAE N I 58 8 T 2 A
IR 3 GenBank "% gee 32 I b He EF i 5 41
(AF35546 D159, — U5 | Y i & Xoa | BT
KT — ik B Spe | MY A, LUE T )5 22 1 HE A
TEREH R, LS. spinosa NRRL18395 & DNA &
iR, PCR 973 gre FEDH S BUFRY KRR A 8 F X,
¥ PCR P24 TA 5afE %] pGEM-T Easy = N =R |
pHL801., [FEE MR IE epi ) (AF355466) B it 5]
Y. PCR ¥ #49f TA 3 BE15 %] pHL802, T 55 iiF
pHL801 Fl pHL802 H [y gtt.epi K FiiFIE o+ X
F 8 IE A

22 RIELHEE NRRLISIB EFAXEMER
gdh-kre B2 f&

IR 2 H B M DNA ] Mbo 1 347 %843 Wi 41
FR ET e 40 kb DA E @Y 38 43 B U0 B DNA, CIAP 2
W iR 1k Ak B 5 24K pOJ446 | Hpa 1 5¢ 4= B V).
CIAP L#sm 1t , 2ifb 1M U5 J5 A BamH | 58 4> i
Yl 8.6 kb Bt #4.5 DNA F1E K % 3
% Y XL1-Blue™ 857 25 4 M, Pk BB I8 hr 5 R
PR S RE 2 400 A, 45 2 RS 2 7 7 NRRL18395
%) 5 PR A B 3 OB ST . BE LB BE 20 A v B )
o A SCPE T i L 4 AR B34 30 kb,

WAL gdh-kre 7% (AF355468) % it 51 ¥, LU
PCR 4" 34 7= WA 73 F R 51 i#£ 17 Southern 2458 i
TESE A SC L 45 3] 10 AN BT R 3 B T 7G0,
8E9.8E12,11A8,13C8,15C7,18C5,18E8,18G9 Al
24G6, Al BamH 1 g Y1 AE B8 3% . A& L X 26 fH P 52
Ve B AHE S, P W — 1> 5 &% B (Contig) , WA 1
FE 2 frox. B Sph 1 Y] 7G1o, IR gdh-

2.1

kre 1] 8.5 kb Jr B, saBEF pl]2925 1Y Sph 1 s,
33| pHL803. PCR ¥ i Wik &% A gdh-kre 5844
. 5l %o 0 oA e A 3 AT ) . pHIL803 | 47
A E DNA K Berh gdh 3£ EiF DNA>1 kb,
KT RAESFIX.

M1 | 4 5 6 7

2 3

8 9 10 M2 kb

M1:1 kb ladder; M2:A/Hindlll; 1~10; BA¥E 50 BamHI digested
positives clones, 1: 7G10; 2: 8E9; 3: 8E12; 4. 11A8; 5:13C8;
6:15C7; 7:18C5; 8:18E8; 9:18G9; 10;24G6.

B 1 Cosmid XX FE gdh-kre & &
PH ST BE RS BamH | By 41 B &
Fig.1 BamH 1 restriction map of the gdh-kre

gene positive clones from cosmid bank

Q 10 , 20,30 40 50 60 70 8 L 90khb
BB B B B BBBBBBBB B B B BB B B
7 15C7 (B,BamHI)
?1 )
13C8

gdh-kre(2.3 kb probe)
B 2 #R#E gdh-kre EEHMZEN
BamH | B Y1 EEHEFI B EIM E B % P 8F
Fig.2 Contig of the positive clones from
the BamH | restriction map
REEMBERERENERNAR
A Xba 1 . Nhe I 1 Spe 1 % 3 A4~ BR i #lf 7=
Az A TRD RS P R S 19 R s IR IR A gie epi F
gdh-kre 5E %3 K} 3 8 1 IX 19 DNA Jr Boddi A 2|
BT A EA pMSS82 .15 5] pHL80Y, Kt
pHL801 W & gtr 1 Xba [ -Spe | H B % B 1E
pMS82 [#) Spe I i f5 . 55| pHL804 ;6 pHIL802 H
& epi W1 Xba 1-Spe | F B #% #: 7 pHL804 HY
Spe I 17 55, 15 5] pHL805; FH 3L FE cosmid7G10 i
TR BN gdh-kre W~8 kb B Sph 1 F BLiZE 1445
plJ2925 AR A7 2545 3 pHL803 , P JF 43 #7 58 #& 1Y
gdh-kre & 1E Nhe 1 -Hind [l F Bt (~3.5 kb) i1,
HEAEAE pSET152 B AH W A7 o5, 74 3 pHL808; i J&

23
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¥ pHLS08 W& gdh-kre 3:FH W) Nhe | -Xba 1 B
V42 AE pHLS8O05 19 Spe | i &, 15 3] pHL809
(F 3),pHL809 £ WY, PCR J 3 43 i ¢ 56 i 1F
i .

HindIIl

pHL809

-Clal
12270 bp

B 3
Fig.3

REWEMBRIER S HERKRIEHME pHL309
pHLS809,the expression vector of the forosamine

and rhamnose biosynthetic pathway
3 it
ERER/ I 0N od AT s i T SR
Z R R R AU TR OCR U R AU N
FEHUAR B TG RE AR L A BT TR R AR R
BOl & J5 w27 Z 0 R B3 ZRE
AW AR 24 % VTR 7 B AR 2 AP
A A D B0 R | g 280 S 2R 2% AR B AT ) )
FHRG S A5G 7™ i 76 5 [ 23 531 1 1999 4F Al 2008 4F
2 WG RE BRI R, ZRER
LR E S AT 280 R BT K B AR 2R
Wk B R M &0 A At e ™ . R, e
HH GBI ANl A 3 22 0% B ROk — B B HR
(0 4 JEL T T R ™ B0 A% A R M 25 i ) e
Z AW R BIWEFEATIAL T 52 56 % B B, A B Tl
A= i A
% & B B 2 # T 0Y 8 1L S BRAE AR AR ORI
HME 22 7E S U RIS 2R R Ll xS U
ER A TR L R LS m T 2R E R TY
Fl A AW A AR S5 A BURT Y 45
ERY R AR R BT 2R
WR AW S > TR S spn FeHEATE—
TS, 3 26 Kk PR A 00 201 b B L 2H 2 O S LA B S A
7 RE DR Bt e PR 3K B BT
R LR e B A 2 B9F 5 2 ) S A At [
L SCE I PCR T Bt v I Bl 2 W 1A 2 08 M 3 1 14

%

AANFEH, e R 4 ANIEE, R Spe 1.
Nhe | 1 Xba | 915 7 A= A8 R RS PR o 1 45 24K
WA B IR 2 A WE R IT G W EE DAY 3R 38 4K
pHL809., 7£ GenBank %3 i 19 kre-gdh J¥ 51 ., 45
FREA 1l A 88 bp dE gwt ) 50, R N e
E S 75 1 5 DR SR R TR 55 B L 4 i 06 5 1) T R
JE A o BRIk A P 1 O ik s R A0 4 b 3l 0 5 ) g
X SE B SE R, DL AR B B9 35 R AR B R B H B I R
RIB 3h T AT £k, pHLS09 if & A W i 1A BT1
M EE AN artP G BN ine ) 8 R PUME S
hyg M 18 EHA TR RK2 A EBERIX
ord Ty W AT LA 5 filf Ml 42 5 7 % 300 4% b e i 1) e 4k
W IR R £ IR 2 SRR TG U
N G 8 ER O i anB A0
b R R S R R GR B AR

IR ZREEN T IRRIL, EHFEH LR
EAMEEHFR spn FARKE B . spn SEHF KK
K IH 80 kb, F /D 2~3 AR FURL A BE 2 55 52 3%
) 35 PR 6 FRATT %) 35 PRI 2 SC 28 v Al B 1 B 2 A A
T B4 s pn I R R G BH M ST R L i — 2 T AR
TR RED/ET 3 41 AR08 A7 F R [ R o
R R BRI R PR 4 ok . R, FRATT U 7E 25 R
FHANTE N TG AR (BAC) ZMR % s pn FE R K o
Tk B B RE R SR TR 3R Gk AR RN T
spn FERFE —RE R 2 EE F TR ZREER
M5 UR 5 . E SRR AE 2 00 5k B Oy T, AR A AR AE
WAL PR R A O R A5 A R 35 A% B A A
(R0 RS- A S AR EL ol B E T

2 % X W
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Cloning and reconstitution of rhamose and forosamine

biosynthetic gene of Saccharopolyspora spinosa NRRL18395
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Abstract

Rhamnose and forosamine are two essential deoxysugars components of spinosad. Four

genes involved in the biosynthesis of rhamnose and forosamine,i. e. gtz (encoding NDP-glucose syn-

thase) . gdh (encoding NDP-glucose dehydratase),epi (encoding epimerase) and kre (encoding 4'-ke-

toreductase) ,are not located together with the spinosad biosynthetic gene cluster, but distributed in 3

scattered loci in the chromosome of Saccharopolyspora spinosa NRRIL18395. To get an integral spinosad

biosynthetic pathway,the four genes were cloned by constructing a genomic library and PCR amplifying

from S. spinosa NRRL18395. The 4 genes were successively assembled into an integrative vector to con-

struct an expression vector for biosynthesis of rhamnose and forosamine in heterologous hosts.

Key words

hybridization

Sacchraropolyspora spinosa ; spinosad; rhamnose; forosamine; cosmid library; in situ
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