Acta Microbiologica Sinica
51(11):1431 - 1439; 4 November 2011
ISSN 0001 -6209; CN 11 -1995/Q

http://journals. im. ac. en/actamicrocn

1 1% 2%
' 730000
2 100101
Q9.5 tA :0001-6209 (2011)114431-09
(spinosad) v-
(Saccharopolyspora spinosa) N o
1982
1
1 (21 o
) 1 ( ) 1 ) N o 1999
o Sac. spinosa “ 7
Cy C2°.C3°.C4~
A D A o
85% o Tracer
Naturalyte ' Entrust Elector >~*
N N Natrova *
5
(nAChRs) - (GABARs)
(NSFC30770240)
Tel/Fax: +86-40-64807459 E-mail: yangkq@ im. ac. cn; Tel: +869318913671 E-mail: ccheng@ lzu. edu. ¢n
(1985 -) ¢ ) » E-mail: liyue200906 @
163. com

120110445 :2011-0549



1432

Yue Li et al. /Acta Microbiologica Sinica(2011)51(11)

o | PKS
o AAPAA-A-A-
AAA (A- pP- ) 10
o SpnA
o (B ketoacyl synthase KS) 172 cys
glu B~
1 glu KS ACP
6
1.1 172 glu
( polyketide synthase 7 o SpnE (thioesterase TE)
PKS)  SpnA-SpnE SpnA 1 ACP (
(loading module) 1 ( elongation .
module) SpnB-SpnE 9 o o
Propionyl CoA
. spnd-I
9 Malonyl CoA
* TE
Methylmalonyl CoA
1
Fig. 1 The biosynthesis of spinosyn polyketide chain.
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Fig.2 The crossdinking mechanism of spinosyn polyketide.
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Fig.3 Biosynthetic pathway (A) and methylation pathway (B) of rhamnose.
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Fig. 4 Forosamine biosynthetic pathway.
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Fig. 5 A graphical illustration of flanking genes comparison between kde.gdh in Sac. erythraea and kre.gdh in Sac. spinosa.
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Fig. 6 A new biosynthetic conceptualization of spinosyn base on Synthetic biology.

. \
N N
o
N N N
R N
N R 0
25
. o
0
RBS.riboswitches
o N 0

1 Sparks TC Crouse GD Durst G. Natural products as
insecticides: the biology biochemistry and quantitative
structure-activity  relationships  of  spinosyns  and
spinosoids . Pest Management Science 2001 57: 896 —
905.



1438

Yue Li et al. /Acta Microbiologica Sinica(2011)51(11)

White WH  Hutchens DE  Jones C  Firkins LD  Paul
AJ Smith LL Snyder DE. Therapeutic and persistent
efficacy of spinosad applied as a pouron or a topical spray
against natural infestations of chewing and sucking lice on
cattle. Veterinary Parasitology 2007 143: 329-336.
White WH  McCoy CM  Meyer JA  Winkle JR
Plummer PR Kemper CJ Starkey R Snyder DE.
Knockdown and mortality comparisons among spinosad—
imidacloprid- and methomyl-containing baits against
susceptible Musca domestica (Diptera: Muscidae) under
laboratory conditions. Journal of Economic Entomology
2007 100:155-63.

Mougabure Cueto G Zerba EN Picollo MI. Permethrin—
resistant head lice (Anoplura: Pediculidae) in Argentina
are susceptible to spinosad.  Journal of medical
entomolog 2006 43:634-635

Hahn DR Gustafson G Waldron C Bullard B Jackson
JD  Mitchell J. Butenyl-spinosyns a natural example of
genetic engineering of antibiotic biosynthetic genes.
Journal of Industrial Microbiology & Biotechnology
2006 33:94-104.

Bisang C  Lonq P Cortes ] Westcott ] Crosby J
MatharuA-LL.  Cox RJ Simpson T] Staunton J Leadlay
PF. A chain initiation factor common to both modular
and aromatic polyketide synthases. Nature 1999 401:
502-505.

Aparicio JF' Molnar I Schwecke T Konig A Haydock
SF Khaw LE. Organization of the biosynthetic gene
cluster for rapamycin in Streptomyces hygroscopicus:
domains in the modular

polyketide synthase. Gene 1996 169:9-6.
Kim H] Pongdee R Wu QQ Hong L Liu HW. The

analysis of the enzymatic

biosynthesis of spinosyn in Saccharopolyspora spinosa:

synthesis  of  the  cross-bridging  precursor  and
identification of the function of SpnJ. Journal of the
American Chemical Society 2007 129 (47): 14582-
14584.

Pan HX Li JA He NJ Chen JY Zhou YM Shao L
Chen DJ. Improvement of spinosad production by
overexpression of gtt and gdh controlled by promoter
PermE * in Saccharopolyspora spinosa SIPI-A2090.
Biotechnology Letters 2010 33(4) :733-939.
Madduri K Waldron C  Merlo DJ. Rhamnose
Biosynthesis Pathway Supplies Precursors for Primary and
in Saccharopolyspora spinosa.

183(19) :5632-5638.

Secondary Metabolism

Journal of Bacteriology 2001

12

13

14

15

16

17

18

19

Chen YL Chen YH Lin YC Tsa KC Chiu HT.
Functional Characterization and Substrate Specificity of
Spinosyn Rhamnosyltransferase by in Vitro Reconstitution
The Journal of
Biological Chemistry 2009 284 (11) :7352-7363.

Kim HJ White-Phillip JA Ogasawara Y Shin N

Isiotho EA Liu HW.

of Spinosyn Biosynthetic Enzymes’ .

Biosynthesis of spinosyn in
Saccharopolyspora spinosa: synthesis of permethylated
rhamnose and characterization of the functions of SpnH
Spnl
Society 2010

and SpnK. Journal of the American Chemical
132(9) :2901-2903.

Huang KX Zahn ] Han L. SpnH from
Saccharopolyspora spinosa encodes a rhamnosyl 4°-O-
methyltransferase for biosynthesis of the insecticidal

macrolide spinosyn A, Journal of Industrial

Microbiology & Biotechnology 2008 35 (12):1669-
1676.

Hong L. Zhao Z Melanconlll CE  Zhang H Liu HW.
In vitro characterization of the enzymes involved in TDP-
D-forosamine biosynthesis in the spinosyn pathway of
Saccharopolyspora spinosa. Journal of the American
Chemical Society 2008 130(14) :4954-4967.

Hong L. Zhao ZB Liu HW. Characterization of SpnQ
from  the  spinosyn  biosynthetic =~ pathway  of
Saccharopolyspora spinosa: mechanistic and evolutionary
deoxysugar

implications for C-3 deoxygenation in

biosynthesis. Journal of the American Chemical Society

2006 128(44):14262-14263.

Zhao ZB Hong L Liu HW. Characterization of protein
encoded by spnR from the spinosyn gene cluster of
Saccharopolyspora spinosa: mechanistic implications for
biosynthesis.  Journal of the

Chemical Society 2005 127(21):7692-7693.
Madduri K Waldron C Matsushima P Broughton MC

forosamine American

Crawford K Merlo DJ Baltz RH. Genes for the
biosynthesis of spinosyns: applications for yield
improvement in Saccharopolyspora spinosa. Journal of
Industrial Microbiology & Biotechnology 2001 27(6):
399-402.

Waldron C  Matsushima P Rosteck PR Jr Broughton

MC Turner J Madduri K Crawford KP Merlo DJ

Baltz  RH. Cloning and analysis of the spinosad
biosynthetic gene cluster of Saccharopolyspora spinosa.
Chemisiry & Biology 2001 8(5) :487-499.

Chng C¢  Lum AM Vroom JA Kao CM. A key

developmental regulator controls the synthesis of the



ol (2011)51(11) 1439

antibiotic erythromycin in Saccharopolyspora erythraea. Ladarola MJ. Synthetic biology for translational research.
Proceedings of the National Academy of Sciences 2008 American Journal of Translational Research 2010 2
105(32) :1134641351. (4):381389.

20 den Hengst CD Tran NT Bibb MJ Chandra G Leskiw 23 Khalil AS Collins JJ. Synthetic biology: applications
BK  Buttner MJ. Genes essential for morphological come of age. Nature Reviews Genetics 2010 11 (5):
development and antibiotic production in Streptomyces 367379.
coelicolor are targets of BldD during vegetative growth. 24 Dellomonaco C Fava F  Gonzalez R. The path to next
Molecular Microbiology 2010 78(2) :361-379. generation biofuels: successes and challenges in the era of

21 Chen Y Smanski MJ Shen B. Improvement of synthetic biology. Microbial Cell Factories 2010 9:3.
secondary metabolite production in Streptomyces by 25 Medema MH Breitling R Bovenberg R Takano E.
manipulating pathway regulation. Applied Microbiology Exploiting plug-and—play synthetic biology for drug
and Biotechnology 2010 86(1) :19-25. discovery and production in microorganisms. Nature

22 Burbelo PD  Ching KH Han BL Klimaviecz CM Reviews Microbiology 2011 9(2):131437.

Biosynthetic pathway and synthetic strategy of spinosad—
A review

.1 1* . 2%
Yue Lii  Cheng Chang Keqian Yang
'School of Life Sciences Lanzhou University Lanzhou 730000 China
*State Key Laboratory of Microbial Resources Institute of Microbiology Chinese Academy of Sciences Beijing 100101
China

Abstract:Spinosad is a novel macrolide insecticide produced by Saccharopolyspora spinasa widely used in agriculture.
Here its biosynthetic pathway and key regulatory nodes were reviewed and analyzed. A synthetic strategy to reprogram
spinosad biosynthetic pathway was proposed.
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