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Bioprospecting secondary metabolites of actinomycetes
through synthetic biology
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Academy of Sciences, Beijing 100101, China)
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Abstract: Actinobacteria are a class of microorganisms that can produce plenty of bioactive
small molecule drugs, making an outstanding contribution to the human health. During the past
decades, microorganisms derived and eventually marketed drugs become fewer and fewer, in
the meanwhile, the problem caused by drug resistance pathogens become more and more seri-
ous, so people look forward to the new drugs urgently. Synthetic biology, which is developing
fast in the past 10 years, plays an important role in the research and development of secondary
metabolites. The biosystem is designed and rebuilt under the guidance of engineering science,
from which the indiscoverable secondary metabolites can be obtained through heterologous
expression. What is more, the rational designed gene cluster and the utilization of bio-elements
lead to the new compounds that do not exist in nature as well as yield improved strains. The
new techniques and methods of DNA assembly are also introduced, which make convenience

2013, Vol.40, No.10

to the researchers on secondary metabolites.

Keywords: Actinobacteria, Secondary metabolites, Synthetic biology
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Fig. 1 The assembly techniques of DNA

http://journals.im.ac.cn/wswxtbcn



FURBZAE: FIE A2 BRI ASZ R 1 I PR R A ™ 4

1893

WRISNE DNA, R SE4n] DL R 41 25 1A
YIB R BAC L %

TR TR 2 R G A = ) ) F ORI, B

7 R 22 1) U G A A ) 1S TR ik B
AR RTIERE, & AW~ T7 kT LA
PN RE/RES Ry ORI R € R DK RE S i 0 e |
PABCHE , XA B ol A 0 i 25 4 ™ E A 4
EX R 1A, SR E Tk T LR
S NATTEE Dy B b B v A 2 T A Rl 1 B9
A KN, TR R R R BT A R Wk B

VRIAHZE
5 % X W

(1]

XIS E . B W —— R W 25 W i R[]
WA M E AR, 2005, 32(6): 143—145

Berdy J. Bioactive microbial metabolites[J]. The
Journal of Antibiotics, 2005, 58(1): 1-26.

Bentley S, Chater K, Cerdenio-Tarraga AM, et al.
sequence of the
actinomycete Streptomyces coelicolor A3(2)[J].
Nature, 2002, 417(6885): 141-147.

Chong PP, Podmore SM, Kieser HM, et al. Physical
identification of a chromosomal locus encoding
the

Complete genome model

lipopeptide
calcium-dependent (CDA) of
Streptomyces coelicolor A3(2)[J]. Microbiology,
1998, 144(1): 193—199.

Zhang L, Yan K, Zhang Y, et al. High-hroughput

synergy screening identifies microbial metabolites

biosynthetic genes for

antibiotic

as combination agents for the treatment of fungal
infections[J]. Proceedings of the National Academy
of Sciences, 2007, 104(11): 4606—4611.

Hobom B. Gene surgery: on the threshold of
synthetic biology[J]. Medizinische Klinik, 1980,
75(24): 834-841.

Moffat J, Khorana H. Nucleoside polyphosphates.
XIL.' The total synthesis of Coenzyme AQ[J].
Journal of the American Chemical Society, 1961,
83: 663—-675.

Endy D. Foundations for engineering biology[J].

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Nature, 2005, 438(7067): 449—453.

Ro DK, Paradise EM, Ouellet M, et al. Production
of the antimalarial drug precursor artemisinic acid
in engineered yeast[J]. Nature, 2006, 440(7086):
940-943.

Paddon C, Westfall P, Pitera D, et al. High-level
semi-synthetic production of the potent antimalarial
artemisinin[J]. Nature, 2013, 496: 438—446.

BF, Pitera DJ, Smolke CD, et al.

Combinatorial engineering of intergenic regions in

Pfleger

operons tunes expression of multiplegenes[J].
Nature Biotechnology, 2006, 24(8): 1027—1032.
Ajikumar PK, Xiao WH, Tyo KE, et al. Isoprenoid
pathway  optimization for Taxol
overproduction in Escherichia coli[J].
2010, 330(6000): 70—74.

Cueto M, Jensen PR, Kauffman C, et al. Pestalone,

a new antibiotic produced by a marine fungus in

precursor

Science,

response to bacterial challenge[J]. Journal of
Natural Products, 2001, 64(11): 1444—1446.
Keatinge-Clay AT. The
polyketide synthases[J]. Natural product reports,
2012, 29(10): 1050—1073.

Pfeifer BA, Admiraal SJ, Gramajo H, et al.

Biosynthesis  of

structures of type 1

polyketides in a
coli[J].

complex
metabolically engineered strain of E.
Science, 2001, 291(5509): 1790—1792.

Zhang HR, Wang Y, Wu JQ, et al. Complete
biosynthesis of erythromycin A and designed
analogs using E. coli as a heterologous host[J].
Chemistry & Biology, 2010, 17(11): 1232-1240.

Komatsu M, Uchiyama T, Omura S, et al.
the

secondary

Genome-minimized Streptomyces host for
heterologous expression of
the National
Academy of Sciences of the United States of
America, 2010, 107(6): 2646—2651.
Komatsu M, Komatsu K, Koiwai H,

Engineered Streptomyces avermitilis host for

metabolism[J]. Proceedings of

et al.

heterologous expression of biosynthetic gene
cluster for secondary metabolites[J]. ACS Synthetic
Biology, 2013, doi: 10.1021/sb3001003.

OBwald C, Zipf G, Schmidt G, et al. Modular

Construction of a functional artificial epothilone

http://journals.im.ac.cn/wswxtbcn



1894

A Y £ Microbiol. China

2013, Vol.40, No.10

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

polyketide pathway[J]. ACS Synthetic Biology,

2012, doi: 10.1021/sb300080t.
Wilkinson  B.

of polyketides

Staunton  J, Combinatorial

biosynthesis and nonribosomal
peptides[J]. Current Opinion in Chemical Biology,

2001, 5(2): 159-164.

Marsden AF, Wilkinson B, Cortés J, et al.
Engineering broader specificity into
anantibiotic-producing  polyketide  synthase[J].

Science, 1998, 279(5348): 199-202.

Ruan X, Pereda A, Stassi DL, et al. Acyltransferase
domain substitutions in erythromycin polyketide
synthase yield novel erythromycin derivatives[J].
Journal  of 1997, 179(20):
6416—6425.

Kao CM, McPherson M, McDaniel RN, et al. Gain

of function mutagenesis of

Bacteriology,

theerythromycin
polyketide synthase. 2. Engineered biosynthesis of
an eight-membered ring tetraketide lactone[J].
Journal of the American Chemical Society, 1997,
119(46): 11339-11340.

J, Wiesmann K, Roberts GA,
Repositioning of a domain in a modular polyketide

Cortes et al.
synthase to promote specific chain cleavage[J].
Science, 1995, 268(5216): 1487—1489.

Kao CM, Luo G, Katz L, et al. Manipulation of
macrolide ring size by directed mutagenesis of a
modular polyketide synthase[J]. Journal of the

American Chemical Society, 1995, 117(35):
9105-9106.
Bohm I, Holzbaur IE, Hanefeld U, et al.

Engineering of a minimal modular polyketide
the
stereospecificity of polyketide chain extension[J].
Chemistry & Biology, 1998, 5(8): 407—412.

Pacey MS, Dirlam JP, Geldart RW, et al. Novel
erythromycins
Saccharopolyspora erythraea strain NRRL 2338
pIGl. L
activity[J]. The Journal
51(11): 1029.

HG, Reid R, Carney JR, et al
Combinatorial polyketide biosynthesis by de novo

synthase, and targeted alteration of

recombinant

from a

Fermentation, isolation and biological
of Antibiotics, 1998,

Menzella

design and rearrangement of modular polyketide

http://journals.im.ac.cn/wswxtbcn

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

synthase genes[J]. Nature Biotechnology, 2005,
23(9): 1171-1176.

Fierro F, Barredo JL, Diez B, et al. The penicillin
gene-cluster is amplified in tandem repeats linked
by conserved hexanucleotide sequences[J].
Proceedings of the National Academy of Sciences
of the United States of America, 1995, 92(13):
6200—6204.

Yanai K, Murakami T, Bibb M. Amplification of the
entire kanamycin biosynthetic gene cluster during
empirical strain improvement of Streptomyces
kanamyceticus[J].
Academy of Sciences of the United States of
America, 2006, 103(25): 9661-9666.

Murakami T, Sumida N, Bibb M, et al. ZouA, a
putative DNA
amplification in Streptomyces kanamyceticus[J].
Journal of Bacteriology, 2011, 193(8): 1815—1822.

Murakami T, Burian J, Yanai K, et al. A system for

Proceedings of the National

relaxase, 1is essential for

the targeted amplification of bacterial gene clusters
Streptomyces
coelicolor[J]. Proceedings of the National Academy
of Sciences of the United States of America, 2011,
108(38): 16020—16025.

Gramajo HC, Takano E, Bibb MJ. Stationary-phase
production of the
Streptomyces coelicolor A3(2) is transcriptionally
regulated[J]. Molecular Microbiology, 1993, 7(6):
837-845.

Takano

multiplies  antibiotic yield in

antibiotic actinorhodin in

Strauch E, et al
the  redD
accounts  for
production of the
undecylprodigiosin in  Streptomyces
coelicolor A3(2)[J]. Molecular Microbiology, 1992,
6(19): 2797-2804.
Chng C, Lum AM, Vroom JA, et al. A key
developmental regulator controls the synthesis of
the antibiotic erythromycin in Saccharopolyspora
erythraea[J]. Proceedings of the National Academy
of Sciences of the United States of America, 2008,
105(32): 11346—-11351.
Guo J, Zhao J, Li L, et al. The pathway-specific
AveR from Streptomyces avermitilis

E, Gramajo H,
Transcriptional ~ regulation  of

transcriptional  activator  gene
growth - phase - dependent

antibiotic

regulator



FURBZAE: FIE A2 BRI ASZ R 1 I PR R A ™ 4

1895

[37]

(38]

[39]

[40]

[41]

[42]

[43]

positively regulates avermectin production while it
negatively affects oligomycin biosynthesis[J].
Molecular Genetics and Genomics, 2010, 283(2):
123-133.

Liu G, Tian YQ, Yang HH, et al. A pathway-specific
transcriptional regulatory gene for nikkomycin
biosynthesis in Streptomyces ansochromogenes that
also influences colony development[J]. Molecular
Microbiology, 2005, 55(6): 1855—1866.

Jung WS, Jeong SJ, Park SR, et al. Enhanced
heterologous production of desosaminyl macrolides
their
overexpression of the pikD regulatory gene in
Streptomyces venezuelae[J]. Applied
Environmental ~ Microbiology, 2008,
1972-1979.

Zhuo Y, Zhang W, Chen D, et al. Reverse biological
engineering of hrdB to enhance the production of

and hydroxylated derivatives by
and

T4(7):

avermectins in an industrial strain of Streptomyces
avermitilis[J].
Academy of Sciences of the United States of
America, 2010, 107(25): 11250—11254.

Qiu JF, Zhuo Y, Zhu DQ, et al. Overexpression of
the ABC transporter AvtAB increases avermectin
production in Streptomyces avermitilis[J]. Applied
2011, 92(2):

Proceedings of the National

Microbiology and Biotechnology,
337-345.

Shetty RP, Endy D, Knight TF. Engineering
BioBrick vectors from BioBrick parts[J]. Journal of
Biological Engineering, 2008, 2(1): 1-12.

Szybalski W, Kim SC, Hasan N, et al. Class-IIS
restriction enzymes-a review[J]. Gene, 1991, 100:
13-26.

Lippow SM, Aha PM, Parker MH, et al. Creation of
a type IIS restriction endonuclease with a long
recognition sequence[J]. Nucleic Acids Research,
2009, 37(9): 3061-3073.

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

Engler C, Kandzia R, Marillonnet S. A one pot, one
step, precision cloning method with high
throughput capability[J]. PLoS One, 2008, 3(11):
e3647.

Chen WH, Qin ZJ, Wang J, et al. The MASTER
(methylation-assisted tailorable ends rational)
ligation method for seamless DNA assembly[J].
Nucleic Acids Research, 2013, 41(8): €93—e93.
Gibson DG, Young L, Chuang RY, et al. Enzymatic
assembly of DNA molecules up to several hundred
kilobases[J]. Nature Methods, 2009, 6(5): 343—345.
Gibson DG, Benders GA, Andrews-Pfannkoch C, et
al. Complete chemical synthesis, assembly, and
cloning of a Mycoplasma genitalium genome[J].
Science, 2008, 319(5867): 1215-1220.

Zhang Y, Buchholz F, Muyrers JP, et al. A new logic
for DNA engineering using recombination in
Escherichia coli[J]. Nature Genetics, 1998, 20(2):
123—-128.

Bird AW, Erler A, Fu J, et al. High-efficiency
counterselection recombineering for site-directed
mutagenesis in bacterial artificial chromosomes[J].
Nature Methods, 2011, 9(1): 103—109.

Muyrers JP, Zhang Y, Benes V, et al. Point mutation
by ET
2000, 1(3):

artificial chromosomes

EMBO Reports,

of bacterial
recombination[J].
239-243.

Fu J, Bian X, Hu S, et al. Full-length RecE
enhances linear-linear homologous recombination
and facilitates direct cloning for bioprospecting[J].
Nature Biotechnology, 2012, 30(5): 440—446.
Gibson DG, Benders GA, Axelrod KC, et al.
One-step assembly in yeast of 25 overlapping DNA
fragments to form a complete synthetic
Mycoplasma genitalium genome[J]. Proceedings of
the National Academy of Sciences, 2008, 105(51):

20404-20409.

http://journals.im.ac.cn/wswxtbcn



