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Expression of 4”-O-isovaleryltransferase gene from
Streptomyces thermotolerans in Streptomyces lividans TK24
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Abstract: 4"-O-isovaleryltransferase gene (ist) was regulated by positive regulatory genes of midecamycin
4"-O-propionyltransferase gene (mpt) in Streptomyces lividans TK24. A BamH [ ~8.0 kb fragment from Streptomyces
mycarofaciens 1748 was proved that it contained mpt gene and linked with two positive regulatory genes, orf27 and orf28. Orf
of mpt was replaced by orf of ist and linked with two regulatory genes or orf27 single, and individually cloned into the vectors
pKC1139 or pWHM3 (high copy number), and then transformed into S. lividans TK24. The levels of mpt and ist expression
were evaluated by the bio-tramsformation efficacy of spiramycin into 4"”-O-acylspiramycins in these transformants. The results
showed that 4"-O-isovalerylspiramycins could be detected only in the transformants containing the plasmids constructed with
pWHM3. The efficacy of bio-transformation of the transformants containing two regulatory genes was higher than that of

orf27 single. So, the positive regulatory genes system of mpt gene could enhance ist gene expression.

Keywords: spiramycin, 4"-O-acyltransferase gene, positive regulatory gene, heterologous expression
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ist orf27 PCR pKC-e-ist-ist
pUCI19 Permg* ist
pKC1139 pWHM3 EcoRI Xbal PermEe*
pKC-orf27-ist  pWH-orf27-ist ist pWHM3
Sca I BamH I ~8.0 kb ( pWH-PermE*-ist
2) 3.9 kb orf28 ist
orf27 orf27-ist Sca 1.2.3 S. lividans TK24
I 2.0 kb 39kb  2.0kb [19]
orf28-orf27-ist 1.2.4
BamHI  Hind III pKC1139 S. lividans TK24 Am (50 pg/mL)
pWHM3 pKC-orf28-orf27-ist MY 28 C 6-8 d
pWH-orf28-orf27-ist (50 mL /500 mL

x1 AXHTHRAIGIY

Table 1 Primers used in this study

Primers name

Primers sequence (5'-3")

CTAGAAATCCCCTCTCATCCACGCCCATTTACCTG

ist-F
s CGAGGTACTGCTATGCCCCTGCCGAAACATCTT
iStR ACACCCTGCGGGCGCCACCCCGCACACTGTTGTG
S CCGCCGGACCCGCTCACGGAGTGCCGGACGGGGC
mpt-LF GCTCTAGACTGCGGTGCACCCCAACA
mpt-LR GCATAGCAGTACCTCGCAG
mpt-RF TGAGCGGGTCCGGCGGCA
mpt-RR CCCAAGCTTCACGCGCGCAACCGGTAC
1 kb |
B S SS Sc S S B
| 1 L1l ] ] | ]
8.9kb BamH 1 8.9 kb fragment containing
orf28 orf27 orf26 orf25 orf24 orf23 mpt in S. mycarofaciens
S — NN
BGCJ’BZ ist carBB BamH 1 2.3 kb fragment containing
ist in S. thermotolerans
srm22 22 kb srm40

_‘mmmﬂﬂm”_\\_\\—'m_ S. ambofaciens ATCC 23877121

B: BamH 1 S:Sal |

Sc: Sca |
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Fig. 2 Organization of regulatory genes in biosynthetic gene clusters of three macrolide producers.
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Fig. 3 Construction of the recombinant plasmids. — primer; a: mpt-LF; b: mpt-LR; ¢: mpt-RF; d: mpt-RR.
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Fig. 4  Detection of bio-transformation products of
spiramycin by TLC. 1: spiramycin; 2: bitespiramycin; 3:
TK24 (pWHM3); 4: TK24 (pWHM3) with addition of
spiramyicn, as a control; 5: TK24 (pWH-orf27-ist); 6: TK24
(pWH-orf27-mpt); 7: TK24 (pWH-orf28-orf27-ist); 8: TK24
(pWH-orf28-orf27-mpt). A: 4"-O- isovalerylspiramycin III;
B: 4"-O-isovalerylspiramycinII; C: spiramycin III; D:
spiramycin I[[ . = The product with Rf value similar to
4"-O-isovalerylspiramycin.
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Fig. 5 Detection of bio-transformation products of spiramycin by HPLC. (A) Bitespiramycin. (B) Spiramycin. (C) TK24
(pWHM3). (D) TK24 (pWH-PermE*-ist). (E) TK24 (pWH-orf27-mpt). (F) TK24 (pWH-orf28-orf27-mpt). (G) TK24
(pWH-orf27-ist). (H) TK24 (pWH-orf28-orf27-ist). 1: 4”-O-propionylspiramycin III; 2: 4”-O-isobutyrylspiramycin I ;
3: 4"-O-isovalerylspiramycin [ ; 4: 4"-O-isobutyrylspiramycin III; 5: 4”-O-isovalerylspiramycinIl; 6: 4"-O-
isovalerylspiramycin III; 7: spiramycin I ; 8: spiramycin II; 9: spiramycin III.
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F2 SHMENLTH 47-0-BHLIZREE Z A HPLC IEEFR
Table 2 HPLC peak area of 4"'-O-acylated spiramycins in the 5 transformants

Name 1 2

3 4

5

6

Total acylated

SP (x10%)
Bitespiramycin (standard) 9.27x10° 1.33x10° 6.86x10° 3.48x10° 7.28x10° 1.02x10’ 239.03
TK24 (pWH-PermE*-ist) 2.53x10°  1.23x10° 1.27x10° 8.31x10° 7.68x10° 25.93
TK24 (pWH-orf27-mpt) 1.64x10°  3.67x10° 2.72x10°  1.94x10° 9.97
TK24 (pWH-orf28-orf27-mpt)  7.93x10° 1.17x10°  5.23x10° 6.60x10°  8.40x10° 29.33
TK24 (pWH-orf27-ist) 1.01x10° 1.07x10° 5.42x10°  5.92x10° 13.42
TK24 (pWH-0rf28-orf27-ist) 1.17x10°  2.68x10° 1.28x10° 1.23x10° 1.18x10° 29.23

1: 4”"-O-propionylspiramycin [II; 2: 4"-O-isobutyrylspiramycin

II; 3: 4"-O-isovalerylspiramycin [; 4: 4"-O-

isobutyrylspiramycin III; 5: 4”-O-isovalerylspiramycin II; 6: 4”-O-isovalerylspiramycin III; SP: spiramycin.

I I IO 927.61 969.74
983.65 4 4"-0O- 111
969.65 5
TK24 (pWH-PermE*-ist)
TK24 (pWH-orf27-ist) TK24 (pWH-orf28-
orf27-ist) ( 5G H)
4"-0- I II 1I

TK24 (pWH-orf28-orf27-ist)
TK24 (pWH-orf27-ist)
4"-0-

TK24 (pWH-PermE*-
ist) TK24
(pWH-orf28-orf27-mpt)

TK24 (pWH-orf27-mpt) (  5E F)

3 itk

S. thermotolerans ist (ist-BamH I 2.3 kb
2 ) S. spiramyceticus
4"-0-
pKC1139  pSET152

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

S. lividans TK24
4" ist
PermE* S. lividans TK24
4"-0- el
S. mycarofaciens1748
orf27  orf 28 ist
S. lividans TK24
ist
mpt ist
mpt st
47
Mpt
Ist
mpt orf ist orf mpt
ist
RNA
ist ist
23] PermE*
Psf
S. lividans Streptomyces



KR B AASBE 4-0- R ESBBERETANESE TK24 PRER

coelicolor Streptomyces
venezuelae S. lividans
ist S. lividans TK24
acyB2
pSG5
pKC1139
20-50 S. lividans
TK24
4" pWHM3
plJ
40-300
ist S. lividans TK24
ist
REFERENCES

[1] Bunnag C, Jareoncharsri P, Voraprayoon S, et al.

Efficacy of spiramycin as an alternative to
amoxicillin in the treatment of acute upper
respiratory tract infections. Clin Drug Investig,

1998, 15(6): 461-466.

[2] Paquet C, Yudin MH. Toxoplasmosis in pregnancy:

prevention, screening, and treatment. J Obstet

Gynaecol Can, 2013, 35(1): 78-79.
[3] Mazzariol A, Koncan R, Vitali LA, et al. Activities

of 16-membered ring  macrolides and
different
erythromycin-susceptible  and
resistant Streptococcus
Streptococcus  pneumoniae.  J
Chemother, 2007, 59(6): 1171-1176.

[4] Corns SM, Ashlock DA,

telithromycin against genotypes of
erythromycin-
pyogenes and
Antimicrob

Bryden KM.

(5]

(6]

[7]

(8]

[9]

(10]

[11]

[12]

[13]

Development of antibiotic regimens using graph
based evolutionary algorithms. Biosystems, 2013,
114(3): 178-185.

Rubinstein E, Kellern N. Spiramycin renaissance.
J Antimicrob Chemother, 1998, 42: 572-576.
Omura S, Sano H, Sunazuka T. Structure activity
relationships of spiramycins. J Antimicrob
Chemother, 1985, 16(Suppl A): 1-11.

Sano M, Sunazuka T, Tanaka H, et al. Chemical
modification of spiramycins VI. Synthesis and
activities of 3,3"-di-O-acyl-4"-O-
3,3"-di-O-acyl-4"-O-alkyl
derivatives of spiramycin 1. J antibiot (Tokyo),
1985, 38: 1350-1358.

Arisawa A, Kawamura N, Tsunekawa H, et al.

antibacterial
sulfonyl and

Cloning and nucleotide sequences of two genes
involved in the 4"-O-acylation of macrolide
antibiotics from Streptomyces thermotolerans. Biosci
Biotechnol Biochem, 1993, 57(12): 2020-2025.
Arisawa A, Kawamura N, Narita T, et al. Direct
fermentative production of acyltylosins by
genetically-engineered strains of Streptomyces
fradiae. J Antibiot (Tokyo), 1996, 49(4): 349-354.
Wang YG, Jin LF, Xu XM, et al. A genetically
engineered hybrid antibiotic propionyl spiramycin.
Chin J Antibiot, 1994(2): 109—116 (in Chinese).
. , 1994(2): 109-116.
Zhang XL, Wang YG. Stydies on midecamycin
4"-O-propionyltransferase gene structure. Acta
Microbiol Sin, 1996, 36(6): 417—422 (in Chinese).
, . 4"-0O-
(mpt) , 1996,
36(6): 417-422.
Chen HZ, Zhang WX, Lou RH, et al
Pharmacological study on propionylspiramycin.
Chin J New Drags, 1992, 1(1): 11-15 (in Chinese).
. , 1992, 1(1): 11-15.
Shang GD, Dai JL, Wang YG. Construction of a
stable bioengineered strain of Biotechmycin. Chin

J Biotech, 1999, 15(2): 171-175 (in Chinese).

cjb@im.ac.cn



1400 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech September 25,2014 Vol.30 No.9

[14]

[15]

[16]

[17]

[18]

1999, 15(2):
171-175.
Shi XG, Sun YM, Zhang YF,
distribution of bitespiramycin and spiramycin in rats.
Acta Pharmacol Sin, 2004, 25(11): 1396-1401.
Gilles PW, Kenneth JM. The regulation of the
secondary metabolism of Streptomyces: new links

et al. Tissue

and experimental advances. Nat Prod Rep, 2011,
28: 1311-1333.
Aigle B, Corre C. Waking up Streptomyces
secondary metabolism by constitutive expression
of activators or genetic disruption of repressors.
Methods Enzymol, 2012, 517: 343-366.
Martin JF, Liras P. Engineering of regulatory
cascades and networks controlling antibiotic
biosynthesis in Streptomyces. Curr Opin Microbiol,
2010, 13(3): 263-273.
Yang YH, He WQ, Li RF, et al. Incorporation of
PermE*, a strong promoter, at 5'-upstream of
4"-isovaleryltransferase gene improves the
bioconversion of spiramycin to 4"-isovaleryspiramycin
in Streptomyces lividans TK24. Chin J Antibiot,
2010, 35(11): 826-830 (in Chinese).

4.
TK24 4"-

, 2010, 35(11): 826-830.

PermE*

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

[19]

(20]

(21]

[22]

[23]

[24]

[25]

Tobias K, Bibb MJ, Mark JB. Practical
Streptomyces Genetics. Norwich: The John Innes
Foundation, 2000: 232-236.

Sambrook J, Fritsh EF, Maniatis T. Molecular
cloning: A Laboratory Manual. 2nd ed. New York:
Cold Spring Harbor Laboratory Press, 1989: 20-25.
Fatma K, Emmanuelle D, Nathalie O, et al.
Organization of the biosynthetic gene cluster for
the
Streptomyces ambofaciens. Microbiology, 2007,
153: 4111-4122.

Mido N, Hoshigo S, Murakami T. Medicamycin
biosynthetic gene cluster: JP 2004049100-A/1.
2004-02-19.

Karray F, Darbon E, Nguyen HC, et al. Regulation

macrolide  antibiotic ~ spiramycin  in

of the biosynthesis of the macrolide antibiotic
spiramycin in Streptomyces ambofaciens. J
Bacteriol, 2010, 192(21): 5813-5821.

Farnet CM, Staffa A, Yang XS. Genes and proteins
for the Dbiosynthesis of US
2003/0113874 A1.2003-06-19.

Li J, Xiang SH, Yang XS, et al. Evaluation of the
activities of two promoters in Streptomycetes by
reporter gene method. Acta Microbiol Sin, 2009,
49(11): 1454-1458 (in Chinese).

rosaramicin:

b > s

, 2009,
49(11): 1454-1458.

(RICDE9 A7)



