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1.1
1.1.1 Actinoalloteichus sp. WH1-
— _ 2216-6
HC —N-OH HC —N-OH
TSB 28 -30C o
caerulomycin A caerulomycin D
E. coli E. coli
1 A D BW25113/plJ790  30<C LB
Fig.1 Chemical structure of Caerulomycin A and Caerulomycin D. 37C . 1 .
’ T T ’
4( CTLA4) Ch28 Table 1 ~ Plasmids used in this study
_4( H—‘_4) _‘Y( IFN_‘Y) Plasmids Relevant genotype or characteristic( s) Sources
A 11790 }\_RED‘, (gam bet exo) cat araC 13
A 9 repl01
° plI773 aace(3) IV oriT 13
pUZ8002 tra neo RP4 14
Nostrum pSET152 ace(3) IV oriT att®™ 15
A SuperCos 1 bla neo cos 16
bla neo cos a ca. 40 kb fragment
° § containing a putative 2 3-  Unpub-
pCS62016 dihydroxybenzoate-AMP  ligase inserted lished
into cosmid Supercos 1
bla neo cos a fragment of aac(3) IV
e (Apra") + oriT inserted into pCSG2016  This
pCs62104 to replace the dihydroxybenzoate-AMP  study
° ligase gene
. . 1.1.2 (1) LB : 10 g
5 g NaCl 10 g 1L pH?7.0;(2) TSB
« ” 5 g 15 g 100 g
10 - 11 2.5 g K,HPO,2.5 ¢ 1 L pH
7.0; (3) 20 g K,HPO,
] 0.5 ¢ KNO,1 g MgSO, *7H,0 0.5 g FeSO, * 7H,0
i 10 mg 1 L pH 7.0; (4)ISP4
WH1-2216-6 PCR- 10 g K,HPO,1 g MgSO,*7H,0 1 g NaCl
targeting 12-13 1 ¢ (NH,),S0,2 g CaCO,2 g FeSO,*7H,0 1 mg
MnCl,1 mg ZnSO,*7H,0 1 mg 1L
. WH12216-6 pH 7.0 -7.4;(5)
10 g 20 g 10 g 10 g
pSET152 3 ¢ K,HPO,0.5 g MgSO, *7H,0 0.5 g CaCO,
2 g 1L pH 7.0,
2% o
WHI12216-6 o 1.1.3 DNA marker
TaKaRa DNA

Axygen
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K 1 mL ISP4 o
30C 20 h
( Ampicillin) 100 mg/L 40 mg/L 60 mg/L
( Kanamycin ) 50 mg/L 30C 5
( Apramycin) 50 mg/L ( Chloramphenicol ) o
50 mg/L ( Trimethoprim) 50 mg/L,
PCR 3
DNA o Eppendorf ( )
5331 PCR Eppendolf 5810R 8.0x107,
Eppendolf 5418 1.4 WH1-2216-6 DNA
Heidolf Laborota4000 eco/WB/G3
Varian Pro star v
Luna 150 x4. 6 mm( phenomex) . DNA. TSB 3-
1.2 WH1-2216-6 5 12400 x g 2 min
DNA.
TSB 0.2 g/L 0.5 g/L K
6.25.12.5.25.50.100 mg/L TE (10 mmol/L Tris-HCl 1 mmol/L EDTA
. ( Spectinomycin) N pH 8.0) 37C 30 min; 1/10
N N ( thiostrepton) 10% SDS 1/10 0.5 mol/L EDTA
o 55C 1 h; 2/3 7 mol/L
30C 12400 x g 5 min 2
14 o 12400 x g 10 min v 70%
1.3 WH1-2216-6 DNA 2
DNA -20C o
E. coli ET12567/pUZ8002/pSET152 50 mL 1.5
25 mg/L 25 mg/L 50 mg/L AMP
LB 37°C 0Dy,
0.6-0.8 (3220 x g 5 min)
LB 2-3 1 mL LB nikC+ ( 5'-GTSATMGYSACCCCGCAGAC3")
nikCR( 5'-CCGAGSGTSGTGATGTTCTT3")
WHI1-2216-6 TSB WHI1-2216-6 DNA
14 PCR PCR (340 bp)
TSB 1 min N
3220 x g 5 min
5 mL TSB 50C o WHI1-2216-6
10 min 28°C SuperCos 1
o ( )
1.5-13 h o pCSG2016
1 mL 200 pL AMP (2 3-
ISP4 dihydroxybenzoate-AMP ligase)

MgSO,( 10.30.50.75.100 mmol/L)

PCR —argeting
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1.6 PCR-targeting pCSG2104 50 mg/L ) 30C
AMP 4-6
DNA DALP¥ ( 5°-GAACGG DNA
GTCACCCACACCACCCTCGTCCCCGCCCTGGTCATT DAL¥(5'-GGGGACGCGTCGTCCTGGGA 3°) DAL-
CCGGGGATCCGTCGACC3” ) DALPR (5°- R (5'-GTAGCGGGCTTGTAGCGGGC 37) PCR
GGCGACGGCCGCCGCCGCCGCGATCGAGGGGTGCT (
CGGCTGTAGGCTGGAGCTGCTTC3 ) ) o 20 pL : 10 x Buffer 2 pL
o DNA rTaq 1.5 U dNTPs 0.5 mmol/L. DMSO
PCR+argeting 2on (1) 2 L 0.5 wmol/L DNA 1 ng
pCSG2016 E. coli BW25113/ 20 wL.PCR 1 94C 5 min; 94C
plJ790 E. coli BW25113/plJ790/pCSG2016 45 s 65C 45 s 72°C 90 s 32 ; 72°C
30C 10 mmol/L  L- 10 min.
N/ Red 1.8
7 (2) EcoR1 Hind I plJ773 (HPLC)
1.4 kb oriT WHI1-2216-6
aac(3) IV DNA PCR DALP- 50 mL
F DALP-R 1.4 kb o (250 mL ) 28°C 200 r/min
50 pL 10 x Buffer 5 wL DNA o 9 3 mL 10 mL
Pyrobest 3 U dNTPs 0.5 mmol/L. DMSO
2.5 pL 0.5 pmol/L DNA 1 ng 500 pL
50 wL.PCR 194%C 5 min; 94C ( HPLC) o
45 s 60°C 45 s 72°C 90 s 30 ; A 10% 0.08% B
72°C 10 min. 1.4 kb PCR 90% X 1 mL/min 254 nmo
7 (3) 1.4 kb PCR HPLC :0 =20 min A /B
E. coli BW25113/plJ790/pCSG2016 ( ) 95:5-0:100;20 -21 min A /B
LB ( 100 mg/L 0:100;21 =22 min A /B 0:100 -95:5;22
50 mg/L 50 mg/L ) -30 min A /B 95:5.,
37°C
pCSG2104 2
AMP oriT  aac(3) IV
;(4) pCSG2104 E. 2.1 WH1-2216-6
coli ET12567 /pUZ8002 E. coli ET12567/
pUZ8002 /pCSG2104 o WHI1-2216-6
1.7 WH1-2216-6 WH1-2216-6
WH12216-6 50C WH1-2216-6
10 min 28°C 13 h E. coli 6.25 mg/L
ET12567 /pUZ8002 /pCSG2104 N N
1.3 ISP4( 75 mmol /L ( 2).
MgSO,) . 30C WH1-2216-6
6-8
TSB ( 50 mg/L 0
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2 WH1-2216-6

Table 2 The sensitivity of Actinoalloteichus sp. 21
WH1-2216-6 to various antibiotics DNA.
Antibiotics/( mg/L) 6.25 12.5 25 50 100
Amicill WHI12216-6
mpicillin + + + +
Spectinomycin + + + nt o 28C
Chloramphenicol - - - - - 1.5h 5h9h 13h
Kanamycin + + + -+ -1+
. ( ISP4 10 mmol/L
Apramycin - - - - -
Thiostrepton + + + + + MgSO4) o 5
Trimethoprim + + + nt nt WH12216-6
— no growth; —/ + poor growth; + growth; nt not tested
2.2 WH1=2216-6 AMP 1075,
nikC4+ and nikCR 9h 13 h
WH12216-6 SuperCos 1 ( 3).
8
3 WH1-2216-6
pCSG2016 .
Mg
AMP Table 3 Effects of spore germination timing of WH12216-6
( GenBank JF419316) and Mg’ " concentration in medium on the
Streptomyces roseosporus NRRL 15998 2 3- conjugation efficiency
AMP ( 2 _SPOTe, Amounts of Amounts of Conjugation
04696968 ) ( Identities ) ge}lm}lndllon spores exconjugants efficiency
timing/h
55% Streptomyces ansochromogenes San] s 132 | 65 x10-°
( adenylateforming enzyme GenBank 5 263 3.29 x10°°
AAL85694) 54% . 9 08100 456 5.70x10°
13 470 5.88 x10°°
° Concentration of . .
Mg in Meidium Amounts of Amou.mls of Con‘Ju‘galwn
2.3 /( mmol /1) spores exconjugants efficiency
10 470 5.88x10°°
DNA 30 1592 1.99 x1077
. . 50 0.8 x 10° 2792 3.49x10°°
18- 19 75 >10" >107*
100 >10" >107*
2.3.2 Mg
2 WH12216-6 Mg** DNA
DNA
WH12216-6 . Mg**
o WH12216-6 o WHI12216-6
13 h pSET152
pSET152 " DNA ISP4
DNA WH12216-6 (30 50 75 100 mmol/L) MgSO, .
. 5 ( 3).
2.3.1 WH122166 Mg’
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. 50 mmol /L. Mg** 2.4 PCR-targeting
10 mmol /L. Mg**
10 3.49 x10 7, PCR-targeting
75 100 mmol /L Mg** ISP4 pCSG2016 AMP
( >10* ) E. coli ET12567/pUZ8002/pCSG2104
1074, pCSG2104 PCR 1634 bp
pSETI152 DNA ( 2 4) pCSG2016
WH12216-6 763bp DNA (2 3),
9h 13 h ISP4 75 pCSG2104
100 mmol/L Mg** o E. coli ET12567/pUZ8002/pCSG2104
o WH12216-6 WHI1-2216-6
13 h 8
75 mmol/L. MgSO, ISP4 9 cm (1SP4) 45

o

5x107%,

2 WH1-2216-6

PCR

Fig.2  Gel electrophoresis analyses of PCR products from the wild type strain and mutants of Actinoalloteichus sp.

WHI1-2216-6. PCR was conducted using the primer pairs DAL¥ DAL-R and the DNA templates were from:

ddH, O ( negative control lane 1) ; wild type WH12216-6 ( lane 2) ;

4) ; mutants CRM-ml —CRM-m8 ( lanes 5 —12).

2.5 WH1-2216-6
8 TSB (
50 mg/L 25 mg/L )
6
DNA
( DALF¥  DAL-R) PCR .
CRM-m3 CRM-m5
736 bp 1634 bp DNA ( 2 7 9)
CRM-ml. CRM-m2. CRM-m4. CRM-
m6.CRM-m7  CRM-m8

pCSG2016 ( lane 3); pCSG2104 ( lane

DNA marker was indicated in lane M.

1634 bp ( 2 56810
11 12) PCR
AMP
(75% 8 6 ).
2 CRM-m2  CRM-

m7

WH1-2216-6
( HPLC) o A

6.7 min( 3D “@”7 )
D 7.9 min ( 3K

Ky » )
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A ( 3-A DNA
6.7 min “@” ) D( 3A WH12216-6
7.9 min “* 7
o AMP o
( 380 A "®7)
o ") HPLC AMP
A D, o

600 *
4004
200 J

~

400
3004 B

200
100

04
5007

4009 u&N\A CRM-m7

CRM-m2

300
200
1004

Absorbance/AU

5004
4004 p ;

3004 Caerulomycin A standard
2004
1004

6004
4004 Caerulomycin A standard
2004

0_

#/min

3 WH1-2216-6
Fig.3 HPLC analyses of fermentation products from wild type and mutant strains of Actinoalloteichus sp. WH1-2216-6.
Extracts were from ( A) wild type WH12216-6 Caerulomycin A ( @) Caerulomycin D ( * ) ; ( B) CRM-m2; ( C) CRM-

m7; (D) Caerulomycin A standard ( @) and ( E) Caerulomycin D standard ( * ).

WHI1-2216-6

3

1984 % o
Tamura 2000 WHI12216-6
Actinoalloteichus ** o

3 ( 10 mmol /L MgSO,

Actinoalloteichus cyanogriseus **  Actinoalloteichus ISP4 ) o
spitiensis > Actinoalloteichus hymeniacidonis *° o pCSG2104 DNA
WHI1-2216-6
o WH1-2216-6 pSET152 DNA WH1-2216-6

Mg2+
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13 h Mg’
75 mmol/L MgSO,
ISP4 10 mmol /L
MgSO, ISP4 100
o pCSG2104
DNA
WH12216-6 (107%)
pSET152
(>107"). :
pCSG2104 (40 kb) pSET152
(5.5 kb)
pCSG2104 WH12216-6
DNA
pSET152
WH12216-6
DNA DNA
WH1-2216-6
AMP
75% o
sanJ o
San]
CoA AMP 7
AMP
San]
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2216-6
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Development of a genetic modification system for
caerulomycin producer Actinoalloteichus sp. WH1-2216-6

Qinheng Lin'® Guangtao Zhang' Sumei Li' Haibo Zhang' Jianhua Ju' Weiming
Zhu’ Changsheng Zhang'’

' Key Laboratory of Marine Bio-resources Sustainable Utilization RNAM Center for Marine Microbiology Guangdong Key
Laboratory of Marine Materia Medica South China Sea Institute of Oceanology Chinese Academy of Sciences Guangzhou
510301 China

? Graduate University of the Chinese Academy of Sciences Beijing 100049 China

* School of Medicine and Pharmacy of Ocean University of China Qingdao 266003 China

Abstract. Objective In order to enable the caerulomyicn biosynthetic study by in vivo gene disruptions it is crucial to
develop a genetic modification system for the producer Actinoalloteichus sp. WH12216-6. Methods The spore
germination timing and the concentration of MgSO, in the medium were investigated for the optimal conjugal transfer of
exotic pSET152 DNA into Actinoalloteichus sp. WH1-2216-6. Using the PCR-targeting system we disrupted a putative
caerulomycin 2 3-dihydroxybenzoate-AMP ligase gene by “in-Hframe deletion” in E. coli to afford the cosmid pCSG2104
which was then transferred into Actinoalloteichus sp. WH1-2216-6 by conjugation under optimized conditions. Results
The putative caerulomycin 2 3-dihydroxybenzoate-AMP ligase in Actinoalloteichus sp. WH12216-6 was successfully
disrupted by in-rame replacement with the aac31V gene cassette. The resulting mutant strain was unable to produce
caerulomycins.  Conclusion  The presence of high concentration of MgSO, in the medium can promote the conjugation
efficiency between E. coli and Actinoalloteichus sp. WH1-2216-6 and lead to the successful development of a genetic
modification system for Actinoalloteichus sp. WH12216-6 enabling the functional characterization of caerulomycin
biosynthetic genes in vivo. A positive example was provided for other Actinobacteria recalcitrant to genetic modification.
Keywords: actinoalloteichus  genetic manipulation system caerulomycin biosynthesis 2 3-dihydroxybenzoate-AMP

ligase
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