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Pleiotropic effects on Streptomyces lividans growth by Dcm expression

GAO Jie HAN Tie-Sheng FENG Jun HE Xin-Yi'
(State Key Laboratory of Microbial Metabolism, School of Life Sciences & Biotechnology, Shanghai Jiao Tong University,
Shanghai 200030, China)

Abstract: [Objective] In Escherichia coli, cytosine DNA methylation occurring at the inner cytosine
in the sequence 5’CCWGG3’, is catalyzed by the DNA cytosine methyltransferase (Dcm) protein.
Although dcm modification has been studied for nearly 37 years, the biological role for this gene is
still unclear. In this study, we focus on the function of dcm in Streptomyces lividans. [Methods] dcm
gene was isolated from E. coli and introduced into S. lividans 1326; HPLC-MS, methylation
sensitivity assay and Southern blot are used to study the expression of dcm in S. lividans. [Results]
The colony of dcm-containing exoconjugant is much smaller than wild type, and the production of
actinorhodin in either MS agar plate or RS liquid media was enhanced by two folds. [Conclusion]
Epigenetic modification of the gonome of S. lividans by Dcm can activate the actinordin
biosynthesis, providing an alternative way for genomic mining of cryptic bioactive metabolites.
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DNA S- (SAM) 1 #MEEH B
DNA 11 #H
- " 6-[)am > 1.1.1 EHRFARRHRL: (Escherichia coli)
DH10B
GATC ¢ X ET12567::pUZ8002 :
DNA pPM927 pIB139
®l Dem K-12
dem (1 419 bp) .
SCCWGG3' (W=A/T) pBluescript SK
. (SLG) HXY16
T ok dem I pEMD2T K12
DNA (Escherichia coli) dem
1
(4 Streptomyces lividans 66 112 SRS LB
DNA MS
TSBY RS
1.1.3 FERFIFLEE: Taq
DNA DNA Fermentas TaKaRa DNA
[5] Omega Spcectinomycin (
HPLC-MS S. lividans ) Thiostrepton ( ) Trimethoprim
DNA 5- G+C ( ) Ampicillin ( )
72% dem Sigma
dem
HXY16 (93 kb ) dem 1.2 pPM927-dcm BB &

PrimerF 5'-CATATGATGCAGGAAAATATAT

F1 EWREERA

Table 1 Strains and Plasmids

Name Characteristics Source
pBluescript I SK(+) ori (fl), ori (pUC1R), bla, lacZa, 2.96 kb Agilent
pMD18-T pUC18 A PCR TaKaRa
pPM927 pSAM2 Xxis, int, attp, tipA, tsr, spc [6]
pIB139 apra ermE [7]
ET12567(pUZ8002) recF, dam”, dem™, cml, str, tet, km [8]
DH10B F, recA, lacZ, AM15 GIBCO BRL
Streptomyces lividans 1326 Dnd+ @HAU3® Lomovskaya et al. 1972
HXY16 S. lividans 66 s SLG attB
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dem 1927
CAGTAACC-3" (Nde 1 )  PrimerR 4.6 mmx250 mm) 10 mmol/L (pH
5'-GAATTCTTATCGTGAACGTCGGCC-3' (EcoR 1 4.5) 0-10 min 2% 10-40 min
) E. coliK-12 DNA 2%-25% 40-45 min  25%-100% 45-50 min
KOD PCR 1433 bp 100% 50-52 min  100%-2% 0.3 mL/min
DNA pBluescript SK 25 °C 278 nm
Ndel — EcoR1I 1.43 Southern Zt3%%:
dem GJ2 DNA pPMO927-dem DNA
pIB139 pGJ139 5'-GAATTCCAAGG DNA 10 pg Sma 1 1%
CGATTAAGTTGGG-3' 5-TGGAATTGTGAGCG
GATAA-3' pGJ139 DNA (Hybond N Amersham) (GS
PermE"  dem Gene Linker Bio-Rad ) DNA
1619 bp EcoR 1 (Roche ) Smal
pPM927 pPMO927-dcm pPM927-dem
13 X E-BEEEAED 68 °C
pPM927-dem ET12567::pUZ8002 4 h
2 mL LB 37 °C OD 0.6 10xSSC 2 5 min
200 uL HXY16 3 500xg 2xSSC 2 15 min
4 min 400 uL LB MS 2h
30°C 14h 100mg/L 15 MALIRATCHRIFIE BN
(Spectinomycin) 50 mg/L MS 30 °C 5d
(Thiostrepton) 4 d R5 7d 1700xg 10 min
GJ1 dem  pPM927 HXYI16 Il mol/LHCI pH 2-3 1/4
GJ2 3-5 200 pL
14 EEEBFH dom EEHLETE (Bio-Rad smart spec 3000) 680 nm
1.4.1 BESYIIEIE dom EEAIFRIA: EcoR1L Mval
S'CCWGG3’ 2 GRESH
Dem FeoR I bem 21 dom SATRERBEMEANF—H#E
5'C5mCWGG3’ Mva 1 ST
20 pL DNAT pg 05U pPM927-dcm Streptomyces lividans
37 °C 90 min DHI10B (dcm” HXY16 MS
) DNA JTUO006 (dem™) DNA ( 1B) GJ2 ( pPM927
142 HPLC-MS BiF##&##F 5mC 2 &: ) ( 1A)
DNA ddH,O 1B
Pl CIAP DNase 1
QIAprep Spin Miniprep ] ( 107°)(
HPLC-MS Agilent TC-C18 (5 pm, 2B) ( 2A)
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Bl #SEBTRESSL
Figure 1 Morphology differentiation of conjugants
A G2 MS 30 °C 4d B GJI1 MS
30 °C 4d.
Note: A: GJ2 was grown on MS medium at 30 °C for 4 days; B:
GJ1 was grown on MS medium at 30 °C for 4 days.

B2 XK./ DEEESHKL
Figure 2 Morphology differentiation of small and big
colonies
A 30 °C MS 4d B
30 °C MS 4d.

Note: A: The spores of big colonies were cultured on MS medium
at 30 °C for 4 days; B: The spores of small colonies were cultured
on MS medium at 30 °C for 4 days.

2.2 EEEBFH pPMI27-dem BIEE

dem
dem
PrimerF  PrimerR
DNA pPM927-dem DNA
PCR
1 419 bp GJ2
(::pPM927)
dem ( 3
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bp S P B G N

1500

B3 XEZERNEEF dom EEH) PCR IiiE

Figure 3 PCR confirmation of dcm gene in small and big

colonies

S DNA P pPM927-dem ( ) B

DNA G GJ2 DNA N ( ).

Note: S: DNA of small colony; P: Plasmid of pPM927-dcm

(positive control); B: DNA of big colony; G: DNA of GJ2; N:

ddH»O (Negative control).

PCR dem
HXY16 dem
EcoR 11
5'CCWGG3' Mva 1
5'CCWGG3'
DNA DNA
Dcm DHI10B (dem”
) JTU006 (dcm) (GJ2) DNA
EcoR 11 (E) Mval (M)
EcoR 11 DNA
dem
(4
DNA
(GJ2) DNA
DH10B JTU006  Small Big GJ2
E M E M E M EM E M

&

Bl 4 DNAdcm BRELEIILEE

Figure 4 Identification of dcm modification in total DNA
E EcoR1I DNA M Mval DNA.

Note: E: EcoR 1I digested total DNA; M: Mva I digested total

DNA.
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LC-MS 5mC
5mC kb 1 2 - 3 4 5 »6
0.15%-0.32% 5.3 —| — iy
SmC ( 5) 2:g:-""" 5 i
s p._” i o
dcm
2.3 Southern Z*3Z o K& % H dem BYZ{L
PCR dem
dem P
Sma 1 pPM927-dem
HXY16 GJ2 (HXY16::pPM927)
1&2 (HXY16::pPM927-dcm)
(HXY16::pPM927-dcm) DNA )

pPM927-dem  GJ2 dcm
( 6 1 6
GJ2 pPM927
HXY16 1&2
dem pPM927
dem
DNA Dcm
3 dmC
v
Standard .

ar 1 JUU LM A

- JUdy

Big colonies

v b g

U
Small colones -{ | L U UJ LA

5 HPLC-MS #illl 2 DNA #1 5mC & &8
Figure 5 5mC detection by HPLC-MS

6 Southern 22X #& M K HE & HEEHR %k
Figure 6 Fragment deletion in big colonies

Note: 1: pPM927-dcm; 2: GJ2; 3: HXY16; 4: Big colonies 1; 5:

Big colonies 2; 6: Small colonies.

DNA
dem
DNA
Dcm

dem
DNA

2.4 demEGES. lividans 1326 M 54T E By FRIE
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R5 7d
M145
( 7B)
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ODgg0=0.54 2
S. lividans

99%

5d
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(12] dem
8 308
508
dem
ActA
Small colomies Big colomies M145 GJ2 ActA DNA
B7 XEERNEEMEELRHRER
Figure 7 Actinorhodin accumulated in big and small
colony S-DNPA
A MS B RS ActR  DNA
Note: A: Big and small colonies on MS plate; B: Actinorhodin
accumulated in R5 liquid fermentation.
[14]
3 g
dcm E. coli K12
ActR
dcm ActA
DNA dcm
(0] dem dem
Dcm
dem
wlC  rpsJ
dem (51 AdpA
(i 7  dcm
S16
5'CCWGG3’ Dcm
[16]
5 dem
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18 dem
7
dem
131 ActR
ActR
ActA
actR 4
ActR
( 3
adpA
SAM
tgdA
[17]
dem



dem 1931
A
ActR
ActR
repressor L repressor mRNA
B D
ActA  mRNA
G S MRNA
repressor C /TGG ‘
r SmdC Tepressor
8 MEBERBIREIRANNARNITHMEEIZNEK
Figure 8 actR can regulate the export of actinorhodin by ligand recognition
A B (L: S-DNPA) S. coelicolor ActA R
R ActR DNA s C D S lividans S,
lividans ~ ActR 4 s ActA dem

s

R ActR >

s

s s

’ .

Note: A and B shows how the ligand (actinorhodin or S-DNPA) trigger the expression of ActA in S. coelicolor. When the actinorhodin is
synthesized, it binds to ActR repressor and release it from DNA, and thus activates the transcription of export pump; C and D shows the
mechanism in S. lividans: 4 mutations occurred on ActR in S. /ividans, so actinorhodin may not bind to the repressor as usual and the
expression of actA will be influenced; However, as there are 7 dem modification sites among the sequence, once the modification
happened, the repressor may regain the ability to bind with ligands, toxic towards the cell is erased, actinorhodin produced again.
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