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R1 BEHRRAL
Table 1  Strains and plasmids
Strain and plasmid Genotype Sources
Thermophylic Streptomyces sp. X3 -3 Host harboring linear plasmid pTSC2 This work
Thermophylic Streptomyces sp. 2C Host with no or low restriction barrier for introducing foreign DNA This work
. coli DHS5« F~ $80d/lacZAM15 A (lacZYA-argF) U169 deoR recAl endAl hsdR17 (r] & m, & )This lab
phoA supE44 N~ thi — 1 gyrA96 relAl
S. lividans ZX7 pro-2 sir-6 rec-46 Adnd HAU3® SLP2~ SLP3 [4]
pBluescript IT SK Amp", lacZ Lab stock
pQC156 The tsr and melC genes from plJ702 cloned into an E. coli plasmid pSP72 [5]
pZF34 pQCI156 contains 2. 6-kb HindlIll fragment of pTSC2 This work
pZF35 pQCI156 contains 2-kb HindIIl fragment of pTSC2 This work
pZ¥36 pQC156 contains 2-kb HindIII fragment of pTSC2 This work
[8 9], A ik il # B AL R AE B SR B0 RS, B, [l DNA R Be e BE B JFURE pBluescript 11 SK. Kt
BRI 42°C o PUERMMEHA UL 2N F SEBESIR AT 1 FORL pBluescript 1T SK /Y i B, i#

2 100 pg/mL, FidE 2 £ 50 weg/mL ([#4K) F
5 wg/mLOEIERESE) . 16S tRNA 5[k F(5'-AGA
GTTTGATCCTGGCTCAG-3") F1 R ( 5'-TCAGGCTA
CCTTGTTACGACT T-3") , PCR 4 34 4% 11 4 : 95°C T
AR PE 5 min,95°C 48 M 30 s,55°C 1B k 30 Fb,72°C 9
fif 2 min,35 NMER , &5 72°C IEH10 min,
1.3 i pTSC2 EFIREE

3 3 7 8 43 A B0 pTSC2 1 52 1l FE A rep , i 4%
ZE B T 3 %51 ¥ (5'-GTCAAGCTTGCCG
GATGCTCGGAAAGGT-3" /5'-GTCAAGCCTTGCCGC
ACTGACCAGACGCT-3";5'-GTCAAGCTTCGCACCGA
GGACGAGCCAGA-3"/5"-GTCAAGCTTAAGAAGCAG
GCCAAGCGCGT; 5'-GTCAAGCTTCTCCCACGGGAT
CTCTCTGA-3" /5'-GTCAAGCTTGATCACCCCACACA
ACAGCT-3") ,PCR ¥ 5 , H HindIII B, a3k
WA R kL pQC156 I 43 i 45 2] i ki pZF34 | pZF35
1 pZF36, FEHUTR DNA H AL A4 5 45 55 8 ZXT 1Y
JAE LR 7E RS P A b e PR A A 22 T8 2 PPk L1
1.4 ZBIFA pTSC2 & Hl d ja) i 1y &

BEA T FORL pIJ101 77 4= BORL plJ702 (2 &4k B
Hoh RCR &) LA K pZF34 B4k ZXT (1 J5 AR ik
PP AL+ 2 YEME W R$5 3% 32 BUE DNA, DNA
RS ST it 37°C £ FE 10 min ( 2% #h ¥ 40 mmol/L
sodium acetate, pH 4.5, 0.3 mol/L NaCl, and
2 mmol/L ZnSO, ), HL 3K J& 43 7 JH o ¥ 28 b Wik
(0.5 mol/L Tris-HC1, pH 7.5,1 mol/L NaCl) 18
PRV (0. 4 mol/L NaOH ) Zb FHEEfiE 15 min, 28 J5 6
P S R B b e et o A o P
dCTP #ric tsr 3 K 8 5 4 9E 47 Southern 2428, FH

B A sc 4

LB Y4t A 7 35, B Invitrogen 2\ & 5E B o 2 —
BT E R0 3 A0, 5 i T PCR B
REFI P, 2545 2 P 91, 1 91 43808 1) Vector NIT
suite 9 (Invitrogen /A7) . 75 DNA FFHCH AR 4
Hr#F & Frameplot 3.0 beta (http://watson. nih. go.
ip/-jun/cgi-bin/frameplot-3. Ob. pl ) """, DNA — %% 2%
Fa 1 T 0 % 3% A “ DNA mfold” ( http ://frontend.
bioinfo.  rpi.  edu/applications/mfold/cgi-bin/dna-
L pTSC2 £ F HI K B 4 A GenBank
Bl e, i 5 2 GQIB4145

2 ERFpA

2.1 HR#EFFHBA pTSC2 WM | s EMF

A S50 2 DAY R A M N T RS Ah AR R Y A 2
i MENC 23 B 2 L1 B AT LAAE 50°C Rl T AR KR i
e, Hoh— N4 5 X3-3 B bk 2 16S rRNA ff
S IO B A e B RN L 5w T BE A R PR S.
thermodiastaticus JCM 4840 #I S.
NBRC 15459 X145 99 % By AR . ) FH o 14 25 AT 12
PRI PR X3-3 19 R B 5ok DNA , 5E i H Uk S 6 i
B2 7.5 kb 1y DNA A (v RAIH) w44 K
pTSC2,

4 pTSC2 3¢ f& 3| K W #F 1 i kL pBluescript 11
SK, R I PCR 5] ¥y 4 {h F1 9F H2 19 S ms (UL b1 RS
TE") A T A K 7516 bp BIFES . R 8o H
R pTSC2 1y G +C &l 72.3% , B A LA i 55
B DNA & GC & fe i £ 2 thal iy T Bl iy
pTSC2 Al RS i 8 Fh i (1, Horh pT'SC2. 8¢ Zifth i)

forml. cgi)

thermoviolaceus

15 DO SRS A VT 53 7 T TR RSB W 573 Bt e i

pTSC2 ki i Notl BT, #5333 4> R/ i

replication, RCR) i AL 9 & il 2 1 Rep JEH AL,
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4 plJ101 (pSN22 \pSB24. 2 1 pJV1 &5, XLEEHil & Hb pTSC2. 1e-pTSC2. 3¢ Fifih iy 3 T 11 5 BE R R IR

FLERAL A 3 A S B 45 4 B8R (motif) 7l id £
P b X & B pTSC2 Y Rep % H 5 plJ101 A
pSN22 [ A e AR 5 1 AE motif TIT X3,
55 pSB24. 2 il pSB24 (AR LLAAR (& 1-A) o itk
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PRI (Y R pLITOL v 07 5T 1 A B RS AT Y R
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Table 2 Predicted opening reading frames (ORFs) of plasmid pTSC2

ORFs * Position (bp)" Size (aa) E value ° Function/Homology

pTSC2. 1¢ 982 -26 318 4x107"% SpdB ( Streptomyces plasmid pIJ101)

pTSC2.2¢ 2004 -997 335 1x107% Tra ( Streptomyces plasmid pIJ101)

pTSC2. 3¢ 2979 -2020 319 9x10™'" Tra ( Streptomyces plasmid pIJ101)

pTSC2.4¢ 3354 - 3064 96 4x107" Dihydrolipoamide S-succinyltransferase ( Streptomyces)
pTSC2.5 4067 -4336 89 Unknown

pTSC2.6 4329 -4772 147 Unknown

pTSC2.7¢ 5343 -5170 57 7x107" Hypothetical protein ( Streptomyces)

pTSC2. 8¢ 6697 — 5351 448 8 x 10" Rep ( Streptomyces plasmid plJ101)

a b . .
" ¢: complementary strand;’ Stop codons are not included;" E value:

expectatic
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Comparisons of the replication proteins (Rep) , double-strand origin (

Fig. 1

B 5 F0 B8 4

dso) , single -strand origin (sso) and predicting the secondary structure

of single-strand origin (sso) of rolling-circle-replication plasmid pTSC2. (A-B) Alignment of the pTSC2 sequence with the known Rep proteins, dso

of plasmids plJ101

1s ] , pPSN22 and
sequence'._@jh EFI

j)SB24. 2. Three or more identical

in_sequences were indicated as blocked. (C) Alignment of the pTSC2
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2.2 FRMEHKL pTSC2 & I M X §E R 38 4L = ( dso) «
BB 55 R IR 6 A (ss0)

A LI 38 07 2 BORLE A & 3 AT
F:Rep 2 [, BUEE A 5 7 45 (dso ) | L% S IR 137 A
(sso) ' pTSC2 5 pIJ101 , pSN22  pSB24.2 #il pJV1
S5 5 N TORL % B T Y dso ¥ 81 22 8] HEAT

Xt I pTSC2 A7 LU dso 31 (18 1-B) , JEH:
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Fig. 2 Predicting the secondary structure of single-strand
('sso ) of rolling-circle-replication plasmid pTSC2, it

contained conserved sequence ‘“TAGCGG °, indicated by

JEARSFE nick JF51 5'-CCTTGGGA-3"1" 7" | pTSC2 5
plJ101 ,pSN22 Fi pJV1 & 4 > i b € 45 5 sk il 119
sso JE AN Z [0 #E 47 o XF, B8R 7 4 b ) R M AN 6
i H SR AE — A K [l SO A X 38R ([ 1-C) L i
FERY T F AT DL PR 7 T U 22 1 — e 45k (| 2)
2.3 pTSC2 EAESHEKHLETE

HEHE 0 /) pTSC2 & il JTA% rep . dso Fil sso JIf
FERINLE T 2 X 5] W04 58 AN 6] 19 &2 41 o #F .
2 PCR ¥ 14 M HindIIl i V) J5 , 3% $2 ) K AT 18 5
B pQC156 (¥ T AJ LLAE 4 85 B TP % £ 1) B 4 22
WEPUMEFERA) 945 T okl pZF34 pZF35 Fil pZF36
(% 3) . ¥R DNA 43 515 AAS & BORL ) = TR 86
B 2C WIRA AR, %3 Bon s 3 A~E T
P BRL pZF34 W] DL 84 Ak 2C TR, dso A7 TE T
BR sso 1 pZF35 FBuRiATh e & I, H 2 # AL BOR A
FITREAIG, MRS T dso il sso W KL pZF36 ANREHL AL
2C AR IR PUME R AL T XS4 T pTSC2 &
Tl g T LS rep 1 dso, 1M sso AS S B BF 055
A g R R R A% A R v 4 DL BT T L 3X 5 Sk
iR RCR BORL A HR AE AR R

AW A B A 2, pZF34 FI pZF35 36 ] LA ik i
A8 B A T A RS X TR R AR A T B A R ZXT R AR
W EE 22 R PUME R AL T (R 3) o Tk A R8s #f %
B OB pIJ101 437 2E (9 pIJ702 o Al LA 5 R4 Ak w5 1
HERE I 2C (Y J5 AR A (Bl R A ) .
2.4 E4E DNA £ & /8 2 B & i

HEHT sso W TORLHE AT VR I8 52 4l 1 — > T BERRAE
JETE S R B B KR Y L BE DNA S & il
RS2 S TR pTSC2 By & b ) A,
pZF34 B Ap A HE R T ZXT TR, NPT AL
HAREU DNA ) #) B 65 DNA () ST A% i il Ak 21
Jer AT E I FLUK o K e [) A ) R S A ) AT B
AR Ve R R PR A B SRS BB B 2 B I L i AT
Southern 7% 38, &l 3 W /R, R 283 4 A8 Tk 4b HE Y
pZF34 54 DNA Wi 5247 76 B (19 4% DNA ( plJ702
B S 1E X BEARLAG I 1) K & 1) BRLEE DNA) L i% 2% DNA
AL ) ) B s DNA (1 ST A% R B IS 25 6% o

3t
1+ il B A N R — L Y 0 2K T BR T

oo E| T 57 B2 0 420 5 40 T BRSSP A5 B it B2 R

SR WAL, b, R w T O iR R . A
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SCHIF ST Y e e B R B 9 N IR BORE pTSC2 B LA
ST IR B R T Y BORL plJ101 A% A AR
Lo i il B G R B T L Al v R B A L T
DAL I BE B A o TR PR il B A R A TORE AR
AT LR 0T b e L B TR 3 2 R O el
B -5 TR R A B0 TR R 2 M) LA RN TR UBORE 2 )
ARG KR

B TR AR IR BE B 00 BRBE 22 R v R A

=3
Table 3

A LA gl B R R R KA FRATT AR e BEOR AR il B
R 98 5 B B4R pSETIS2 ] LU A M & 2 &
T B A A e R B (R R R BE ) , R — 2L
I B R TR O T 8 i B R T R DR R A e T
BRSBTS A T B A
FIBK A IR BE R A BT AR R AR W A R DR Y
A REPE AR SCR R Y pTSC2 i A #4408 o8 I8 Al 57
BRBRME T AT A,

Y7 pTSC2 EA I FE + & Hl i X 13

Identification of a pTSC2 locus for replication in Sireptomyces. Plasmids were constructed in E.

coli and introduced by

transformation into strain ZX7 and 2C. Positions of these cloned fragments on pTSC2 and transformation frequencies are shown. dso and

sso are indicated by striped boxes and dotted boxes, and replication genes by filled arrowheads.

Transformation frequency
in S. lividans ZX7

Transformation frequency
in thermophylic Streptomyces sp. 2C

Plasmids RS emEnSicon G pRic e (transformants/ug DNA) (transformants/ug DNA)
pTSC2 S50 rep dso
(7516bp) "7 F\_q-_q, -
5066 5343 6697 6977
pZF34 A G 0 5X10¢ 2X10°
4747 7306
pZF35 ,_CI—_ELl 3X103 2X10%
5179 7178
pZF36 |—__| 0 0
4890 6943
NaOH treatment Neutral transfer
and transfer
B » ) » » » »
cEZEE EEEE EEEE
o RRER AREZ AREZ
‘ ; t
) ! 3 :
! )
10—| B8
; ! CCC
i N~ pZF34 -
6 —LJ <CCC |
plJ702 ' SS - _SS
5— < p/F34 <« pZF34
— M SS SS
e ~pu702 ~pii702

& 3

Fig. 3 Detection of possible replication intermediates by Southern hybridization. Aliquot DNAs were electrophoresed on agarose gels and

o

el R R AR T

il

FI A Southern Z %5 #; i 7T &8 BY & &l F (8] 14

omm s« Southern ridizations were performed. Double-
sy ?ﬁgfft hf%gghlé’:;'ségu?‘nai(fs. M. ac. «

ntly closed ¢1 single strand.
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Sequencing and analysis of thermophylic Streptomyces
plasmid pTSC2 and characterization of its rolling-
circle replication

Zifei Zhang, Weihua Chen, Zhongjun Qin”
(Key lahoratory of Synthetic Biology, Shanghai Institute of Plant Physiology and Ecology, Shanghai Institutes of Biological
Sciences, Chinese Academy of Sciences, Shanghai 200032, China)

Abstract ;[ Objective] A Streptomyces strain X3 -3, growing up to 50 °C , was isolated from the composts prepared from
swine manure and straw. This strain harbored a —7-kb plasmid pTSC2. [ Objective] Cloning, sequencing and analyzing
pTSC2, and identifying its replication mode as well. [ Methods ] The complete nucleotide sequence of pTSC2 was
obtained by sub-cloning and primer-walking; the replication gene (rep), double-strand origin (dso) and single-strand
origin (sso) were identified by multiple sequence alignments; and the replication intermediate was detected by Southern
hybridization after neutral transfer. [ Results] The complete nucleotide sequence of pTSC2 consisted of 7516-bp in
length, encoded eight proteins, four of which resembled the replication and conjugation proteins of Streptomyces plasmid
plJ101 which replicates in a rolling-circle mode. The replication elements, rep, dso and sso, were also similar with
plJ101. The rep and dso was proved as essential components for plasmid replication by transformation of both S. lividans
7ZX7 and thermophilic Streptomyces spp. 2C, while sso was dispensable for replication. Southern hybridization detected a
large amount of single-stranded DNA accumulated during replication. [ Conclusion] We identified that the thermophilic
Streptomyces plasimd pTSC2 replicated in a rolling-circle mode. It was first reported that the plasmid from thermophilic
Streptomyces was cloned and sequenced, as well as the replication of which was characterized

Keywords: Thermophylic Sireptomyces; plasmid, replication origin
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