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rhodochrous %511 ¥ 54 99% (AR, B L, 58T

Rhodococcus  pyridinivorans

SB 3094 . Rhodococcus

fir 44 4 Rhodococcus sp. NS1

®1 FEHRSRHA

Table 1 ~ Strains and plasmids
Strain and plasmid Genotype Sources
Rhodococcus sp. NS1 Harboring linear plasmid pNSLI and pNSL2 This work
Nocardia coralline 4. 1037 Plasmid-free host This work
Escherichia coli DHS o F"(bSOd/laCZAMIS A(lacZYA-argF) U169 deoR recAl endAl hsdR17 (r,m," ) phoA supE44 \ Stratagen
thi-1 gyrA96 relAl

pSP72 Amp, coEl, lacZ Stratagen
pQC156 Amp, coEl, lacZ, tsr [9]
pQQ2 A 2. 6-kb telomere fragment cloned in pSP72 ( EcoRV + Clal) This work
pQQ3 A 1. 4-kb telomere fragment cloned in pSP72 ( EcoRV + Clal) This work
pQQ9 A pNSLI fragment (33865-36069 bp, PCR) cloned in pQC156 ( Xbal) This work
pQQ10 A pNSLI fragment (33865-37175 bp, PCR) cloned in pQC156 (Xbal) This work
pQOQ11 A pNSLI fragment (32490-36108 bp, PCR) cloned in pQC156 ( Xbal) This work
pQOI12 A pNSLI fragment (32685-37174 bp, PCR) cloned in pQC156 ( Xbal) This work
pQQ31 A pNSLI fragment (33865-36069 bp, PCR) cloned in pQC156 ( Xbal) This work
pQQ32 A pNSLI fragment (33865-35271 bp, PCR) cloned in pQC156 (Xbal) This work
pQQ33 A pNSLI fragment (33865-37174 bp, PCR) cloned in pQC156 ( Xbal) This work

L12 FE200 AR A AR oA = e Ok
H pfu DNA REFEW T B4 TAEY) TRAHEOR RS
ARRAF], BiiE22 BRI T Sigma 23w, BREEN
DIBE A T4 DNA 3£ 2 8y F MBL 22w il Bio-
Rad /A ] CHEF DR IIT ik o 9K A A7 ok o el 3k
23T #rAE ( Lambda Ladder PFG Marker ) 4 T° New
England BioLabs 2y &), DNA % B¢ [0 i3 71 & W F
g tEsE Y TRARA A,
1.2 EFMERMEEERE

KIBHTIE ( Escherichia coli) W35 37 FE AL A TORE
PEICFIEARAE WL SCHR 10 ] o £ 3K 78 A9 W AR 15 5%
FHTSBLIT ] Hi i % AL [T 4. 1037 2218
ik [12], §7 4% 16S RNA JER g 51 ¥y 5'-
AGAGTTTGATCCTGGCTCAG-3"  H1  5'-TCAGGC
TACCTTGTTACGACTT-3', PCR ¥ 34 & 14 4. 95°C
5 min;95°C 30 5,55°C 30 s,72°C 2 min,35 MEH;
72°C 10 min,
1.3 pNSL1 fyKE B F S5 E

25 TSB I R IGF5 M LLER A, B O AR T 224
V5 T A1 T b AT SRS 3 TR T B e L DK AY
AT . UIEIS A pNSLL RGBT (1% A&
SBEERE) , B BB M B 1k . PLHK Ultracel-PL
JEAR ( Millipore ) 8 38, 29 4 wg A9 5T KL DNA Jin
0.5 mL TE, FH#E A A THr, FUKHHIA DNA 7 R K B2
REPALT 1.6 -4 kb Z[A], filA T4 DNA R 5 i
Il ANTPs -, 5 KM 18 4R pSP72 14 -5 1k
DH5a,

1.4 pNSL1 B9l FF Fosf

A ER ANLER AR 5ok
1) F ABI377 P ASGHEA T o % 1497 AN i 45
BB AR 7.81) 3 [ 48 B K % Phred/
Phrap/Consed %% /4 f3 ( http://www. phrap. org/
phredphrapconsed. html) #4711 & A BF 82, k15— 1
REELLRFF S ( Contig) , LK & A7 2N [E] B (gap)
S5 P o (L IX 5k (weak region) o FfJS fdE 1 ik
ALY autofinish A 2 FI TAF AT, S it
1106 %514y, LA pNSLI AR 2E47 PCR I )¥, i
ZATH| 1 K 115702 bp BIPHEY)
1.5 pNSLI1 iffi DNA g5l E

R T IE K BRZ T TR DNA o L0 45 6 19
HHLTE 500 pL % 20 pg Bk DNA B FR P A
LYK FE 0. 2 mol/L ) NaOH , F 37°C /K4 10 min, Jill
A 0.2 mol/L f#J HC1 #1 0. 1 mol/L {1 Tris-HC1 ( pH
8.0), T 65CIKUFALME 10 min, JIIA 2 AR &
BEIUE , 28 T0% LBk 3 T TE. Pagl VIR
[ 4 kb #15.7 kb 19 B, #H Clal BY) IS , SOk
2| pSP72(EcoRV + Clal) 540 KI##F & DH5 o,
FIFH pSP72 W i) T7 F1 SP6 5| #4700 > , 3K 4%
pNSLI ik (1) 751
1.6 pNSL1 §JF 5347

DNA J3 51 L XF K 43 At B9 842 hittp =/ / www.
ncbi. nlm. nih. gov/BLAST/ | Vector NTI Suite 9,
BioEdit 11 Clone Manager Suite v7. 1, JiZk B 1%
152HE (open reading frame, ORF) [ T8 il 5% A 4% 44
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“FramePlot 3. Obeta” ( http://watson. nih. go. jp/ ~
jun/cgi-bin/frameplot-3. Ob. pl) , pNSL1 A9 GenBank
IS M DQ8881T1,

2 HERFpHT

2.1 BkosEE kA N 26 B Buk pNSL1 #1 pNSL2

B SR s At 8] R 50 - 90 s [ ik
IR SAE T, VLD BRE NSLL B Ak rp A6 0 21 95 4~
#7100 kb F1500 kb AR B Gk, 43514 44 K pNSL1
FpNSL2 . FERGHBT ] R 1 - 25 s (1) ik i i Ok 25 44

T pNSLI Bk /N4 110 kb,
| M

pNSL2 —> — 500kb
—200kb
pNSL1 —>
— 50kb

1 Bk RE Ik A& 2 B 54T pNSL1 #1 pNSL2

Fig. 1 Detection of linear plasmids pNSL1 and pNSL2 by pulsed-
field gel electrophoresis ( PFGE). The PFGE conditions are 1%
agarose gel, 6V/cm, 14°C for 22 h, switch time ramped from 50 to
90 s. 1. Strain NS1; M. Lambda ladder.

m!

PNSLI terminal 200bp (1) BCGCGGCGCTCTCCCLE
pBO2 right 200bp rc (1) C
PHRL2 right end (1) BCGCGGCGCTR
PREL1 rightendre (1) ~CGCGGLGE
pHG204 right end (1) ECGCGGEGE
pICP left terminal (1) ECGCGGLGL

pHG207 §'end (1) ECGCGGCGE
pHG 207 3'end (1) BCGCGGCGE

2.2 ZBFUR pNSLI i%
Fa

F Bk e Pk 6 pNSLL gE47 R [ i S48 e
R P FPEEE R4S T —A 115702 bp M DFEz ™
(Contig) o i Pagl (BspHI) 1] pNSL1 f J B Al i
W 115702 bp (G =4 7776 4 kb #15.7 kb B4
R B 2ES BRI A BUR IS4 T MR e e
R s S35 o ABE S v TS P S Pagl B
B, A Clal B§YIIS , va B 3 KA FF B 24K pSP72
b R THE AR B 2.6 kb AL 4 kb Y BTA
pQQ2 F1 pQQ3, PRI pQQ2 Hyfi A J Bty 2648
bp, 5 115705 bp #HHE I 22075 &, pQQ3
AR B 1427 bp, 5 115705 bp #8145 v
o B, IRAS T WA um AL F A, T K pNSLL 11y
ST PHE R 117252 bp,

PRI B B P S AE B 5 1282 bp LAY 2 58 4 4 [7]

(1), HAR 35 200 bp J351) 55 H B 21 Bk 5 26 8 B0k 1) 0
REHORE, 2 @R TAEZ) 100 bp AR AL, S5H
B R —FF, pNSL1 B P A K sig A — L T
13 =35 bp iy [0l 3L 81, A2 % — PR SF I b 0T
( Motif ) GCTXCGC
2.3 %*‘J)ﬁﬂu pNSL1 K 5l 43 47

pNSL1 i K JiF & 117252 bp, GC% & & N
65. 42% , Tl A7 103 2 H 4mth X, 5 GenBank £i
PEPEHAT HOXT, Hod 69 AT 1 S 2R 2 A

L DNA H)ELL. 52

Section 1
80 80 9

chcclc'rcesinscc T -cwccsclcrcer
AGCCH

B8GG-AGCCh

elcRAGCCh

Geeh
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GCGTCH
(CGTCE
FAGTC
TCE
GICH
¢
GTCH
GICH
GICH

(o GRRY -

r m TCACCAAAGGATTTGGREGGAAGCG GAAGTE

E2 G pNSL1 55 AT BRE 2 BY B B i 4 B 51 3 b

Fig.2  Comparison of the pNSLI telomere with other Rhodococcus telomeres, The identical sequences are shadowed and the

conserved motifs are boxed. Inverted repeat is indicated by a pair of arrowhead.
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e B [R) PR, LAY 44 A T0I 2R 1 R RN D RE
pNSLI {4 K& PR S h 1 455 UKL 52 1] 70T e 7% 55
Ty fE, W pNSLL.038 5 >k H 70 K K &
( Mycobacterium ) JFOki pCLP 142 il 2 1AL (3]
P (H N 6e-10, AH L ¥ H 26% [ 98/363 1),
pNSL1. 070 5545 S Bk AT 14 ( Sphaerobacter ) 1) fi e i
(helicase ) FHLL (HHER(E N O, AHALPE S 40% [443/
1083 ]) , pNSL1. 025 5 HE £LEK A 1) DNA 5% {3/ il
(translocase ) JEH AL (I E2(E g O, FHAUE K 90%
[651/718]) . &b, pNSLI Lidgmht 1 4 4> st Y
= DU E £ B 5 B K % (tetratricopeptide  repeat
family protein ), I pNSL1.082/083, 086,087, 089/
090 ,095/096 , 3 & J Xt 1) 28 11 1) DI RE 1 A o

2.4 ZARfL pNSL1 EHI R EEM S

R T SAE pNSL1. 038 K2 B4 1y 4]/ & P
B RS X, PCR §7 4 A R K/ ) B, e B 31 R
P kL pQCLS6 k75 T pQQ9 45 7 ANJiiki,
A A0 AT VR R TR 4. 1037 B A 4h
RILE 3. Ui KM, pNSLL. 038 JE [N (544 04
repA) S H: 1 i) 767 bp 2H it/ N B2 i X, i H
5 715 bp B _E il P9 WA RESL M , 5 7 3k BEP 81 35
AR B TCE . B8RSR T 37 bp
KB E & AT %1 (34018-34054 bp), GC & £ X
35. 1% , iX— DS S il i A P T BEARE Ol DNA XUBE
TR

Transformation

Plasmids DNA fragments cloned in pQC156 .
In Nocardia 4.1037
pNSLI pNSLI37 pNSLI.38 pNSLI.39 pNSL1.40
(117252 bp) | I = J‘ s
32773 33558 34632 35768 36784 37572
pQQI10 —_—1 B
33865 37175
pQQY +
338065 36069
pQQ32 o
33865 35271
pQQIL | = o +
32490 36108
| -3 e +
pOQI2 | !
320685 37174
pRQSI 33917 32069
pQQ33 o
33917 37174

B3 X% pNSL1 HIm/NEFHIX

Fig.3 Identification of the minimal replication locus. pNSLI genes are indicated by arrowheads, while replication gene is indicated by filled arrowheads.

3t

AT 538 3 ik v e Gk AR A5 BRI v [T i K
T AL T R DNA GHE 7S U T I8T L S48 se B AN Iy
WIIHLARAS T R AL A UKL pNSLL (751, SE5G
FEOA BT 10 KA AL FRL (50 - 650 kb) %

DL MEFRAS T 41 (A1 AN SRk 14) , 26 B SR mE X AR
[ 28 80 Jo s 14) e A I 2 A 30 o A, ZEBE
AR PRI PR 2R Sk DNA J5, 7R T pNSLL (1)
Ui R4 o S R TS Jr ik v T el
JEORL AL o 3B Ty 3k I S ST R MO | Sk AR TR R
RUORL AR SR HE T
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i e T 2 R JTORE 114 2 T DX A AR e Tl A A
DA ARIE AR A 751 o o pNSLL L 1 ff i i
FEB (pNSLL. 070 ) Lh e ZB 35 (%) A G 5% 5 1) o [ )
pQC156 I, He AL R QI 1037, A REZRAS LI
AT Wi L I AN 2 S A G PN . AT 5T
Y5 pNSLL (9 52 il 2[5 pNSL1. 038 7 H & 21 Bk
B, {1 Rhodococcus sp. PY11 FI Rhodococcus jostii
RHAL (B OB _E AL A7 78 , 5 7 122 52 1 ik D e
ELLERE A MR I ThEE . pNSLL By il [X Hy
repA J H: 31 767 bp 2HJ,, 1% 767 bp X I 5A il
0B 2 P 2 DX, A 380 S TR ) 80 R AR s
S)¥ 5 (iteron) ,fH 2 A5 — B & & AT P41, X
IR TR —SEHEAT theta S Y UKL A S5 AR AL, 20
B 1A TORE SCP2 AL IX ™ G 7 pNSL1 # &2 #
X AT REH L theta J5 s0HEA T4 1
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Cloning, sequencing and identification of replication
origin of Rhodococcus linear plasmid pNSL1

Yingmin Zhu, Mingxuan Xu, Meijuan Shen, Zhenhua Chen, Zhongjun Qin"
(Key laboratory of Synthetic Biology, Shanghai Institute of Plant Physiology and Ecology, Shanghai Institutes of Biological
Sciences, Chinese Academy of Sciences, Shanghai 200032, China)

Abstract ; Two linear plasmids, pNSLI and pNSLI, were detected from Rhodocuccus sp. NS1. [ Objective] Cloning,
sequencing and identification of replication origin of the Rhodococcus linear plasmid pNSL1. [ Methods | Large amount of
linear plasmid DNA was recovered from pulsed-field gels for shotgun-cloning and sequencing, and identification of its
replication locus. [ Results ] The complete nucleotide sequence of pNSLI consisted of 117252 bp, including the conserved
1282-bp telomere sequences among Rhodococcus linear plasmids. pNSL1 encoded 103 open reading frames, including
functions of replication, maintenance and transfer etc. A locus, p/NSL1. 038 and upstream 767-bp non-coding sequence,
was identified for autonomous replication by cloning in an E. coli vector and introduced by electroporation into Nocardia
coralline 4. 1037. [ Conclusion ] Cloning and sequencing of Rhodococcus linear plasmid pNSL1, and identification of its
replication origin.

Keywords: Rhodococcus; linear plasmid; telomere; replication origin
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Blest PG, BR TR A, B AR B M 2 AR R . S, X e il — AR LU, A QR A A S OCE X
Be b0 AP R AR SR A — W e e M L2, R A1 O o >0 A A 2o 0 [ B _b B S 3 40 55 TG0 A 158 491, R
FERV IERd 3R 48 5 TR R 7 125

JE b ANSR A S . (1) BUH ARG E L, U H R4 S i O 2 — R E R AR T H, W
VEEAE M H P A S 18, 2 TR RGN BI R SCE, Ptk & TR~ BoR RN S, $A )
PRE B SCEE RS LRI SCRE RN T I IR T o (2) ff 28 TR, 40 SR AR R SL Y, — BRI IE SO TR A, Pt
WAHA G o X TR Z P B ECIE 20 TUR A 2% 38 RIS, A0 2R B3 5 v, 91 4 R T 75 0, U Rl A5 A T4 5
EJETEE— U I A6 5 TR I, SRS S T A5 5 T R4 5 10 P AR 0 42 R s (2 9F) 205, B - 44 3R U i
YFHEE) v R ZG B R4 o (3) 130 IESCh 45 5 A48 R R 2 b 0 A8 B A s 0 —
B Feik HLsR IH TS B gl 2R A AR S 1H (F#% 1114 W)





