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Table 1  Strains and plasmids

Strain and plasmid Genotype Sources
Streptomyces sp. 36R-2-1B Host Streptomyces strain harboring linear plasmid pYY8L This work
3 oo . F~ $80d/lacZAM15 A(lacZYA-argF) U169 deoR recAl endAl hsdR17(r_ m ) phoA
Escherichia coli DH5 Stratagen

supE44 \ " thi-1 gyrA96 relAl )
E. coli DHIOB F~ merA A(mrr-hsdRMS-merBC) ¢80 AlacZ AM15 7AlacX74 Stratagen

recAl endAl araD139( Aara lew) 7697 galU galK N\~ rpsL nupG
S. lividans ZX7 pro-2 str-6 rec-46 Adnd HAU3® SLP2~ SLP3 [10]
pBluescript 1T SK Amp ,lacZ Stratagen
pHAQ31 Kan cos oriT tsr [11]
pYY39 pBluescript II SK contains the tsr gene from plJ702 This work
pYY141 A cosmid contains an autonomous replication sequence (ARS) of pYY8L This work
pYY173 pYY39 contains a 5 kb Xhol fragment of pYY141 This work
pYY179 pBluescript IT SK contains the 5 kb Xhol fragment of pYY173 This work
pYY183 pYY39 contains a 12. 5 kb Xhol fragment of pYY141 This work
pYY225 pBluescript I SK contains 1. 9 kb telomere DNA of pYYSL This work

L1.2 250 R g - Az Ao i ML A 2 A
F R E pfu DNA R8I T FigAE TAY) TREER
MRs5s A RN, Bk 22 W= W T Sigma 23w, BRI
PEN VIR T4 DNA #2000 T MBL A ], ke
Uk 4> T k5 K& ( Lambda Ladder PFG Marker) Ity T
New England BioLabs 7% wl. Wi [ A4 £ 25 3 57 &
( Gigapack IIT Gold) I Stratagen 2\ %], DNA #ric
37 & ( High Prime DNA Labelling Kit) i F Roche
23] DNA B o0 & 0 7 B Aesk 49 T
FEAPRA T,
1.2 BEFMERAIBEIRE

KIBHTTE ( Escherichia coli) B35 5% FE AL MITORE
PR REARSRAE WSTR[ 12] o BEF T Y HE 57 \DNA
Foh B2 | Dt A B AR Y o A R e A A R A L SOk
[13], ZR4RHEE 5T ( Streptomyces lividans ) ZX7 1)
J A= A o5 B 55 37 A D YEME, e AR A A= B 5
B0y RS HERE TR I 22 WA 5 ] TSB, 16S rRNA
FEHE B S W 2 F (5 -AGAGTTTGATCCTGGCTCAG-
3") #1 R (5'-TCAGGCTACCTTGTTACGACTT-3") ,
PCR #1454} :95°C 5 min;95°C 30 s,55°C 30 s,
72°C 2 min,35 MfEFF;72°C 10 min,
1.3 ZBIFHT pYYSL d4i DNA HysEfE

AT T 22 )RR % L TR AR T Je e ) o
FALIR AR AT Dk o3z B vk 2 BROSCER (13 ] 442
T 36 R-2-1B A EHRAEAT IR i LK , B Uk R
JE 1% SR MEEEIRE , AR 6 V/em, 14°C HLJK 24 h, 1]
a1 s 225 s, HUIKSERUS , BTk £ 58 Y
o, UJE H bR DNA 20 2R 08 h . ALK E
7 0.2 mol/L NaOH, F 37C &K% 2 h, Jn A
0.2 mol/L HCIL.0. 1 mol/L Tris-HCl (pH 8.0) 12 x
SSCH!,F 37°C K 3 h BN R 3 4R WA, fin

1 x 1y BamHI Ji§ U] 28 w2 10 K 5% 3 K, B IR
30 min, I A BamHI [if ] & vp W A1 A o & 19
BamHI A7 KB [ BEY) (5 g B9 DNA, ffi ] 100 U
() BamH1 4k 24 h) . BEUI5ERUS , F DNA BEE (0]
WA & i 4 ) DNA, #% DNA #4523 K
#1585 ki pBluescript 1T SK [i) EcoRV F1 BamHI {3}
S AL KIAT R DHS o, 5502445 31 5 B 5 A S 119
ok pYY225.,
1.4 ZBIFHL pYYSL RETRIHI &

FHFARITENT P of i Uk BERE | pY Y8 L () DNA
TR A3 AR ERRE [R5 & e i il e
W ST, T 50°C /K 10 min, i e 25 W IEREL{L ., HIH
PR LA R D R 3 W, BRIR 3 s, AR e TR
DNA BEE DA 70) A 158 B 45 4 5 2 20 R o i 7 I8
AEFESS Y DNA AT, 42 B8 DNA FRic i) &oxt
My DNA JE47 [ R bR
1.5 $%EH 36R-2-1B #H7 ( cosmid ) LEERIHIE

KA cosmid A2 3 A7 XU (cos ) £ s 1
B 24 B8 R PUVE LA (osr) (9 BiORE pHAQ3TM 4R
It 45 7 36R-2-1B [ & DNA, FH BR il 14 P D) i
Sau3 Al BEATHR G WY, SR I IR0 i I il 2 o 2%
& pHAQ31 JH§ Nhel FgY) ., 2855 #JH BamHI 1)
A, kb A Y E DNA 5 # 4k pHAQ31 ¥EfT
e SRR WG R AR A 2 1) G AT R M O 5
YR At DHIOB,
1.6 DNA F3IpIEF S

e 7 3% R AR IR B S W R b T 1 i
AR RA A 5818, DNA J5 91 Hx K o3 i)
B4 (http ://www. nchbi. nlm. nih. gov/BLAST/) |
Vector NTI Suite 9, BioEdit FlI Clone Manager Suite
v7. 1, DNA = 9% 25 ¥y i B0 >R 1 4K fF © DNA
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mfold” ") (hitp://frontend. bioinfo. rpi. edu/applica-
tions/mfold/ cgi-bin/dna-forml. cgi) ., HE% # 7]
J32HE (open reading frame, ORF) f%) 79 | 5% FH 4K 14
“FramePlot 3. Obeta” "’ (http://watson. nih. go. jp/
~ jun/ cgi-bin/frameplot-3. Ob. pl) ,
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2.1 Fod B KA i 2 BY R pY YSL

ARSI FE N2 R R INSEAR ) h 4y
BRI 9 BRNA LR T, 4 16S tDNA JFHI A3 38 | 7
BRI , RILEN ] 588 HA >99% A,
U, W12 R T HE 2 TR R . X O MRAE 2 TR 1 P 22
A B M 8 e A 24 | A 3 DA I 2R AT Ik L K
5N 9 AN PERE AT BEYY B A AR I Y
Hoh—#kgi5 o~ 36R-2-1B [ F MR & — 24N
280 kb fy 5k DNA 144 4 pYYSL( & 1) o F Ak
PRV TR % 4 BUPR Pk 36R-2-1B [ BR L fki DNA, %
JKZ FL UK R REAGH N 2 ks DNA 2577, I 75 122 B Ak AT
BEAAEAENF B A IR DNA
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Fig. 1 Pulse field gel electrophoresis (PFGE) detection of genomes
of 9 endophytic Streptomyces strains. Lanes 1/2,3/4,5/6/7 and 8/9
correspond to strains from Allium cepa L. ,Allium sativum L. ,Allium
Sfistulosum L. and Allium fistulosum L. , respectively. M: Lambda
ladder PFG marker, Chr; Chromosome. The PFGE conditions are 1%
agarose gel ,6V/cm,14°C for 24 h,switch time ramped from 1 to 25 s.

2.2 ZRBIFRAL YYSL imhl DNA BISERE UFFAD#T
5% 25 B b DR ST 19 o ok 52 ) B 1 (Tpg F
Tap) 1Y) DNA J3 31 % £E R ok pYYSL /) DNA 47
PCR 434 , AR A B4 14 1) DNA Z&4f7 o B 7R i ook
FIRE S B s 2 5 R, XN T B A R Y i
RT3
FIF BamHI 0] LI 3 TH AL EERE % DNA, L
S NaOH FEBEEE A5 AT LUAT R Bk 25 DNA A i 241y
GG AR AL, IRATRILT R BE R h AT
DNA figifch 35 55 i 117 1) 5 W Sk o [ R TR 4 78 Jof her
pYYSL [k DNA, fe A5 5] T 298 1.9 kb 1y
pYYSL [ DNA B (WL Ak S 157 ) o
T AE 15 B /Y 5 B pYY225 1Y EcoRV i 1
DNA B¢l pYY8L Hysiighi DNA J341, Iy 45 Rk
W1, 5 EcoRV {i {721 152 bp B 55 5585 7 OR-~F
R AL S AN ], {H 2 5 i 2 TR 26 B8 Bk pSHKL (1)
sk (AR A& 2R ) R H AL (R 30 AN EE P AR 2 4>
BRAEA 22 5]) o HUAR pYYSL sk DNA 1 ¥ 41 5 Hif
ANB KRB AT LY S 2 /N8 B SCF
SICE 2) I B AT IR 220 — 9458 (K1 3) o
2.3 ZBREHN pYYSL S5 RAEE GUFFIHHT
2.3.1 LRMFRL pYYSL 1y & il X i %5 . Fe i1 LA
pHAQ31 % cosmid AR W T HEE E 36R-2-1B 1Y
A FERIZ cosmid SCE (WL BPBHRIT L) o BEBLPE
10 A~ K7 #F R DHIOB 5% 4+ dhi4 cosmid JiThs
DNA, F| BamHI [ 1] , % ¢ FL UK 8 7 X S 55 Yo 7 2
B (BB IK B RN ) o Pk v b T Al 7
LB [EREE IR0 e e B b, JE A7l R 5%, il 4
474 pYYSL 1) DNA 851 (WL« AR 57 ) X H
YT RTEDRI22 28 o K2 4000 A 7 g HR S H 53
A5 pYY8L R4 243 (5 5 1Y B M i
WU H 19 53 A BH M v B TR A AR EUBRL,
o B AR AR AR % 7 vk T AN BT N UR R ) AR B
R TR R PR 2XT ARG T 5 A 22 1 R i
bF . MEERE PRSP SR HCER A TR S H Tk

1 GCGCGCGGTC TGCTCCGCAG ACACGACGCG GCGACGCTAC GCGTCGCTAT CCGCGCTACG

> <

> 11 < > 111

61 CGCGGAAGGG CCGGAACTCC GTTCCGGCCT GCCGGTCCAC TCCGTGGCCC GGCGACGGGA

< :IV:

:V:

121 CCCGGCTCCG CCGGGTCCCT GGGCAGGATC GGTG

:VI:

B2 ZERK pYYSL i 152 MZHE BB IRALF 5 R K — K454

Fig.2  The 152 nt telomere sequence of linear plasmid pYY8L and its first structure. Small palindromes (I-VI) are indicated by paired arrowheads.
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Fig.3 Secondary structure of telomere of linear plasmid pYY8L. The predicted secondary structure formed by 3" single strand of the terminal 152 nt with
the lowest energy (dG = —63.27 kcal/mol) is shown. The palindromes are numbered as I-VI. The base pairings within the palindromes are indicated by

black dots.

R, B R3X 5 A cosmid 78 ZXT7 LIS AL 12,5 kb BYBTRL pYY173 1 pY Y183, RE§Y)/#T s

LA R R8T X 28 cosmid & A K IE T
pYYSL 19 B F & il I % (autonomous replication
sequence , ARS)

P& A pYYSL B ARS BY 5 4~ cosmid 43 5| JH
BamH1 F1 Xhol FT1, W) H, Uk I8 7= B AT T35 A AR
D) 25T (R DT LK R B ), FRATTHEI & AT &
Alal— ARS, EFERCE T g7 E LT A
SR BRI cosmid (pYY141) NHFFEXF G, Fl
FHR PR Ty 45/ pYY141 EEA B ARS F B
A5 PYY141 J1) Xhol HEATHOSMIET , 5 MK pYY39 i
Bn AR R . R G R KA b+
FERIR A BORL R Ak ZXT (9l A AR, 3RAS T B
2R YU AT o B EURE R R UM RE AL Bk
DNA 533 7 & A4\ A R B 0 3250 5 kb il

pYYI183 i 12.5 kb 1 Xhol Fr BEZHB4Bg VI
G50, LS T pYYLT3 thiY S kb () Xhol J B,
Pk pYY173 #1114 5 kb [ Xhol J B2 H ij v b 2
/NI ARS

2.3.2 ZAIBTRL pY Y8L &l DX 0 I 5 A 43 - 4
pYY173 |- 5 kb HY AR B TR R pBluescript 1T SK
i) Xhol {3 g A3 B BOkL pY Y179, Iy 3R BZAME R
BRIy 4891 bp, ORF J3 A F0 H A 6 A 3 [A]
(pYY8L. 1¢-pYY8L. 6¢) , 53 il 4 % 2 Ffr oK 1 ) fig £
I R TR 76 1 5 RS iy 5% 5 X T . DNA 5| 4 fily/ firt
JERFFN DNA 5| ¥/ AW (R 2) o pYY8L. 4¢
pYYSL. 5¢ 43 5|5 K i 0 55 R PR 2 B ks SCPL L&
HI3E H SCP1. 197 F1 SCP1.196 45 1R &5 11 [ V5 P
(71/119 = 59% F1 307/509 = 60% ) . 4, pYY8L.
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6¢ BEITib AT — Bt DNA J# 31 & A 1E 1] Fl B ) 5 52

*x2

5|, Bl Al BERY iteron X (K 4)

TMas pYYSL £ I X 49 FF 5 52 i 4E

Table 2 Predicted open reading frames ( ORFs) of the replication origin of pYY8L

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

pYY8L. 1c 387(4 127 Unknown

pYY8L. 2¢ 666 (388 92 Unknown

pYY8L. 3¢ 1056 (670 128 4x107" Phosphatidate cytidylyltransferase ( Weissella )
pYYS8L. 4c 1478 (1101 125 4x107% Hypothetical protein SCP1. 197 ( Streptomyces )
pYY8L. 5¢ 3210(1675 511 2x107'" DNA primase/helicase SCP1.196 ( Streptomyces)
pYY8L. 6¢ 4292(3207 361 2x107'* DNA primase/ polymerase ( Streptomyces)

* ¢:complementary strand ;" Stop codons are not included;* E value ; expectation value, <1 x 10 as the cut-off values.

4441

CGCCCAATTA GCTTCCTGAG TCCCTTCGGT CCCTTCGATC
DR-I DR-I

CCTGACTTTT

GTGGCAGTTG

AT-rich

4501 TTGCACTGCT TGGTAAGTTT TTAGGGCGAT

AT-rich

4561 CAACAGTAGC CACGCCGGGG TACGCCCCCT

4621 TGTCAGGGGC TCAGGCACCG GTGGCGGGCA

4681 GGACCCCGCA ACGGGGGCGC AGGGGCGGAC

> [R-1] <

4741 GGTCAAAGGG CCTTTGGGTT GCCAGAGAGG

—

TTGCGAGTGC CTGAAGGGGC TGACTCTGCG
CCGTCAGTCC CTGCGGGGGG ACAGGAGGAC
GTGCGCGTGA GGGAGGTCTG GCTATGCCAG

> [R-]<

TTCCCTTTGA GTCCCTATI‘I(;GHITGTTTGTGCA
—_— -

GACTGAAGGG ACTCGGATCC CTATTTATAT

" e i AT-rich

4801 AGCGCACTCT GCTCTGTCTT CTACGCGC%% VGCGCGTACCT CATCAACAGT TGACGTCATA

AT-rich

AT-rich

4861 ATTGCGAAAT TCGGTCCCTA CAGTCCCTTC C

AT-rich

E4 Fugy pYYSL £ FIEE Y iteron X

Fig.4 Predicted iteron near the pYY8L replication genes. Directed repeat (DR) and inverted repeat (IR) sequences are indicated by

arrowheads and At-rich sequences by underlines.
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HEATER R ZARIC KB DNA Fr B S5
TR B B DNA FYBE 5 A AT 4 M 1 i
ol 2 ) AR A3 A5 B0 B [0 e DNAM™ B 3% 07 i
IR, AL 50K B W R B 1) DNA E 77 il

JBE, 8K Je P 75 T W L s A TRl lic DNAL BRA 2]
DNA ] LLAR &g 4 328 47 [6) 46 2 A i, AH X {8 4k T
T o

K A e T T 356 kb BYZR I Bk SCP1 &
XK 2y 5.4 kb, 15 & il & K SCPI. 197,
SCP1. 196 ,SCP1. 195 FI T & J¥ 51 iteron'"” | A< 524
YRR pYYSL PSS I B pYYSL. 4¢/pYYSL. 5
5 SCP1. 197/SCP1. 196 AF AL, 1B 248 3T 1Y 3 (K]
(pYYS8L. 6¢) Fll iteron FF31) 5 SCP1 f%A [R5 , I
AR H B I LI T BB AN [

K (AT T 1Y SCP1 5 A 8 1 i ki J3 41, 5
Z NI BT B A Sk A A Y FRA e E
(LR AR TORE pY YSL i siipr th J&— A~ BT PP 41, 5 7
PRITORLAE BT Y 04 i b 52 i JE R, pY YSL (1Y i b
5 SCP1 (AR, W7~ pY YSL (434 & il 5 PR [+
T SCP1 B st 2 il JE K . pYYSL 5 SCP1 (yrh
SO A DX SRR, T o 470 AN AR AR, B s 2 7R S
siiphr 55 v B2 DX A2 R 25 R T
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Cloning and identification of telomere and internal origin
of the endophytic Streptomyces linear plasmid pYYSL from
Allium fistulosum

Yong Yang, Li Zhong, Xinli Tian, Qiuxiang Cheng,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 ; Strain 36R-2-1B was isolated from Allium fistulosum and identified as Streptomyces spp. ,harboring a ~280 kb
linear plasmid designated pYY8L. [ Objective ] Cloning, sequencing and analysis of telomere and internal replication
origin of pYY8L. [ Methods] pYY8L telomere was cloned by a modified procedure — “alkaline treatment and enzyme
digestion in gel”. The internal replication origin of pYY8L was cloned by construction of a cosmid library and then sub-
cloning. [ Results] A ~280 kb DNA band (pYY8L) of strain 36R-2-1B was detected by pulsed-field gel electrophoresis.
The 152-bp telomere , containing six small palindromes and potentially forming complicated secondary structure ,was cloned
and sequenced. The replication origin of pYY8L was initially cloned on a cosmid and then sub-cloned as a 4891-bp
autonomous replication sequence. This sequence was predicted to contain six genes, two of them resembling replication
genes of Streptomyces linear plasmid SCP1,but their adjacent iterons were different. [ Conclusion ] New telomere and
internal replication origin of Streptomyces linear plasmid pYY8L were cloned and identified. This is the first example of
report on telomere and replication genes of linear plasmid from endophytic Streptomyces.

Keywords: Streptomyces; linear plasmid; telomere; replication origin
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