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Table 1 ~ Strains and plasmids
Strain and plasmid Genotype or description Sources
Streptomyces sp. W75 Harbors plasmid pCQ4 This work
W75X Strain W75 cured of pCQ4 This work
F~ ¢80d/lacZAM15 A (lacZYA-argF) U169 deoR recAl endAl hsdR17 (tk-mk*) phoA supk44
E. coli DH5«x This lab
N\ " thid gyrA96 relAl
E. coli ET12567 (pUZSOO2) dam dem hsdM cmkan [4]
S. lividans ZX7 pro2 str6 rec-46 Adnd HAU3® SLP2 ~ SLP3 (5]
pSET152 Streptomyces phage ®C31-derived integration vector, apr’ [6]
A fragment containingapr/oriT of plJ773 cloned in a fragment containing rep/sopABC of F plasmid
pQX17 This work
(PCR)
pQX18 A 9-kb BamHI fragment of pCQ4 cloned in pQX17 This work
pQX19 pQX18 integrated in pCQ4 via a 9-kb BamHI fragment of pCQ4 This work
pSP72 ampcolEl-ori This lab
pQC156 Thetsr and melC genes from pIJ702 cloned into an E. coli plasmid pSP72 [7]
pQX76 A 6-kb Ncol fragment of pCQ4 cloned in pQC156 This work

1.2 EFMEANIBERE

K A 181 35 5% e A6 R0 T0RE £ X Southern J% A2
FEl B . 5 S5 SEAERAE W SCwk [8 1. % 97 85 % v
(1) TSBMS I YMB 17 7% 5, JFORL I £ B S 2E ot 44
(1) 1) % B %% Ak, DNB X2 S8R v 5 ik i 37 6 e | vk
SOk [4]. 16S YRNA 5% 4 F (5 -AGA GTT
TGA TCC TGG CTC AG3") fl R (5"-TCA GGC TAC
CTT GTT ACG ACT T3"), PCR ¥ 14 4 1 J:95%C
5 min;95%C 30 s,55%C 30 s,72°C 2 min,35 MFH;
72°C 10 min. 44k (1) )5k DNA S 1 48 75 i o 4T
W R L i 4 A2 ) BOR A B 2 ) R PTGk )
(RIS RL R o R AT B A ] KOE = AR AR A )
B AL 5 140 bl X 7 o
1.3 Bk W75 f1 ik pCQ4 BYiE bR

II%“’HE W75 il% ﬂ“? 3 mL H/{F\_EL/}J (typtone soya
broth, TSB) ¥ & 4% Jfii > 75 30°C K5 7% 24 h. 4%
100 WL ¥ %% T 3 mL TSB (4 0.002% SDS) t1,
30°C 1797 24 ho #3100 pL ¥ 354 T 3 mL TSB
L 37C B 7 48 he R EE IR AL 10 5 HEAT AR M
B, BEANFL R HL 100wl ¥ 45 Mannitol Soya (MS)
P4, 30°C B FF 4d o PRICER T I K I TURE pCQ4, 3R
737 9 B TORL 1 B AR W75X
1.4 EH WS hRBREKRHESE
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FRr,30%C 15 9% 48 h, 8200 x g 5.0 15 min Y .
F1 0. 45 pum 8 JEE G 98 A s 76 1 9 1 n DNase 1
1 RNase LWL 1 ng/mL, [ E 30 min.
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fpd /) ™ . DNA 2% 45 ¥ 1 1 SR % “DNA
mfold ”  ( http://frontend. bioinfo. rpi. edu/



FRBK A 45 7 A ) R RE R TR A BORL pCQA L IR 1A DCQ4. /T AE ) ik (2012) 52.(7) 827

applications /mfold /cgi-bin /dna-forml. cgi )M,
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Fig. 1 Detection of circular plasmid pCQ4 from strain W75.

Plasmids DNA was electrophoresed in an 0. 6% agarose gel at 25 V
for 24 h.
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Fig. 2 Southern hybridization of the enzymes-digested genomic

DNA of strain W75 with* PdCTPabelled probe pCQ4. The digested

DNA was electrophoresed in an 0. 7% agarose gel at 25 V for 18 h.
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o,

F BamHI [ 1] Fik pCQ4, [H1 2 9 kb [f) DNA
JB (S W 2) 5 v B B K W AT B BAC 7 28 11 48 14
pQX17 ., K13 pQX18. # pQXI18 ¥ A X Jig # &
ET12567 (pUZ8002) 1, 5 % 4 pCQ4 15 57 1 W75
WATHG Y . B TA FYE B pQX18 v LLHE &
F pCQ4 I, KHL A apr' e MNHLIERE S T T HL B R
R DNA , %4 KM AT B 43 31 T pCQ4-pQX18 Jhik
B 1R pQX19.

2.3 pCQ4 B FF . 4 #r F0 & I & E A9 38 9E

¥ 159 2000 K FE R SR pQXT19 HEAT I 75 Bk 25
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pCQ4 FER Y GC & 524 69.2% , Tl H 129 43
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‘I ADNA fragment of
pCQ4 cloned in E.coli

Conjugal transfer from
l E.coli to Streptomyces strain
harb oring pCQ4

w
@l» 1

Cross-over

Chimera plasmid introduced
byelectropor ation into E.coli

chromosomeE

Plasmid for sequencing

B3 BEAEBMEREELAME pCQI4BAC £ESL
B9 R
Fig. 3 Schematic of cloning pCQ4 in BAC via conjugation

between  Streptomyces and E.  coli and  homologous

recombination.

DA, o 40 AN 55 20 %0 T e 1 5 B8] TR) 95 89 AN b oK A
Dhhelt 2 e g 4 Jros, A N SR 2, M
pCQ4. 56 3| pCO4. 95 ILA 45 40 N EEDH L 1X — R L A
K2 55 41 v 1 W v A B DR TR O n pCQ4. 74 S50 2
fich e B8 A4 2 22 (tail) 28 14, pCQ4 61 2 i) 5 BT 44
(capsid) & 1, pCQ4. 58 4 fith Wi 5 44 '] (portal) &
F,pCQO4. 95 % fih it T K 4% &5 g (Int) « pCQ4. 51 5
BT L AR I raB 7, KR F AT R
MFE S RSB R Y. pCO4. 113 Fl pCQ4. 112
53 0 55 40 B JORE Hh AR DT 43 T IR R ST R parA AL parB
it DT[] 5

pCQ4. 37¢ 55 #h B 8L 1% < IS B ¥ J5URL pSQ10
(K S A rep [F] 9, pCQA. 57 55 73 SO w1 1) &= 461
T DNA g Jie I A ABL 1 705 03K 6 ] (6 2 R 52 1 AH G
(LR . ¥4 2 pCO4. 37¢ (] DNA Jr Bt (16683 -
22746 bp) i B ) K FF B B A pQC156 |, 43 F
pQX76. Hf pQXT76 e Ak AL Y5 4 5 B ZXT Ji AR T

1 15 3125 10° AN BE 22 T R BUbE B 46 1 TE 52 iZ T
B S 7 Bk pCQ4 By & XK. i v B A
pCQ4. 57 3[R (29478 — 32460 bp) [} B 48 ZX7 1
RIRAFPUIERAL T

pCQ4

84833 bp

4 pCQ4 tEZEWMINEEER
Fig. 4 Diagram of pCQ4. Related genes are filled in arroheads and

phage homologous segment are indicated.

2.4 R pCQ4 A LUSE L A IR B K ©CQ4

h T EUE pCQ4A bl % 1) 5 W A A [) 95 1 5 BRI
S5 B A T RE W B kE W75 BEAT WK R BT 1 g
PEG Ji e RS 07 42 o FH I 4 4ih 42 042 8 0 BRI
WAL pCQ4 T I N AETH W75 (v W75X) o K
3K O TR A4 E 8 1 Bk WTSX, AR T i BB BT W]
2 B (] 5)

E5 ©CQ4=H W75X 70 F ¢ B I & BE
Fig. 5 Formation of plaques. Lytic $CQ4 virions in a DNB plate

were overlaid with soft nutrient agar containing W75X spores.
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2.5 HEEUE 0CQ4 Ik H A FiH

R AR W B A BUORE, 7R 07 G BT N R8s A
Hb A R IR W B A (i &0 @CQ4) o B3k A
HARZ 50 nm [ 2 @R, JFHEH — 44925 200 nm K
MR, rTLURSI R ERMEL, kKR4 A
2540 nm (& 6) .

3 b

Bl 6 EE{A 0CQ4 A BEE

Fig. 6 A phage particle viewed by transmission electron

microscopy. Bar, 100 nm.

2.6 BkiHIHEERS kAN ©CQ4 I B 1K AY 4 B
DNA

TE ok 37 458 e L vk v 2 R &5 K 1) DNA HL ko AT
DR N B 52 » T K (¥ B 2B &5 K4 (¥ DNA WA B 3%
W75 BEERFT OCQ4 Wik 1 44 43 il 40, 378 AR 45 R 3 IR
B i v, TR T i 3 e R R K R, WTS B B
IR A FORL pCQ4 (1) DNA AN B FL vk 1E B I 1T
OCQA W B 4 W) 7 35 BbF 1Y) DNA 4% 7o R i i
pCQ4 1] pCQ4. 37¢ FI pCQ4. 57 Bt 514, LAWR 1
1A ©CQ4 My BEMHEST PCR 7 1, 4% S ki i vk -
SR T K /N ) DNA 7. iUk pCOQ4 5 I 17 44
®CQ4 [¥) DNA %%l il Nhel FI EcoRI + Xhol [ 1], It
JB& LK S s 7 T I D) B — B
2.7 ©oCQ4 EHEIKRTE ESERE

Wik T A ©CQ4 W 73 A= e 12 Tk 73 B (A2 Y
T HERE B ZXT, KW 0 BE A7 B M145, B HUBE R

%bbﬁ
RS

R
5\90 o
&

7 Bk R KA £k B 45 44 B I E 8 @ CQ4DNA

Fig. 7 Detection of W75 genomic and $CQ4 DNA by pulsedfield gel
electrophoresis. Plug-embedded $CQ4 DNA and mycelium of W75
were electrophoresed in a 1.0% agarose gel at 120 V, 1 s to 25 s
switch time and 14 oC for 23 h. Linear ¢$CQ4 is indicated by

arrowhead.
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B B OZLL2 Wi 1 U B i LU w5 ) B 491 7 2B Ak
FSTORE pZIL12 5 M T 56 15 AL 8% B4 4 50K 1 478 3R J2)
WM. % pCQ4 5 pZLI2 HEAT L, B8 R, X P
A R W T A R TR X3 A R A £ 1D 90 5 3 o 4
b W 4 1K 5 M0 1) 3 AN 3 3 (1 —— Y (capsid) « 1]
(portal) F1 2 22 (rail) 2 {4 F9 3 5 5 1R &5 10 AR 8L
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M pCQ4 5 pZL12 4 Dy fig i) DNA & i ik [K & A [#] 155 e TR W T AR C3 s ) S R I U (1) ik A
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I

Plasmid pCQ4 and its phage ®CQ4 of endophytic
Streptomyces sp. from Artemisia annua L.

Qiuxiang Cheng, Li Zhong, Zhongjun Qin"
Key Laboratory of Synthetic Biology, Institute of Plant Physiology and Ecology, Shanghai Institutes for Biological Sciences,
Chinese Academy of Sciences, Shanghai 200032, China

Abstract: [Objective] Large plasmid pCQ4 was detected in Streptomyces sp. W75 from Artemisia annua L. We clonined,
sequenced, analyzed and characterized pCQ4. [Methods] Southern hybridization was used to determine restriction map
of pCQ4. To clone the fulldength of pCQ4, conjugation and recombinational cloning in a BAC vector were used.
[Results] The complete nucleotide sequence of pCQ4 consisted of 84833-bp, encoding 129 ORFs which 40 ORFs
resembled these of bacterial phages. W75 culture could infect W75 cured of pCQ4 and formed plaques on plate. Phage
particle (®CQ4) was observed by transmission electron microscopy. Linear®CQ4 DNA was detected on pulsedfield gel
electrophoresis. Comparison to Streptomyces plasmid-phage pZL12, genes encoding major phage structural proteins
resembled that of pCQ4. [Conclusion] Streptomyces plasmid pCQ4 could be transformed into lytic phage®CQ4, and the
phage segment on pCQ4 might be a mobile unit.

Keywords : Streptomyces, plasmid, phage
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