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FLAR AR 1 b AR Bk, A1 O i £ 32 4k 2 i B BR T
BT E AR L e Ak M EBE BRI (GAS) f, H
DK T 3 ABC Bl iz &40, Hoh—A4>
Hi 10 4> 2 A FRAE Sia B His B9 #EROL T, L4
215 BRI WU 12, % HR O\ T AR 5 — A Bk 1A g )
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7 TE g I g kA 5 R e e vl 4 AR,

X E %S :0001-6209 (2010) 06-0822-06

TE/IN BRUBCGASE Y v /N B T S5 e 1 e ok 7, A
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TR P2 Ao 5 AR TR P S SR T Sia 1L 2T 38 32 A 1 ] 9
PEm ik 58.6% (& 1 fioR) , 5 T AL PEBEER B Shr
TE SR R A e e it e v A T B2 DAL IR X R BR TR
L ML 2T 3R 32 AR T RE BB 5, 0 T T I g Bk
TR P IV R R B A A 5 ke TR R 3 T 1) 2 1 ELAT R
IS, S, FRATTR P A Joe P e o T 0 S P R
TR PR e 2 AR 2% /A 2R 00, A A D i R TR 5 I
LT3R 32 AR R Bk RSB, IR Z R T
ey 7 i R T 492 IV o R TR Bk 2R % A8 R 1 T RE
Oy 3t — 2 WIF 5 itk BR T R T P ML £1 3R A2 R T BE Y
e bR

1 MoK

L1 ##
L1.1 JRL. B bR B IR 26 A0 AR KR 1R BORE

pJR700 Hi 35 [# Georgia M 37 &%= Dr. Eichenbaum 3£
K2 I, R A7 K (Kanamycin, Kan) T i 5 5
B, ThEEFRE B WA CVCC562 (S. zooepidemicus
) T R 2 M S T A . SR BR T THY AR B: 57
3% Tod-Hewitt, 0. 2% Yeast extract; TH [& {4 5%
FRHETHY WK F2HE 0 1. 8% 35 ; TH 2% 5 7

A 3 #0139, Tod-Hewitt, 0.2% Yeast extract,
10 mmol/LZ & = 50 £ W2 (NTA), H & #H H W
MgCl, \MnCl, ,CaCl, fll ZnCl, 4% 0.55 mmol/L; K i
T (E. coli) DHS o 52 35 A 5246 % A7, B 5%
7 LB ( Luria-Bertani ) % 3¢ 5& v 75 40 16 B 97 5 %
WK Kan i AT R 8500 1A B 5% 56 b, W N
70 mg/ Lo REFRT7 KA 3% SCHR [9 ] 04T, 4 2K
R T3 A 5 mL THYB 8% 57 3% (19 417 12 ¢ o5 (4 6
T RN 0 R, 37°C 8 30°C i S B IR, R
W 37 CHEMIE IR .

112 FZH . 55 BR B Tod-Hewitt 55 35 3£ 1 [
Bacto /A ] ; NIl Clal, BamHI, T4 % 3l . PCR 7~
Pyl A i) & e iR & S5 I TR AR TR (R
%) A PR E) s NTA FiE PR 5 DNA R GBI F Sigma
23 F); DNA $2HGAT G0 [ Epicentre Az PIH AR 2L A
oKL AR B R & T 2% [ Promega A . 51 ¥ & AL
Y b A AR TR AR IR 55 A7 FRA A 58 1

1.1.3 5| 4%: | Vector NTI Advance™ 11 % {4
(Invitrogen 23 7)) 5 WS 50 BT 51 W et (£ 1) o
HE A S Y {5 2 & 3 # L NCBI Rl SMART % 4
J2 52 1

x1 FHARETASY

Table 1  Primers used in this study
Primer Strand Sequence(5'— 3") Restriction site
XLS1 + GGGGATCGATGTCTTCTTGCTTTAAAGGCAAAGGAGTAGAGGAC Clal
XLR1 - GGGGATCGATGTCTTCTTGCTTTAAAGGCAAAGGAGTAGAGGAC Clal
XLS2 + TTGGATCCGTCACAGTTGATGAGAGACGTCTG BamH 1
XLR2 - TTCCTGCTGGGATCCTTGTCCCTGCTTT BamH 1

1.2 D#kESZEITMHEREZA DNA ZE

Ll 3K TR 5 I b A PR 2 DNA Y 32 BT 1k 4%
Epicentre 4= ¥4 A /N 7] MasterPur™ #5 % [ ¥ DNA
ali AR & 18 AT
1.3 DEREEETmhRZSEmEHEES

Lh 5 BR TR P48 T 4 TR 7E T 0. 6% Ay H R 1Y
THY BiFr2E 37°C ol B 37, 4% 1:30 19 B GRS 1 1
B 3% Wy 4 b B 5 ek 5 SR kb (4% 100 mg/ Lo i
NGB R EREE) ,37°C 55 F 3 0D, 8 0.20 - 0.3,
4°CE L 10 min, S5 KB ¥ 0 W W28 7K B — 1K,
15% ¥ H M WOE W U B 40 8 T 15% Hhi
W, - 80 C A4 .
1.4 DHRESBETH shr ik RTHREE""

JFH R B SO B A PR TR pIR700 H4 £ 5 % 1K 1
FEENE TP shr BRR S AERRAE T B L IR IEAT -
1.4.1  shr F: R 254K pJR700-shr Jii ki pX128 #4) # .
HRAE GenBank 4 1 1Y 4 2K 147 54 72 3 Fh 4 [

HIp 5, H Vector NTUAR BT Clal B Y7 83 Y
—Xt B4 XLSI F1 XLR1, L3 P 41 DNA 447,
PCR ¥4 shr, Clal if¥]) PCR 724 1 pJR700, T4 %
FEBVE 2, 315 pIRT00-shr JFk: 2844

1.4.2  shr B B2 204K pIR Ashr ki pXL30 11y
¥4 4 7 shr 2515 1034 bp &b — BamH 1 4] 4y 4,
F BamH 1 i Y] pJR700-shr J& %7 5 , LA b 28 1 4% 14
RN, 7E shr F2 DK 1034 bp F1 2877 bp # A 6] fiz
&, A Vector NTI #4111 & A BamH 1 i Y1407 55 19
—X%F 24 XLS2 f1 XLR2, J% [5] PCR ¥ 4 3k 15 shr Jt
PR B2 24k R BE, BamH 1 iV 3% 32 1 B AR A3 4815
shr 5 PR 5 5 7 I B2 B50RR PR 3R 54K pJR700 A shr
(pXL30),

1.4.3  shr FEPRIBR 204K pJRT00 A shr 119 HL 5% A6 FI
shr #2578 Bk B 0 28 < >R 1T H 56 Ak )7 0 5 iR R Uk
P shr JE X 5 2% 5 21 Ok pJR700 A shr 52 A 5] 1 4
BRA 5 WA CVCCS62 A2 A5 20 Ml , Uk kan P-4,
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37°C K7, PRI TR 3%, B FP 8] % kan (91K Bx
FrEE37C I IR BN E A K AR, 1: 100 £z F
BRI kan FRIRIE SR A 3 -5 K, UK
JE— R B 3R W, DL XLST Fil XLR1 S 51 ¥y, e i
PCR J7 8 o2 40 A 4%t A 1 2 75 A7 76 B 2K AL i
I shr LR BUELAT B e AR B G shr 5 2575 79 37°C
KRR, 4% 10100 3 0 8K & kan WK 55 552 Z i,
30°C K5 77 3 B 0B A= KR, 4% 1: 100 42 F 3R
& kan WAREEFRE T, A 3 -5 K BGE BB
WORAT T AN E kan P4, 37CH FR il % . kU
PRV S B kan IS E kan P4, 37°C ot
WS EHUEE & kan P b AE KA kan BUSR
B, FEFD T AR 3R 5 37 C i R KR 3R, DL XS
A XLRI 5149, AR PCR J7 4 28 40 1 shr 5
K ARG shr 254 KNI & kan BICRR B PR 2 37 AR 7Y
IR AE R
1.5 shr EERRARTHRETE

DL H 4% 5K R 558 R CVCC562 1L i ) 25
SE B shr B JC 52 A8 BRFE I 40 DNA SR B4R, XLST Al
XLR1 Jy51¥y, #E47 PCR 4734 , 8 A S0 7= 9, 345
shr 55 R R 58 AR bk
1.6 shritkREHBEEESHRMEIR"”

W BF AR TR PR RN O AR TR BR A W R R B B A

1.6 pmol/ Lk M2 28 1 2 A 7 85 57 38, 37°C o i b5
I, M E OD g0 (B, B 5 TR AR IGO0, LU BT 24 4
5t

1.7 FAF PCRRE M shr EE DNA WA
%

W HL 500 WL 35 FRK, B0, 1 100wl 258§k
BIF AR, 100°C KA AT B AL BE S min, 5 BR B AL 21 3
min, A2 F R B0 B LW 2 -3 w2 DNA %
kAT PCR 9714 H 9 LK

2 #X

2.1 URMEKEESDHKESRTMMIES
1 [) R 14 43 4

iz ] NCBI FI SMART %l /5 , % 1 4 5K i 1572
Aol 4 5 PR 2H PR 51 5 1k e e o R TR 4 R DR 4 e A o
PR AH DG 2 1T 0% be 23 BT & B, D e R TS ST A
I e B B T 1M 21 3% 2k W W e as R N 1R 2 th
10 AL KA B, BT 1021 32 32 AR B shrr 43 591 S
T 1262 F1 1275 A>3 BL R 5k 1 , W9 2 114 [ 57 1wy ik
58.6% (&l 1-A) AR5FJF AN G5 H 8 40 A7 6] 1-B o,
PR ELAT R AL &5 4 B8, AT A i 21 3R 45 5 AL
NEAT %5443k ( near transporter domain) F1— LRR £
435K

(A) Compaxison of:
(1) ./wwwitmp/.24544.1.seq GAS M1 Shr 1275 bp - 1275 aa
(2) ./wwwtmp/.24544.2.8eq GCS (S. equi) Shr 1262 bp A - 1262 aa
using matrix file: BLSO (15/-5), gap-open/ext: -14/-4 E(limit) 0.05
58.6% identity in 1278 aa overlap (1-1274:12-1262); score: 4572 E(10000): 0
0 1000 aa
(B) . . " . - - - - - a -
DUF1533 DUF1533 NEAT LRR_RI NEAT
@ - - —eee— | —

Bl DH#XEESRTHMEKREERENIZEASZE Sr SEBFIIREERESQS R

Fig.1 The SMART algorithm ( http://smart embl-heidelberg. de) was used for the homologous and structural analysis of streptococcal

hemoprotein receptor of GAS and GCS. The amino acid residues of streptococcal hemoprotein receptor are 58. 6% identical in GAS (A1) and

GCS(A2). The location of protein domains (expressed as amino acid numbers) of Shr are shown (Bl: GAS, B2: GCS).

2.2 shr EEFH K pJR700-shr Gt pXL28 #J#E

JFH IR FE B0 pIRT00 844K 2 45, A4 1 1 ik 1k 7 85
PEV TR shr FEP GG 58 A BRI I 2 iR, DA H
HEIK A 5 9% W Fh CVCCS562 J afk DNA Sy it , LA
XLS1 fil XLR1 H 5| %, PCR ¥ 3¢ shr £ [N, 315
4017 bp 11y shr KX B, WY B Clal BE1) PCR 7=
YRR AR pJR700 15 % 4017 bp 55 5842 bp 1y
shr JE PRI BORL 2048 DNA F W, T4 34 $2 1§ % 52 shr
551 B U A A M BUORL R pIRT00, 3R 45 #E4 shr
BE PR B BORE AR pXL28 , BEIE L UK W7, BURL pX1.28

Ft pJR700 % fi 7 4000 bp 7& A7 Y B Ak, % W
pIR700-shr J5i ki A4 2 1, 21
2.3  shr EE R K FH M pJR700 Ashr G pXL30
R

LR #R A pXL28 AR , 76 shr JEH 1046 bp
F1 2877 bp WA A A 7 g, B XLS2 il XLR2 Ay 5]
¥y, 2 ] PCR 4" 1 3K £ shr 3£ NEAT1 §1 NEAT2
SER BRI 3 B2k R LRR 58 4 Bl 2R 0 20k F B,
BamHI V) 5 , %8 00 B, RIS 54 shr SE 1K 4544
P (in-frame ) fft () i 32 B80JRR P Jo R 2K 12 pJR700
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kan
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h
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B2 Bt pJR700 HZ DR E SR TH shr B EGKREHRRE

Fig.2  Construction of streptococcal hemoprotein receptor in-frame deletion mutant. The plasmid ( depicted as a circle) bearing streptococcal

hemoprotein receptor gene with an in-frame deletion was constructed as described in Materials and Methods and was introduced into S. zooepidemicus

CVCC562 with electroporation. Homologous recombination( A) was induced by growing the bacteria at 37°C ( which is nonpermissive for replication of

the plasmid) , and transformants were selected according to kanamycin resistance. A second intrachromosomal homologous recombination event was

triggered by growing the bacteria at 30°C  without antibiotics (B) , resulting in excision of the indicated fragment, leaving the organism kanamycin

sensitive and with the in-frame deletion in streptococcal hemoprotein receptor gene or wild type in streptococcal hemoprotein receptor gene (C). This

construct was verified by PCR, as stated in Materials and Methods

Ashr(pXL30) , Byt i B 8 B i UK 5 7, R pXL30
B pXL28 Bl T K2y 2000 bp 25 A7 Y Bk AL, K W
pJR700 A shr J5u i A4 2 B3I
2.4 OH#REEETHM hr HERKKHNHE
HL % 1k pXL30 I h 4 BR 5 £ W Fp CVCC562
JEAZ S ML, 37 C AE kan B £EEE S B b B R E HUK
BT shr FEP BRI By B 5 18 Y AR F o [E] TR
G e A S E 4] T R b T Al B 3 IR DR
Yoo A b R [R] e A e AE T dAk 1, DL XS]
A XLR1 514, 2k HI PG PCR J7 k4 18 shr FEA
K15 4017 bp F1 2200 bp A9 Wi 45 DNA (& 3-
A) K LA W45 DNA Zqiy 5 Bk 08 35 FR W, 7 4 80
i RA R F3E,30°CH 77, A A ERIE LH 3T
JA 8, 7E DNA Gl B rh g Ul s . A A %
PEFEIE ST T ,30°C By F-AL AR, JE LB B A R AR iC 1

e A 3 PR B 2 28 A4 bk BT AR B BR B 3-B B B
RIS HL UK BT S 4 # I O# Y A AR b shr BER R AE T
Bede  H T Rk shr F BE S & T B M ) b B A
Bk

2.5 OHRESRTHM shr EEEREKKRS
2.5.1 PCR g shr J R DL 5 BE K 592 T
Fl CVCC562 FI i PCR J7 ik %€ 1 shr Stk 58 48
FREER 41 DNA Sh#E4, L XLS1 A1 XLR1 A 5[4,
PCR 4" 1§ e (e A shr JEDR, 35 B B 66 M PR Ok 235 2L 141
3-C fit, DL S BRGL 8 4K DNA Bifk , Hy 3 i K
£4 2000 bp i) DNA J Bz, 3R B i 4R 45 1) 98 28 0k g Y
AR shr 5 PR 28 A8 4

2.5.2  shr i RBEAE VRN E R RPitE bR E R
BATZ AW 0G v RE DU B VR e
ek B, LA R M RO T S &R R T

6 M WT MT

3 PCRMDHKEERTHM shr EE

Fig.3 PCR analysis of streptococcal hemoprotein receptor gene in wild type strain and mutant strain. Homologous recombination was induced by

growing the bacteria in medium with kan at 37°C. there are two binds in the cell, short one is deletion streptococcal hemoprotein receptor gene, the

long is streptococcal hemoprotein receptor gene (A) ; A second intrachromosomal homologous recombination event was triggered by growing the bacteria

at 30°C without antibiotics, resulting in excision of the indicated fragment, leaving the organism kanamycin sensitive and with the in-frame deletion in

streptococcal hemoprotein receptor gene(B-4 and B-9). Identification of streptococcal hemoprotein receptor gene deletion mutant by PCR(C) ; M:

marker; WT; wild strain; MT;shr- deficien mutant strain.
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HOEBE TR EAE A . BRI AR G 8 A8 2 2B
WA R R A HE T A B AR bk AR A
R shr B2 58728 R ) BE PR 2 R UGS SR IBT 4 T
N B IRI shr G REAL R OD 00 18 2.7 5 T HF
AR BR , R shr BRAR S AR HE BT 2R R BE PR R R
BRI T AL AR I BRI WA 2 B R R BT AR A B Gk Ok R AR
By shr kR ALK
7

030

o
)
O

Growth of strain (0D, )
(=]
vy

WT MT
Strain

B4 DHKHERTHEEERMIOIEZZAREE
WA ERERNME

Fig. 4  Sensitivity to streptonigrin of the wild-type and the shr mutant
strain. Cells were used to inoculate (1:1,000 dilution) fresh ZTH
medium contained 1.6 wmol/L streptonigrin. The culture optical
density (ODgy, ) was determined after overnight incubation (17 h).

The results are from seven independent experiments. WT: wild

strain; MT;shr- deficien mutant strain.

3 itk

N PR R TR N T R E B F R —, A
AT 3o R 8 R 2 e € 0 7 9
CLLGISS i R S PNIEE £515
(cassette) , JC i 2B A1, il it 4 A 38 1 4R, i o it 12
B2 22 1 B b V7 R T SR PO A T 2L ik
TR R0 9 5 B B O 9 A 9 25 e ol T A
A PR L, 4 5 O A bR, A T 5
o B AELZ 35005 18 FIRTIA K 474 — i 10 R R
e, (D7 % 235 S A 7 6 22 5600 T 0 2 40 10 i
H ek s @B IR AR BN ABL A %, T AR A
BB BT 45 1 B DR S0 0 0 9 45 90
T 5 5 G Tl IR S G 2
WAL Ak, D8R AR T 2 B K
B2k AR IRV A 30k e P ARAY T R 2 PR
AR 80§ G I — R X 5 45
7% SpeB 5 U A A 45 0 R 2 —
53— P 16 b 0 J7 0 90 2 16 2 K1 49 (im-frame)
AR — B T AL B (010 2 5 LD g i
FI 91k Ml 10 9 28 B Bl 2K G A8 B ot 100 2k

SO TS W R BRAE, Tz T 4R R TN e AR
PR A o AT 5 A1 P i R T R e O R R
SRR RER ARG, I AF K )2 T A e M B R R A
AN 2 BE DR R AL Bk Al A, TR AT T R gl
Gy 3t A S i R TR R VR I 21 3R 2 RS I
(shr) KA Bk R RAZ R, R X R G0 T4 =2 Bk
ik R T DR R G 5 A B 0 A A R R AT Y, D FRATT
— IS L 2T 3R BRSO 3 R N 7 2 T R 1Y
KA 5 R R B AR AT T T A5l

B DERELRTA hr AR T TR E
FiEHARBBIREEAEE B Georgia M £ X 5 Dr.
Eichenbaum 5% %> ¥ 7 7 2 09 #) 7 AC BR M 2R 2R B A
B ek K R ARG 7 F AT
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Construction of in-frame deletion streptococcal
hemoprotein receptor gene mutant in streptococcus equi
subsp. zooepidemicus

Yao Li, Xiaoling Lan, Xueru Li", Tailin Guo, Ning Yao, Nanping Jiang,

Yaoyao Ren
(School of Life Science and Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: [ Objective ] To construct the in-frame deletion gene mutants in streptococcus equi subsp. zooepidemicusby (S.
zooepidemicus) by pJR700 plasmid, a thermosensitive delivery vector system. [ Method] With PCR we amplified a 4017-
bp DNA fragment of streptococcal hemoprotein receptor gene from chromatosome DNA. This DNA fragment was subcloned
into the pJR700 plasmid to create pXL28. Using pXL28 as the template we got the DNA fragment deleted 1831 bp in
streptococcal hemoprotein receptor gene by inverse PCR amplification and ligated the in-frame deletion DNA fragment by
T4DNase to create pXL1.30. Then pX1.30 was transformed into S. Zooepidemicus by electroperation. The kanamycin(kan) -
resistant clones were selected at 37°C in the presence of kan for three rounds. To induce excision of the plasmid vector
sequence, the culture was shifted to 30°C and grown without antibiotics for four rounds. Colonies with kan sensitivity,
which indicated that the plasmid had been excised, were selected by plating on THY agar at 37°C. S. Zooepidemicus
mutants were identified through PCR with primers homologous to the flanking regions and the streptonigrin sensitive test.
[ Result] The in-frame deletion streptococcal hemoprotein receptor mutants were successfully built in S. Zooepidemicus.
[ Conclusion | The thermosensitive delivery vector system of pJR700 could be utilized to construct the in-frame deletion
gene mutant strains of S. Zooepidemicus.

Keywords: thermosensitive plasmid; streptococcal hemoprotein receptor; deletion mutant; S. Zooepidemicus
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