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JAATH(E. coli) DHSoCHASSZEG 4447 . HepG241
A AR 2 o Al S 3 S e 2 R

1.1.2  EFFEMBEREESE: (1) Sk THY B4R
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1.1.3  FEREH: Todd-Hewitt (BactoA Fl); BRI
YENVIEENRe 1 . Cla 1, T4ZEFERF, PCRIRF(F
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AG-3'),
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BEBR B P 0 RP 3L R4 DN A B $2 BT 25 4%
Omega’l: P4 AR/ w) 5522 [CRH 4 DN A B £
ER i

1.2.3  sagAZHGRFRBApYL2HWEE: %
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B, RS pYL1(pIJR-sagd)Fikiz ik . B F7ERR
sagAFEH U121 bp A1 T iE54 bphb7E Nhe 1 B
i, WNhe | BEYIpYL1FR S, E#: BB A
B, ARASHET sagA FE DI 04 ik B Rt SO s 2%
fkpYL2 (Kl 1-AFI[E 1-B).

1.2.4  sagABER L TR R AEpY L2 L
sag ABRKRRABRIMELE : S5 CHik[10-11], A%
A SR 3] Bl 3R TR H5 0 AR AZ S A
1637 ° CRIIHRTHY AR A 75 765 RH0
TR IR 37 OB IR, P IERIA SR
FIRR AR, 30 °)CHEARSIR, TRININS%-7%
Y JC T 40 2F LI P4, PRI AE R BURIT oA
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Figure 1. The strategy and result of constructing sag4 mutant. A: map of the sag genetic locus in sag operon of GCS

strains; B: the strategy of constructing sag4 mutant; C: analysis of sagd PCR product by agarose gel electrophoresis;

D: agarose gel electrophoresis analyzed the recombinant plasmid pYL1 carrying sagA fragment and plasmid pYL2
with the deleted-sagd DNA fragment; E: the PCR analysis of sagA4 fragment on chromosome DNA in GCS strains. M:
DNA maker; lane 1: sag4; lane 2: pYL1.pJR700 with sag4; lane 3: pYL2.pJR700 carrying the inframe deletion sag4;
lane 4: wild-type strain; lane 5: the deleted-sag4 mutant strain.
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B 4 PR A Y SR T AR B B s 7
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FIPBSZE MR VeI i 27k, FIPBSZE i 10 mL
FHRTEREAR, IR pHE2.5, 95 °CK
W15 min, RHZRERSEpHIHZ P, 12000 /min
B0S mindfieE B, FIE20 pL FIERS R
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1.5.3 BEHEEMEHyIcHME: HylcllE ks
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FEIIA0.9 mL X — H JE S SR RV v, TR
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3 %£ 585 nm 4L OD1H .

1.5.5 BEAHMEE-3-BERR R S B8 (GAPDH) M
E: SROCEIRR2010 ATk, R i s IRk
PRI 10% 5 R B FE A RITHY Ki g 56, 37 °CE
HREFR6 hik B BRI, FHH W 7500 r/min L
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1 mL A A TERINA 600 WL W % (1 pH 7.449
50 mmol/L Tris-HCI, 4 mmol/L NaH,PO,4, 4 mmol/L
NAD, 4 mmol/L G-3-PZ1iY), IREIZES min, &
DI EIEFEOD3 4 AE

1.5.6 HepG2 HIMIFHELE: =% SCHR[21-22]F
YEME M, HepG24u [l T ff 15 7% ZL(RPM11640,
10% FBS, 1%H 8%, 1%HER, 3%8E B
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e, 37 CCRUMIGFE h, HINEFR LB AR A
[ 2B R R, SRS U FHA TR 5 52 A, 4 °C.
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& o RN U2 Y 40 B AR H TG 1L T PRMI 1640
BE2UK, BALIN900 nLHTEEA LG FREE, AR5 43
TN B 85 32 3L (PEXTIR) . 57 2E TR Rk Fllsag A 5878
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HRREE 3% FIEW100 pl, 37 °C. 5% CO, 4P
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PBSYKPE3 M, MIA100 pL 1% SDSH#, 37 °C%Y
f#30 min, BEFRIN630 nmAbilE ODIHE
1.6 BABAIE KT
PRAEIEEE3R, SCI A A A 25 R I
FHIBM SPSS Statistics 205X 452 %, K FH kG 1015
2 M

2 HRAGA

2.1 OHEFREERE T Fsag AR TRRE R

H:W)E B3 M GenBank B 5 2 '?Streptococcus
equi subsp. zooepidemicus K& R 4 5 51 K ik
BEERTATS 2R SHYBEH (sagd)E M S5 R, H
BEER T S AP 5 H AT ST R H A AR i Ak e
FEBRTAV LR sagdFEPRIARML, W3R SHER 5 H A
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sagHMsagl L [FH Hisag AT (& 1-A)o A[FSE
B T S RAESE , TEfuifebiseskiah, &
Il E sagAFE R B SEE bR Jc 18 mis s,
Ry T REEETCI I 1) i R TR - W s Y o
MR A 7, FRATT LA S B sk T R AR R A
DNA MM, 1 PCRY HEARAE T fGsagd & H
TEA 92080 bp DNA R Bt(I&] 1-C), ¥i% h Bz
2 B A R RA R GEpIRT00, FA5 5T
sagAFER M FRipYL1(® 1-D), 1 F2080 bp
DNA Fr BesagA RN FiiF121 bp IR 754 bpih &4
Nhe | WUIEGRGE VIG5, HINhe 1 N ) DI
pYLI1BORL, 4 BRI B B, 4845 ml R
sagAFEH , B & A sagAFE Fii7918 bp I Fiif
827 bpryBEHEAT [R5 H 20 1 4 (/R DNA J B i) i
HipYL2 (Bl 1-D), KrsagdBEHHK FUkipY L2 HLF%
A2 LBk B MRS SN, Gl AR
PRI FRIEEA37 CCRIAE - RP BRI
H130 °CAEA, HRIBR A AR IR AU TOR 2R

HEH7 1) sagAFE R G A ADNA B 5 B bR gL (1
RIE W BYsagAFEFIDNAGEA TR IR B 30 e, IR
TR TR A G (U (R BRE 1-BFTR), 7R
5%—7% 0 JC TR AR A 10 M -FA -, PRETA: 3R U
FE EHLS 77 A 5 1 375 B P 1 B TR VR AT 0E— 25
etk I sagAFL R TPCREE, 45 R unAl 1-
ERW], sagdfife 88 ik 5 B A BRAH LUk 2R T —
Bt#9300 bp DNA F Bt o FPCRy™ 3% 0 1523 vl ]
FEERAESE, RAMRsagAFER BRI
2.2 sagAFEF BRI ERSLSHIRZ N

W A Y T R Fllsag A i R 93 728 T AR 2 R0 31 7
5%—T% TG 4R - ML E5 7724 h, 452RE] 2-A
Jin, sagABRIC ORI A Fe A s s e, 3k
Al s ag Ak PR TSI 52 Wi 4 1R TR #5922 S b SLS 1
FEAE I 2 T ) T R AL T
RANE 2-BRT 7~ , A B AR TR R A SLS Y IfiL T
P, sagABRI TR MG PEREAIRKG E90% ., A T
P — I S TG Al s a g A 5 R Bk 2 S8 7 bRk i AL 5
EME, R 1048, HETTVE I ER STE A
M, 25K 2-A-4F12-B-4 B8, ARSI TR 1)
sag AR TR 12 1 0FRATY SR 2 5 A A1 1 37 1L T
Mo 1 2-A-3F12-B-3 M sagA I 0] &2 B R I R
STHEMEARM LI 25 R, sag ATk 715 BBk SLSHA IfiL
TWEPETE WK, HE—EsE, ARSCYS Al i o
7 R TR 5928 ATV 8 AR R A AL 9% P IR AN 1) i 2 e
sagAFER B FTE, ik, iR JLJy i SL K gh
BTSRRI ZE e, Wi R ik, o
P S L 0 oK AT P4 SO A I 3R ST P kK % AR TR
PR, BUEPERE T FRE . IR AR BT A3
BT IR 7 it A R B RREATR T S i i 28 SH P fgdE, A
TR T AR A 1R TR -5-928 S0 2 e v A = i
BH SR 7= i ] BE A I 2R S 4L o
2.3 sagAFEH BRI EPRHA KR

Salim % I L MesEER AT LB, sagAFEN
VER—IR¥E e, BRBEAE 52 e fh R % 2R T 1Y 75 )
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Figure 2. SLS hemolytic activities in GCS strains of wild type and sag4 mutant. A: zones of hemolysis for the GCS
strains on 5% sheep blood agar plates after growth at 37 °C; B: assay of SLS hemolytic activities of culture
supermentant from GCS strains in the early stationary phase. 1: wild-type; 2: sag4 mutant; 3: sag4 -complemented

strain; 4: 10th passage of sagd mutant. ***: P<<0.001.

Ll A5 e o T 558 D BT A DA R Rl sag A BE IR B 2R
WHRAE RS 2R, WA Z AR EES
(K 3), sagAFERIBRI KT ThBEBR B 1522 W AR A9 A= K
WA W 20 3 A B A TR Tl sag A R R 58
AHHAS B RANE 4R, sagd B4 RATH
HA 1 LB AR R HA P R S 30% A4, PEZ
[ A7 AE i 75 55(P<0.001) . TMisagAide 575 =
AHAR 4> F8(0.475x10°) H B 42 1
(0.475x10")E/INKEIE— A BOR (R 1), B D
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Figure 3. Growth curve of GCS strains of wild type

and sag4 mutant.
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sagARER R 2 S BEE W BTIR & i e, e
ATHAZS T REREAG, FRATHED ,  ThoE sk o 5 Ao
1) sagAKE Pl GE 5 MEEBR R sag A FE A —FF, XF
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& 4. GCSEFF AR MM sagARERTHEIKHAS =

Figure 4. The concentration of HA in GCS strains of
wild type and sag4 mutant. ***: P<<0.001.

F1. GCSEHAEREMsagAF K RTEHAF T2
Eeig
Table 1. Comparation average molecular weight of HA
produced by wild type with that of sag4 mutant

Strains Intrinsic viscosity/(n) Average molecular weight
Wild type  8.032 3.759x10
sagA mutant 1.601 0.4753x10™**

**: P<0.01.
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BAPBEEM, Ak, #—D i T RS
sagAKE PRI I T iR HL At — 28 B S SC 7 ) B+
T
2.4.1 sagARF BRI HEEHyITEERZNT: 5
BRI/ W SLSH Il 2 (Streptolysin )7k, i85k
T — PR F-SHEL . X ABURA LR, #H
HIMIE, ZZEEERRAS MR FSE, FEEHTE
— BB g PEAR o 1 A A e PR BRI L B R K A
S T Hylex 8 AT E , ARMETE I -F- A g
FA MG, b, AWPRAESFRY LER D
in e Ji 55 2 e 2 R i I 2R SLS I 5 15 B i
T A I 5 SR b WO I3 PR PP S R BR A
PELPE AN I 2R Hy Lo 224 ik 10 2140 e ask 7% i 4R
FH, 256 A5 1 Hy Lo i 136 P45 R an & S B
N, SEEREMIE, sagdg RATHERR W R
R T Hyle?& 3G VE, sagAiide 5828 1 W Hylc A X
T EGEE A AR A T 20% L) (1 5), B 3
225 P<0.05, FHINF5%5 1 % SLS M Hylc ¥4 17
Le#, 2503 20K, TE S BEBR A FE WA Il 21
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N [oN %
o o o
=) o =
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[ 5. B EMsagATRKRE R Hyle A MIEM S5 HTEER
Figure 5. Hylc hemolytic activity assay in GCS strains
of wild type and sag4 mutant. *: P<<(.05.

2. GCSEFE EMKMsag AR R T EKIA M ZSLSHN
HylcR M5E M ELE
Table 2. Comparation the hemolytic activity of SLS
and Hylc in culture supermentant of wild type with that
of sagA mutant

Relative activity of Relative activity of

Strains gy'g/0, Hylc/%
Wild type 100 9.8%
sagA 12.2%% 7.5%

mutant

**: P<0.01, *: P<0.05.

YR LIS PE v, FRE R I E SLSHE
I, TiHyle MiEE RAASLSHI10% 547, PRtk
DN i R AT P NIV SR e o 2T A M ) 3 228 O A
FRIFIMZESLS, MHylcIAHXT 455 .

2.4.2  sagAFER B N B AR FE B R R 4) R G
(Hy)TE RIS 75 Chk Bk o 2 R v BE A7 AE
BEWIRR , WA SRR o i o iz B BT R 4
fiff T ) 32 BLAE FH 2 R A A 1 W 5 R PN A BE AT 1) 5
BEW R, RSV B, 1 aGE Y
O TR il PO T 2 1 s D Jo IR ) 7 R A, i L
NFETHE. B TsagdEH Bk S35 AR H
PEYZEV B W BT R 7 e e A LAV R B,
I, IS5 T BRI BE 2 078 B DT IR 3 At Bt 325 ol
1, (At sagAXE PR kKA AT RERE MR i% B 5T IR 7 ik
BTG . A T BRI X B AR TR Flsag A B R 58
75 T 37 W S5 2 3 fife Bl TS R T, S5 R 1AL 6
A UL sagASE PRI 01 T 305 A8 T 375 I T 1 3+t
WG S, R RS AR T E A R i
W SCORZERUESE, W BRR - B G v 5 i
WIS IR 73 F e KN EAAAHOCHE , sagA Rk 25
P& 1385 W1 o R 53 i B A 5 42k o

2.4.3  sagAFERHRIT T A H R -3-BE IR i UG
(GAPDH)TEYERIREM Ty -3-Wh i I S A7 AE
THEBRA R, HARMIEE, AEaEW 218 &
LTS i . 21 3% 8 R IL S 2R 1 AR 40 i 1
H5REEN L, FEHEARE R A SRR E
BRI 43T S BEBR B 24 3 I A B Flsag4

http://journals.im.ac.cn/actamicrocn



1762

Yuchuan Liu et al. | Acta Microbiologica Sinica, 2016, 56(11)

120.0

L
o
<
o

o
<
o

AN
=]
()

Relative enzyme activity/%
[\ [*))
S S
(e} (e}

o
o

wild type sagA mutant

Strains

6. EF4EMsagATR K REE HyIBEE B4 D HTEER
Figure 6. Hyl activity assay in GCS strains of wild
type and sagA4 mutant. *: P<<0.05.
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Figure 7. GAPDH activity assay in GCS strains of
wild type and sagA4 mutant. *: P<<0.05.
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Figure 8. Surface protein assay of wild type and sag4
mutant by SDS-PAGE electrophoresis. M: protein
marker.

MRMEHRA5%, KoM SRS
JIT ik ECA B R TR 528 S A R T B 1A BT AN TR
PRI FRATTHE N 2R T 2 1 R A 2 Z R I R e, Y
IR ALFE R R R e

2.4.5 BFAPEMR S sag a3 RIER S BB 40 BT 1
BeAR . 7 4t A 3 55 o AR v WS B AR TR R Rl sag 4
HE R R TR RIS I BT, A A K R i Y
IR 3R, TR 2B WKL B sagA B [H Bl
S TRRR A 20 R 35 35 %) 5300 X0 240 B 1 2 R i R
B, MAUMEFERI72 h, LIS EH IH 0



XIENEE | WEEYZEAR, 2016, 56(11)

1763

723. GCSEF 4 EtkFsagATR KRR FNIE & R Ik
EE R AR ACHIHI EL AR
Table 3. The inhibitory rate of cell growth in culture
supermentants from wild type, sag4 mutant and sag4
complemented strain

t/h
Strains
0 24 48 72
Wild type 0 1.62 545  21.04%*
sagA Mutant 0 1.53 4.38 8.25
sagA
complemented 0 1.61 527  20.86%*

strain

Inhibitory rate of cell(%) = (1-ODexample/ODcontrol) x 100%;
**: P<0.01.
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Construction and characterization of hemolysin S gene mutant strain
producing hyaluronic acid

Yuchuan Liu, Yuxing Li, Yongqin Lai, Xueru Li *, Xinhe Huang, Tailin Guo,
Ning Yao

School of Life Science and Engineering, Southwest Jiaotong University, Chengdu 610031, Sichuan Province, China

Abstract: [Objective] Streptococcus equi subsp. zooepidemicus (GCS) is mainly used to produce hyaluronic acid
(HA) in the industry. GCS secretes the hemolysis toxin (streptolysin S, SLS) that causes hemolysis in the host cells.
Therefore, the safety of HA produced by GCS is concerned. We constructed an engineering strain, to produce
commercial HA without SLS by knocking out sag4. [Method] The sagAd of GCS was knocked out by the
thermosensitive delivery vector system pJR700. The sag4 mutant was identified through PCR with primers
homologous to the flanking regions and SLS analysis. The yield of HA, HA molecular weight and virulence factors
such as streptolysin Hylc, hyaluronate lyase, glyceraldehyde-3-phosphate dehydrogenase and cell surface proteins
were determined by spectrophotometer and SDS-PAGE. [Result] We constructed successfully the in-frame deletion
sagA mutant strain of GCS. In the sag4 mutant, HA titer increased more than 30% than that of the wild type strain and
no SLS hemolytic activity was detected. Compared to the wild type strain the sag4 mutant decreased the quality of
surface proteins, hemolytic Hylc activity and glyceraldehyde-3-phosphate dehydrogenase activity. The activities of
hyaluronidase and cell were increased in the sag4 mutant. [Conclusion] The sag4 not only expressed hemolysis S but
also regulated production of HA, the quality of surface proteins and activities of hyaluronidase, hemolysis Hylc and

glyceraldehydes -3-phosphate dehydrogenase in Streptococcus equi subsp. zooepidemicus.

Keywords: Streptococcus equi subsp. zooepidemicus, gene deletion mutants, hyaluronic acid, streptolysin S, virulence
factors
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