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FEMEETkE CGMCC 1.1864 FiF=HY
— B E = STY

o RHE E2EF MBI BEXR BER IER
(TP AV B EWHELALRE RERHCRY RHE 300457)

B B KILAVA RS #0E N 228 #AE R H (Streptocccus thermophilus) CGMCC 1.1864 % B 7
BHA KRR, R EAPRB RS TAETANT, LEHRA R AT ENEN T 0E LFR M
fedpdl 2K R E, A FELRAMB LA F D, LI AR EA KA, T 100°C &=
2h A 121°C &2 20 min 3R G I E F M, 25K £ 100°0C A2 2 h ey LRI ET-20°C R4,
AW BHEFRARASBL. TR FQGB7°0), ZWHM/RAE pH 2.0-9.0 5L B A A RAFa9F8 2. XL
HIRB BT B O B B o~ B L B R A E M R A R, mal it Al RBE RER, AU ST A MR
ALK, BTmiE, AXMFHLe L A s g £ ST9. & F STO xF 2 = A4 i B A & WAk,
#4E pH BRI E T 1778 ARl F HATHAR, RE 2 SephadexG-25 B IR B AR A REE, K
J& bk T IRAF ek db, @it Tricine-SDS-PAGE 9 #7432 L F 2494 5.0 kD.
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Thermophilin ST9, a New Bacteriocin Produced by
Streptococcus thermophilus CGMCC 1.1864
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Abstract: In this study, antimicrobial activity of the culture supernatant of Streptococcus thermophilus
CGMCC 1.1864 was investigated with the agar diffusion method. The subsequent experiments results indi-
cated the antimicrobial activity of the supernatant were not due to the existence of hydrogen peroxide and
organic acid in the solution. The antimicrobial spectrum assays showed that the supernatant could inhibit the
growth of both Gram-negative bacteria and Gram-positive bacteria. Heat stability test was also performed
with the antimicrobial substance and no activity lost was observed after 2 h incubation at 100°C or 20 min at
121°C. However, its activity was reduced significantly if the boiling samples were transferred to —20°C

freezer for storage immediately. It was also tolerable to changes of pH levels, no significant reduction of its
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antimicrobial activity was observed at pH 2.0 through pH 9.0. The treatment of proteases and a-amylase

could completely abolish the antimicrobial activity of the supernatant, while no activity loss was observed

when treated with catalase. These results demonstrated that the antimicrobial substance belonged to bacte-

riocin family and was named as thermophilin ST9 tentatively. Since thermophilin ST9 could specially adsorb

to the producing strain, pH-adsorption method was chosen to purify the bacteriocin, and subsequently the

SephadexG-25 column chromatography was adopted to eliminate other proteins. Elution solution was further

concentrated with freeze-drying method to obtain thermophilin ST9 powder. Purified thermophilin ST9 was

subjected to Tricine-SDS- PAGE analysis and its molecular mass was determined to be 5.0 kD.

Keywords: Streptococcus thermophilus, Bacteriocin, Purification, Antimicrobial activity, Antimicrobial

spectrum
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Tl R A REFE, W/INE TR IR R . FLIR
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1 EE b
1.1 ##

L1 KIS B A Y B R e AR IR T
(Streptocccus thermophilus) CGMCC 1.1864; F %45
AW TESHATE (lactobacillus casei, ASLI6 = 3
L), AR N ORI 1.

1.1.2  3E5E: FME A MRS 85530, 2=k
FCRR HI LB 3597360, AR R IR R 95
R,
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113 FEHRRNE: BEAMJCERER) T
AAL AN (Sigma A F)) . AN F#(Sigma 2 l)
HE B K (Sigma A#]) . o-TEMBERCAL R RIEE). A
SRR 1145 8 Z AL (MD99-3 B, | I 15 43 Br
AR AR F]), HEH B IKIE(DYCZ-24DN #4, db
T A—ER), HIKIAU(DYY-8C #, JbaiiN—
ACERT Yo HoAthial 300 24 A T 45 A A i

1.2 A

1.2.1  BEMIEFRE M A AR T A R i s 7
FErpEAE 2 . PEAEERRTS 37°C B55% 12 h, DL 1%
AR EES] 150 mL MRS 533, 30°C #8 1E
7% 24 h, MEMBENEME. FE2RH 37°C 3% 12 h, 10
ER B R R B W2 1 x 10° CFU/mL, #%
FeL,

1.2.2 IRAS¥BUCE M EIIE E M 7E O M 3
A 10 mL @L R EE(2%), 7 HFE0 % E%ERE )G,
A K B A AR B, IF 4 — 8 T HES
7744 100 mL [ {& MRS 557 {512 H1 2 50°C,
TIMAFE/REW 1 mL, #GERAE), LRI
We 15 mL FHCA A HAR I, 5 )5 B A4t
PRo BERFIE 100 pL A S04 HARTE B /ML,
37°C K555 18 h, FHU#bR - RO 91 o Pl B A% o
123 BEAEREAELFRNBEFEESH: (1)
HEBR A MLER S A g PVEEER I & 2K 5000 r/min
B0, FFS I BOH 5 mol/L NaOH ¥ ¥ % pH 6.0,
IHERR A HLRR 52, AR5 0.22 pm fR0E A 9
BREA, ZEIRY HOLME BRI E M (2) HERR T
FALESE I K AW EIE T 80°C K 10 min, LA
HEBR HoO, BT, 2RJ5 T 0.22 um S8 I D B 1A,
IRV HOA I E b 0 s

124 %A EFRAREM: (1) B 15mL FHR
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F 100°C i 2 h, BHIZ =, BUEY BOLM i
AT, DIRIR B EISWAEXT I (2) # 100°C 7K
W2 h 1Y BOR T E T -20°C (#4712 h, [AlRE ik
D0 BRT TG, DA Ak B 0 S R SRR (3)
B S mL _E3EH TR, 121°C ik 20 min J5 40
[LRER L

1.2.5 AFLEFRM pH EMIREM: H 2 molL
NaOH #l 2 mol/L HCl ¥ &l Fi5 W pH #WZE pH
2.0-11.0, 37°C & 2 h, LIAH[E pH %5 H MRS K%
FRHA pH 6.0 1 K& ¥ 35 WA % B, 005 4 T 2R
PR TEEAE AL
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Ko K 5 BB A K W, G
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RiFRENE 1. LHEL 3K,
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FEREEBR TR 37°C BEFRid i, DA 1%t 423 15
A 150 mL MRS ¥i 32309 = M h, 30°C # &
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OD oo N H T b 38 WA T 5 Ve o 400 TA7 2% 40 71 0 1 1]
R ERAL(AUR R R . — MEEHAL AU
BE SR X AR RIS TR S 2 fERR R, fig
X8 7 B A B S 00 R B 19 e A e A R B
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RIEM pH 6.0, 4°C $E3%% 2 h {4 40 14 & 78 20 W it 2]
WA b B0 EERR, F pH 6.0 1) NasPO, ¥ i
(5 mmol/L)PEWBIA 1 ¥k, PRI ARET pH 2.0 1)
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WA, BT, BERE A R 10 £, SRR
HLEE W . R Sephadex G-25 BEMEAT KRR AT
BERC 2T, WOHETE PRI IF A TV8 VR TR AR 4l
1.2.10 EESEMNE: Eid% Rk
T 5 A1 B 2% HR OB P R vk )

1.2.11 FEEHEIKEE ST Mo TFENE: KA
Tricine-SDS-PAGE il & Mg #GEBR 1 % ST9 43 T,

2 HBRET
21 MEAGERRE KRB LA RAIEE RN
.

=]
LI R UITEHERR A ML Aot | AL S TS,
g R BK R K % EIE AT SR BTGP o A B
JIg 4 B D 2 38 Wk JL A H UL FE 7 TR B A T
P, GEREHIE 1), PHER LIERER BT
£V R N | SO 187 2 W o ey N R R
APE Ty, T E X 2 R R A S, e g
BPCH . S MBRSMAT I . 25 11 MRS iR 56
A8 TR BB TSR
FHGEFR, 77 7 2% PGP TR ) 4 TR 2% A 2
FCBAPE B B M e M Y, AR SE gt g R A 5 2 A
&, BUANE R WA A, W Bradley 25 AR E A9 AH
WIF AT E ZU"YH Ahmad Cheikhyoussef %5 AR i i
BLIS! . X 8 % [ S 4 ] ) 4000 o 0 60 200 7 28 7 1
i 2 A5 T N SO

*1 ZHELFRONEIE

Table 1 Antimicrobial spectrum of the cell-free super-
natant

b2 S 11 R

R A i
?/ Nl ﬁ ;E . Growth  Antimicrobial

Indicator species Origin . ..

medium activity

4 B (O A IR T
Staphylococcus ATCC63589 R} +
aureus

HINED .
AL CMCC29001 A -
Sarcina flava de Bary
ST SRERE A R
Bacillus subtilis
TR IC
Listeria S 28 R LB 4=F
monocytogens
j(%ﬁlz! . CGMCC 1.90 A% 4
Esherichia coli
RGeS OINEN ]
Salmonella CGMCC 1.1174 W% =
typhimurium

ko )

%_ ’“‘J\Ra CGMCC 1.1868 KW ++
Shiglla flexneri
R e B AL AT TR ‘
Pseudomonas S50 % R AR ++
aeruginosa
LR SRERB MRS ++

Lactobacillus casei

TE: + AWM - MRS BT AR R SRR
37°C.

Note: +: Bacteriocin activity; —: No bacteriocin activity. All strains
were propagated at 37°C.
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2.2 KB LERX pH. RE IR E M & XTEEAIEL
RRMEGR 2)

SIH K PIZ EIHIRAE pH 2.0-9.0 2 [a] B {4351
P, Ul B I A P B RS PR AT, R pH YR
Z, ZUMEY RIEA Todorov 45 AR iE AT —Fh2
B R YR, W nisin HAEBRYETE BN R RLAF
TEPENT,

Tow FIEWF 121°C 4bBE 20 min, AHEFIR
DICIEME, 25 R A 1E M AAAE; 100°C AbFE 2 h,
PTG A AS YRS, % B AT B O AR,
FERMU T REBMER . HPhEHEEskE R A
(Somkuti), FEHGEBREEZE 13 (Marciset) L & g #g%
BRIEZ T (Aktypis), ¥ HAREFRYHFE M

{HEH 100°C AbFE 2 h fFE S S BIE T —20°C
TRAE 12 h, R3S TEPE A BoR ik . IR af
EJE 100°C $120°C R 2240, XA EREE Y 208k
PRl AS AT R ) O v R A R AR R AT AR A, B T
Pz ek

Y S R A R U R S A e R, I
W T A A TR o ) AR AR JBR,TT 8 aed AR Ab SU A T
JE S TC A AL, R B I T RBOR At A A
B o S A T o- TE R WX EIE RHETT T AL HE,
SEIRB AR E B, B PR . X AT RESE
WA TE Y s A h A R R, X S
Mathot AG 55 AL A IEIEEBRTA 25 580, Ward 5
NRIREREEBRTE 2 A M2 Aktypis AIF5E 4 W8 Pkt
BRI ZE T RIS —8, 590 - B Ak o)

23 BEASKEMNERKMEZESFEARAEKER
AT E(E 1)

g IEEBR TR T 30°C £ B30 h )&, BRI

] pH 6.1 F£5| pH 4.5, AR NTE 16 h Bk F ek

F 2 ARAR BT O B A R R S A

Table 2 Factors affecting the antimicrobial activity of
the supernatant

Ab P55 VBV
Treatment Antimicrobial activity
pH 2.0-9.0 +

100°C, 2 h; 121°C, 20 min A

100°C, 2 h — -20°C, 12h A

HEME Pepsin _

% i K Proteinase K _
AJRE i Papain _
AL A Catalase F
o-TEM M o-amylase _
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B BEA AR, B 00 Mt A A T S
FEAE TR AR A K AR WA e =5 (700 AU/mL), 4k 4
R IF A MBS MG R, 30 hm, TR P S T
TR CEEMS ) o T T R A D R AT R B AR K
P AR (2R TR XS STO FOREARAE ], BiJ& ST9 M
B A B L, s S B E T EE R,

24 PERBEIKE RAVIEENLE K

2.4.1 pH WMEEMGE: O A CHAEFF pH W Ft
BRI IAN R 2, fe®) Yang 58 A FH LRI
nisin " AL 3 FRANE R, (HIFA T 41 H#
o 7 A A W [V A, Todorov TS A 8 Fh4H
FOH A B A TE I BREVE T, ARSI S I g AR
PR ZE AT nisin X7 A A WREER, B, af
DL pH W BRSO SR B STO . Fi T pH {EDGS W
VERA AR RS, 24 pHAETE 6.0 2 A7 I A
TR, TAE 2.0 2247 B 4 0 RARES 5 e e I, Jor LA s
B ool R B I RO BN pH AH, B PR e A bt
pH (B 2)FE AL b pH (32 3). Z5REW, 1E#H
BEERTA 2 STO X ™ A= 1 1) W i A pHL 5.5 B e e,
e pH 1.8 B, A 0 Bk SR A it

~ 700 T 116 770
£ 600 | 114 165

< 500 | 112 ]

> 110 6.0

g Hor los £55 =
g 300 1..91 =
£ 106 150

g on | ] :

8 200 Joa |

§ 100 F 02 [ 4
=0 0.0 40

1 BASKEMEEMRAEE(F)SRREK
(AE pH(A)Z BB X R 4

Fig. 1 Growth (A) and bacteriocin activity (%) of Strep-
toccus thermophilus at uncontrolled pH(A) at 30°C
800 - a— Bacterial suspension 425 -
] r a— Supernatant o
g 700 = £
53 o0l 120 55
zE 00T 2%
22 s0f 115 £ g
8T 400 ¢ i 3z
=8 300 s
< F 17}
T E 200f ls B2
sg . S3
g 3 100 r o g ‘g
0 23
~100 L A L A L : L . L -5 o
4 5 6 7 8
pH

2 pH X ST9 STk E IR FMHE R 8IS0
Fig. 2 Effect of pH on the adsorption of ST9 onto producer
cells
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242 SRRENEENMERR: B pH WL R4 FEAMEIKEER ST R
%?%*ﬂ%@ﬂ Sephadex G-25 @%HﬁlE*ﬁﬁfo Lﬁi Table 4 Purification table for ST9

MR LIl

1.0 mL, % 0.3 mL/min, 5 min WHE—%, L5 i AREET L bure extra.
BRI A A I T P . 45 HE%M, 110120 min Samples Supernatant “rycon  tion
T AR A0 VR A S TR TS P . TR A A TR IS T Y f‘ﬁf’; ASiV“y it 20 640 960
N T ey s N Y iy e v il
WA HEATES 2 R A, BEAERE 1.0 mL, Ji X .
S ” EEVRIL Protein concen- ) hoqe 0.678 0.187
1.0 mL/min, ZER LA 3. 2 E, TEES 3 ALk By tration (mg/mL) ’ ’ i
W B oA PR TG I, B Sk 2 R R 0 A Volume (mL) 100 2 1
2.5 BEHREIKEESX (tiﬁjj ?p“iﬁc Eety 222.7 944.0 5133.7
mg

M 4 FTLEH, S8R ZHE MR M s —

S, (AR R HER A ST, B e A 19908 280 900
’ ’ 33 Yield (%) 100 64.0 48.0

R I9FRHN 64.0%, SALRTECN 4.2, ZRER)=HT 4l kA4 Purification fold 1 4.2 23.1
JG, 1358 48.0%, AiAAEEGRE) 231 WP T
pH W BRI FHBE S JE T S G T A i = iy 4lifl .
2.6 PFERBEIKEZ STI 2 FERNE

B oy B i AL g IEEBR B R ST9 KM &l
Tricine-SDS-PAGE 4347, gLk B3 WAl 4. &
1% B /84 Sephadex G-25 B )Z T 5 HORR i 5 B —
i, S F R4 5.0kD.

&3 pH X ST9 574 & %R M 4E A RIS 0

Table 3 Effect of pH on the desorption of ST9 onto
producer cells

it W ok I 22 (AU/mL) Activity unit after

pH desorption of ST9 onto producer cells 4 Tricine-SDS-PAGE 5k 43 47 [l itt
2 A R 147 Bacterial L Fig. 4 Tricine-SDS—PAGE of thermophilin ST9
Control suspension Supernatant Ve 1 WEHGHEER TN STO: 2: {K4h T4 Marker.
1.5 0 0 40 Note: 1: Thermophilin ST9; 2: Low-range molecular marker.
1.8 0 0 80
2.0 0 0 20 3 %iﬁ
2.3 0 40 0 e . e s e e
L . o . 2 o 05 S 1 TS A BR T 40 7
R % R B B AT b . —HOR B, S A LR
o0 b AT 2 7 28 L % P B T A R, AR S
018 |- 45 5 Klaenhammer HRF 5T AR —217,
el SN B R UK, T 25 T o
Sonf %, PR, RRTERSK pH U FELA R B 0
g oy N\ ,/\\/\ PE, FLA/AN FREFI(< 10 KD), B LHF
el ) N ST 0 B BR 22 B 4 — R AN T T
0.04 F Tt £ R DT 06 55 v P A B NS, o
i I FEIESSIL T8 PR AN . BRI, 7 A2 iy
ST P LT T T E S LR K BE— BT R, LUAR W R TRk 4
¢ (min) B2, IR AR FLBEE G LA R X 2% FC T Pk T
3 FHIR/E T Sephadex G-25 B E A BT E BRI RIAE FE -

Fig. 3 Crude extraction treated by the Sephadex G-25
column chromatography secondly

F T A TR ) o RE S W M B AR R b, JF B
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TP B R AE— 2 pH YU EIEN, 24 pH 5.5
BF I R SR, T 24 pHL 1.8 B R 65 52 4 il W Bt
FIRLA, ASCRIF pH W B ok vk FLEA T TR O
BREEZ W H R 2 K nisin 277 FIH i atifb ™),
B MR 2 Sephadex G-25 BEIEZ AL ik )5 15 5
HAWEENR—F . sifb)51EH R 960 AU/ML,
1335 48.0%, alifbff%ch 23.1. £ Tricine-SDS-
PAGE 7 #r 5 8| Hoor 5= 2978 5.0 kD,

& P BR A (Streptocccus thermophilus) CGMCC
1.1864 >k AWy, HJzs A, wH T UhH &L R,
T U B BT P g IAEE BR B R STO BEREAE4L) pH Y
ORFEIE M, S A2 T A K, X A 75 PR A
F BRI AR Bk, E— 05 R A B
FR, I 0 2 LA R A B ok 4 T 2K A A
Vs A RS Mk A R, A TR R A K T ER BT R X
it 1R 5 I D % e e 2o 8 v 4 B 2 AR A O AE
I K SE A SR TS AR R TR S LA TR R AR
st P ) N 9

2 £ X #
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