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el F AT EARSNE B RV o B AL R A HT-29 ZRAR
B5E1E RV 3T

=iZ, 8%, 15, Bk, &5, kI8, @i, FBFRKHF
(RETLKFAMBEREESAFEFR, REFTRSAYRAELZHET, K2 300134)

2. A4EiTeE B SLATH (Lactobacillus acidophilus ) £k #4948 % & & /i A ARSI A A5 09 H 481 R, ABFZ0A L. acidophilus
VAR %, BERIERFIFIINEGFEZ, KA Sephadex G-100 #IZEATHAL, IEMSNEG BB, AX L HHE 5
SDS-PAGE 7 4 A ME & F AU SRS TE, RERAWERLELENITEMTT H)EEEFE A4 HT-29 minsgsh
a9k ). FIRET, 4% L. acidophilus /9 E & RIFAANRESE, 4T 2484 67 kuf= 37 ku, &24-%2% 0.066 mg/mL = 0.021
mg/mL, ARFRE (0.001 ug/mL. 0.01 pg/mL. 0.1 pug/mL #= 1 pg/mL ) &9 67 ku #= 37 ku J&INE- @ 5-FI5F HT-29 2afe 8 12 h. 24 h.
48h F= 72 h, ¥R FIPH RIS IAGVER , LI B 4GB E A AR MR MAL, ¥ 1 pg/mL 49 67 ku A= 37 ku e & & 2t HT-29
anfie e 48 h &9 4] o 5] 4 (38.4121.94)%F(45.06241.58)%. 4: EFTiA, E4KIZFk L. acidophilus T KAFAAAesb &G (BP 37 ku Fo
67 ku), Hx+HT-29 tmptsg 7 BLA REIAZZ a4 RV R, 2 37 ku BN B & 694 H1VE R 455%.
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Abstract: To explore the related proteins secreted by Lactobacillus acidophilus and their functional roles in promoting gut homeostasis,
the extracellular protein crude extract was obtained from L. acidophilus solid culture, and each fraction of the extracellular proteins was collected
after purification and isolation using Sephadex G-100 gel chromatography. The amount of protein and molecular mass of each protein fraction
were determined by Coomassie brilliant blue method and SDS-PAGE electrophoresis, respectively. Then, the inhibitory effect of each L.
acidophilus extracellular protein fraction on the proliferation of HT-29 cells was investigated by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay. Two protein peaks were obtained after purification, their molecular weights were 67 ku and 37 ku,
respectively, and their protein contents were 0.066 mg/mL and 0.021 mg/mL, respectively. HT-29 cells were treated with both 67 ku and 37 ku
extracellular proteins at concentrations of 0.001 pg/mL, 0.01 pg/mL, 0.1 pg/mL, and 1 pg/mL for 12 h, 24 h, 48 h, or 72 h, respectively. Both
proteins showed an inhibitory effect on the proliferation of HT-29 cells in a time- and dose-dependent manner. Among the tested concentrations,
the inhibition rates of the 67 ku and 37 ku extracellular proteins at pg/mL on HT-29 cells were (38.41+1.94)% and (45.06+1.58)%, respectively.
In conclusion, L. acidophilus cultured on solid medium produced two types of extracellular proteins (37 ku and 67 ku), which inhibited the
proliferation of HT-29 cells to different degrees, and the 37 ku extracellular protein exhibited a relatively strong inhibitory effect.
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MERR FL AT 15 (Lactobacillus acidophilus) B 44 K
FRIR, N IRBHYER; /0 JSHA N AATE R FUAF
WE; EEAEKIREN 35~38 'C, EH pH HN
55~6.0, HEABGMINERYE, HMAEKEHATAY
Zil5 A 5 THI 2% B R R) F 881 267 B R SRR 55 2 P Ak
AR AR, ok DL LR BREARMRAE Jigat.
[ NI Z TR, L. acidophilus FL A i B BRAN
AR ERIRE ST, BERSIRFLES A B fmiE /55, 5K
B Fils S 1 25 A R i Th g2, Rkl A i
ISR i N BT 22 PRI, R AR (1) 528 75 5
BEACAE B IR, SRfRLEANTRE,  [RIE R
A P R PR R L A K 1 Y, DA B
U MR S SR UL B R e T

HAl, CHRZHIARN, AR RNtEY
BARRORTEN, Reibimiifas. mEssl
WF 0 R PRSP0 SLAT B 70810 43 4 1) i 4h %2 -1

(EPS-1) i 72 #%-2 (EPS-2) XHMAAMEFR ) HT-29
YT A I B S LA B R AHIE B M Ah 2 hETR
JERIIEIN, R E R, AR R 2 b
-2 (R R e T IRAN  RE-1. TR R R 7k
B R 20k ) TR LA B KL 20 R i o 2 4, 3ok A
Sl A A HCT-8 FBEFE AN A1 S AN H T
Fi CCK-8 VLA MIZN MY 7, 45 R fash 2 MR 2%
BEAIC HCT-8 3G Jy ) L35, H A sl K=
LI . Annexin VEFITC/PL &k
AN T, R I ~h 2 HE A R 2H 1B PEAN i B
TR, W A 2 A AT 5 S HCT-8 41l
TR A, I HCT-8 4 fIH5E. Schlee 2
OOV s e R LA 1 PZ 1138, RIZFLFFI PZ 1162, T
Pk LA T T4 LMGP-17806 734 H it — R B 1 2
F, SERAIERHE R LA S B4l B k-hpsD-2 5y
W 77A hAD-2 [ FE /2 HH NF-«B Fl1 AP-1 53 kA=
1, HAZFEEZYS, ©% MAPKs, ERK, p38 fl
INK, s JEighk IL-8 B in. A Szl
FFE# STp RRFIBF LRI, 2K A s it 45 i 4

(UC) ittt SR Am o o

A, R I AN I 4ERE AR
JE RS AR i R R e 5 7 A2 AT M7 =N e g
WARRAEER, R— MR EZENREE RS, AT
PL L. acidophilus fE v ®F 70 XF %, [ k85 5% L.
acidophilus, F7r B2t HRIEMMIME R YIPIR
oA AR xS B R AN s TR, AN
ST RL A FH 25 A 1 W R B e J A

1 MRSREE

11 MR E50E
1.1.1 24457

Fh. W& W2 FL KT 5 (Lactobacillus acidophilus
CICC6005) H H TV A A= Py A R O s 4
Nkl HT-29 20, 6 BVLI5 5% IRAEIRHE A TR
Ay Bl R BT ERTIA)GEFRE (g/L): K
A, VIR (1858, B4 CUKFH8~12h =
A BT, DA ERIER, B AR F T 50 mL,
FERENY 59, 4R E 109, FBE 209, @b 29,
iR 80 1 mL, BERZYN 5 g, BN 159, ZKINZE 1000
mL, pH 6.840.2, &K 121 ‘C, 20 min; 57
HT-29 40 Kk gs3E: 10 mL G4 1iE A1 90 mL £
R RPMI-1640 £5 775500 5]; 40 7: 5 mL fig
A0 . R 4 mL RPMI-1640 5353470 1 mL 10%
DMSO 7#%J; 5% SDS-PAGE ki (5 mL): 30%7A
iR (0.85mL). 1.0 mol/L Tris-HCI (pH 6.8, 1.25
mL). 10% SDS (0.05 mL). 10%id #if&4#% (0.05 mL)-.
TEMED (0.004 mL). X #&/K (285 mL); 12%
SDS-PAGE 7355 (10 mL): 30%A )Mk (4.0 mL).
1.5 mol/L Tris-HCI (pH 8.8, 2.5mL). 10% SDS (0.1
mL). 10%id#RER% (0.1 mL). TEMED (0.008 mL).
M7E7K (3.3 mL); MEMEEE (methyl thiazolyl tetrazolium,
MTT). —HIEEFAK (DMSO). Sephadex G-100 %%
PEEER:, B RZEERHARAR; FEER
# G-250, Sigma A7]; SIGMA-ALDRICH A& &
WG, AL BN R A TR AR .

112 EB2UBEEE

3K15 A% 0L, Sigma AF]; HD-5 Hifix
AN,  EEP T IGER AR A F s BS-100A
iUy, Bl i A R A A
BT-100 fHiZE, PP AR AR 4
O, bR ETE A AR TTE AR Thermo
FiikniX (MuLtiskan MK3), Thermo A#]; CO, #%3%
% (HERAcell 240i), Thermo A,

12

1.2.1 L. acidophilus 497& b A=3E
PREORTEAR} T B A AR R ) TIA Rk
i, 37 CH&AMFFREFE 24 h, #3751k L. acidophilus. ¥
CUEALIY L. acidophilus 4% 1.5% 4 EinAn T ol R
TIA Bi373eh, 37 CHLIREREFE 48 he
1.2.2 L. acidophilus f&.5 & & #9442 IR
2 1.2.1 J7ikER )5, FIR L. acidophilus B# &
B SR E KM 001 mol/L B R £h 28 v i
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(pH=7.2~7.4), HERIRG & 2% 12T
T~ 10000 r/min, &> 10 min, WodE g, AP
—Ik, EIFLER, FH.

1.2.3 Sephadex G-100 #] a5t A AT
(L) R TALEE: FREL 15 g Sephadex G-100
R I B G E AR KRR, IR
Wi B AT AR

(2) 2k B E B T EATHE (1.6 cm>60
em)EEEEESLE S B, SO, NI 1/5
FE 1 PBS, A KT BRI BARIR, 121215
ANKEW, BRI, Rk 32T 2~3 cm /5,
FITFREIH O, RS IE S, R gk SR,
WL E R AR, BRI ANELI SR, k5 H
2~3 MERARFR ) pH=7.2~7.4 [£] 0.05 mol/L Hif& 522
DR b o Y S

(3) FEMITIALEE: HX 2.5 mL L. acidophilus A
ANE AR, 10000 r/min, IR0 10 min &, i
0.22 pm FIJEMR .

(4) ERERBe: B e Mar I ER Ik £ K 280
nm. TEEEE. EREREUE 05 AL EETEFRA
WG AT EAE S8, B AL &N i 4
WA S, 1EAMANE Bt— DAl FRE,
K EFE2mL, ERESEERRE MR LA 1 mL/min ()i
FEVEM, SRS E A 3 min E—, &I
P, UEKIMEAHNTISE.

1.2.4 Bradford ;=0 &4L 0N S E
¥ (SIGMA-ALDRICH & 5 &7 &b )
ARV PHATEAE, SIEbRESE O& = 0hadE
ek, FEME S RINE: HEFRZI 0.5 mL MEH
WHE TE S, SREFS A 5.0 mL 5 B ik
G-250 X7, 7E=#R N 2 min, LA PBS #lAEN
DR, T 595 nm KA I AR S RO
2l L M TIA R F 5 7R L acidophilus
fl FEE, FREPBS, AR
Bl BB
FR AR, He
L BE 2 Hi (Sephadex G-100)

#lift. 1 L.acidophilus U4 11

SDS-PAGE HLik %5
&1 FERRFLATEAESNE B S IR AR ROR S
Fig.1 Schematic representation of the extraction and separation
of the extracellular proteins of Lactobacillus acidophilus

1.25 SDS-PAGE WM& 4 & &0t 0T =
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SH M,
1.2.6 L. acidophilus &5 & o & 4t ey da R
FE2X,
FHRAHE T TR R 748, W52 T L. acidophilus
M4 A5 B EREU AR 925, A 1.
1.2.7 MTT %40 L. acidophilus f&4h%& & xf
HT-29 mie3% 54 49 % 7f
1.2.7.1  NREE g HT-29 4 E 75, ABAHELE
S 2SOV 95 5 B A R B TR 4 =4t
R FEEATIRAE, BE R B E R AT -
1.2.7.2 MTT ¥ER6 L. acidophilus 739 B4 & 4T
HT-29 21 15 58 (] 500
(1) RIGSrH: ¥ HT-29 Siflpmduulssiest
KA B0, BERRE K 4 4, B AA ((UE5Ese
BEFRE . XHIRAL (A5 HT-29 41« 37 ku fshiE
FIZH (HT-29 41/3+37 ku flRAbE ). 67 ku fBshEE A
H (HT-29 4je+67 ku fasbEE ). 4 L. acidophilus
I B AL T AR AR A e A RIS AER T HT-29
YA, 67 ku fRANE FIZHAN 37 ku BUAEE A 4L HE T
4 0.001 pg/mL. 0.01 pg/mL. 0.1 pg/mL. 1 pug/mL 4
ANREELH . A48 Mosmann g emeis (MTT) A
DUAS RIS B2 ) B &0 B A AEAS [RIB T) BE (12 h 24 h, 48 h
F1 72 hyXt HT-29 4t A K i 2.
(2) ¥ HT-29 ZHfiu#fE3] 10000 cells/FL, FF#2
T 96 LRk, BESL 100 pL B FRR%+ 37 C,
5% CO, 2k 1F 555
(3) #3712 hJ5, AMMRNLEE, Wl
P4 (1 56 A RS IR FE RO RS [RIVR PRV ol in 2]
XERIFFLH, RRZH 6 N L.
(D ER TR IE, B 20 pL MTT
W, T REFFERIE 4h.
(5) WL AR, BN 100 pL — S
TN (DMSO), fEfi# LiE% 5~10 min, ¥Af#L
snfA, 7E 490 nm FIEBOCEAE . THEHIHIE.
(6) MIZITE: #HE (IR%) = (1-hnZ4d
OD agonm 1EL/X B ZH ODagonm 1B ><100%
128 %itF ot
] SPSS 17.0 Gitt iAot SeiaBids AT /0 A &k
B, BTN T E A LSD £ E Ebfg, AbHigh R
DIERIEZE ( xas) TR, € X (p<0.05) NZE AT
Gt m o

2 R

2.1 cEBRANE M ANE BB RBFT R
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211 “EEBMIHF I E G RIS Sephadex
G-100 #IREAHT 45 R

FI18 1.2.5 7953545 L. acidophilus f4hE FfH$
Wi Bth 5IRGA G, WK 1.2.3 BERENT 20 A1 5 1)
IEWGHAT A, AR E AT Bl RS 25
ho RS8R SR IR B 25 A MR S RE T R 55 »
AT LAE 2 EHT S oy A A B e e (an i 2
FIoR), #4468 A 1EE B I&, 7 RIS R,
F2H8 1.2.4 501 E R FE 437012 0.021 mg/mL.
0.066 mg/mL.
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Fig.2 Gel filtration elution profile of the extracellular proteins

i

of Lactobacillus acidophilus

2.1.2 SDS-PAGE M & & 0F&

1 2 3

170 ku
130 ku S—

100 ku —

Tk .

55 ku W—-

40 ku S—
'

35 ku

25 ku -

15 ku A
[ 3 SDS-PAGE HLikZER
Fig.3 SDS-PAGE electrophoresis result
JE: 1, Marker; 2, i2s& G #4R3%; 3, £ Sephadex G-100

BHT AYE; 4, % Sephadex G-100 EA7 B ¥%,

3 % RS R SR S P 2 A B A o kAT
SDS-PAGE HLUK 7T,  FIWTRHAEM e i ZH M o b e 1 20
3o FERAN, GRWE 3 PR,

24¢
5ol e y=-1.1884x+2.2432
: . R>=0.97
20}
sl e®<~—07ku
= \
= 16k e e<—37ku
1.4}
1.2} *
1_0 1 1 1 L 1 1
0.0 0.2 0.4 0.6 0.8 1.0 12
IEX

E 4 EAREN S FENN R SETHRNIR EZ
Fig.4 Standard curve of the logarithm of protein relative
molecular weight and its mobility ratio

PSR )5t Marker H 8- 2 FIERS 36 X AR REAARR,
DAAH R 731 S O ARPRE B, 193] — bt i 22,
Nkl 4. ARIEE 4 /520K A A > 78 SRR
KETTHEN: IgM=-1.188X+2.243. AT L5 L.
acidophilus MiAMEH 7T, WI7TEiREY], K 3
2 FRAN R FRLER 4 Sephadex G-100 Btk 2 AT G %
SESRIFH R IR AT - 15 B4, 22 SDS-PAGE
M o752, e A WshE R A 11N 67
ku, BUEH14ME A4 8701584 37 ku.

218 L. acidophilus M/ 1 7 BS 2L IR B 22
RAFIAME A& 45r (67 ku 1 37 ku) 435l iEA T
WAR, TRNVKAR-20 CLRAE, #%H.

22 MTT A4 N v B AT & M s & & xt
HT-29 4m A 34 78 6 1 A

AR 1.2.7.2 BIRIEFE 715, #60 L. acidophilus 4334
MRS D HT-29 4EARIMEEIIMER, DHFiss Rk 1
M 2,

1 67 ku BESMEEXT HT-29 4EREHIHIVER
Table 1 Inhibitory effect of 67 ku extracellular protein on HT-29 cells

67 ku s B ik m fleL A KA E 1%
F/(ng/mL) 12h 24 h 48h 72h
0 0 0 0 0
0.001 5.A7TH.77%* 7.6142.17%* 13.3942.20%* 13.430.96**
0.01 8.74:41.29%** 13.2023.20**" 21.164.81**" 23.6140.63**"
0.1 12.04:H.77%% 18.6042.49%**2 29.23+.78**** 31.0840.97***
1 14.67+.89*** 4 23.2843.05***~ 4 3841494+ 4 37.1240.7g*** 4
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JE: Oug/mL AH3tBBLE, ** R F5afRLLkAR p<0.01; +£75 0.001 pg/mL 2827 2% (p<0.05); A £F75 0.01 pg/mL 48 %27

B# (p<0.05); A%RT50.1ug/mL 482 F2F (p<0.05).
HHE 1 (45 R LUE H, ANEIAREE (0.001 pg/mL.
0.01pg/mL. 0.1 pg/mL #1 1 ug/mL) 67 ku MushE (H1E
FHF HT-29 4Hijit 12 24. 48 #172h J5, L. acidophilus
YU 67 ku JAME X HT-29 2 A= K S A
(AR B OC FFTIS [RMREK S, I H. 67 ku ffafhig
A TR 5 AL 4 A R 2 5 0] HER LA LE 3 A
WREEZS (p<0.01). NEAKERZEE, NH
LSD V2347 2 S LA T RoR, ANEVERIR B L
B¥HEBEEER (p<0.05); MEARTERRSE, BN

F LSD v:3#7 2 E LA IR, Mk FE 5 0.001 pg/mL B,
12 h 5 24 h (Pf R 2 Ao R E 2R (p>0.05),
48 h 572 h SR TEREMNZES (p>0.05).
I, 25 1R L. acidophilus 234 67 ku fufhE
FO0F HT-29 ARG S5 Sl g A 7T, e 48 h
VeI R Hoe &2 2 ) B B 22 7 (p<0.05),
TEMRFE 1 ng/mLAEF 48 h 16440, FAME I HT-29
S R A= K R 2R e N 38.41%

% 2 37 ku fSMEBXT HT-29 LRAEHHIVER
Table 2 Inhibitory effect of 37 ku extracellular protein on HT-29 cells

37 ku s & sm oA KA £ %
K (ug/mL) 12h 24h 48 h 72h
0 0 0 0
0.001 7.564.17%* 11.974+.74%* 18.264.52%* 16.78H.79**
0.01 10.50-H.43*** 17.704.16*** 30.004.25%** 31.60-41.68**"
01L 13.90-H.67*** 21.974 48*** 38.0041.01***2 37.204 31+
1 17.36:H.51**"2 4 24874 74**0 A 45,0641 58***4 A 42.874.98%*2 4

JE: Oug/mL AH3FBBLE, ** R R 5afRLLAR p<0.01; +£75 0.001 pg/mL 282 F 2% (p<0.05); A &5 0.01 ug/mL 8% 7

2% (p<0.05); A%RT501ug/mL L £F2F (p<0.05).

ANFHREE (0.001 ug/mL. 0.01 pg/mL. 0.1 pg/mL
A1 pg/mL) 37 ku fE4bEE/ER T HT-29 41 12,
24. 48 F11 72 h J5 (4HMEFEADH 2 a05E 2 P, 37 ku
HAhE IR HT-29 i r) 2B K2 5 67 ku fadiig
X HT-29 AR AI1E FHEEAHRAL,  SURAIRAE KA
FRHEWE, B 37 ku fSMEEWREN 1 pg/mL /EH 48
h, X HT-29 20 i) A4 KA 2IE ) 45.06%
3 g

MERSFLATEE (L. acidophilus) & A4z i i) &
FAEY), eSS MR R S M R R R ST ),
WA R R G, (it bR T Rk K,
SO E TR T IN T FAPRYST LA K o1 Frfrag 240 B ) T2 R
N k19 (i ve St Rae 11 0); LN A= AP
Z 5T AR Rz, AAES51E E R RGN
TEF S VR B RE BRI Th A, Sl i sh L AT LA
BB . MAMEE W DMEAY et A T igiE
PR VAV R IR T, R TE R S L B i
PIRTRAE T — 2B A & . KHARLK, AT
Wi A el th e 4, BANRITVE R R T ik
PRI 25 26 TR A 6 i b % 200 Pt LA A ) 8 P
71, X —HptE N 1 B a0 % A R,
2> FECE AR NGRS, NEEER MAE, FFE LR

60

GRS . R, JF A W s E At i ST
K R H 2 i S A OSBRI BT v B R AMAE
[19]

AHI TR F [ 2585 77 10 77123 B L. acidophilus 4
WHIMRAMEE . BFTIRLE TR SRR AN R B
AN R R A (BRI BIE (TIA)) #5397 L
acidophilus, 5F53R1F 1 b e B HEHE#5 2 K T 1 IR
R, IREEE O I RUTNE, R EIER, DAESE
AR EE 5 QLB B BARRIK . FRATE I IR R
Sephadex G-100 {FAMAME B B, [RIN @
TSI B ST RS BEAT | IR, &4
7€ Sephadex G-100 %2 )= 73 1 L. acidophilus () ffd 4k
EARKM R HEFHEA: 1.6 cm>50 cm, HEfk
FAZ97y 100 mL; PeMitii: pH=7.2~7.4 ) 0.05 mol/L %
FRERISW; FAFE: 2mLs JEAEHEML: 1 mL/min. 1%
I A ) SR AT R AR B SR TR AR . 20
Sephadex G-100 #E/5 247143 5 F1 SDS-PAGE HLJk ) 73
W€ , UESEPR AR A ME 40 53 151543 01 67 ku
A1 37 ku, HEESES MY 0.021 mg/mL Al 0.067
mg/mL.

BRI, MTT A I 45 SR A HERf 1t 32 S AR 4
(I MTT 0 B S it 1 5 R 2R s 4
Mg D, HZE R EAELIRIL,  T4e i R
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%, W] e B T4 A A Ko % i R A AR KA e B R
PR, IR ZE . 8IS TSER R I HT-29 4
M eI A 10000 /NAL,  [FIRS PEAg 1] MTT
{10 FH B S B N R S5 R 2%, BRI i 5 SR (R 52 o

ARFFUEE R MTT 535087 L. acidophilus #Ff
HME IR HT-29 A r) i d I, &5 R4 mmifh
i AhE I HT-29 41 A= K 2 B0EH S5 R 751 2 Ao
FARNI TN . 67 ku A1 37 ku Fu#h g 1 IR )
£ 1 pg/mL WPERFIE, 1EM 48 h 56 4F R X HT-29
AR A A 225 I8 2 38.41%F11 45.06%, M1
HISREE 0T 37 ku AET 67 ku FOAE I RCR 0 HT i 7t
SZERTRERA: (LD 2 TER/INNEAS HT-29 4
LTI ) SZ AR (530 77 B8 1, 37 ku [ M4 1 R iE
Tk R R N AR DG E S s A R O R 1 AR
5 KB, MR AN HT-29 20 g 58 B S s/
1, (2) 37 ku FINIANE 2B A A 35
BEA, MNifisen gt B G B R A
MO GUS MHtFE. dHukn] LAEWT, L. acidophilus
S3 VAT LA B 1 35y m e A 200 K A B DA
SR ERA IS (BT N R4 I HT-29 41
IR, RARFAE ML v R — 2D 7R
o

4 5P

H T A Ao i A B A M R AR R AR e
AHFFELL L. acidophilus AAFFENT G, ZEZSEF=A
SephadexG-100 B /=0 B )a, K13 TE2 70N
37 ku. 67 ku FIMARIIRANEE (ALY . IX PR ET IR
HT-29 43y BA A AR R R AR E A, Ho
37 ku AR B BOFISIE AR, el 50%3MH]%E .
MTTHHERTHE, L. acidophilus 4334 (i 7185 3 2 AT 1]
HT-29 4l A= KA o
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