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Extraction and Identification of Extracellular Proteins from Lactobacilli and
a Reference Extracellular Proteomic Map of Lactobacillus paracasei 1.14

Zhao Wei Guo Huiyuan Ren Fazheng Chen Shangwu
(College of Food Science and Nuitritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract; Lactobacillus extracellular proteins are key molecular factors in promoting the probiotic-host
crosstalk and signal transduction. Their extractions and identifications could contribute to unravelling the
probiotic molecular mechanisms such as adhesion to intestinal surfaces, modulating immune response and
enhancing antagonism towards pathogens. A protocol based on trichloroacetic acid ( TCA )-acetone
precipitation of proteins was presented and optimized. The method was tested on seven Lactobacillus
strains after sodium dodecyl sulfate — polyacrylamide gel electrophoresis ( SDS — PAGE ). The
extracellular proteins secretion capacity of L. paracasei SW2 in different growth phases was studied and
some protein bands were selected for identification by tandem MS. The extracellular proteome of
L. paracasei .14 were analyzed by 2 — D electrophoresis (2 — DE). The results showed that the final
concentration of 6% TCA was the most suitable for extracting extracellular proteins from lactobacilli.
More extracellular proteins could be extracted in the stationary phase than mid-exponential growth phase.
Three of extracellular proteins extracted from L. paracasei SW2 were successfully identified. The
extracellular samples extracted from semi-defined medium (SDM) could be analyzed by 2 —DE. 130 +10
spots, corresponding to about 46% coverage of the predicted secretome of L. paracasei, were detected in
the 2 — DE map of L. paracasei 1.14 extracellular proteome. In conclusion, this study preliminarily
established the extraction method and 2 — DE analysis system of extracellular proteins from lactobacilli and
paved the way for a more comprehensive insight into relevant research.
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FLAT B ( Lactobacillus ) J&—254% G + C &1 2
“RMHERE, R TEMNE P RE -FAETE
( Clostridium-Bacillus ) 4y X W By fi§ B I
(Firmicutes) "', FIRAFAE T 2L 5 (N2 R IBEHE 9
B LSRN Sy 1R B R 3 R
N W FLRE R Z — o FUAFWL g BAE N A
R Z AT ' Tk, BAT K| R | s
£ R A 5 T RE | Bl I 4 R AN A BT 5
WA E R AR Z X AR @R A &5 04 B hE,
A FLAE R 2 AR 25 28 Bz BT AR R

20 TR AN AR R A RO R S IS R LA A
R4 i 3 200 B D A7 AE T 200 i % T B R R i A
b — R B R R AN AT L
2 fid i RS R 40 i G B 2 i A A 2 0 G, AR R
i 1 3 T 5 O g U T A i A D RE O T R 4% R
VEF, 2 A5 1 220 0 03 7 58 B AT 05 5%
SR EE S TR A AR O S 5 LA I
SN B R TR AR ST FLAT TR B 32 A0 5 S A
PV HE UM I A i AR AR R R e T AL B E
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Z 50K W a3 40 M0 80 o 0 R R AR 1 R RS AR A .
SANCHEZ %" #f5¢ T L. plantarum BMCM12 Jfg 5h
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AT LU 25 98055 KW AT 18 ( Escherichia coli) F1YP ]
K B ( Salmonella enterica ) Xt 1 32 Kl I8 22 12 7Y kG Ft 5
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L. plantarum ff]—Fp i S5 25 (7T LIRS BE— 2608 5L 1k
HEL WK E A AAFE T B AR E .
YAN 210 F1 BAUERL 2 @ BF 58, % I T
L. rhammnosus GG F L. casei BL23 {3 10 HiL 7 p40
A p75 Y] LA I b Bz 40 i (TEC) /Y 25 13
Alket F ] g3 SR E B 5~ (TNF) 355 19 TEC ¥4 T2,
RARGIETITAERT o A, A RCHR I 43 B F0 4
FLAF B ML 1,8 o TR AW 98 FLAT B 25 2B VE I
Oy THLHI B E B Al . (H 2, H AR 2 0 5 AR
SE TP EAE W) LA R A0 B 4L BF S, i COHEN
SR SE T L. plantarum 1) 40 ML T 2R 11 41 8]
TEIEHT ST 1O RO AR E ) A A AR A O
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BE A A . A ORI E AN E B AR
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PO002 (1473 b 8 11 21, {H S 73 #4811 A
B,
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(TCA) N B 3% 48 BCFL A 1 M S0 3 B Ry 05 3%, i ad
SDS — PAGE 73 Hr £ 58 8 75 3% 102 FH T £ BCFL AT 7 Y
SN R A X AN [ A ) R BOCEL AT T i A R
R 0 WA R R 4T F 5T, >R FH MALDI — TOF/TOF —
MS X $2 U ML /1 3 A b AT 2858 IR S e s A AT
AR B b e BE— 2 R A RUR ALK (2 - DE) 2
Br L. paracasei L14 WIS E H 2, 8 2 FLAT B IS0
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ol I HAE E (BSA) 1 A Takara 23 5 B
W% JIPG & 4% . IPG buffer  Drystrip % 35 W . 25 1 i 410
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22l TGL — 20M BYARE B 0 HIL , 1 VP LA AR A 3R
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WAL, b Bt AT S — AV 28 ; UF/NVPL5124 %0 3 4t 7k
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R A P ol 2 T B MRS A 5% % 5k v i Ak, 37 °C
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(2) TCA — N B ULy L RIS E B S R
SANCHEZ %" 2"y Jy i CaE R o 305 b B ol 42
% 50 mL MRS K 328 T 37°C i & 855 9% 2 0 80k
Kb A 2 91,3 500 ¢ B0 10 min Y46 B35,
0.22 wm SRALIE R U8 BV R, INAH 43 2 — B
OB 2% DOC IR & ¥ 2] J5 T 4°C i & 30 min,
WA FE A K 5y B 6% (10% A 15% Y
TCA F 4CYLTEEH 4 h,13 000 g Z.00 B K 15 min
W AR ULTE , 4 AR AR OK N A ( - 20°C PR A7) 7870 Uk
PRUTTES W (T 75 B e s W Bk ) , 13 000 ¢ B0
15 min WA TTHE G 20 T A 28 KT PR, fF 25 AE
i PR AEAE —80°C VKA h 4 1 o 2 — DE ¢ f il i H: b
Z1 000 mL: 5 i b 77 56 48 WU A 3 B, Al AP 3R
[ o

(3) FLFF I MI5h 2 119 SDS — PAGE 4 F A i
SRR AT 100 pL 1 x Laemmli buffert*’
Ho RLUK B REEDRE AR L 15 000 g B0 10 min, Y 4R
Fi . TE 12% 5y BB 4T SDS - PAGE, |4t
20 wL.

(4) FEHBEE K SDS — PAGE L Ik 4671 i (4
J& F T UV (14, #i I ROSENFELD 25 1y
7 JEAT RS A R, 43 B LIHONG. 452 1) J7 9 5% i
MALDI - TOF/TOF — MS #1725 11 1 4808 , #1453 1Y
JIK B SCEG ] MASCOT #1476 NCBInr 4k 4 h
KR

(5) & [ B s A fE B e A
UniProtKB £y 4J8 J22 Xof %5 5 45 [ E 47 5 51) e X #1 3) E
ER, F e £ 4y # 8 fF PSORTD version 3.0.2
(http: // www. psort. org/psortb/index. htmL) X} % &
A RT3 W, 2 B PETERSEN 460
B0 5, T g 2R £k T T A SignalP 4. 1 Server(http
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H WA K

(6) FLAT TE B 125 1 1 R i) 58 D s Tk 2 68 i v
Uk (2 — DE) & & 57« B FiT ik TCA — P9 Hi 70 U 12 1l
FHIGE A RE R T 150 WL A A ] 25 99 (7 mol/ L Ji
%, 2 mol/L #iflx, 4% CHAPS, 2% IPG Buffer pH 4 ~
7, 40 mmol/L DTT F1ZE 1 B ] 77 Cocktail ) , 8 75
B J5, 15 000 ¢ B0 15 min B FE W, R
Bradford 3 ** il 5 2 (1 it & ik, 2 — DE 5080 2 i
GORG %71 11y 77 ¥ 1t 1k ke 1k, V% 40 13 78 4 F - it
600 g 1 5T AF a1 K AL W (7 mol/L JR &K,
2 mol/L Hiflk, 2% CHAPS, 0.5% IPG Buffer pH {&
4 ~7,20 mM DTT #10.002% % S5l HBREE

450 pL, 78 43 18 5 Ja i A K Ak & i TPG Jig 4%
(24 em,pH {H 4 ~7,GE Healthcare ) % 7% 3| 75 /K 1k
W EARAL I B KA 58 BUR K TPG I A5 56 7% & Ettan
IPGphorll #4755 — 1] % i 28 A5 i UK , WL VKRR 7 808
s BREAE 97 kV-h i 20°C, B K HL I 50 pA ; 55
R ELUG 2 GORG 4 i Jy ol 1PG iz 4%
TN P 48 E A7 P-4 s >R ) Ettan DALT six gE17 56
—1i] SDS — PAGE , 3% 25 5k e J5t B 3 B0k 12% , HLIK
FEFF B2 N M 25°C WG TR 0 2 W/ A%, A%
T 2 AR ST B & SDS — PAGE 3£ £2 ik P s
AR5 1T W/ 5%, H 2 TR B i 2% 0 Hi T 460
68 MG Y i 6 45 1 FL Bk 5 SR T Blue silver e €3kt
2 — DE Jge kAT G 40 0 i £

(7) 2 —DE E %5347 . F Image Scanner I1I $9 4
ASCH 0 1 )5 B0 B T B, R T3 A RS, o e R
300 dpi, LA TmageMaster il TIFF 4% = %y H S04, SR
FH TmageMaster 2D Platinum 7.0 ( GE Healthcare ) 43
Br 2 — DE BEBSAZR &, %10 F 7 28 A A U I 2R 17
FHXS 2 BE 0 A

2 BRESH

2.1 AEREFBTCA RNIAAERIEALER

539 R 2 51 & 3 Bl 6% . 10% F1 15% 1Y
TCA X 2 #RFUAF I bk SW2 F1 Z3 — 11 42 Ui 1 25
H ik SDS — PAGE 3 #r #5 FAE i, S5 2R A& 1
o BT RTE PR SW2 44 AR 152 h B PR SW2
MISMEE 3 bR 723 — 11 240 HE H 4 8 # ik
73 — 11 fbb 8 E M ol 8 H B AH X 7 i Marker,
H 15% TCA $& B e AhaE B 2540 (DLIE] 1e) 60
B RUIPUIESE 3 dom , (B2 550 1 SR K
DAY S B0 2 1 A5 B, X T MRS By R LA
B B, & A ZFA HLER Y g, 2 %
TCA PLIEHE HRCR, MW TCA JVE T 21
MRS $ 7= B i 24 it S 80, B 6% 1 10% TCA Jit
PR BUE AN E B (3 WA La FLD) JdE i
SDS — PAGE ¥ 7] UL i W i) 25 1 45417, {H & 10%
TCA 42y fd4h 2 1 SDS — PAGE B 3EAT) A # 73 [X.
W BT, EOKEMELX 5y, 6% TCA $#HU
SN A S5 A AT L R T, B TR S
JE AT, T AL 10% TCA $2 B 25 11 4570 5K
IR TR A T2 8 0k 1Y 8 1 45 A DA
Gy . DRI, B A 5 2 S 00 R T 245 i 4r Bk 6%
1) TCA & BCELAF i M A R

TR R Y28 I g3 B 6% 1Y TCA 2 HCHL
FF 78 M A0 2 1 2 75 LA 38 T, SR T 0t O 3 0 AR 5
50 2 DR LY 7 PR ZLFT R B AR 09 B A0 AR R AT R IS
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(a) 6% TCAFRER i

By ,i@ 1 SDS — PAGE 43 H7 2 (A%, 45 R an &l 2 i
Ro EH 0y MRS 5532 SE4R I 5 1 O 1 b 22 —
1152 bR C33 ARk PCA1;4 SR bR NLA2;5 2h
AR NL24 ;6 SRtk 23 —11;7 N bkE SW25 M &
I A X 43 F it Marker, fy 0] DL, XA 4 5 78 B
NLA2 2 FAFE 25 S0, e LB 21X 20 26 454
XA RE S AN E AL — R R G, —Fh
LR P B W AN (A R L, SO
JEMIANE & A T A A A M, TR e B8 P R T
JE 2o = M-S BOE SDS — PAGE I3 b & 43+ o X 5k
R b TR B B B AR . 3 A 6 BRTE B
S N e = X i RS Q= I v v | P
6% TCA —P T VE 1 AT LAAE Ay $2 BUFLAT 74 i b 2
FL A RO 35 BN T 43 B S5 A f SR BUHOR , AT LA
Wb 5 1 o B a5 G R FLAT O T Ak B LI A B R

YA 2
0 1 2 3 5.6 1 M

P2 7 #RFLAF RSN E B SDS - PAGE &3
Fig.2 Representative SDS — PAGE gel showing

extracellular proteins of seven Lactobacillus stains

22 AEEKBRIEATEEIERSER

N T WEFEA TR A= AU FLAF 1 20 o M A 2 AR
Bt , %t L. paracasei SW2 e X804 K H #H (600 nm
BRI SE 0Dy, 2904 0.8 ) FIAZ E ] (0D, 4
J 1.8) 9 MRS 85 3% i b M oh 8 B 73 Bl AT T 4
W, il SDS — PAGE 73 #r 3 FH AR i, &5 R A0 1 3 fr
N, B LS UKGE By IR ) IR pH E R 5. 552 5k

(b) 10% TCAREH i
B1 3 FpATR] BT & 40 4 TCA $&ICELAT W M S22 1 SDS — PAGE 8] 3% X Lt

Fig.1 Representative SDS — PAGE gels showing Lactobacillus extracellular proteins extracted with three TCA concentrations
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(c) 15% TCAREL itk

R FRAEW 4G pH (E 2 6.8, i B A A0, MEE E
(18] 3a) 35 77 W 4 R0 i Ah 2 B A A od d SDS —
PAGE 73 85t 29 14 5 8 1 450, 1 % 802E K b 1)
(& 3b) {07 B 29 8 258 1 24871 , AR W FLAT 18 £ %)
RO I8 B K 4 TR I A 8 23 0 M A, DX RO
PR E WA E B S . AR E S BT
W, e e O B AR, 2N
HEBR B EFRP, TR E AR R P,
T RESE I B 2 B 2R 0 FLA R M AN L AR E
B R AEE KB, 4, &% L. paracasei
SW2 A KAEA R b pH A Y 15 5% W h i) i b 8 E
AT, SDS — PAGE 3 85 AL i, K BTG IR &
TEAGE Wik J b B A K 3, w0t pH 5390 8 5.5
(VL3 1 S kiE) F1 6. 8 (LK 3 2 B kil ) 1
iR rh R IO A A ORI B R . X T
AE 2 T FLAT BAS S AR ™ R, 0 B ARk B2 1 R 2R
oA B 0T 52 M I R 52 ) B 4R B 40 0 A B )
RERTEL .

15 ikiE 25k

e

159k 25

—S2
53
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— 85

& 56

() RREHIIANECEIE (b)) NHCP RN E S ijaﬁ
B3 BT EEFLAT B B bk SW2 AR [ 2R K IBTHR i
i 4h#E 11 SDS — PAGE & 3%

Fig.3 Representative SDS — PAGE gels showing
extracellular proteins of the L. paracasei stain SW2

in different growth phases



238 & A Bl B ¥ i

2016 4

2.3 EHRELERENEEFZNNER

X MALDI — TOF/TOF — MS %} L. paracasei
SW2 & 2 ) 5 OB i Ah 2 B R AT S E , R A 3a
HER IR BT 6 A 4R (ST~ S6) BEAT ¥ 5E | i
AW 3 AEB R (K D) ,@id NCBI & 1R 4
RINEARHEA LY E LRV MEA R
R DR A 2 o0 R B I LR R AR, R SR
BRJE AR TR Rl Herp, 2% ST S6 27 Oy 240 i BE /K fift
T, O DL FLAT R I AN EE B, T2 I RE o0 i B R
BRI K Ss hRWHRE, 5

L. rhamnosusGG 10 ¥t J& p40 B 86% [A] 5 1
i3k PSORTD 3 # % 5 48 1 /0 0 4 i o o2 & W« 2%
7 ST AN SS PSR 1, Ak S6 AR . i — 2
id SignalP 73 #r %5 8 T4 2 & & A & B
59 I, 25 R3] 457 ST A S5 ¥y B 5 9 Ik, JF
O ST A5 = IS D) A7 s 7E 32 A1 33 fizz [a], Sl
A5 = IRBT UL i 7 28 55 29 i Z [A] ;86 & H 41
BA G TR, 20081, 86 H 114> 58/, T RE 2 d i
AR MR 3 WA IR A Fe 1w B A o g AT LSS AIE , AR
Sy AR IO W O LA AN EE

#£ 1 L. paracasei SW2 IS EARIELELER

Tab.1 Identification of extracellular proteins of L. paracasei SW2

K i 5 SR/ KU St hFat pl' 349 PSORTH'  SignalP”
S1 cell wall-associated hydrolase L. paracasei ATCC 25302 gi1227533092  49804.5 4.99 132 Extracellular A
S5 surface antigen L. paracasei ATCC 334 gi116493594  40777.4 6.97 96 Extracellular A
S6 cell wall-associated hydrolase L. paracasei ATCC 334 21116493820  23013.3 4. 86 202 Unknown I

TEca, g SXRIE 3 F I A BAT GRS ;b e d e LKy NCBLEOE A i A R A4 BB B US4 3R Aok I & 545 0y T4
S5 g MR T DU U T ) MASCOT {48 215 51 9 3 (1 BT 23 s h il PSORTD S3 47 453 31 i 26 1 50 40 i 52 4075 1 A il i SignalP 53 47 2 15

A E AT E SR

TIA 3 GRS R B E AR, v RE R B T R
JE vh B 1R B 5 A DR S 9 [R] 95 4 L 8 A T RE
Je % FRT SDS - PAGE 7r B H A 7 HE, — KB
ZOoATRBIR %A 1 AP DL B BT, I S e
B —2H 73 2 BT, AN BB 4E E B IR G W i BOHE A
PRI R H, 1 RBAE B O AT IR A A
FAMFEEIIERELE AL ZX KTy 2 - DE 4y
Mro
2.4 AMEBIEARENEER

K I Bradford 2 0 & 5 55 T2 & MU #5519
L. paracasei R L14 @AM H & &0, UL BSA hEH
T v it o) A B v ol 2R WL PR 4L A B R Ry =
0.018x +0. 014, R* =0.988, H 42 B M 4 & (3 k¢
st VS 2 R, TG 595 nm WO JBE 7 T B o 1l 4k 2
PEJO N o AR [0 05 07 B, 4 BT G 0 A o 1) W O
54T B T bR L4 AN & R 0.896 ¢/L,
AL AHBZF LA I ( Bacillus) & H 7y W8 (K T
ST 20 g/L) 0 FLAT R (A I AR D AL TR
K-

0.45
0.40 3=0.018x+0.014
# 0.354 R?=0.988
32030
= 025
0.20
2015
© 0,10
0.05
0
0 5 10 15 20 25
BSAR &K/ (mg mL ™)

P4 8 I s ofE b 2R

Fig.4 Standard curve of protein quantitation

2.5 AMHEMNMIEA2-DELR

S F FLFF B AR A IR R R B R W A
HEWRBEEREAR, N T RS R LR % (1 2 i DLIA B
2 — DE X AE A b RE B Bk, ALK R
L. paracaseifd £ L14 35 3% F 1 000 mL MRS ¥ 3%
RSN . R, R A TCA — P i L V€ 5 72
KMt MRS B 35280 42 UK A0 8 (1 B [ B 355 57
Wb &A1 2 RK A LR B DL R (6 3R A A Ay
RIEVLVE Tk, - HFEAL T MISME H 4R, 3 B
()2 R o 2 B X DL Gk 31 2 — DE XA i i B Y
SR ANRRIG R AT 4 L R AR

%% SAVIJOKI % [y BF 95, 45 A 2LAT W A &
8 IR0 K45 5, L paracasei L14 1 32 T &4
1% MRS [ 4 BU b 75 2, 25 3R B . TR ik L14 76

MWpH{Ej'JAL  pHIEHT
100 kDa '

\ : |

N L

i U

‘ A : ¢ |‘~ ) .t
‘ '!\\' X

| i TN

| sor b £,

| - '
12k0: [ i s

K5 L. paracasei L14 i 4p5E 940 2 — DE &l
Fig.5 Representative 2 — DE image showing extracellular

proteome of L. paracasei L14
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g B IR L AR I R A, AR SR IR i A 2 A R
A ZEPERT LK E] 2 — DE 2R, L14 JAhE A 2 -
DE [&35 W&l 5. 283 B 0 dr, A6 I 21 18 3 vh A
(130 £ 10) MEAF M. ZEANIMIEA R T2
PEAT B S i, 5l & B B # ( Protein
turnover) i S BUEK [ R /Y 4 T RS 8 & 2k
% ,2 - DE & EER > AR A E E AT RE SR T )
—FEE T, &% GILAD % %} Bifidobacterium
animalis subsp. lactis BB — 12 i #p&E HHAY 2 - DE
I3, M Y 96 A H siaTIH 0 76 i H R,
MR S50 A I 3 25 s 2 R 100 FiE T, AR A
ZHOU #°* g F 5t 3 i Mo ¢ 4 P4 41 %% 3
L. paracasei ATCC 334 43rh & H 444 219 A~ H
Bio &b 5, AL m ok B E A RA s
L. paracasei T4 73 W EE LY 46% . 341, A4 ZHU
S S5E 5 2 — DE 4387 L plantarum CMCC — P0002
F8 3 W5 2 AR I 21 28 AN SR, AS WS T R T
FMEASE N4 B2 2 XTRERZ i TR
AN TR B0, ZHU S5 8 R F oK o IR 0 € 03 0 2R
H, BAREBURE b A% TCA JLiE MRS o 28 R iy T
P AE R E HPUERCE N, R TR A EA S E
FI 0 W KB, ] e B01R 2 AR F B i 3 W A
MELLH i 2 — DE A 2], bRl A B 58 R H
TCA — A B O3 1 78 21 B B HE 77 W 32 BCEL A 74
SMEE T 2 - DE 387, HOR B4l A AR
I F A X 2 - DE B3 BE A AT T R

orbr, BT pH fH 4 ~5 57> ¥4 80 ~ 100 kDa
Z 0] XA A R B AR A R, O X R
FUREASERE T A S B Y 62% o Al WL, L. paracasei
L4 fsAhERR S A REMN R FEREER, X8 F
JEE A M S E TR E AR Hit,
TELLJE TS8R, al LR 23 1 i 0 25 B X 2 K g3
TR FEEEAHELT 2 - DE 24 A0 T HE
Uy oA A A o

3 HWRIE

TCA —PA B UCHE i 2 4 BUFLAT 1 i O 8 1 i A
BT R A TR B0 6% 1) TCA & BUSUR Bt
O BRAR, nT DU D B ECPLAT R M A 2 R R AR T 9k
MG E WS B P FLAT AN R A M S o 5,
Je P CPLAT B Ah 8 3 A9 B R AR K o o M E
IR 2 W1 I A T A S TR D LT R R AL I A
HH. IR ES 2 WRE B, Mo E B 0
AR T /Lo KFUAT R IR TG R h B K
R4 H oAl IR B AF & 2 — DE # i 2R 19 i Sh &
1, 38 2 FUAT B A2 2 2 — DE B3 43 BT, BT A
M Ah R B 24 0 23 0 A B RO I —oF
RRFER T LA MO EE A A S IR A 5 . AR SCH)
AL T FUAF R AR 3 RS > B M 2 - DE g3
Brik 2, 9 TR AT J& 3L AT B M A1 2 FAH S B 72 28 5
IE e

& % x Wt
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