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Expression, antibody production and species specificity of
SpaA pilin subunit from Lactobacillus rhamnosus
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Abstract: [Objective] To obtain the polyclonal antibody against SpaA pilin subunit from Lactobacillus
rhamnosus, and study its species specificity. [Methods] The spad of Lactobacillus rhamnosus GG

Foundation item: National Natural Science Foundation of China (No. 31371806); College Natural Science Foundation
of Jiangsu Province (No. 15KJA550004)
*Corresponding author: Tel: 86-514-89786037; Fax: 86-514-87313372; E-mail: yangzq@yzu.edu.cn
Received: August 14, 2015; Accepted: January 08, 2016; Published online (www.cnki.net): January 11, 2016
BEETIH: EEARPAIETHNo. 31371806); TLIRE FAL [ ARHAIEAEI H (No. 15KIA550004)
*BITIEE: Tel: 86-514-89786037; Fax: 86-514-87313372; E-mail: yangzq@yzu.edu.cn
ItS BHA: 2015-08-14; #EZ HHE: 2016-01-08; HisE%i= 4k B #(www.cnki.net): 2016-01-11



KIS BUEFLAT T T SpaA MEAEMIFRIK . HUIRH & SO FD & fr 5+

(LGG) was amplified by PCR and cloned into plasmid pET-28a(+). The resultant plasmid was
transformed into Escherichia coli BL21(DE3), and the recombinant SpaA was expressed by IPTG
induction and purified by Ni-NTA column. The purified protein was used to immunize the BALB/c
mice for raising polyclonal antibody. The SpaA presence in 18 Lactic acid bacteria (LAB) strains
belonging to 12 species was detected by indirect whole-cell ELISA, Western and Dot-blot assays.
[Results] The recombinant SpaA was obtained with molecular mass of 36 kD as expected. The
antibody against SpaA was generated with titer of 1:12 800. Western analysis showed that the antibody
can specifically react with the native SpaA. Among 18 LAB strains, all of Lactobacillus rhamnosus,
Lactobacillus casei and Lactobacillus paracasei strains showed positive reactions in the spa4A-PCR and
RT-PCR detection, while only 3 strains of Lactobacillus rhamnosus showed positive reactions with
SpaA antibody in whole-cell ELISA and Dot-blot, and none of the other strains had obvious cross
reaction with SpaA antibody. [Conclusion] Although SpaA encoding gene was highly homologous
among Lactobacillus rhamnosus, Lactobacillus casei and Lactobacillus paracasei species, SpaA
protein was uniquely expressed and cell surface-exposed in Lactobacillus rhamnosus. The SpaA
antibody obtained in this study provide a useful tool for further immunomagnetic separation and pilin
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function investigation of highly adhesive Lactobacillus rhamnosus strains.

Keywords: Lactobacillus rhamnosus GG, Pilin, SpaA subunit, Expression, Antibody

FLIR I (Lactic acid bacteria, LAB)ZEFHIEAN
M lamiE AR, fE4EREE EERUES
S PR SR N R L IR AR K P R T
2AE U LAB 2 8 2 TN R % 4 9 (Generally
regarded as safe, GRAS)HIAED®, MASAFIFREE
Fes B TiRetE LAB JE HATDIRE & Mt
il SV 5T B s o BB FLFF B (Lactobacillus
rhamnosus, Lr)J& HRETHF5E 50 FHEBCARA R LAB
Z—, HPEE LGG EARE RN EFERE
BEMREER TN, B TR AN T
F gz B R R ER LGG WARSR T 4341
AHEBEEY, A SRR E T S R IE ik
IR, AL N 4 A5 B LGG A %
e B spaCBA FE , H4mtd =YY LA SpaA
IR AhCy, SpaB W FIRHS, SpaC WA F
T 24 IR H B4 BEARIFRIE SpaC
FAE S MR R A4 T EHEAER, {HX SpaA
1 SpaB W IERIIIRERF T AL IS, S —Jr i,
FERH 5B b spad FE77 B BE5HRY Lr R %
ESEL I H SpaA AR FEAEE, M,
ATV B WE AT T Do e Aar i e el K A 8 ) P
Wy, (ARRIEMMIRENYS Lr s X R
(B FLIR I 1Y JE R A A A TE spad 1175 B2 [R]JE

A0 e RN ) LAB o spad BEE ik, Jf
TERPRR Y K SpaCBA W ERPIZEH, HHETMA
WU A, SpaA FOFR B SIER T EE—
WSS o A SCHR IR R A% R B 4] SpaA,
il g5 AR SRR, I T SpaA PLIRMFNERE
S, I E A E Le A EBIIEEM ST M s
WEER AT B LA AE TR T H

1 MRS

1.1 ##

1.1.1 BE#KFARRL: Escherichia coli DH50., E. coli
BL21(DE3). pET-28a(+) 5 Hi 4 fh A8 S50 - 17,
FLIR T TR AR IR AR 1 R

112 FZRF: RN DI Neo 1.Xho 1. Protein
Marker, SanPrep #:2CF0k: DNA /N EhHE G0 &
DNA Bl 5 atifil & . B o S 9 il
DAB @I & . FIRER . IPTG ¥l [ L ig:
TAY TR AR ; T4 DNA # i . DL
2000 DNA Marker ., TaKaRa MiniBEST universal
RNA Extraction Kit ¥ I H TaKaRa 7 & ;
RevertAid™ First Strand ¢cDNA Synthesis Kit Il
Fermentas /A fl ; HUR IS ALY RE(HRP)PRICH T
B IgG W { R L EA Y TRARA T 6 ik
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BALB/c /NI A4 M K LA B2z bty s HAthis
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1.1.3  FE{L3E: BILON-92 HiH il 40 MOk L,
A A FRA T DYY-10C B HLIKAY, Jbat
TIAR—IES T SRR RS, LIl RAERHY
FBR/NH]; ALPHA 1-2LD PLUS ¥R THHL, 2=
Christ 2y F]; PTC-100 PCR %, 5[ MJ 28F]; ABI
7500 ZHaE f PCR X, £E ABI A,

1.2 A%

1.2.1 FTiEFHMARBIMIE: HIE GenBank T spad J¥
%), FIH Primer Premier 5.0 AT 514 Pl
5-CCGCCATGGGCATGAAAAAGACAATTG-3' (F
RIZ6 K Neo 1 BEVIN 25), P2: 5'-AATCTCGAGGAA
ACCATTGCGGCGCT-3' (FRIZ A Xho 1 BV
Mo KA CTAB 3:PHEREH Mk LGG P4l
DNA Jtit, HE17 spad i) PCR 944 VAR Z N -
10xBuffer 2.5 pL,25 mmol/L ANTPs 1 puL, 10 umol/L
EFUES 1845 0.5 uL, DNA ik 2 uL, 5 U/uL Tag
DNA Polymerase 0.3 uL, Il ddH,O % 25 puL, #4
FLFH: 94 °C 5 min; 94 °C 50's, 59 °C 1 min,
72 °C 2 min, #t 30 4ME#; 72 °C 10 min, PCR /™~
Y2 DNA GSHI &R H R BE, H Neo 1
H1 Xho 143505 H LR FT pET-28a(+) Bk 47X
fifit] ; 1 T4 DNA JEFE 16 °C i R m B o
K PGE I A )5 A E. coli DHS 0 JES2 25
Afarh, WAT LB AR FHREN S RIE R
50 mg/L), 37 °C 855, PRHCARE LTS PCR
YoE, ISR TR S, R S B
o B BUTURL (pET28a-spad) 46 i A4E T4 T
PR A BRA T AT spad DT %5E o

1.2.2 E4H SpaA WIIFESRIERAEWK: EKiLFH
pET28a-spad 54k E. coli BL21(DE3)E&Z 41,
Rz LB 1 (& RIREE R 50 mg/L), 37°C,
200 t/min F5 3R o KR FEYIHE 1%35FP T 100 mL
Hrlt TB 15373 (R ARE % 50 mg/L)Hh, 37°C.
200 r/min F55% B ODgoo i5F] 0.6-0.8, MAISEF
F IPTG (L4 E M 0.05 mmol/L), 37 °C. 200 r/min

%535 5h, 4 °C. 10 000 r/min B5.0> 10 min WeAEZH i,
PBS S ERA, VKA Y 40 min GBS 2's, [H]
B 4s, 300 W), 4°C. 10000 r/min &[> 15 min
SEVTTE LI . B LARH 6 mol/L xRN (pH 8.0)
A, AR Ai b IREE Ni-NTA-Sefinose Column i
BT,

1.2.3  SpaA HuikHl&: FralifbihEL] SpaA Sk
FER e R F L, KT 2809 %% BALB/C
INEL, REERIEE R 50 pg/H ;B URGRIE S A BITE
14 d A 21 d AN SR —ik,, EAHEN 554
AR FAL, AR 25 pg/H . 1
552 YOMsRGE 3 d s, HRHESRIM, 7% SCRR[15]
AYBEINGE, JFE MR, —20 °C fRAFE .
1.2.4 Western blot £ i BSA (FHPEXTR), 4l
FLIE AL SpaA (FHEXTHR)LL K LGG 4 i 24tk
17 SDS-PAGE HiiK, SR FHHUEZ BN 2R V% 2
FREFHE R, S%MEAEFLENA 1 hy I/ SpaA $t
ML (1:4 000), 37 °CHFHE 1 h, TBST ¥k 3 IK,
10 min/¥X ; Jil HRP FRic (9 £1 B 1gG (1:5 000),
37 °C A 1 h, TBST Vi ; AR i E ALY DAB
W AAGRH & T DAB A6, BEF B T,
1.2.5 £E ELISA #&0: 25 CHk[16])H# 7 2
ELISA J5 @ AR ZLRR A AR 5 SpaA BRI
it AR EEFE MRS 32507, 37°C, K
AREPEE R FE 1824 ho K554 4 °C .10 000 r/min
2.0 10 min WA RIA, F PBS ¥ & 1A 3% 2
10° 4>/mL (ODgoo 2974 0.5)., Bk FLINA 100 L
2.5%% TSR, 37°C 1h, EB KBRS 3K,
A LR 100 uL/AL, # 37 °C HETHE; H
2.5% BSA ] 1 h, PBST ¥ki%k 3 WK; ik THEH
FEH 1:1 600, LABAMEIMIE AXTAR, 37 °CH¥E 1h,
PBST V¢ WA HRP ARICAY=FEPL R IgG (1:4 000),
100 uL/fL, 37 °C %% 1h, PBST Jki%; TMB {4
10 min, 2 mol/L ¥RARIRZ N, 7F 490 nm K
AbEEH OD B, FEE 3 K, LL P/N>2.1 YRR FHMH]
WrkRHE(P R BAPE LTS ODaoo 18, N g 4%} 1R
ODaoy 1H) o
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1.2.6 HE#k spad-PCR & : K FLER B 270 2 MRS
Figedk, 37 °C RAAREhFFE SR 1824 ho RHIEK
B CTAB :U'HEHUELK4] DNA, NS4 P1 Hil
P2 #E47 PCR ¥ 4%, Kl ikl 1.2.1,

1.2.7 Dot-blot #&: HL SpaA BAVEFLERBE1E A FF
WIGERE, HERZE MRS iFdE, 37 °C PRAHE T e
K% 18-24 h 3534 4 °C .10 000 r/min 250> 10 min
WA, F PBS JRHE B AR 2 10°4~/mL (ODsgoo
250 0.5), KIS H A B 30 min GBS 2 s, [A]BK 4 s,
300 W), 4 °C. 4 000 r/min &5.> 5 min Y4 F3 .
B 10 L L TR 20 A V0 R 40 it 241 375 43 1) s A
RSFREFAE R R I, 37 °C T4 15 min, F 5%MAETL
B 1 h 5 PURMIEE R B ARSI 1.24,
1.2.8 E#k spad BEERFERXZNKEE PCR (Real
time RT-PCR)A& : i FLER I 4200 22 MRS 152,
37 °C JRAGE P E 3% 1824 h, BiFRY 4 °C.
10 000 r/min B5.0> 10 min IEEA, F PBS 3% H
2= 10° A~/mL (ODgo 294 0.5), H] TaKaRa
MiniBEST universal RNA Extraction Kit 77| &2 L
S RNA, FEFPHEUII T, B RNA R ke
cDNA 7#& & # RevertAid™ First Strand cDNA
Synthesis Kit 170 & Uil 5347, 280 f# PCR
YES 2 SCBR[I81E T, RN FET K : 94 °C 10 min;
94°C20s, 58°C15s, 72°C20s, 340 RKIEH,
FRAE B 2 SR e 1 PCR 7 14 1 2% LU A% spad TR
W spad s AARTE DU

2 ZR54H
2.1 RZEFEILITE SpaA S R EHIFRIFEERE
SRR

N RIATHE B R G FRIL T SpaA EHIHE
M, A T&EK/NN 36 kD, SHAR/N—3, Kal
T E 4 SpaA ) BALB/c /NEL, WIh3kiG T
SpaA Ui (anti-SpaA), £ ELISA &R K
1:12 800, LATEZH SpaA AFHPEXTAE . BSA AFIPE
XHHE i# ik Western blot £l SpaA PS5 AT
FI TR (LGG) 2 B 2 8 1) BN o S5 5R an &l 1 Fs
ik 54 SpaA (2)F1 LGG 4l 24k (3) 2 ik &

kD M 1 2 3
J
97.4— A
66.2— d
42.7— -
- <—SpaA
31.0— —
14.4— N

1 E4H SpaA $i{ARY Western blot 717

Figure 1 Western blot analysis of polyclonal antibody
against recombinant SpaA

e M: BASTERRC; 1. BSA (FTEXR); 2. T4 SpaA
(FHYEXT ) 3: LGG 4243

Note: M: Standard protein molecular weight marker; 1: BSA

(negative control); 2: The recombinant SpaA (positive control); 3:
The cell lysate solution of LGG.

AREFHERON, AT A R85
BSA X R()AEER N, FRIAHEL SpaA HiEik
R Z T REPUARE SRR S LGG BRI R
SR SpaA.
2.2 SpaA i{RRIFHE TR

i FH SpaA Pl T 4B ELISA, JXxf 18 4
PETER(12 AP B AR S M T, )
Afid st PCR MIE T ANRIEAEH Y spad FEK 504,
2ENER 1 7R, spad-PCR 2553 7R 3 #R A
FUFFH(LGG, LV108, Lr hsny). 2 Bk TESFLIT I
(FS13, F20-5-3)FREITEFLATE YZU27 HHEAHH
BIFEAE spad SEH, FABTRRR ) spad T353R B
A& 4T ELISA M e 45 R /R, SpaA $iik Y
3 MREEREFLFAT B (LGG. LV108 il Lr hsny) % ¥ FH
PEROW(P>0.2, P/N>2.1), TS5 HAMFER 15 D5
PRI S BAYE N (P/N<2.1), S50 SpaA H7ER
2R LT TR v BB A A A% Rk I 08 B T (R
TR SR TR, T T LA B R R T LA
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F1 SpaA MIKFRHEMELR

Table 1 The determination of specificity of SpaA antibody

itk iR R spad 4 Pl N PN HES
Strains Species Source of strains  spad amplification P value Nvalue  P/Nvalue Determine results
LGG Lactobacillus rhamnosus AL B R AT + 0.700 0.142 4.94 +
LV108 Lactobacillus rhamnosus S i 0.588 0.141 4.17 +
Lr hsny Lactobacillus rhamnosus Y + 0.608 0.138 4.40 +
FS13 Lactobacillus casei S WERIIK + 0.247  0.147 1.68 =
F20-5-3  Lactobacillus casei ST LA i + 0233  0.152 1.53 =
YZU27 Lactobacillus paracasei s + 0.232 0.160 1.45 =
P2 Lactobacillus plantarum i3 - 0.152 0.150 1.01 -
HP12 Lactobacillus plantarum s - 0.197 0.177 1.11 =
F4-5-11 Lactobacillus oryniformis RET = 0.255 0.148 1.72 -
F28-8 Pediococcus pentosaceus Ry = 0.318 0.179 1.78 =
H10 Pediococcus pentosaceus JE3 - 0.257 0.173 1.47 -
HI13 Pediococcus pentosaceus JEEL - 0.245 0.163 1.51 =
F7 Lactobacillus fermentum R T - 0.160 0.141 1.13 -
YZU.12  Lactobacillus brevis {23 - 0.236 0.183 1.29 =
YZU.13  Bifidobacterium sp. R = 0.235 0.174 1.35 =
YZU.32  Lactobacillus acidophilus p[2E3 - 0.137 0.130 1.05 =
FS14 Lactobacillus buchneri RER K = 0292  0.205 1.42 =
Y38 Lactobacillus confuses R - 0.179 0.151 1.18 =

e o+ Bk - BAPE
Note: +: Positive; —: Negative.
W HRAETAE spad 75, (HARETER R T AL
BRI R B 451, I, SpaA HiiAxt B FLAT
TR A4 TR AL BAT R S
2.3 SpaA £ spad EHkH B FIE K 40 Bl RE L
i Dot-blot FEINE T spad RN A7
WA AR SO, X SpaA AR IE K4 Y
SERLHAT T, SRNE 2 Fis. B 2A BoRTE R
LGG, L. casei FS13 . L. casei F20-5-3 #ll L. paracasei
YZU27 HBEed i spad . B 2B WoRHE R
LGG, L. casei FS13 ., L. casei F20-5-3 #l L. paracasei
YZU27 Y2k 5 anti-SpaA S FHM N, H
LGG i 2L S AR 5 B ik o 73X 4 TR 42
G AU SR PRI, HA LGG 5 anti-SpaA £ [H
M, T 3 AR TCH s SO o A5 SRIESE SpaA TE L. casei
FS13. L. casei F20-5-3 1 L. paracasei YZU27 i}

REfg IR, (HNRRES it B R R P iR
LB, M7 LGG 1 SpaA Kig B A/E 4021,
ATRETE I T AR R B 451 . ILIET SpaA HiiA
(418 Dot-blot ZH1 AT LA S ERE S spad Y
SRR TR R AR
2.4 spaA BY Real time RT-PCR 9745 R

1 Real time RT-PCR 73#7 T spad 1EA A B
PRS2, P anE 3 s, 25 R
16 5 ¥k spad HER(LGG, LV108, FS13, F20-5-3
L YZU2T) T BIAFAE spad 5520k, (HAE RZEREFLAT
T LGG 1 LV108 ' mRNA #& DU ¥k i, ire T %
FLFFIR FS13 . F20-5-3 FIEIT 2T YZU27 45
DB /D MSE 45 5 5 Dot-blot 455 AH—3k, £
spad BT RAWEZLAT I th RB ARG R, X AT fig
52 5 B B4R I 7 el R A o6,
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B
bp M 1 2 3 4
1 2 3 4
Whole cell— ‘
Cell lysates — .

2 SpaA 7£ spad EE PRTEE#K B FE K T L4HAE (5L 53 47
Figure 2 The expression and subcellular location of SpaA in spad gene positive strains

TE: A: FVR spad ZERYHELER; B: Dot-blot Z554. M: DL2000 DNA 4+ FiAric; 1: BZWFATHE GG; 2: THEFLITH FS13;
3: TEEFLFFEE F20-5-3; 4: BITEEFATE YZU27.

Note: A: The spad gene amplification results; B: The Dot-blot results. M: DL2000 DNA Marker; 1: Lactobacillus rhamnosus GG; 2:
Lactobacillus casei FS13; 3: Lactobacillus casei F20-5-3; 4: Lactobacillus paracasei YZU27.

60 |
50
40
30

20

Fluorescence

10
0 1 L L L L L J. L

0 5 10 15 20 25 30 35 40
Cycle

3 E ks SpaA mRNA 2R E S PCR 18 sk
Figure 3 Real time RT-PCR amplification curve of SpaA mRNA in spaA4" strains
o1 RN GG; 2: BZMEZUTE LV108; 3. TESFLATE FS13; 4: THEEFLFFEE F20-5-3; 5: RITESZLITE YZU27.
Note: 1: Lactobacillus rhamnosus GG; 2: Lactobacillus rhamnosus LV108; 3: Lactobacillus casei FS13; 4: Lactobacillus casei F20-5-3; 5:
Lactobacillus paracasei YZU27.

3 Wik
SZEHEFLAT I GG Bl AR N il v 73 B 4%
B, HATEZNAITRRY) . UM i, Sy
83 RS0 o P CF e o7 o=t = i 1
AR RAEWEFLAT R GG H SpaCBA WEH M

FIEEE, THEEEANWE, WIMERERMTE L Rtk
SRR Sy B W BAR RS . AR 7EA i SpaA
TR FRIG A b E L SpaA fFERE I, &
T4 SpaA MZilEDIIA, 4T Western blot
Ik, RUZIUAGRWE IR IR SpaA, Hif—H

MRS RNRAG R AIi, JF EAE aE h
U 7 T R AR B 2 R o 1 B R . Douillard
SERFSY BN Lr Hikk SpaCBA B S5 HX B RS
BEAE 1 S IEAHSER, SpaA J& SpaCBA T B #Y 1 54

BT Lr FRKE AT RERRE B G o) B A $2 1t
THURTH,

LT GG W SpaA WILE 45tk
LT BB N F(MBREH, &# LPXTG
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Bl SR AN R gt R ) AR AR T R B
ZEFWOCHEEE o spad S0 T REZBGSFMNEY Lr
wtRT, I HIPSE R (>98%) , (H 22 i AL
o5 3 TR NVE (2 SR B EEP. von
Ossowski 557 %M spad FHE L. casei Fl L.
paracasei PHAFLERITEFS, I+ HAE mRNA K-
e ofEizy il B SN (BB B SR 2 -4 i v & Ol I i D
TESEPY RS i Tt B spad 1E Lr L. casei
F1 L. paracasei " FFNAHLIA>98%, 1BFE L. casei
M1 L. paracasei AR AHEARAEAE Lr W EIRAAIZE
MG RE . AW N SpaA HUREE. T 21
ELISA, JHllZE T 18 ¥RFLRR AR SpaA B/,
Z50 R HUAT 3 MR Lr AR 5 SpaA HuiA & FHPE RN,
1] L. casei I L. paracasei HIKRTI4E spad-PCR Ky
PHYE, fHY5 SpaA HUiREA XN, #—FH
Dot-blot £l Real time RT-PCR {lE5Z, spad F:HTEA
R R B Rk 27, L. casei F1 L. paracasei
R spad B [RET SIS = ALK IS I FE A
RERIAIE L SpaCBA EELH, XAlGEEFE Lr
WS L. casei. L. paracasei WZERHE S 25 520
TR, Hit, e spad FEF T S kA
KU, SpaA B SN AR R RE B AR G228 40K s T
RHATEE . AR R E Le BRI SR wi R oy
B THUA T A,

2 % X
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