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Characterization of a Lactobacillus acidophilus Strain Isolated from Korean Infant Feces and Cloning
of Surface Layer Protein Gene slp and Its Expression in Escherichia coli. Park, Myeong-Soo, Geun-Eog
Ji!, Kwan-Hee You?, Si-Kyung Lee®, Won-Seok Jeong®, Jin-Hyung Kim*, Myoung-Hwan Jo*, and Soo-
Young Kim**. Department of Nutrition and Hotel Culinary Art, Anyang Technical College, Anyang 430-749,
Korea, 7Department of Food and Nutrition, Seoul National University, Seoul 151-742, Korea, *Department of
Biological Science, Sangji University,Wonju, Korea, *Department of Applied Biology and Chemistry, Konkuk Uni-
versity, *Department of Biological Sciences, Konkuk University, Seoul 143-701, Korea — A Lactobacillus sp. has
been isolated from infant feces and characterized according to its physiological properties and identified as
Lactobacillus acidophilus KLA1012. A gene coding surface layer protein (SLP) has been cloned and the
sequence has been determined. The nucleotide sequence of sipA was 1,338 bp in size and was identical to that
of L. acidophilus ATCC 4356 (100%). Amino acid sequence of SLP-A was deduced from the nucleotide
sequence and it had signal sequence at N-terminal, consisting of positively charged amino acid mainly lysine.
slpA was cloned and heterologously expressed in E. coli M15 and the 45.2 kDa surface-layer protein band was
examined by SDS-PAGE and confirmed by Western blotting using polyclonal antibody against L. acidophilus

KI.A 1012 SLP-A protein.

Key words: Lactobacillus acidophilus, surface layer protein gene, nucleotide sequence

M g

A 3ol HF202 Agsle] Ak A Al
zo] Zrlell F34% 4 Je09, 10] AL, T2 T
=2 A S AAH R oA (2] Q17F) A, v
544 7] F(urogenital tractellr FA)3h). SAMFL WG F
258 A AS(15], HAAEY QAEHE FE(16], A1A]
o] F3H A sH28], A2 E E311], Bde] &
A BRI uhg[21], FEEe) Rl oAl A 2 &
i 14 A7 F3 A7 715e) gy w3t
ol2g T8 AoAM 43} F4E B, Ho oA, A
A wn] X8 &9 vl A 52 vehiy, A7
Aol Aol frakte] o2 AT Xt Aoz
wWol| FxFe] Aol it gl X289} B gz B
o1, 22, 271.

FARES A EH-E dubael o=t oFATe] AlE A
1<l Ae)=F=)7H(peptidoglycan), Ble]FAk(teichoic acids),

*Corresponding author
Tel: 82-2-450-3429, Fax: 82-2-447-6112
E-mail: kimsybt@konkuk.ac.kr

v 282 9 <8 (Surface-layer protein; SLP)E.
TAH] 9. SLP:= Al 2)F-87d¢l 3t B5[20], Al
X e AA23], A3k} FolA| $8A] 22 7| EH AlE
He| BF HF14, 24], 2|3 M E) FH[8, 26] &
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Table 1. Bacterial strains and PCR primers used in this study.
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galactose, D-glucose, D-fructose, D-mannose, N acetyl glu-
cosamine, amygdaline, esculine, salicine, cellobiose, maltose,
lactose, saccharose, trehalose, D-raffinose2} [B-gentiobiose
5% LEFYU T, melibiosed] 7§ oFat HE WL X
gom D-furanoserx WE HH-S Holx] i) o3}t
e et wiokerA, Al EAFEAH A3} Bergey's
manual of systematic bacteriology, Bergey's manual of

determinative bacteriology 28] 3 APILAB program version
3.3.3(BioMricux)y& °l-§-3te] ¥A7 A3}, ¥ ¥5% L
acidophilusZ 4 5 %129, L. acidophilus KLA 10128}
EELEL

sipA FHA g24d

sipAS 23171918 Lac EA®} Lac EB primers- ©|-83}
o] PCRE a5ttt Lac EAX NAIZE ATG AHF2)
-540]14) -31 base Abol9] 71 B2 Sph 1 A T A2l S
23slEE 3199%, Lac EB primers $23FE TAATAAS:
F33l, 1326 base-E] 1347 base® 7% £F Hind 1l
E x3sl=E 3sl9ich(Table 1; Fig. 1). L. acidophilus
KLA 10122] 44| DNAE #E]3}al PCRS 3§3le] <
14 kb®] DNAZ ¢ (Fig. 2A), ¢]& pGEM-T easy vectorel|
F2438le] pTSLP-AS A}, =3 L. acidophilus KLA
10129] FAA ) PCRZ 223 sipA FAA1S probe®
ARM-sled Southern hybridizations 43§3}e] pTSLP-Ad] =
4% DNA ©t#H o] sipAYS 2l st vh(Fig. 2B). 1| aL
Lac EA®} Lac LR1 primerE ©|-§3}e] pTSLP-AIL Lac

Bacterial Strains Characteristics References
E. coli IM 109 endAl, recAl, gryA90, thi, hsdR17(ry-, my+), relAl, supE44, PROMEGA
Alac-proAB) [F', traD36, proAB, lacl,ZAM15] A-}
E. coli M15 NalS, $trS, Rif®, RecA*, Uvr*, Lon®*, lac, ara, gal, mil, f. QIAGEN
L. acidophilus KLA 1012 isolated from infant feces this study
E. coli pQESLP-A sipA this study
Primers Nucleotide sequences (5' — 3") Site at sipA underlined sequence
Lac EA TGCATGCCCTATGGCCTATTACAT -54 ~-31 Sph 1
Lac EB CTACGAAGCTTATTATCTAAAG 1326 ~ 1347 Hind I
Lac LF2 AGCATGCAATTGCCGGTAACCTT 205 ~ 228 Sph1
Lac LF3 TCGAGCTCGCCGITTCAGIT 636 ~ 654 Sac 1
Lac LF4 TAGTCGACAGCGTAAGCAAGA 938 ~958 Sal 1
Lac LRI GTTACCGGCAATAAGCTTTAG 205 ~ 225 Hind I
Lac LR2 AAGCTTGGCACCGTITAGITAC 631 ~651 Hind I
Lac LR3 GATGITTGCAAGCTTGATGT 1108 ~ 1137 Hind 11
T7 TAATACGACTCACTATAGGG
SP6 TATTTAGGTGACACTATAG
pQE Type IVTV CGGATAACAATTTCACACAG
pQE Reverse GITCTGAGGTCATTACTGG

* Underlines indicate Restriction enzyme site.
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EA Primer

L | =
L. acidopilus KLA 1012
Gl KA 8 lm—

LF2 Primer

LRI Primer

slpA gene »
LF4 Primer

LR3 Primer EB Primer

PCR
PCR Product
slpA gene 1,401 bp
Sub- I sip4 gene BRI 279 bp
Sub-11 sip4 gene BT 933 bp
Sub-1Ml sip4 gene 361 bp

Fig. 1. Schematic diagram for the cloning of slpA from L. acidopilus KLLA 1012 genomic DNA. PCR product of sipA was obtained
using EA primer and EB primer. Three partial amplicons of sub-I sipA(279 bp), sub-II sipA(933 bp) and sub-1II sipA(361 bp) were ligated
into pGEM-T esay vector to construct pTSLPA-I, pTSLPA-II and pTSLPA-III, respectively.

LE2¢} Lac LR3 primerZ ©]-§-3}e] pTSLP-AIl, Lac LF4
9} Lac EB primerS ©]8-3lod pTSLP-AIIE 717t A &3}
o] sipA®] @71 Aol o83l (Fig. 1).

sipA X YIIME EM A HlD

L. acidophilus KLA 1012¢] genomic DNA®| A Lac
EA®} Lac EB primers ©|-83lq 533l 24 3 DNA
= 1,401 bp Z7]19 X, 1,338 bp2] open reading frame
(ORFS X% 3l3lvh o F-E-2> GenBank #4143 L
acidophilus ATCC 43562] sipAst 9714 Do] 100% L]
31}, L. acidophilous ATCC 4356 7JA1Z3] ATGEH-
Bl A9l oA 7)ol ribosome binding site(RBS)<l
AGGAGGZ} EA13193.2 (5] 55 Lactobacillus 42 slp
FHA7) st $4 ZE0] EA1s= o Hbste] L
acidophilous ATCC 4356} L. brevis ATCC 82872 7
= VW7t Aele) BN RS 6]. L. acidophilus
KLA 1012%] slpA® 7§A1AQ] ATGEHRE A= oA <
7]¢ll RBS(AGGAGGY'} &A1319l.0H, d4:5 T £4
FE(TAATAAYS 7HXAL Qlo] 743t 4 A3 = §83o
2 FAHAE $2 ok gl SLP-A9] ofn| Al T
A2 s el odubdel Bl A oAb} of
A3} ofn|imAte] wo| WAH . 53] & ofn]eAlel
alanineo] 7} @& ko2 ZAG 0H, valine® Wel &
A= ALz . =& S 147} Fi-E cysteine
7 methionine> 2] ¢, H3LE vl oln|Al Fofr=
FA3} olm|ieAte] A3} opn|AkR T} ofF ) A% o w@
o] &ZAsl= 7oz #el=%ivh(data not shown). N-Zhe]]
A= EAA signal sequenceq] A3} 9] (6 ofr]xAl, M-
K-K-N-L-R)¢} o] 244 F-91(13 op| AL, o-helix)7}
WARART 7182 B, 619 AAEAH.
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Fig. 2. Agarose gel analysis of the recombinant plasmid
pTSLP-A containing slpA (A) and Southern blotting analysis
(B). M, 1 Kb size marker (Promega, USA); Lane 1, sipA fragment
produced by PCR from genomic DNA of L. acidophilus
KLA1012; lane 2, pTSLP-A containing slpA digested with Sph 1
and Hind 1IT; lane 3, pGEM-Teasy vector digested with Sph I and
Hind II1. Panel B shows the results of Southern blotting analysis of
panel A. The probe used in Panel B was the PCR product of sipA
fragment from L. cidophilus KLA 1012.

E. coli LHO[M sipA 2| 2§

E. coli WA sipAE 2317 $8le, pTSLP-AE
Hind 118} Sph 192 Axsled sipA RS o] 22 &
AZ Aokt pQE-32 vectore]] ligation 3oy pQESLP-AE
AZFT E. coli M15°Y FAAZ 3o FAAFAE I
I SLP-A =hie] we-g selslgirt. A|ZgAIA SLP-
A 32 Felal7] $8led L. acidophilus KLA 1012



Fig. 3. SDS-PAGE and Western blotting analysis of SLP-A
from L. acidophilus KLA 1012 and E. coli M15 harboring
PQESLP-A. (A) SDS-PAGE analysis and Coomassie brilliant blue
R-250 stained. M, Standard molecular weight marker (Sigma,
USA); Lanes 1, SLP-A of L. acidophilus KLA 1012 extracted by
guanidinehydrochloride; 2. Lysate of E. coli M15 harboring pQE-
32 vector; 3, Lysate of E.coli M15 harboring pQESLP-A. B)
Western blotting result of Panel (A) gel. Arrow indicates the SLP-
A protein produced by recombinant E.coli M15.

M A SLP-AS FU2o2 AM4sie] AF 5% Balb/
¢ mousel| ARSI TFFE3HA (polyclonal antibodiesyE- A
Z3le] Western blottingoll AM313T}. L. acidophilus KLA
10128} E. coli M15(pQESLP-Ap|A] £2}3} SLP-A shizl
< SDS-PAGE ¥ anti-SLP-A serum->- 2 Western blotting
= AT A} 437 kDaoll A gk il =g o)
& 4 AT (Fig. 3). L. acidophilus KLA 10126114 22
g SLPY} A% HipH ez Fajd whide] WiESe] ukg
331, Vidgren S[2812 L. brevis ATCC 82874 ¥
312 45 kDa SLPS #2315t} E. coli M15 WollA] 43
3= SLP-A%} L. acidophilus KLA 10122] SLP-A 2| =
71 % 7B 26l 23 Rk Rol 2 Role Aoz 47
"o} A WA 2¢)-& EA, EB primerE -3¢ pQE-32
vectorel] 21 3H= AN F 30709 oln|xAte] Z7}
HUL, 7 WA 891 L. acidophilus KLA 1012 slpA
Aol A W& SLP-Ax N-2eh -2 signal sequence
7F Ak HA 9 E coli Mol A @3l SLP-Ac A=
cleavageZ} douix] glo} whd Bajako] xjo]E Mol
AR F2H SLP-A £ 7 3959 902 1Jio)
Ak Fm NDe 2919 Q14 ofulnels) @
o] A4 -9, signal sequence®] cleavage’} o ojr}=
9, 282 JR] B\ 5, 6]. =3F L. acidophilus, L.
brevis, L. crispatus$} L. helveticus®) SLP opr)xAt A4S
vlwgk A A HA Fdel] A3} Aehshs K| g)
o BAEAG 7] & AFE 7192 Lactobacillus A
ERUE A2AE FE57) 904 sipa $HApe] g
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A AL R FES ol Solel FUT oINS
SLP-A 7%} t3F A (epitope mapping)®} 2J2)-FAlAle)
Fabe (suface display)el] 98k <1771 H Q310

HAtel 2

o] =i 2004 Q= SR ZTAL] A ol] o)}
A5 5 (KRF-2004-015-C00506).
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