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Heterogeneity of Putative Surface Layer Proteins in Lactobacilli
and Its Research Methods
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Abstract; Lactobacilli, an important intestinal microbiota in human and animals, plays dominant
role on the maintaining of gastrointestinal tract (GIT) stability and the intestinal health. The cell
surface layer protein (S-layers, slp) was considered to be exhibited important role on the
competitively inhibit pathogens. In this manuscript, the distribution, characters and the study
methods were reviewed and introduced.
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Fig. 1 Schematic drawing illustrating the various S-layer

latlicetypes
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Tab, 1 The distribution of S-layers in lactobacillus

R B SEEAHMN A TFHRE a8 E X4
%R ATCC 4356 SipA:43 SlpA; 10,4 [14]
SlpB: 44,9 SIpB; 10.3
NCFM - - 213
7 B 41~49 - [22]
M92 45 - [23]
NCC 2628 21.5~45 - [24]
BLAEATE CNRZ 892 SipH,48. 4 SlpH.10. 19 [15]
CNRZ 1269 SlpH .48. 4 -~ (153
21 % 44,7~47.8 — {16]
RO052 48 - (2s]
ATCC 10797 51.5 - [26]
ATCC 521 - - [26]
ATCC 12046 52 — [27]
10 #% 44~55 -~ [28]
HHFE GRL1 46 - [29]
GRL1046 47 — [29]
ATCC 8287 46 9.88 [30]
ATCC 14869 SipB. 48 SipB: 9. 99 [31]
SIpC: 46 SIpC.10. 12
SlpD; 42 slpD: 10.08
EihAE ZJoo1 12 - [10]
JCM 5810 43.9 ‘ - [32]
L. sobrius 8 B 31~66 - (41
BERNIFE LMG 9496 45 - [33]
MAFFE LMG 9435 45 - [33]
R ATCC 4005 55 - [34]
FERAHH ATCC 7469 - L= . [35]
EEARHE NCIB 6991 - - {363
NCTC 7230 51.5 -
HEANE 5 % Apfl:25.4~28.7 Apfl: 9.35—9.72 [37]
Apf2; 29,.8~32,4 Apf2. 9,60~9.80
EmER
HAHE CIDCA 8321 66 - [38]
A K By
LoD | KE 3 66~69 - [38]

“eTRREMEEE



724 £ &

5 &£ #H H A F R

#28%

Bl PAENAMBEN)  BH—EAE S
HEESEEO . REREHHA. HALEE KR
7 GeneBank #7, 10 3%t 34 8 (% 5 AF253043,
AF253044,AB110091, AB110090, AJ007839), B4
+ A HE (52 AB061776, AB061775, AJ388561,
AJ388560,  AJ388559, AJ388558,  X92752,
AJ388564, AJ388563, AJ388562), FEREFLATH (4
5 AF250229)%. ZEH T GeneBank 7 %
RESERAEAREAIN. AR MER SEEA
HEEMUERE ZEEUENFETRMAR
HAl, IER KX — 1, M. Ventura™ % ] A
PCREARGHFEHEAEZRT —HELIAFHEMN R

3 LBRASEZGHAMAT &

3.1 BREHATEREAR
BFREHEMEGIHERCIZHAT S
FEANEHIM URGBRARELEHFRE. X
HEMEHTREN, BNCANTE SEEEM
E—-THRMES U _SfSEEHAERR
FENOT i TR O TR TR AT L RS-
PEAMGRER, T SEEANBMUSHN
FTHEESARE - EUAHEA B HERAER. AR
BHERAERNERLETRERSE, Ho W
RIARAESZEABRTAMNRAREHAR EIH
FARSHMEITE AL, W, Vidgren, G U&7
WA A8 SlpA UL & Callegari, M. L. 134 7
WP SlpH 8f, HAI T RESHEEAR, B
R A LA FE—BREZL4. LN ER
e TLEEN  EEARER . 4HREHE
ERNTWSEEABARGLENARST AR
ENERFA MARMTFRE. THIEX—M
5, Silia Avall-Jaaskelainen Z') % B 5% W 2L AT B
RHATARRZAEAURETREAR. H£X
S R Al H 2 f5 A  BE TR AR O PR N 5 H L BN i
BEYTEBERA MNMMSERTEREMN.
3.2 WHERBAEEAR
MAEREMEMEE AR ERAMNARFER. i
HEMEHEANKRE NERETF N BHENR S2B
EATHBBREEECY, NARTHEMES M
HETFREHEMR SERAE FLHEMUZL.—R
HEE S AT B B I S0 B W 8 35 I B T R

ZREEGHTREBAMGV; ZRBEBNET
SEEOMERAERE. SHTERERAK. KF
HERBEEELMFFHES - EBUITNELER
wEMN S-BEASEREEM ey KA RS
HEREFERS NG LEAE MAETHBH
EAESOBERILETULZBART. HREMAE
FHEHEMR SEEE.MHHRMERRR, &
W8 2=, Kathene C. Johnson-Henry %% 75 1
REHLTINE SEEAMKBHITE 0157 A0 H
Rt HE THREREUAK A ERE . HEK
AEMNMERRANEEBIEEEMELNR,
33 ETSEEANKRERTRAR
ETSEEANTEBEREAR, ESINFRE
HTA, BB THRELHEB. Magdalena Plesch-
berger %04 2 i 4% 3 5 1 7 25 X (cAb-Lys3) B
AREFMAE CCM 2177 SEEAT, ETHE
WEMEER BAEENRESZRAE SEBEES,
HOohRES RERUEHBRY R REEL. 4
PRUERZHRLBEYFEFESIRZNX
THUAREANRR RS2 FRAFE SE
FEHCTCHENEARRER L BAEMARD .
ENBALZEREAYUERSHARRE NP E
AU SRR AEMMAEE, BB T REMNKR.
ETARESEEANRTRAER . EENR
FHMNLRE S FMRERERTHR A
i B pKTH5006, pKTH5007, pKTH5008, pK-
THS5063 L B pKTHS074 ¥ KA REF
VPLAIA cmyc BEENBAEAFE SEEA
PHBALEARET, BE.LEEER Southern
ERERRANREHBATELRNE SEEST.
g - HEENARE SEEATREK, —F
B EARE SEE G724 W8 A8 5 H o
;W Siia WARBEHBRTX—BH. EILR
BESEEAENENENERER AT ERBTR
Wt R .

4 % &

AME SEEAMTERSMER(WADE
U HHEURMEOEA MEZABREBEEL
ER. BB T L8R mE MBS HR
PAMREPIUREOEES S, BNEERE
LIRECHRISEBEILE” SEEAMARE. K



% 6 & 22RE AMASEEQSSHBAARELF & 725

VEAR A9TFSE T M5 0 EAERET
& % 3 #k (References) ;

[ 1] Reid G, JASS J, Sebulsky T, et al. Potential uses of probiotics in clinical practice{J]. Clinical Microbiology Reviews,
2003,16(4) ;658-—8672.

[ 2] Hoyos A B. Reduced incidence of necrotizing enterocolitis associated with enteral administration of Lactobacillus acidoph-
ilus and Bifidobacterium infantis to neonatcs in an intensive care unit[J]. Int J Infect Dis,1999,3.197—202.

[ 3] Finlay B B, Caparon M. Bacterial adherence to cell surfaces and extracellular matrix[]]. Cellular Microbiology, 2005,105
—120,

{47 MiiaJ V, Airi P. Isolation of surface (S) layer protein carrying Lactobacillus species from porcine intestine and faeces
and characterization of their adhesion properties to different host tissues[JJ. S¢i,2007,3672:1—10.

[ 5] Sara M, Sleytri U B. S-layer proteins[]J]. Bacteriol ,2000,182.:859— 868.

[ 6] Jos L, Rumen K, Vera B, et al. Recrystallization of bacterial S-Layers on flat polyelectrolyte surfaces and hollow poly-
electrolyte capsules[J]. Formation of Biomimetic Surfaces, 2005, 1(3), 339—348.

[ 77 Sleytr U B, Beveridge T J. Bacterial S-layers[]]. Trends Microbiol, 1999,7:253— 260.

[ 8] Sleytr U B. Basic and applied S-layer research; an overview[]]. FEMS Microbiol Rev,1997,20; 5—12,

[ 9] Uwe B, Eva M E, Nicola I, et al. $Layers as a basic building block in a molecular construction kit[]]. FEBS,2007.,274.,
323—334.

[107 Chen X Y, XuJ J, Shuai ] B, et al, The S-layer proteins of Laczobécillus crispatus strain ZJ001 is responsible for com-
petitive exclusion against Escherichia coli O157:H7 and Salmonella typhimurium[]]. International Journal of Food Mi-
crobiology,2007,115:307— 312,

[11] Sijiai A, Airi P. Lactobacillus surface layers and their applications[]J]. FEMS Microbiol, 2005,29.511—529.

[12] Messner P, Sleytr U B. Crystalline bacterial cellsurface layers[J]. Adv Microbial Physiol,1992,33:213—275,

[13] Sleytr U B, Sara M, Pum D, et al. Characterization and use of crystalline bacterial cell surface layers[]]. Sci,2001,68;
231—278.

[14] Hein ] B, Carin P A M K, Johannes M, et al. S-Layer protein of Lactebacillus acidophilus ATCC 4356 . purification, ex-
pression in Escherichia coli , and nucleotide sequence of the corresponding gene[]]. Bacteriology, 1993,175(19);6089—
6096,

[15] Tenance J B, Peter H PP, Margit S, et al. V. Functions of S-layers(]J]. FEMS Microbiology Reviews, 1997,20:99—149.

(167 Monica G,Lia R,Maria E F, et al. Heterogeneity of putative surface layer proteins in Lactobacillus helveticus[J]. AEM,
2005,71(11),7582—7588.

[17] Hagen K E, Guan L L, Tannock G W, et al. Detection, characterization, and in vitro and in vivo expression of genes en-
coding S-proteins in Lactobacillus gallinarum strains isolated from chicken crops[J]. AEM,2005,71 (11):6633— 6643,

[18] Blaser M J, Pei Z. Pathogenesis of Campylobacter ferus infections: critical role of high-molecular-weight S-layer proteins
in virulence[]]. Infect Dis,1993,167:372—377.

{197 Ishiguro E E, Kay W W, Ainsworth T, et al. Loss of virulence during culture of Aeromonas salmonicida at high temper-
ature[]J], J Bacteriol 1981, 148. 333—340.

[20] Sabet M, Lee S W, Nauman R K, et al. The surface (S-) layer is a virulence factor of Bacteroides forsythus[J]. Micro-
biology,2003,149:3617—3627.

[21] Logan Buck B, Altermanni E, Svingerudet T, et al. Functional analysis of putative adhesion factors in Lactobacillus aci-
dophilus NCFMLJT]. AEM, 2005, 71(12).8344—8351.

[22] Masuda K. Heterogeneity of S-layer proteins of Lactobacillus acido philus strains[]J]. Microbiol Immunol, 1992, 36.:297
—301.

[23] Kos B, Suskovic J, Vukovic S, et al. Adhesion and aggregation ability of probiotic strain Lactobacillus acidophilus M92
[J]. AEM,2003,94,981—987.

[24] Prisca S Z ,Dillmann M L, Nicala D A, et al. Influence of fermentation medium composition on physicochemical suriace
properties of Lactobacillus acidophilus[]]. AEM,2005,71(12).8165—8173.

[25] Kathene C J H, Karen E H, Mahsa G, et al. Surface-layer protein extracts from Lactobacillus helveticus inhibit enteroh-
aemorrhagic Escherichia coli 0157 :H7 adhesion to epithelial cells[J ], Cellular Microbiology,2007,9(2) :356—367.

{26] Masuda K, Kawata T. Distribution and chemical chracterization of regular arrays in the cell walls of strains of the genus
Lactobacillus[]). FEMS Microbiol, 1983, 20:145—150.

[27] Lortal S, Heijenocort J, Gruber K. et al. S-layer of Lactobacillus helveticus ATCC 12046, isolation, chemical character-



726 £ & b £ ¥ H K ¥ R ¥ 28 %

ization and re-formation after extraction with lithium chloride[]J]. J Gen Microbiol, 1992,138; 611—618.

[28] Ventura M, Callegari M L, Morelll L. S-layer gene as a molecular marker for identification of Lactobacillus helveticus
[J]. FEMS Microbiology, 2000,189:275—279.

[29] Silia A J, Kari K N, Minna K, et al, Surface display of foreign epitopes on the Lactobacillus brevis S-Layer[J]. AEM,
2002,68(12).5943—5951.

[30] Vidgren G, Palva I, Pakkanen R, et al. S-layer protein gene of Lactobacillus brevis : cloning by polymerase chain reaction
and determination of the nucleotide sequence(]J]. J Bacteriol, 1992,174, 7419—7427.

[313 Jakava-Vijanen M, Avall-Jaaskclainen S, Messner S, et al. Isolation of three new surface (S-) layer protein genes (slp)
from Lactobacillus brevis ATCC 14869 and characterization of the change in their expression under aerated and anaerobic
conditions[J]. J Bacteriol,2002,184 ;. 6786—6795,

[32] Sillanpaa ], Martinez B, Antikainen J, et al. Characterization of the collagen-binding S-layer protein CbsA of Lactobacil-
lus crispatus[)]. J Bacteriol, 2000,182; 6440—6450.

[33] Boot H ], Kolen C P A M, Pot B, et al. The presence of two S-layer protein-encoding genes is conserved among species
related to Lactobacillus acidophilus[]]. Microbiology,1996,142; 2375—2384.

[34] Masuda K, Kawata T. Characterization of a regular array in the wall of Lacrobacillus buchneri and its reattachment to the
other wall components[J]. J Gen Microbiol, 1981, 124, 81—90.

(35] Barker D C, Thome K J I Spheroplasts of Lactobacillus casei and the cellular distribution of bactoprenol[J]. J Cell Sci,
1970, 7. 755—785.

[36] Masuda K, Kawata T. Distribution and chemical chracterization of regular arrays in the cell walls of strains of the genus
Lactobacillus{]]. FEMS Microbiol Lett,1983,20,.145—150,

[37] Ventura M, Jankovic I, Walker D C, et al. Identification and characterization of novel surface proteins in Lactobacillus
johnsonii and Lactobacillus gasseri[]]. AEM, 2002,68; 6172—6181.

[38] Garrote G L, Delfederico L, Bibioni R, et al. Lactobacilli isolated from kefir; evidence of the presence of S-layer proteins
[J].J Dairy Res,2004,71; 222—230,

[39] i/t .b B.ZHMNES. RAAFXZEFARR T ELERE R MR £ 08 EB9L,2007,11(1) 44— 47,

I.I Zhen-mei, CHEN Ying.AN Li-guo. The Improvation for the method to get S-layer protein from Lactobacillus Acidoph-
ilus ATCC 4356[]]. Life Science Research, 2007,11(1);44—47. (in Chinese)

[40] Baumeisterw, Wildhaber 1, Phipps B M. Principles of organization in eubacterial and archaeb acterial surface proteins[]].
Canad J Microbiol, 1989,35,:215—227,

{41] Saxton W O, Baumeister W. Principles of organization in S layers{]]. J Mol Biol,1986,158,251—253.

[42] Callegari M L, Riboli B, Sanders ] W, et al. The $-layer gene of Lactobacillus helveticus CNRZ 892; cloning, sequence
and heterologous expression[ J]. Microbiology, 1998, 144, 719—726,

[43] Andreas E,Ferry K,Carina H, et al. Atomic-force-microscopy imaging and molecular-recognition-force microscopy of re-
crystallized heterotetramers comprising an S-layer- streptavidin {usion protein[J]. Chem Bio Chem, 2006,7: 588—591.

[44] Magdalena P, Angela N,Eva M Egelseer, et al. Generation of a functional monomolecular protein lattice consisting of an

S-layer fusion protein comprising the variable domain of a camel heavy chain antibody[ J]. Bioconjugate Chem, 2003, 14;

440—448,
[45] ZH. 2081 M F4. ARASEEHERZETRTHANRARS S RAAMKD] KK EHFM,2003,36(6):476—
481,

WANG Li,SUN Ming, YU Zi-niu. Displaying polyhistiding peptide on the cell surface of Bacillus thuringiensis by S-lyaer
protein[]]. Acta Biologiae Experimentalis Sinica, 2003,36(6);476—481. (in Chinese)

[46] R4FH K PH. % A SEEHAARETES « ENBMESBHES L] 4P H,2004,44(5) ,658—663,
WU Huai-guang, LIU Xing, SUN Ming. Cell surface display of a-amylase and metallothionein by using s-layer protein of
Bacillus thuringiensis[J]. Acta Microbiologica Sinica, 2004,44(5).:658—663.

7] 3%.2Hx, . 8EW. % ARG FENEERAERFAEEZLENBFRE NP BAL] MED ¥R, 2007, 47
(3).:486—491,
LIU Mei, LI Shu-yun, ZHAO Chang-ming, et al. Display of avian influenza virus nucleoprotein on Bacillus thuringiensis
cell surface[]]. Acta Microbiologica Sinica, 2007,47(3):486—491, (in Chinese)

[48] Avall-Jaaskelainen S, Lindholm A, Palva A, Surface display of the receptor-binding region of the Lactobacillus brevis S-
layer protein in Lactococcus lactis provides nonadhesive lactococei with the ability to adhere to intestinal epithelial cells

(J]. AEM, 2003,69:2230—2236.

(RS . F45H)



