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WE B . REBALEKVAILBRATR S ER G (SLP) B A FW 24k, 46 80 A B 4k <t W L & 2 Mo o Z5 W 3 5 an Bk @ A 4
REEL AXLGERATED FILRATH SLP 09 ML PR A TEH FRAED AR EA LD B RGP0, F
R MAEGR S B FRABREAAALRFCGERT E W F L~ SLP B8 Ak, 83 0k M s A 45 M (MATS) i 24 bk 20 47 SLP #+
HARBEKME A BEYrn, REBLIMNTIRAE MY AREFZL LSBT H G LRE R o £ W BT R
M SLP *T R R A g 4E A, SR AT EE T o BB 194 SLP SLEATH BT = SLP T R EH A T0ku £4,
AP RGFFE 116g/mL, BEAW R SIP AT W AR R GFRARERA AN LRSLP 2 RARFHARERS

HRE F 5 5 K 1.63%~7.56%F 0.96%~10.63% , % &~ £ 4 £ K AT 37 F 3R A YV B A 0.52~1.13 nm, &#:F
ERPEEHSSIPEK, LSHAL KL, AP ORERBREANGEL DR ,SIP £FEAMEDFH LY BT

B R G MR EHE TR,
XEiR TEW; SEEA; RE,; &M, £HK
MXEHRS 1009-7848(2024)11-0032-08

S J2# 1 (Surface layer protein, SLP)Jf&—2&
LR A TR RV R AR M R T, HA B AR
MR BT, 5 R SRR S R, 5 HEEIE A
], FLER AT T8 1Y SLP HA SRR, 2 —Fh 43 7 B it
AT 25~71 ku By BRPEE E (pI=9.4~10.4), FLIR
FEEAE R e, X i F24d B A 4% AR Y
g AR 2 — , H SLP YD RE L BRI 5T, Wik 1
TE 5 B A DR AP 4 S 380 FL IR AT B X 1 b e 40 i
(G M, 2 5 2L IR AT TR 1 B 5 1R 00 4 ) i 3
O S A O5E | Avall-Jaaskelainen ZE7F 58 & FR
5B SLP J5 W R TR FLAF W (Lactobacillus aci-
dophilus YM92 XF 71N B[] Jizy 200 Bt 119 2% B % 1 35 B
X . De Leeuw Z581% B4 FL AT B (Lactobacillus
brevis )ATCC 8277 1) SIpA 5 Jitd 41 J Jii 2 11—
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HAr B4 TE2MBEY R It R, HE
MR SRR T UE I RSN E R A E
B RAE B R B DIAH G, a4l N & i P oy
25 2 498 o FLRR AT 1 4% 7 SLPMY, il SLP & 15 £E
A Wy 8] ) SR AR v R A T i R A

AWIEGE 1 S 10 A% G AR W o3 s O i T B4
AR PMEFACHR AR IGE , T T b 4y 8 i e AT
7 SLP PERERYFLIR AT &, IF A 2r TAE WA BOR
HEAT A S TE o R oA W i 50 2 BiE (Microbial
adhesion to solvents, MATS) ¥4 # SLP X # #k
T REME (B K P K BTy B A ) ) 52 0, O 38 i 4
Jif 2R a0 R A ) JBEOES 1 B 0 VT T S T 0 B
PRIVEGFTBE 7 . RIT T H R SLP X B AR 8] 1) 5
8 RBHER], b E IR S A ML B 7 S 1
BB

1 MBERE
1.1 MRS

MRS W7 MRS 758, dtnt B 2 A Y4
ARA B 7 5 LiCl PBS 5% | #£2% thilk .SDS-PAGE
PrRUEEE 1 (15~100 ku) M4 (B 73 7 o i 34~
14000 u) , H e 513 R - Fralige

I T FH 25 3 B R A B B B TR A
SET R VB IE I AR AN AT TR
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1.2 U=F5E&

H, 7k 1L PowerPac , 38 [ Bio—Rad /A &) ; B K A%,
1% Tanon 4600SF, I ¥ KGRI 4 R~ Al ; 5 i
Y UR B0 HIL 1 U 3 A PR B 5 0 1 R 8 R
#6 SKP-02.300, B f7 il fH 3 BT 25 bl A BR A ]
PR R AR G 4%, U I A A SR A PR
Cils
1.3 Ak
13,1 HIERE PR ERAT R A B alifh WUESHE
R85 3 W E % 1 g & 9 mL AEBRER K T 0
BRATER T, 840 AR S 1 5 I IO 1 miL YR A5 VS W LA
A PRER K AT R R, 455 107~107 MR EEBL
PR R o 43 ol BB e B B85 A R T 100 L,
fit I JC TR Al 45 X9 2 U A T MRS BIRH5 57 3 1,
fHH 37 CIRER:F% 48~72 h,
1.3.2 FLMRAFFEM 16S RNA JFAIE ¥ 05
ali Ak i LR AT 1R 3 % R EUE K], IR 4RO
K40 DNA, LA F27(AGAGTTTGATCCTGGCTCAG)
Ml R1541 (AAGGAGGTGATCCAGCCGCA) MYy 5
YIitf7 PCR ¥34 | T 454 16S rRNA 1 PCR F= ¥ i
R I L HEAT I 5 534
133 RGELBERMME HKW)F S 16S D-
NA F %1 5 NCBI B9 Gen Bank %4 )% i 47 Blast
SYHT B T AR B PR T 8 5 TR AR Y A EA T LR R
FH MEGA-X # A H 2 R 50 & B W, i 5 43 B 18 PR
WP R R
1.3.4 SLP MK & #IE 2% Zhang P
15 VRIS 28 ek, FLIRAT I 7E MRS 2t B 15 5%
FErPE AR SR 3 WE, BN [ LR T T A 37 TR AR
IR & 10° CFU/mL, LA 3% 1) 35 i 4 | 55 9%
24h JG B0 (4 °C 4600 r/min 20 min) BUEADL
TE OB AR TTIE I JCE PBS YR 2 WK, 4% m
V gww=1:15 BJHLBIE N 5 mol/L. LiCl % (pH=
2.0),7E 4 °C.200 r/min 5 FHRG AL 1 h, ik
LiCl ¥V Ab BRAE 5 B 0 B BVE W, TRk 4
CHFE 24 h RSB IR W, T-20 CIFE
£, SR BSA G G e T AR A I A
1.3.5 SDS-PAGE SLP Hl#2# (20 pL) 5 5xH
VKGR (5 W) IR AT, WKW 5 min J5 #E4T BAE,
HLUK EFERE 20 pl, 40 B IE T & 7 40 10%, Fo %
120V, He 4 e o 5 R 100V, B 3K FH 2% B3 58

ST YR

1.3.6 FLERATWERE AR IR E % &HIED
75 I HGE S E

1.3.6.1 FmpiKMENE  FLRRFTHE 37 Cil i

I, B O W E R K (4 600 r/min .4 °C .10 min) .
0.01 mol/L JGTA PBS PE¥ 2 IKfG k&, JF T
A 600 nm &b 8 7 TR RO WO H & 1.00+0.05,
ICSEWERI R CAE A Ay, B 3 mL B E WA 1 mL
FNkE, EIR T W 10 min, JiER IR 2 min, F-IK
RSV 20 min, 532 5 BOKA , 40 X606 T
SE HAE P K 600 nm 4b F I IEAA 18k A, AR A X
(1) V5 FLIRAT B4 22 10 B KR

W B (%) = (1-A/A)x100 (1)
1.3.6.2 FE AN E RHZEAF LML
M2 < TRAE A I B 397 R R0 8% o ok, 43 A A R 3 1
% By 397 R R SO RN T P A FLRRAT I 37 Cd
W IR, BOWER K (4600 t/min 4 C .10
min) . JC B PBS MR VES 2 G R A, TIK
600 nm Ab 1 % B B WG (E 2 1.00£0.05 , i 5§
WO Ago B3 mL B ERIA 1 mL =& H
e O TR LW, &N 10 min, JEB IR 5 2
min, B 20 min, 532 5 BOKAH , 2 6t BT
I HAE P4 600 nm b 1 WOEAE , idh A, R 4
2 (2) V153 LR T B X 19 b 7 751 114 WO o %

W B2 (%) = (1-A /A )x100 (2)
1.3.7  FLER AT BA 5 A M R B0 1 )
1.3.7.1 Wik AALRERNE S5 &R
GEITVE IR A I L RR AT T A B R 43 )
T 37 CHI1 28 CHM T 5%, &0 ERIK
(4 600 r/min .4 °C .10 min), JGE# PBS i& Pk % 2
WA TR, UK 600 nm Ab I 3% T 2 Ok
{H 2 1.00+0.05, FF i sk WOGAE Jy Ao, BE B 10 5%
K AK EIREBROIRA) G EEAE 4 h, B
VE WO SE HAE K 600 nm Kb AW SEAE 0 N
A W 4E S (3) THEFLRRFF B 1) A SRR,

HRER (%) = (1-AJA,)x100 (3)

A 3 T DA N LR T T A B LA 101 AR
RS, SIRHE 4 h, IR HC WS W & He
A 600 nm &b I AE 25N Ay, i (4) 1
LR T TR R R B L R AR

HBER (%) =[1-24/(As+A,)]x100 (4)
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1.3.7.2 WIRAEYBIELHE I E 2% Wang
SRR T IR AR A SR LR AT TR
BETE 43 9] F 37 CCHI 28 CA& M TG AL 55 4% 24 h,
B0 AR K (4 600 t/min 4 °C .10 min) , JC 4
HEEL7K (0.85% NaCl)Vhisk 2 W5 #& T 2L R AT R
(MRS) Fl g £ 5 (YPD) H, IF 98 3% HAE 3 K 600
nm A OGAE A 1.00£0.05, F2HL 200 pL B A K
(B A 96 FL AR H (3 s B B I3 0 5 e 1% Bk
PRI LR AT A R R R BB 121 ), S B
24 h, 1B LEEFRA IF A AR K BRI 2 IR,
frHEE, 200 pL 19 19%%5 5 85 W6 30
min, ZEBH EIFRKRZRPW, BREZFMA
200 pL 19 95% S BE s e, 2 HAE I 4K 595 nm
Ab £ W S B

1.3.8 HURAH 55300 RS R AT
FE 3 W RO bR 2T RO IR
IBM SPSS 23 # {41k & OriginPro 9.1 % AF5F 55
HEAT A3 BT A B

2 HBRESMW

21 SEFHFIBRAENSBAURNTERE
I S T BORE P 0 B 44 A5 ) 105 BREBEMLFL

FRAT IR, R v 2 AR B, A6 kA6

S$X29

W, EH ORBEW RN R, L%
F NG UL R VR T | T VR SR R IELE
S R R TR R 1 TR VR T A B 22 IR Y R
G4E T 1 TR,
22 EEHEHEH 16S rANA FIILE

W 4y 88 Sl AR AT B 13 2 BE U LR AT B 1Y 16S
rRNA 5: K 5 NCBI #8048 2 )7 50 247 LT, Xt 45
o R B R R KT 99% ) TR Rk 48 5 R %R OF
it MEGA-X B RGE A EM ., hiE 2 7]
Y, DN B s B 0 FLIR AT TR o I ek A R T
IR FAF B (Lactobacillus kefiri) , @l 1 & ZL AT
(Lactobacillus paracasei) FY) FLFF B (Lactobacil-
lus plantarum) , 35 FEE 73 5k NMG2 AH6 |
NMG23 \NMG12 ,NMG6 ,NMG3 ,LN55 ,.SX9 ,SX8 .
SD16 \NMG7 .NMG5 .NMG17 .NMG14 .NMG13 |
LN6 LN2 AH4 AH2 5 JF4E /R ZLAF B YK7.16,
KG—17 %5 i [R] W 15 B 99% , HOK: H % 5 Ry HF JE
IRFLAT I 5 3 B bk SX13 ,SX29 \LN4 5 58 ik Rl 1
FLFF T 3328 ,2865 19 [RI IR 135 100% , B H 9% % &
k) W FLAT B 5 20 B kR NMG8 \NMG22  LN10 5
FRAE Y FLAT I AZZ4 4619 19 R 15 99% ,
JIT DA S5 5 45 B A FLAT 1

fan W”“"“-"Hsg

iy,
ik Hmrt.n-mbmllm pla
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Colony and cell morphology of Lactobacillus
from Tibet kefir

Fig.1

EEFELBI T~ SLP AL BT E A IF i
it 5 mol/L LiCl %W (pH=2) /3 & 4 B FL AT
B # 1A SLP, il i SDS-PAGE ik #1750 31E , 3
TR E) 19 PR SLP LR HFF A, B A0 & H 4y i

2.3

2 HANBRESIBERRZELEN

Fig.2 Phylogenetic tree of lactic acid bacteria isolates

80,7 70 ku 247 (B 1) Hedb 17 SO IFIER
AP, 2 MR Y FLAF R . Malamud 50045 T
O3B H A AN [ IFE R ZLFF I 1Y SLP 43 i
WAL 66~71 ku JuE N, X5 k545 R AH—
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35

B H AR AR I RO T AR R LTI AH2, 8
PR 535 1,16 g/mL (% 1) . AR FLRRAT

W H SLP Fe B A7 o 22 5, RN TR I Ak e
SLP & 50 b 2ER

L & o
LS

3 A EIEFE SLP &) SDS-PAGE B ik E
Fig.3 SDS-PAGE of SLP extracted from different Lactobacillus
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Fig.4 Standard curve for protein contents

2.4 SLP XZ B ER IR BEE AR
LR AT BRI A b 5 3 T 1 A o,
T TR 1) BORL A 5 35 F BRI R TR R Y
LAl R PR A 20 ) 2R A R B 5 e R R 8 A
PR 2 AR R S R B AR R SR L DR
FEO FLIR AT TR 110 5 A 26 BT AE ) 55 A i 3% 1 Y 2R
FITE 22 BB 1 R D7 TR A B 43 2 B R U
2 55 4 M R B 00 A 0T, SLP X TR 1A 3 T A
PR 52 W HEAT IR ARG o3 I 2L
24.1 T SLP XT L W2 AT 7 40 M 2% 10 1Y
SR S T WA SLP X FLR AT DA Y 4H A 2 1 6
K R T ey PR B S, AR SR MATS
X I SE T SLP R 7= SLP 1) 7L R A1 1 5
[I015v e BT R G4 WA S |8 DY (B )
Z80 B0 R0 A A s K P DN 2 T R T 1 00 R 3 ] 3

»=0.0011x+0.1395

®1 TEESBEH®RSLPTE
Table 1 SLP production of the isolated strains
from Tibet kefir
Ak g5 Ak 4 AR Easz/
(mg/mL.)
NMG3 IFIE RIAFH 1143.10 = 100.74*
(Lactobacillus kefirt)
NMGS5 TFIERIAAE 991.51 +92.76"
NMG6 T RIATH 1070.87 +79.36
NMG7 T RIAATHE 454.59 + 44.55¢
NMG8 AL FUAF 463.31 £ 77.27%
(Lactobacillus plantarum)
NMGI12 IFIE RIAFHA 586.69 + 37.79%
NMG13 TFIERIAAE 1160.11 £ 62.19°
NMG17 TFIERILAFE 749.52 +39.34¢
NMG22 AL AT 527.87 £ 67.57%
NMG23 FIERIAAHE 975.97 +20.59"
LN2 IFIE RIAFHA 1063.47 +72.80"
LN6 TFIERIAAHE 671.67 +31.99*
LN55 IFIE RIAFH 561.15 + 7.94%%
AH2 T RIAHE 1163.23 +5.62°
AH4 T RIATH 1 050.55 + 61.70*
AH6 T RIATHE 557.76 £ 12.90%%
SD16 TFERIAAHE 750.17 +23.84°
SX8 IFIE RIAFH 762.94 + 53.72¢
SX9 T RIAAE 621.53 £21.83*

T AT B AR R 5 B R 22 57 3 (P<0.05)
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B A W e (5 ) BN LR LT T R E G
M, RS SR TR, R TT SR R FLAT
NMG6 (14 3 I i 7K 5 5 5 , 35 93.49% . X 5 Kos
SN I 5 45 R — B, B SLP B A% 18 BR L AT 1
MO2 )2 TH B 7K P b 25 5 TAE SLP 7™ A TR bk X IR
W (70.96%) . B &I T & ZLAF i SX13 4, 2 i &
SLP () FLER FT B 20 i B % 7K 3R & 35 %5 T 6 SLP 1Y
BVE . 250, SLP (91775 23 52 Wi 41 B 40 it % 1
FRAL AR | T 40 M 2% 1A e K P X — R
T 40 i [ ) R A

Kl 6 25 R Won B bR T IR R FLAT R NMG23
A, HAFURRAT B G = G0 H Joe 1) W% B 36 35 (8 25

it K P
Hydrophobicity/%

UNGBIE F N RARE NN
Different Lactobacillus kefiri strain

T AN ) /NG 2 B 3 7 S [ 28 531 [ 1) Sk 35 1 22 5% (P<0.05) 57
SLP B # 8 AH2 NMG3 .NMG6 .NMG13 \NMG23; A 7= SLP B
P SX13 LN4 \LN14 ,SX29,

B 5 SEERARSBHRKERAKYE
Fig.5 Surface hydrophobicity of different Lactobacillus
from Tibet kefir

2.4.2  F/IETEH SLP X 7L FF B 20 i 2R 4 A0 R g
PERYSEM ) — B AR (] 1 2R 4 BOAN (W) B Ak 01 1)
IR AY Y W SRl R SRR
FaE MRS AE R B R, BF R BA 45
A RV 0 TR PR 5 B0 TR B b R 4 i 2 TR 5E R
A AR RE 122 S A O — AR AR
F, WRRAERR )RR S A KO B i S
fith 3 A B LiCl %5 W Ak ¥R B SLP 1 5
PR A RE S AR R YT RS bR
KWy g BIESE SLP X B AR SR AR B 5, 45251
N (B 7)), 5 IEF WA, LiCH i WA 3 5 B 3L
PR AT PR 218 SLP J5, TRRRN A RERMILRER
RAETARBERNTE, HhIFIER IR
NMG3 9 3R 4 R 7 4b B 25 B SLP J5 2 18 3 PR AIC,

FXF R T (R WL BRE 2R, 15 30 S B ik EL AT T
()45 BT BE 77, A0 i 2 1 2 A1, 31X 5 Kos 2517V
INZ 22 IS A SR — 3, SR, 57 SLP A
o, A= SLP B #k 2 A &+ 8 ZLAF & LN4 K&
LN14 7y =5 H Be e B 5 B 3 R B, 3R W SLP HL %
S ) 5 BRI AR 2 T PR AT R S, Rk, RIS FLAF B
NMG23 X = & H ot Al £, B2 2 T3 10 W% B %6 2 1 3k
80%LA I, FHH WA THE ) B2 i T
J1¥ 8, PR OHCHE BT R T L AT PR NMG23 BERE
FEMH IE A0 IR A, JRAE S e M G Y 4
R4

BZRZERME O=RPRRHE

a a a a
100 5 o 2
3 a b
S 80 =
0 =
2 E c
— = 60cd c =i
CEE R E TR
55‘*5 40 E M El = El f f f
2 =SBl B ] B EM:
: S Bl E H BBl H g
o1 = =| = [ = = i
El El El El H El El E
S $

AR IFE R FUAT B B R

Different Lactobacillus kefiri strain
T Al /ING s AN TR 21 530 6] £ S 35 4k 22 5 (P<0.05)
B 6 TEEARRE SRS
Fig.6 Adhesion of different Lactobacillus
from Tibet kefir

B RRTF JE R FLAT T NMG23 9 [ R 45 Rk R 4
AN, P R GRS %
1% 1.63%~7.56%%1 0.96%~10.63% .,

Kl 8 253 N, 4 MRANTR 4 IF JE R FLATF B H R
YIRS TE R 5 5, ODsosn MR G FEVE I AE 3.5~4 2
B, X5 Wang SEMI 25 1 — 250, HAF 5 b & BLIR)
FEJE R A TR AR bR, FFIE R ZLFF 3 AR Y R
BURE ) e o B T IFAEZRFLAT I NMG6 , HiAx 1R bk
FE 2Bk SLP J5 B B AR (9 24 W8 0oR K H 5
6L PR R Y7 IR A 35 R I AR W ROE )R I B
REAG, B IT 3R /R FLAF B NMG13 28 5% SLP J5 i
I WL A el B AR e, IRE A
R IR PS5 B (s B L R 0.52 nm~1.13 nm,

iR K] SLP B RS 5 LT T 1 R 4R
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FHEU TS BT O HLB 6 5k R 37

A TR I, (AN S M — B9 52 Wi DXL 3R, SLP 52 i) 7
JE I RNEA TR bR Z A7 AE 22 57, X — 4R
72T Golowezye FPI S AT % BT AE R 7L

R (LiCIAEFERD
100 B A% (LiCLLRE)
SRR (LiCLALEERDD
IR (LiCILRE)

©
b

©
=3
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%
&
T

=
o
T

REFR
Rate of aggregation/%

o
o

[

Iy
=]

NMG3

AT AE 7R FLAT 1 B bk

Different Lactobacillus kefiri strain
T o o L s RO [ 4 3 (0] Y 2 354 22 53 (P<0.05 . P<
0.01 LA} P<0.001).
7 EERESIPUIABHAEARERMERER
)8
Fig.7 Effects of SLP to auto—aggregation and

co—aggregation of Lactobacillus from Tibet kefir

3 it

A TN T S T R 03 Ok 2 19 Bk SLP
MIFLIRFT I, 200 TR~ M b 17 tRk3  JTF
FERFLFFI . 4 SDS-PAGE 437, T35 b i
SLP 73 F i 2924 70 ku, ASAF7E B BE ] 19 22 53¢
X LE TR R T SLP X H R T A Pk, 2% 1 HL AT Y
SO M) T R R A SRRl [ R R I X
AW IRTE LRE 1IN, 3L SLP X FLRR T B 4
BERE 1 A A E A T A H) T AR WA IR I TR
IRFUTHEAE N SE RN W Z —, P
HOr W& H SLP e TRE R IR R R P I fE , A
B T i A 5 3 T PP i T A G AR R BRI L
il

2 % X M
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Screening and Adhesion Properties of S-layer Protein Producing Lactobacillus from Tibet Kefir

Cheng Tiantian, Li Jiale, Fu Mengqi, Li Meiqi, Sang Yaxin, Gao Jie
(College of Food Science and Technology, Hebei Agricultural University, Baoding 071000, Hebei)

Abstract Objective: The surface layer protein (SLP) of Lactobacillus, possesses adhesive functionalities, including facil-
itating the adherence of bacterial cells to intestinal epithelial cells or stable binding to surface constituents of cells. This
study aimed to explore the adhesion properties of the SLP of Lactobacillus in Tibet kefir and evaluate its impact on the
aggregation among microorganisms and biofilm formation. Methods: SLP-producing strains were selected from Tibet kefir
using conventional separation techniques and an acidic lithium chloride extraction method. The impact of SLP on the hy-
drophobicity and surface charge of bacterial cells was investigated by employing the microbial adhesion to solvents
(MATS) assay. Finally, the self—aggregation rate of Lactobacillus, their co—aggregation rate with yeasts, and the capacity
for biofilm formation were determined to assess the influence of SLP on microbial aggregation and biofilm formation within
the Tibet kefir microbiota. Results: 19 strains of SLP-producing Lactobacillus from Tibet kefir, with SLPs exhibiting an
average molecular weight of approximately 70 ku, and the highest production level reaching 1.16 g/mL. By comparing the
surface characteristics and aggregation abilities of bacteria before and after the removal of SLP, it was found that the re-
moval of SLP caused the average auto—aggregation rate and co-aggregation rate of bacteria to decrease by 1.63%-7.56%
and 0.96%-10.63%, respectively, and the reduction range of the average absorbance value corresponding to the growth of
the mixed biofilm was 0.52-1.13 nm. Conclusion: Tibet kefir was found to harbor an abundant population of high SLP-
producing strains, with the majority representing dominant microbial species. As a critical component governing aggrega-
tion and adhesion abilities, SLP plays a pivotal role in the biofilm formation and stable propagation of the microbial
community within Tibet kefir.

Keywords Tibet kefir; surface layer protein; aggregation; adhesion; biofilm



