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FIH FLERZLERE AcmA RERRB-1, 3-1, 4- 5 RAF
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Al KA SR P2 1R R E s s, BRI 430070

# E: KA PCR ¥ 3 ILEL L3k ¥ (Lactococcus lactis)MB191 H 4k 69 4 K K A K R B8 L B acmA, 81T C- K% ako-H
BT 5 ERAKR ofp 698245 E acmA-gfp, £ TR A BAK pMG36k L /513 3] T AR A K& AcmA-GFP @k 4%
6 LRk pMB137, KRB W R A BT AR LB IR E AS1.2829 ¥ 3k 5 L0 H MB137. 4 SDS-PAGE &, &
0 MB137 T R A TR »F &4 74 KD #9%& & . Western blotting. a4 B 20489 5% K& W & A= 4F 5 GFP
ZHATIRE AKX @IS AN IE S GFP MR MR AT B MR T, WH T EOHEERAREEGH 35%. #—F
B 3T AL 3 JOAT B BF7658 A& B 48 F 4738 245 5 Ak 5 71 49 B-1, 3-1, 4 F RAEBEIL I gls, kI pMBL37 ¥ ¢4 gfp, 133
15 % Ak A A B acmA-gls # F 28 45 pMB138, 2 -F A | SLELSLIK A AS1.2829 /5 13 3] £ 40 % MB138, 4 mp-1, 3-1, 4-
FRABKMGEEGYE ML A 12 UImL BR, AR & TR Bk,

KR mik & AT, N-TBIREE R B, #)RAER, 4 @0 A

Functional cell surface display of endo-beta-1, 3-1, 4-glucanase
Iin Lactococcus lactis using N-acetylmuraminidase as the
anchoring motif

Xiaohua Li, Xinfeng Huang, Xiaohu Shao, and Lin Li
State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan 430070, China

Abstract: In this report, we utilized N-Acetylmuraminidase (AcmA) to develop a whole-cell catalyst of endo-beta-1, 3-1, 4-
glucanase in Lactococcus lactis. The PCR-amplified full-length acmA gene from L. lactis MB191 was fused with the green
fluorescent gene (gfp), followed by ligating the chimeric acmA-gfp into the Escherichia coli-L. lactis shuttle expression vector
pMG36kK, yielding the recombinant plasmid pMB137. SDS-PAGE analysis showed that the constitutive expression of AcmA-GFP
fusion protein in the L. lactis AS1.2829 construct harboring pMB137 (named MB137), with the predicted Mr of 74 kD. Western
blotting, GFP specific fluorescence intensity assays and flow cytometry analysis confirmed that AcmA-GFP was immobilized on the
outer membrane, which constituted approx. 35% of the total intracellular fusion protein. Furthermore, acmA was fused with a
PCR-amplified encoding fragment of the endo-beta-1, 3-1, 4-glucanase gene (gls) from Bacillus sublitis BF7658, resulting in the
recombinant plasmid pMB138. By transferring pMB138 into L. lactis AS1.2829, the derived L. lactis MB138 expressing the
AcmA-GLS fusion enzyme exhibited a distinct whole-cell glucanase activity (by 12 U/mL) compared to the control strain, indicating
AcmA had served as a functional anchoring motif to immobilize the heterologous enzyme on the cell surface of L. lactis.
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N- 2. P9t Jifd B 5 Jil (N-Acetylmuraminidase, AcmA)
JEFLIR FLIK B (Lactococcus lactis)Hr— i 3 B2 (1) Jik 58
WEOK A, 222 50 0 4 H 43 24 A B Gk A0
I AR E AR 2 R TR AcmA 1) C-A
LA 20 i e 2 T R, ] e oL BR LBk T A 2
(X A AR B 2l e B0 1 1 JC 5 1 8 A
Yy, AR E AN R AR i 2 R i
L2 FLBR TR 41 2% 1 S /R R e U HOR T R SR T A
MR RGO, 5 2 RBAVE R R
JIK 5 %€ BA L (LPXTG-motif anchor) . S-J2 & A FlIIE &
M5B8 A EL RS, i AcmA BT EEAG JE /R K R
£ 2 B HPEE 1) 15 AcmA [ C-IK Jiig 45 4 4, 1Y
INEEHILP, (R LAEHEE BRIl 3 T4
R REL AT B A A s 3R R B AN AR 1
2) AcmA ] LI ZH B A1 i) LR 2L BR 1A 4 M RE EA 7
] [ B g, X — R AT (9% R nT DL R 2 i
BRSNS, HiE, AcmA &—FPfR
AR WIMisRED . B2, B THRAREN
AcmA TR 15 5 5 i a2 1 % T R SR T 8 R B
acmA Kk IR B il ke ke J A A1) AN 2 1T R R R
B, AR — TR T IR I A TAE, B-1, 3-1, 4 AR
T A S P A - SR 2 T T A B-1, 3 FIB-1, 4
W R, PP Tl A G 0, % R K
fiffe K A7 B- 1 B A/ N W, DT I ik B- ] 2R b
TEMUPI AT D BT 38 R 22 TR RS K L XEDA R s L
T 119 55 DR Y22 ek I JC 10 U8 56 Il it I A A i T B-1,
3-1, 4 H B VHME T B th 2 5 R HUR i AR AR
Sl 1Bk B AT 50 ) FLIR FLBR A A bk H s N-
C T MR B acmA, FI 3L B = W 4 b iz 3
EEAMSEIOCE ARG EN, WE T —AE
LR FLER A A0 M R 1H R OR AMEE TS RS,
I e il b,k FH ok T Al B ZF AT T (Bacillus
subtilis) 1) B-1,3-1,4- 7 50 il VE 2 101 E 7R 19 H A5
AT, W AR FLIR FLER TR 40 A 2R 1w 1 SR R MR R T
TEE, LU R HA B 3RS H AR MR
R B 2R ) 4 20 R A A 0] 2 B A LA

1 Mk ik

1.1 HMEEHK. B LFFEHE

R 7L Bk @ 7L R I A (L. lactis subsp. lactis)
MB191 Sy A< S50 28 M AR 2 v 43 2 - 0 1Y — Bk L
Ay Nisin 16 Ve B AR BRI bR, 7EASBF 58 o AR PCR
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PHE acmA BRI Y R BB LR FLER R LR T AD
AS1.2829 Il [ rfr [E #7515 52 My {5 5% 0 (CCTCC),
FEAS I 5 A Ay #4022 1 R R F 6 I A2 IR T
KIZATF#i( Escherichia coli ) DH5a AN 3256 % {417,
FH T 2 45 Bl EE 41 SR A2 KT #EB-1. 3-1. 4
HISRWERGHL A gls AU R 25 MEAT IR BF7658 Btk LA J
KIGHFE-FLRR LR A ZE R KRB EUR pMG36e HAE
WRAT SCH G o 45 R TIR A R o L I (Kan) i) T A
pDG780 WA LK, % gfip 3L [H ki pQE60-gfp
XIF A HENG . FORiZAK pMD18-T | & Rl BR il 1
VI . Tag DNA & RUEEFT PCR F BEEEI [RIGR I £ 1
THREAYORE) AR AW N R G & A
R ZE e A VR ARG FRA H]; T4 DNA 4%
Wi T 5 2 2R M98 W), DAB IR & T ilD0& Rk
AR W], Cys FRicdBFEPLE 196G 1T Caltag 2>
) o HAth AR A IRGR 38 Sy [ B 1 A A
FA T 85 57 2L 08 7L 3K 0 B A 70 TR R 1) 35 5% 5 A
Sy FEME 10 g, WEREFRELH 10 g, SRR 10 g,
KH,PO, 10 g, NaCl 2 g,, MgSO, 0.2 g, /il H,O &
1000 mL, ##75 pH 6.8 J5 T 1 x 10° Pa K% 30 min;
it e LR FLER B 5 1b 1 LA R 85 77 LR L ER 181 o 21 1R ik
B, FEIRIEFREETP N R (Em) 2L 5 pg/ml;
H At 20 B K5 557 % - LB(Luria-Bertani) 3% 75 3604 4
BEFEE SRR AT R EA R RET, 76 LB 53R dhiR
IR AR R % (Kan) sl 24~ 5 55 R (Amp), fl A&k i
439k 25 ug/mL #1100 pg/mL.
12 A&
1.2.1  F/#iif. acmA Al gls Z£A7H9 PCR #7714
B S DNA 19 il A8 #5 STk [14]09 5 it 47 .
FNFLERFLERE MB191 1H % & DNA H1¥1 acmA
W51 Y12 B AL IR FLER A LR W AP 1L1403 B RERY
acmA JL[K J7 51 (GenBank & 5% 5y AE006264.1) 7T
wit, H RSP M1)2h: 5-TCC ATG GCA GTT
TCT CGT ATT AA-3'; TiEgI#(P M2)2h: 5-TAA
GAT CTA CGAAGA TAT TGA CCAA-3', 44 acmA
i) PCR W FEFE 4 94°C 5 min; 94°C 30 s, 53°C 1 min,
72°C 90's, 25 MIEH; 72°C 10 min Ji5 & 4°C 1. 5
A5 GenBank ##is A Hhoili B 27 MU AT IR B-1. 3-1. 4-
A EL R 751 (GenBank %557 /¥ 515k AF490978)
it BS54 PG1: 5'-CTA GAT CTC AAA CAG
GTG GAT CGT-3' I FiiE51 4 PG2: 5-GCT GCA
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GTT ATT TTT TTG TAT AGC-3', I TH A EH
SRS IB-1, 3-1, 4-F R BERE GRS IE A gls, FE
PCR JZ W #2¥ A: 94°C 5 min; 94°C 30 s, 47°C 30 s,
72°C 40 s, 20 MEFR; 72°C 10 min J5 T 4°C {4
PCR "4 /=¥y 2 ik [l 5 44 T pMD-18T, ik
R B W B R A R w0 D A R A
GenBank £ #E4T BLAST 434,
1.2.2 DNA #/F

DNA [RFY) . MK . A KT A %1k
SEF O BRI ik AT R DNA il 4
DNA i HL bk ™= 4y 2 Ak [T g 24 e 38 7] 6 41 AR 19 O
Pkt FLRRFLERA A 5L GenePulser™
AL (Bio-Rad), Z:RESCHR[L5]M J itk q T
1.2.3  FHE GFP FH 5 HEng#2

T FH 2 ' A 00 D0 2L 1 L 1 o L A 1 T
Wt AN, B A T R IR T
28°C T#55% 36 h, &R #ZY 5, 11 PBS (pH 7.5)
Ve IF R, I UVIVis 2066 T (Beckman
Coulter, DU800 nucleic acid/protein Analyzer)il] = 3f:
P #E T B BOL I ODeoo fHM 1, SR J5 FHZEOL 00
FE3H(SHIMADZU RF-5301PC Spectrofluorophotometer)
Tz I TRV ) GFP AH XS 24 5 5 (Ex = 495 nm, Em
=510 nm),
1.2.4 5% 55

28 Li SOy s e dE 17 o SR 20 mL B A
iR, FHPBS Uk 1k, AR EET 20 mL 5
1 mmol/L EDTA ) PBS Z& i, 37°C il #E 2 h 5
French Pressure Cell #4jff#{%(Thermo, USA) 4t
B 2 ¥ (15 000 psi). % 5000 r/min &> 10 min B2
KOE MR A, $585 LI SRl B0 & O
&, H 39 000 r/min #H# Z.0> 1 h (Optima LE-80K,
Beckman). F#% 4 0.01 mmol/L MgCl, f1 2% (V/V)
Triton X-100 () PBS T & VLTE, IFAEZ I NI E 30 min,
FELL 39 000 r/min B0 1 h, 752 A93TTE R A 48 i sk
FEE R 43, 3 R A B P B 43 o IBCRH [ AR L1 24 i
Oy o AT B 45 A4 4 4y k4T SDS-PAGE B
Western blotting 437 .
1.2.5 SDS-PAGE 7/ Western blotting %7

B 1 mL i 15359 4°C L1 13 000 r/min &0
5 min, SR 5K DA A (B0 I 3 25y B 4 ) B T
Laemmli 2z #p(20 mmol/L Tris - HCI (pH 6.8), 2%

B-FidL ZBE, 1 mmol/L EDTA, 1% SDS)F & /K h
5 min, REEEL, BRI SDS-PAGE. #
JKE Ve i >l 10%., Western blotting 2 8 Li 2084454 iy
T B M ST SDS-PAGE J5 VIR e 4 e, Br43 8 e
12T Towbin Buffer H1 {4 15 min, F 1254
XA 25 V 04 F LI 35 min, i 8 115U B 2
FREFLEZR I L, ARG % R 3 B B A b 4°C i
e, FEER NIRRT 54 BPi-GFP —4i%%
b 1.5 h, #E T —du s, SRiEH TTBS 2%
RPN 2~3 K, PR A S A B A AL P il
FRICHEPUR 190G 1 B2 sS il AT —Hi A58 I
N 1.5 h, SRJ5F TTBS 28 vhi LA )z TBS 28 vhyl e,
)5 1 DAB 43350 0 2 BEUE B 15 64 7 2 A S 0
1.2.6 w2 HM IR Pr

A B A5 I PBS 22 pPif (pH 7.5) 160 31k, T
&4 5%BAs 40 H TBS B T 4°C £H6A 2 h,
B0 TR PBS 22 vl (pH 7.5)BEE A 3 1K,
TAS A BPL-GFP —HU %% vl (s B¢ )% 1:100)H it
fr—hiZesc i 1.5 h, SRJ5H PBS ZZ ik 3 IX,
SRIGIMA A Cy5 Fric i EPT R IgG(# B4 1:200)
M P A s R AT Zhi e A RO 1.5 h, B R H
PBS ZZ il (pH 7.5)UE% 3 Wk, &7 B AU an
21X (Becton Dickinson) #4746 .
1.2.7  B-1, 3-1, &- JA L) 2 B B 9 5 O

T 2 TR 4 240 R B SR I I 1 % 2= L Teng 5%
(77 AT 1 B AR X R R O RS e R
1 pmol 4 JFUHE 11 4 241 it TR VL T

2 H#XR

21 acmA ERFEYEBEFT BLAST 4. #F
acmA-gfp Bt & E R EHRAMES RIETF 4
PIFLERFLERTH MB191 4 DNA WA AL S 4
PM1/PM2(F 51 H1 43l 51 A Nco | Fit Bgl 11 43 #45) 1284 7
PCR ¥4, HIUK&5R B/RE 1 K4 1.3 kb iFF
SpE R BE. Bralifbiy PCR = 4)5% 423 pMD18-T #;
i, BT oA, SEREBIIZ B 1 A8
S HE, 42K 1320 bp. £ BLAST 434, % H BJFE41 5
GenBank HEIC A FLER FLIEK A FLER AR 1L1403 119
N- 2, T A B ot il 2 L 3 [ AT 999% A4 B AR AL, 4
FAPE 12 MR S 2R 225, SFlmFLEk
B FLIE A (L. lactis subsp. cremoris)MG1363 [k 114
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acmA i [Kl 1 17 1 AR B A 3 15 83% HH L Aff a2 T
B ) ) A R PR ) N- 2 T A RE SBT3 R (acmA) .

B IE 17 143 acmA ) pMD18-T 4% My pTaA.
2 Bgl 11/Pst | gV J5UkL pQE60-gfp 1532 i gfp 4 4%
F| pTaA (ARIRI 25, 15 2410k pTag. 73 K ks
pDG780 1 Kan' & K 4 A FL 2 FL 2K 74 3R ik 4K
pMG36e 11 Hind I 755, PLJy i F 78 KM kT i
DH5a i 4% Ak F, 15 24 WHTAric (Em Fil Kan')
AR pMG36k. #RJ5 i1 Xba 1/Sph | W] pTag
1) acmA-gfp Jr B, H4H FEREF] pMG36K 1 AH R {7
b, 45 3 #E A “acmA-gfp” @b & 3k R ) 4 R ORL
PMB137, H.fli& i K9 8 T AR 4 AL S 3+
1 L% T (R 1),

AR pMB137 HL A% A7 3 P LR FLER A
AS1.2829, 75%| T K MB137, & SDS-PAGE 43 #fT,
ARG E 74 KD B S5 (B 2A), SMGEA
AcmA-GFP FUEARSRT, FRWIRA A 2 e ®E
TR BR P AR R . 0O WA BRI, F A
BEibk MB137 HAT WA LAY GFP 4 (0 9 TG Pk (45 SRR
WoR); WAL (FACS)A I JRIIES: MB137 1 &

acmA aip

T ] pMB137
[ 7270p \ (7:2kb)
Bel 11 Pst1Sphl

I
/1 1320bp
Xbal Neo l

acmA als

pMBI38
(7.1kb)

|
1320bp | 660 bp
Bel 11 Pst 1 Sphl

Xbal Neo |

Xbal SPhl
p. | Hindlll

MCS .
Em - Kan

pMG36K

5.1kb " Hind 11

ori

1 FEHRF pMB137 A pMB138 LR EE

Fig. 1  Diagrammatic view of the recombinant plasmid
pMB137 and pMB138. E. coli-L. lactis shuttle expression
vector pMG36k was used as the parent vector for constructing
pMB137 and pMB138. Abbreviations: acmA: N-Acetylmuraminidase

gene; gfp: green fluorescence protein gene; gls: endo-beta-1, 3-1:

4-glucanase gene; P: promoter; Em: erythromycin resistance
gene; Kan: kanamycin resistance gene; ori: replication origin.
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S GFP 45 M2 6 (K 4A); TR X2 i B il
SR, EA A R R I B AR P
TEE(E 3).
22 BEEAREIBMIKEEEEMBIREEN
Vi

A MBL37 & 545 GFP HLikmLE & i
Je, A 3 A A SR I B A GFP 3 1 A J —
Pt FAEFPOERRIC Cys 2ok, WA 4 Fios, LI E
Bk AS1.2829 Mg, W] IR R EALH MB137
WA B GFP LK Cy5 XHt. H T GFP Hifk

M 1 2 1 2
A B
kD
112 — e
__ AcmA-GFP
66 — . (~74 kD)
45 —

35 - 2 .

-

B 2 FEBRAKBEELEEHK MBI7 RZEMESEARN
SDS-PAGE #A Western blotting 4 #f

Fig. 2 SDS-PAGE and Western blotting analysis of the
recombinant L. lactis MB137 cells expressing AcmA-GFP
fusion protein. (A) SDS-PAGE profile of the total intracellular
expressed proteins. M: protein MW marker; 1: L. lactis
AS1.2829 (as the negative control); 2: L. lactis MB137. (B)

Western blotting profile of the cell fractionation components. 1:
outer membrane component; 2: intact cells of L. lactis MB137.

120 4
T

100 - /

80

60

(F1/ODso)

o7

A B C

GFP specific fluorescence intensity

3 FERFLIRE ELEF #k MB137 BY GFP 3¢ E M4
Fig. 3 GFP fluorescence intensity of the recombinant L. lactis
MB137 cells expressing AcmA-GFP fusion protein. A: L. lactis
AS1.2829 (as the control); B: outer membrane component that
prepared from the equal aliquot of cultures referred to ODggo With
C); C: L. lactis MB137 intact cells expressing AcmA-GFP fusion
protein.
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500
]

400
1

I L. lactis AS1.2829

- 1

N ;

i f/ , L. lactis MB137
| /

- 1

300
1

Counts

200

100

10° 10! 10° 10° 10
GFP

500
1

o L lactis AS 1.2829

400
1

s L. lactis MB 137
" (an]
5
S
=
&
=)
=
107 10 10° 10° 10°
CYs

4 RAMEISHNEARIAKEEHLHE MB137 %
iX AcmA-GFP R & EAMER

Fig. 4 Flow cytometric analysis of fluorescence luminance by
the recombinant L. lactis MB137 intact cells expressing
AcmA-GFP fusion protein. L. lactis AS1.2829 was used as the
negative control. The left histogram in each figure indicates the
fluorescence background. The right histograms indicate the
result for (A) specific GFP fluorescence and (B) Cy5-labeled
fluorescence.

At AN ER, AR T 40 I 2R Y
GFP LAgh4 Ry, AR AE Tk Cys Frid st
5%, AESZANEE 1 GFP #m Shi & 2 w4
MB137 4 i % i .

A I MB137 2 ik i o3 P 5, ARAs A0
HIIEZH Sy, % SDS-PAGE Fil Western blotting 46 iF (&
2B), ESE GFP fEE A AN 4 8 i A7, H

ENE B4 K /N5 AcmA-GFP Fila 24 1 B PR (1 —
H, IR S AMEE 1 GFP B 2 T B AR
MB137 MUAIFRTH . JLAb, 28 Ll 55 40 53 i 241
JHL AN o3 9% 4 5 21 43 5 E 4H R MBL37 e 4l ifd i) GFP
PG (& 3B), 4HfLAMIEZH 5 1) GFP 2l t:4y
b A A0 M TG Y 35.4% ., 4545 2. & 3 FIE 4
ghSL, N H TR R Y R TR N R I AT e g i R
T JE R AN 1, HRRACR 2y 35%.

2.3 EiHE MB138 MME S £4HAEB-1, 3-1, 4-F]
RUEEEMES

#5195 PGLIPG2 (J 41 #4551 A Bgl 11 FI
Pst | {ii 1), VDIAHEZEMIAT IR BF7658 & DNA i
e, £ PCRY G152 A/ (660 bp) AYB-1.3-1,
A-F RGN (R & 55 BT 81), 45k gls. &
JFH1I BLAST 43 Hr, 123 B3 471 55 0 55 2 A B A
V. Fh(B. subtilis subsp. subtilis) str. 168 & ¥k A4 endo-
beta-1, 3-1, 4-glucanase & [H (GenBank % %5 A
NC000964) H.A7 97% 4RI, 7E 5~ IR 7 B AF1E
S5 — B 1 1 gls JE R ik Bgl H1/Pst | 4],
BTkl pMB137 R gfp JER, 153 1 DR/
7.1 kb fOE L Tk pMB138 (18 1), #5415k
pMB138 MLk ABIZLERFLIK I AS1.2829 Rk,
fifi 19615 31 5L 40 14 MB138.

X EE 21 MB138 42 ifB-1, 3-1, 4-%) SR i ity
TEHEAT T E, 25 3 TR VR S BH M B ) 32 AR
AS1.2829 K i F) i 15, 1T EE 4H DA PR Y T TS GA 2
12 U/mL 441 i i

3 it

T A W 41 o 3 1T R 2R (Microbial cell surface
display) /& 45 i o 35t 1% 45 4F T Bt Ah I 2 fig 4 11 &
TR I A TR T P A M A T . AR R Y
oo A5 SR AN RT DA JIT 5 o 14 s ;1 240 b 3R T L
Fe A T A o R AR, I HL AT DA bR e e 2 K 43
/S il 2 B 240 e BB 1T 0 A M P A g, 3 AT D
PP P E LA A AR TR AL, R AT 2 AR PR R G
R B R KR AT AR AN 1 Rk
HAT /A &S AL L BR A P A Wbk h i 3 R B 1Y
AcmA 1ERiz# &, FIH GFP fEG&E M,
A 1Rk AT 7E A0 i R R R GFP (4R TR,
FEXT TR TR 4 A 2 1 R s AR 11 0 A S R Mg
137 b AEMCIERS B, VEFIB-1. 3-1. 4-7H) AN
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VE S BRRER 1, 3 0 R R S5 AR A5 4 40 i I 7
PEHERT T 558 PR RAEYI RS FHp-1. 3-1. 4-
A OB A 1 R 0 R RE E A A0, T 40
FR WA R TN RE B b 20 i R T 4300 ) 5
FRI DR I 4 R PR G 4 0 e A TS BH R TR
T Jé /R HAREE 11 GLS Frs. s AR IE 1) B pr R
[ ¥ RE Bl A oh R AR 15 £ TE AN e i, AR A B
5 B R 2 A T 41 50K (pMBL37) 5 32 Kk, SE T LU
YR —Fs HEAR V&, HTFEZ5EBRENAT
JER, BN, JERASFhBR (SE PR ERR) . &R
W A A 145, DA A i EL T R A 1 R A

5 A 0 e T L AL A 2 0 A A

AFFER A L PR SR B-1. 3-1. 4-) SRAH G B
B HIRE AT REA : 1)AcmA 1E Ryis #E 1Y
B E PEREIS ANGR, JCHOE S H AR S H 4L RS

J&,

A RERR RS 50 25 0 M BE A E M RE; 2) 3R 0K

BARRE B TSR, HARRE AR AR R A,
Xt 2 H Al PRI LR LK T T 2 A B — 3
AR RREA 3) T 22 1K A4 fil 45 5 11 200 i A 8 o
WEf, 4) B-1, 3-1, 4-HRAHMERY N-KIRTES AcmA
AN A E G, B TSR R, AU
JITARAT ) 2 — T = 40 PR PR AR R, 55 DA R P 2 0K
A Sl AL R RE R AN ], HA ] R A AT 2l Al 55
Derd, (ERVE NI, el 4 ey g I P RE AT 5 22 3k
—HRAR LA FAh, AUFTE IR AR R
WA P RPUESEN, #XELLARIERR S B iR
AIEEOR, IXBE )T THA fip T k2B WEFE I Fm A

REFERENCES

(1]

[2]

[3]

[4]

[3]

Buist G, Karsens H, Nauta A, et al. Autolysis of
Lactococcus lactis caused by induced overproduction of
its major autolysin, AcmA. Appl Environ Microbiol, 1997,
63(7): 2722-2728.

Buist G, Kok J, Leenhouts KJ, et al. Molecular cloning
and nucleotide sequence of the gene encoding the major
peptidoglycan hydrolase of Lactococcus lactis, a
muramidase needed for cell separation. J Bacteriol, 1995,
177: 1554-1563.

Leenhouts K, Buist G, Kok J. Anchoring of proteins to
lactic acid bacteria. Antonie van Leeuwenhoek, 1999, 76:
367-376.

Ramasamy R, Yasawardena S, Zomer A, et al
Immunogenicity of a malaria parasite antigen displayed by
Lactococcus lactis in oral immunisations. Vaccine, 2006,
24: 3900-3908.

Tarahomjoo S, Katakura Y, Satoh E, et al. Bidirectional

Journals.im.ac.cn

[6]

[7]

(8]

[]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

cell-surface anchoring function of C-terminal repeat
region of peptidoglycan hydrolase of Lactococcus lactis
1L1403. J Biosci Bioeng, 2008, 105: 116-121.

van Roosmalen ML, Kanninga R, El Khattabi M, et al.
Mucosal vaccine delivery of antigens tightly bound to an
adjuvant particle made from food-grade bacteria. Methods,
2006, 38: 144-149.

Okano K, Zhang Q, Kimura S, et al. System using tandem
repeats of the cA peptidoglycan-binding domain from
Lactococcus lactis for display of both N- and C-terminal
fusions on cell surfaces of lactic acid bacteria. Appl
Environ Microbiol, 2008, 74: 1117-1123.

Raha AR, Varma NR, Yusoff K, et al. Cell surface display
system for Lactococcus lactis: a novel development for
oral vaccine. Appl Microbiol Biotechnol, 2005, 68: 75-81.
Heinemann U, Ay J, Gaiser O, et al. Enzymology and
folding of natural and engineered bacterial beta-
glucanases studied by X-ray crystallography. Biol Chem,
1996, 377: 447-454.

Planas A. Bacterial 1,3-1,4-beta-glucanases: structure,
function and protein engineering. Biochim Biophys Acta,
2000, 1543: 361-382.

Kiselev KV, Kusaykin MI, Dubrovina AS, et al. The rolC
gene induces expression of a pathogenesis-related beta-1,
3-glucanase in transformed ginseng cells. Phytochemistry,
2006, 67: 2225-2231.

Li YF, Zhu R, Xu P. Activation of the gene promoter of
barley beta-1, 3-glucanase isoenzyme GllII is salicylic acid
(SA)-dependent in transgenic rice plants. J Plant Res,
2005, 118: 215-221.

Riviere MP, Marais A, Ponchet M, et al. Silencing of
acidic  pathogenesis-related PR-1 genes increases
extracellular beta-(1->3)-glucanase activity at the onset of
tobacco defence reactions. J Exp Bot, 2008, 59:
1225-1239.

Sambrook J, Russell DW. Molecular Cloning: A
Laboratory Manual. 3rd ed. New York: Cold Spring
Harbor Laboratory Press, 2001.

Papagianni M, Avramidis N, Filioussis G. High efficiency
electrotransformation of Lactococcus lactis spp. lactis
cells pretreated with lithium acetate and dithiothreitol.
BMC Biotechnol, 2007, 7: 15.

Li L, Kang DG, Cha HJ. Functional display of foreign
protein on surface of Escherichia coli using N-terminal
domain of ice nucleation protein. Biotechnol Bioeng, 2004,
85: 214-221.

Teng D, Wang JH, Fan Y, et al. Cloning of beta-1, 3-1,
4-glucanase gene from Bacillus licheniformis EGW039
(CGMCC 0635) and its expression in Escherichia coli
BL21 (DE3). Appl Microbiol Biotechnol, 2006, 72:
705-712.

Georgiou G, Stathopoulos C, Daugherty PS, et al. Display
of heterologous proteins on the surface of microorganisms:
from the screening of combinatorial libraries to live
recombinant vaccines. Nat Biotechnol, 1997, 15: 29-34.
Lee SY, Choi JH, Xu Z. Microbial cell-surface display.
Trends Biotechnol, 2003, 21: 45-52.

© PERZRMEDARAATIKSHES http://journals. im. ac. cn



