A TR E AR Chin J Biotech 2008, May 25; 24(5): 723-732
journals.im.ac.cn Chinese Journal of Biotechnology ISSN 1000-3061
cjpb@im.ac.cn © 2008 Institute of Microbiology, CAS & CSM, All rights reserved

H E AN M R B EE R E . EHRREER ST

PRIV HRE L AXAS, RO, 24E]

1 m%k‘s%élzﬁﬁﬂ”i%fﬁ, ¥EF 250100
2 TERUNTE R A Rk 2= B, FEH 241000
3 KA RE R, HK 053000

B B AEBANARERLEZAY —ANEZORE ST, BEVIRS I SRR L, EEE TR — A KA
F, BORAE RN G AR, i EIHAR GG R B A, AR B B st 3T F LI AF 3] T A H e AR B (AR 4 FeLyz A R),
ZARAK 709 bp, T EERIEAES 477 bp, % 158 NRALER, AT 18 NRLB(-1~—18) 4155 Ak, miAIKd 140 4
RABLR(1-140aa), EoFEH 162kD. 2 SMART 547, #ZABEA 1 ANER B 1(LYZ1)4 #3R(19-130aa). F &
% RT-PCR 2 W45 R AP IAH B & £ S AT b A BAKK P 90 R R A, B mB bt <. kAo
FEAMBR P Ak L. T E IR B A 4 R IOk I F 1% /?#F%gk?kﬁi pET-30a (+)%F, LXMW H
BL21(DE3), BTk G A kA Efoshie, 133] 7 hibe) TR H B, TR ZHEER., £REAW, TaFE
BBt £ L KM ITE AL DR, RADEIRELR 3.43 pmol/L, 49:#%‘;5&%@@%%»4’;}%49;/n, LR ER R
W, BEH BN A E RO RARE ST, 5B T AT RS AR

KEFE: TEUA, KA, ARLE, THAR

Molecular Cloning, Recombinant Expression and
Characterization of Lysozyme from Chinese
Shrimp Fenneropenaeus chinensis

Xingjiang Bu?, Xinjun Du', Wenjie Zhou®, Xiaofan Zhao', and Jinxing Wang'

1 School of Life Sciences, Shandong University, Jinan 250100, China
2 School of Life Sciences, Anhui Normal University, Wuhu 241000, China
3 Department of Life Scences, Hengshui College, Hengshui 053000, China

Abstract: Lysozyme hydrolyses bacterial cell walls and acts as a nonspecific innate immunity molecule against the invasion of
bacterial pathogens. We cloned the cDNA of lysozyme from Fenneropenaeus chinensis and named Fc-lysozyme (FcLyz in short).
The full length of the gene was of 709 bp, and the open reading frame (477 bp) encoded 158 amino acids. The predicted protein had a
signal peptide (—1~ —18 residue) and molecular weight of the mature protein (residue 1~140) was of 16.2 kD. A Lyz 1 domain
(residue 1~130) in the lysozyme was found by SMART analysis. The results of semiquantity RT-PCR showed that FcLyz was
constitutively expressed in tested tissues in a low level in normal shrimp, and up-regulated in hemocytes, heart, hepatopancreas and
gill of bacterial challenged shrimp. The DNA fragment of mature Fc-Lys was subcloned to pET-30a (+) expression vector, the
recombinant plasmid was transformed into Escherichia coli BL21 (DE3) and then induced by isopropylthio-p-D-galactoside (IPTG). The
antibacterial activity of the purified recombinant FcLys was analyzed and minimal inhibitory concentration (MIC) was assayed. The
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recombinant protein showed high antibacterial activity against some Gram-positive bacteria, and MIC reached 3.43 pmol/L, and
relatively low activity against Gram-negative bacteria. All together, the Fc-Lys was regulated by pathogen infection and had anti-

bacterial activity. This suggested that the FcLyz may be one of the important molecules against pathogens in innate immunity of the

shrimp.
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%5 T W [Lysozyme (EC3.2.1.17)]& — Fh E 7K i
R Z2 BE A BRI I, T BE A 10 200 TR 40 L RE o 24 N-
TR MRERR I N- £ Wk 2 FE i A 2 [ i B-1, 4 BT
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HHPEAET . HEL, — Wi s /s 2e: ()R
W, AR ¢ RUSEBE(c-type), ALFER H T H A%
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TV R (i-type) U0 HoHp i 78 (i-type) 1 T T2 15 T
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FE1, 7E GenBank ¥ 1 A 2 HI A K+ BN
Yy )7 R B AZ T TR T 4, TEXTHR 2 R I T
M R ZHET o BB, 40 LA XTIT (Litopenaeus
vannamei) (AF425673), H A X #F (Marsupenaeus
japonicus) (BAC57467), Bt 75X} #F(Penaeus monodon)
(B1784440)F1+ [# B X #F (Fenneropenaeus chinensis)
(AAV83994). i M (i-type)¥ b MiE£E X HF vt A7 & B,
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il 3L DR T AR A 9T A UL o FRATT A r [ B X6 A
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& TaKaRa Biotechnology /A 7l (K% )17 i, DNA %
IR & . PCR ikl &4 F Sangon( F1fF).
T.DNA %3205~ Fermentas 2wl 7P~ 5y o BilEM R
b7 v N A /- 7 W | I 1 7 < B2 S Wi | R W4
SDS-PAGE i, ik 12 7 55 2 70 A 20305 o 8l A )
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DH50.. BL21(DE3)H 4 256 % AR AF -
12 XWHZE
1.2.1  XJAF7 B2 A Felyz) 79 52 1

FER it B SrS DU RS N O L N e G V1B
X R A T Y R A, BRI E 514 FeLys Fl
5'-CGA GTC GTC CTT CAA CAC GG-3'Fl Lys R
5'-CAC TTG (C/T)TG TTG TAA GCC ACC-3', Fi|H
X 2 X5 | 49y MK B e i 290 i F A5 B3 TR A 225 bp
By ] B, 28 BLASTtx FUXF, 5 BEY %R AR
PIRE] 93%. SRIFHAIH Fclyz F1 5 3’ anchor R
(5'-GAC CAC GCG TAT CGA TGT CGA C-3")if 1%
PR 3 s, AU RSS9 FeLyz R2(5-CAC
TTG CTG TTG TAA GCC ACC-3") fil 5'-primer
(5'-TAC GGC TGC GAG AAG ACG ACA GAA-3")¥"
B B 5
1.2.2 X4 2 A BT

I T 400 0 A 3R KR E5 S v ] B X AR 8 T
L2 SCER[14] . A5 TR A Y 88 5K (Vibrio
anguillarum) 1 4x %% {4 4 %j ¥k & (Staphylococcus
aureus) i) i B IR A WA e JIBY), HR AT 3 x
107 /™21 B DX U 2 45 A v AT BRI, TRD R ) 75
b T U H S5 5 TR ROR [ AR A BEER KA
B, Fe30AFF 24 ho IEH XHERE X IE . 8]
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SR, MRES . GOWE. FFREAR. H . 6R. . DPEL.
WA, BUE 2T BIERBUE RNA,

W4 FeLyz R4, ¥t 1 X514: FcLyz F3
5'-AAG GTC TTC GGG AAG TGC GAA-3'fil R3
5'-CTA GAA TGG GAA TAT AGA GTT GGA-3', 4}
SR T I o W R R R (A 3R K 3O A A T O
Jo A 7 R0 5 T ) o) S5 X 174 XL O BRI
. A4 RNA 45 RT-PCR Z0#7F, LU
B-actin HINZ(5I¥)°N actin F 5'-AGT AGC CGC
CCT GGT TGT AGA C-3'Fll Actin R 5-TTC TCC
ATG TCG TCC CAG T-3"), PCR W47 3 K. WU
FeLyz 4347 Fl B-actin & 344 (9 LUAEHEA T 52315317 -
1.2.3  FYFZA T Y idi 55 F A FeLyz) 2 ik 4
Vaslig /i

MR35 7 B A5 21 A v ] B X R A B £ cDNA 7
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G FIZE B AR pET-30a(+) 5w [ {57 15, 19 Ui 14 g 1) 1 5]
FEA, Bt —XH T IR A% R IR R 514 LYZexF
MILYZexR, 5¥Wiks45 A Sac 1 #1 Xho 1 EgHI{7
HCHLAZR): LY Zex F: 5'TAC TCA GAGCTC AAG
GTC TTC GGG AAG TGC GAA 3', LYZex R: 5' TAC

TCA CTCGAG CTA GAA TGG GAA TAT AGA GTT

GGA 3'. VU EXTEFM 40 cDNA AR, LU
LYZexF F1 LYZexR N514¥), #47 PCR ¥4, PCR
FNARFA 50 pL, §H#845F: 94°C 3 min; 94°C 30
s, 55°C 455, 72°C 45 s 4t 33 Jf; 72°C 10 min, %
1% 35N MR 8 e FRL VKRN A5 81K 24 430 bp ZEA4 YT
PR, JRRER AR RN T YR, R Ak 1k
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1.2.4 FclLyz-pET-30a(+) HH T 19 HiE
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HLUK, FH R 2l ik a0 & s il b0 7= 4 . F gl Ak s 1)
Wi# H T,DNA 3[4 32 16°C 111K .
1.2.5 FcLyz-pET-30a (+)Z ] JZ Kl 1L 7k H # E.
coli BL21(DE3)
4 FeLyz-pET-30a(+) 5 41 i ki 4% 1k E. coli DH5a,
PLLYZexF Fl LY ZexR iy 514 PCR i e FHPE B bk, #k
HUPCR i 21 (4 FHE TR V%, 37°C PR35 35 95 01 H Uk,
Z21d PCR B iE AN e B 3E A L R L4 A FH G IR
IERA ALK 2 uL EAZ5L 4k E. coli BL21(DE3)/
ZASHML, AT LB+Kan(KAREE ) FHM, 37°C 14
S RURL B

LA HTHE R 575 Ja] i ] 19 24
M ERSEAR ERRE 2 ARV, Al R
SmL LB+Kan AR F=EMIRE T, 37°C IR H 57
R, WHE 50 pL B FRWMAF 5 mL
LB+Kan WA Fe 5 rp i 35 37°C 15555 3 h &
ODgoo fEFE 0.8~1.0 Z 1], #RJ5 A S5 A7 48-B-D-
EAMEFFAPTG) BA U E N 0.5 mmol/L, 4k%: 37°C
PRGHFRET 3 ho BTET, FEHLA—AFE 5
0.5 mL PR, A5 A HL UK AS I A (8 % B
FIRGE R, B 0.5 mL H¥#, 5000 r/min &
O 5 min WEMM, BFERIFEFOHES, EET
100 pL K& FKH, DU HEUKEE ST 12.5%19
SDS-PAGE. #i 4 H pk 25 S 5 o Rk B bk o [RlIsF e H
I T R 3K Ay BH M 18 TR AR 2R 4 T AS [R] 375 3 B[] ) 2238

S, AR E, HEAEMAIPTGIE RS, &g 1h
BL0.5 mL A& A, HEHR6h, i#1712.5% SDS-
PAGE #:ll .
1.2.7 FHHEFT Felyr LB EFHEA

PRE IR B AR B PE BRSO REAE LB+Kan WAKK: 5+
Feh 37°C ARG ISR, KH, # AL 1:100
JA ] 200 mL LB+Kan J& AR E; 325 ip 45 55 5%, 37°C
PR} % 3 h J5, ODgoo fHILF 0.8~1.0, FEMIA IPTG
BEAWRIE 0.5 mmol/L, 37°C Jxi% 1595 3 h, i FHIH
0.5 mL AR R 75 Hiovt BEAE o

BRI, BUE 0.5 mL HEIRAE X IE,
P MW AE A S R0 T 7000 t/min B0
10 min JC A0, 402 T 20 mL #lv2 /9 1 x PBS,
FEMA Triton X-100 LUK 1%, 75 R AN
M, BERERE S B M 10 000 r/min 5.0 15 min, 435
WAE B ROFIUTHE, YE4T 12.5%SDS-PAGE il
1.2.8 Mlsikrhaif H i E N

Z W Kuhelj 25Ukt fy, FEALEN, #ik
S AYPLTE A Buffer A(50 mmol/L Tris-HCI1, 5 mmol/L
VU £ R (EDTA), 0.1% Triton X-100, pH 8.0)%%
% 3 X, FH Buffer B(50 mmol/L Tris-HCI, 5 mmol/
LEDTA, 0.1% Triton X-100, 2 mol/L urea, pH 8.0)i%
U3, RIS ITTIER T 20 mL BufferC(0.1 mol/L
Tris-HCI, 10 mmol/L —## S #ifiE(DTT), 8 mol/L urea,
pH 8.0)1, 37°C t4% 1 h )5, 4°C T 10 000 r/min #£§.L»
10 min, 28 13, B Ni°-NTA H:2RUZH, s
7P ) 2l Ak E A B R AT R OB T (B — IR T
0.1 mol/L Tris-HCI, 5 mmol/L EDTA, 5 mmol/L Cysteine,
4 mol/L urea, pH 8.0, 2 YR FIZE = UGEMNT AU IR
A58 2 mol/L M1 0 mol/L), EVEJGAEMZIT &L, 3K
MEAHMEA.
1.2.9 #H Fclyz G 1ERI

B R B LA FeLyz i #iEM: 5 mL LB
WA FRIE 37°C 200 r/min 33715 95 KA AT 3 A4
BRI BRI, B 3~5 puL FNE 8 mL 50°C MW
PB [ERKE I, IRAT, 1ER R, 1.5%
BURTE R T 2R E BIENE FeLyz LRI TE, A
100 pL 2hifb iy E A & FeLyz, 1 pL Amp(25 mg/mL)
YRR, 37°C G35, MEMBEEIR/N . R)E
W5 7 7 2H 6T B 3 A It 1) S5 /N0 7R R B (MLC): B
O FCPHME TR RS BEFFE (Bacillus subtilis), #iffR 25
I #F 7 (Bacillus cereus), F K ZFFTF i (Bacilus
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megaterium), 724 ¥ 5 (Bacillus thuringiensis), &
BRI (Micrococcus luteus), 4 €84 25 Bk 5
(Staphylococcus aureus)Fl & % FCRHVE B : K T i
(Escherichia coli), Jili % 5% R #T & (Klebsiella
pneumoniae). FKEX LA EAE S mL LB W AIAR: 5+
Jh 37°C, 200 r/min iE R EEFE, B PB AR IR I
i B2 ODgoo N 0.001 7247 . Kealifb i) FeLyz B4
FEHHZMHB0.01%L 1R, 0.2%BSA) B EUE N
160 pug/mL, # 100 uL FcLyz B4 1(160 pg/mL)
B 96 fLEE TR, FF 22 4P (0.01% 4 1R, 0.2%
BSAVEREMBE N 80 ng/mL. 40 pg/mL--
0.625 pug/mL, F 100 uL PB W IAR:F5 K PBS &
Bril Ry xt BRI 2N 5 25 2 1508 P X RE
LR AR B G R 100 pl, 37°C & & 5
F% 18~48 h, BEFRALINSE 630 nm P K FWOLE, 5
BHCPE X B EL B, DA A B A 4 o8 4 40 o Y e /D ik

£ R MIC.
1.2.10 SDS-PAGE #*#F
K FH Laemmli 25U 5 B 47
1211 ZEF10E &2 leE
% W8 Bradford J5 1% (X R Ty 28w e fo )7

2 %

21 Fclyz £REY 18

FRATT A e ] B 6T A i 240 B v e A5 B T T
(FeLyz)JE R (8] 1), %3 H 4K 709 bp, H 5% b
BEHE N 4773 bp, gk 158 NEIERR, By 18 IR
FfE Sk, MEIKE 140 IR (1-140aa), H
Sy TR 16.1 kD, FRESHLACN 8.81. £ SMART
oA, AN BEA 1 DEEE L(LYZD) SR
(1-130aa),

catcataaaa 10

103

123

atgagggtigcticetetggegetigetggttgggetictggecgtigticegacgecaaggic
MR VL P L AL LV G L L AV S D 4KV

Ltcgggaaglgegaatllegegaggelgliggaaacgagglataacetletlecaggaatgac
F 6 KCEFARLLETURYNTIESTERNTED

atcaagaactgggtigigeategeggagitegagtegtecticaacacggecgecaccaac

Il K NWV CT AEFESSFNTAATN

cgeaaccgcaaccgeageacagactacggtatelteccagatcaacaacaaatactggtgt

RNRNRSTDYGTIFQTNNIEKYWC

ggcagegattatggeaagaacgtetgtggeateceatgttecgatetgacgtetgatgat

G S DY GKNVCGIPCSDILTSTDTD

atcacggelgeeetigaggligegeegagactiglecgeegligaaacegaacgetacagggge

I T A AMNLRCANETVRREETERYRG

cglggggaageelacacligectlgggiggellacaatlageaaglgeaagaategegacele
R G EGVY T AWV AY NSKTC - R D L
gatcagtacatggecgaatgeiggtetegtiggtticecaactectatattccecattctagagg
D @ Y MAECWSUEREGSNSTFPF =

acccacticcagatelalgalelagatatacagectlggeacggeagatactggatacala
tcatcteagtttacagaatlattcattttggaatatacagegettetgticaggaattte
atgatttcaagcaaaatitiiggetitacagiatigaggaacatctaactigtatettatgtt

Lgttatgaataaaalllaaggaacgaaaaaaaaaaaaaa

70

130

190

250

310

370

430

490

550

610

670
709

1 FEBMNAEBHEEFIREREHNEERFT
Fig. 1 Complete cDNA sequnece and deduced amino acid sequence of lysozeme from Chinese shrimp (F. chinensis)
The italic sequence is the signal peptide, and the sequence underlined is the LYZ 1 domain. Poly A signal is double underlined. The different

residues (2 amino acids) with Yao’s sequence (AAV83994) was shown in gray background

it 5 GenBank HH[RIEFA AL, 5 Yao &
(1 B} 2 B U BIE 5T 9T ) 7 B R B S (B SRS
AAV83994) 1) H ] HH X W 6 5 B il 1) — B0 A 98%,
HAELE 2 AN A2 5 . 5517 %HF(P. monodon)
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VR — B80G53 93%, 5% [RIEEF (Macrobrachium
rosenbergii) i — PN 92%, 5% 74 X EF (P.
semisulcatus) i — M N 88%, FLANIEXTHF(L.
vannamei)fy 87%, HAXJ¥F(Marsupenaeus
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P.monodom R RVEPLALLVGELAYS DA TR--YYLSRNDIK A - : 69
M.rosenbergii  : ----- RVLPLALLVGIRLAVSDA TR-- ¥YYLSRND IKNEIVS N BT : 69
P.semisulcatus  : ----- RVLPLVMLVGIALAVSEAS ETK- - YYLSRNDIKN[ BT BT-p : 69
F.chinensis R RVLPLALLVGLAVS DAJS ETR--YNLSRND IK N[ A7) SITE-p 69
L.vannamei R RVLPLALLGAMLAAS DAY RD--YYLSNDDIK ] N BTi-p : 69
M. japonicus T RVLPLLLLVAIRVGASEAR Iy \ ﬁ EviE-F : 69
O.moubata : K ! I S : 74
A.gambiae I K ] E Brol-l : 69
A.darlingi : K 73
D.variabilis 68
G.gallus-1 71
O.mykiss-1 68
O.mykiss-2 68
S.senegalensis 68
T.rubripes 68
H.sapiens 72
B.taurus £ 5 72
R.norvegicus HI\I.;HD 72
M.musculus BTy NRGDRET) 72
G.gallus-2 74
P.monodom 10€
M.rosenbergii 106
P.semisulcatus 10€
F.chinensis 10€
L.vannamei 10€
M japonicus 106
O.moubata 111
A.gambiae 107
A.darlingi 110
D.variabilis 104
G.gallus-1 111
O.mykiss-1 108
O.mykiss-2 108
S.senegalensis 107
T.rubripes 107
H.sapiens 112
B.taurus 11z
R.norvegicus 112
M.musculus 112
G.gallus-2 152
P.monodom 158
M.rosenbergii 158
P.semisulcatus 158
F.chinensis 158
L.vannamei 158
M japonicus 158
O.moubata 146
A.gambiae 144
A.darlingi 143
D.variabilis 139
G.gallus-1 147
O.mykiss-1 144
O.mykiss-2 144
S.senegalensis 143
T.rubripes 143
H.sapiens 148
B.taurus 148
R.norvegicus 148
M.musculus : ;148
G.gallus-2 : QLLTTSRQLTLG——AYKHETEE‘ADLEVKTREKLEAAKKKT3FE:IAELKERLKASRETINCLKSEIRKLEEDDQSKDH 1 227

ca aw a C l v c

B2 HEMTAHREIERFSSHEEH(EFBEMIR)ALNEEEEFT X
Fig. 2 Multiple alignment of FcLyz amino acid sequence with that of other animals (inluding shrimp) and human
The sequence accession number in GenBank was given in Fig. 3

japonicus)hy 82%. S LI HBH —E N 43%, ¥4, FIH MEGA #K 4 (http://www.megasoftware.
Hirp ¥t (Solea senegalensis) HI—EME R 45%, 5 net/)WEEE B LR . R G HEL R (& 3) AT L)
/NE(Mus musculus) i — el 48%. HHABAYIE B, AESH SR LI 3 AR, B
AT T ) EL X 435 SR DL I 2, — AT AR R TR, R RS LR T C-R

R 5L DR P vh Gl G XTI I B A I OV G TR, B 2 O B R ek S VR ) 0 TR
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5 S A HES Y TS TG . A X B — T g TR il
FeBCRRIR, B4 —32,
2.2 FcLyz EEMRIEER

E i RT-PCR 45 R BI/R(E 4), FeLyz FEFE M
TEE % 0 v AN [F] 20 2 rh #8A A [) K 1 4 R 6
ik, YA KBTS, TTRAE TR
a vl D SN N O i AT YN 7 SN = B
) P # A A TR BE Y R e 3k, 5970 Dt 4 i ok
FHLCER, BORNECE A . WO E L IR AR A b A
R AN g i G R R R, R R TR
N 200 L 60 JHF R i 2H 2 e 200 TR B S TR Tl 1Y) R A
SO . (AR R 22 SRS an Rl

99 | AF539466 Penaeus monodon

39

61

55

100

99

W E IR IR
2.3 Fclyz-pET-30a(+)E 48 B B9 44 3 FA 0% 12
Ml FeLyz BB R BFER I LYZexF
LYZexR #47 PCR ¥4, 155 7 HWlAY 1 55 430 bp
LAY G W (E 5). 4% FeLyz B PCR 434 =¥
BRARIPE YIS Sac T F0 Xho 1Y, 4% 22480 A ke
Y1) pET-30a(+)BkL I, %1k E. coli DH5a, FiZ%E
PRSI S [T PCR, TiE T 4 SRR, 455 4
AN TEER S P EE B 430 bp #Y PCR 454, Dl
SRR S A Folyz-pET-30a(+) EH F ATk . SREH
PCR i 6 3 1 FHVE B AR 185 3%, SRIUBTRLEA 700 )7
I, 45 320 Felyz-pET-30a(+)Fa 20 JFORi ks 8 1F 4

AY257549 Mecrobrachium rosenbergii
AY169675 Penaeus senmisulcatus .
Shrimp
Fenneropenaeus chinensis

AY661543 Fenneropenaeus chinensis

AF425673 Litopenaeus vannamei

AB080238 Marsupenaeus japonicus

AF425264 Ornithodoros moubata

DQO004402 Anopheles gambiae
Arthropods

67|

NM 001032742 Takifugu rubripes

DQ293993 Solea senegalensis

AF003945 Anopheles darlingi

72
47 AY183671 Dermacentor variabilis

100 | AF321519 Oncorhynchus mykiss
32 AF322106 Oncorhynchus mykiss

76

85 HSU25677 Homo sapiens

NM 001077829 Bos taurus
55 NM 012771 Rattus norvegicus

NM 205281 Gallus gallus Vertebates

95 NM 013590 Mus musculus lysozyme

0.2

AF410481 Gallus gallus

3 AAEMBPEHMMAZHENRETHFETIILE 2)
Fig. 3 Phylogenetic tree of lysozymes from different organisms

(the sequeces used for the analysis were listed in Fig. 2)
The NJ tree was obtained using MEGA (3.1). Bootstraps (1000) were performed for the NJ trees to verify repeatability of results
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Normal
Saline
challenge
Bacteria
challenge
Beta-actin
od‘e% W & < &
c‘“ 0¢ \e.i’
e o & S
o
25 = control
' m saline challenged
2.0 O bacteria challenged
1.5
1.0
0.5
> SN
& & ¥ &
a@& h Qé& o §J
& &
&
El4 FEERT-PCROMHEMMINAEBMRIEARR

Fig. 4 FcLyz expression prifles in different tissues of
normal, fake challenged and bacteria challenged shrimp
(Upper panel): Expression profile of FcLyz in different tissues.
(Bottom panel): Statistical analysis of of the semi-quantitative

RT-PCR. Data was expressed in the ratio of FcLyz to B-actin

5 PCR##& FcLyz REBAF S
Flg. 5 Amplification of FLYZ by PCR
1: DNA marker DL2000; 2: amplification of FLYZ; 3: negative
control

24 EHIAEM(FcLyz)iFS &Rk

M b3 BH P T AR R R B Felyz-pET-30a(+) 8 41
Jki%Ak E. coli BL21(DE3), Je#kfi/Milkiidis S
#ik, &3 SDS-PAGE il B /R, iS5 BAESh1E

27 kD A A7 Akt SR BB B2 1 A, AR AR
Y, S S IR 1) FCL L 4ifid 140
NEIEMR, TR 16.214 kD, IL4h, #Hik Fas
Fik ) His-Tag Pr&E 74005 5.95 kD A4
ik, EHAEAMS RN 22.16 kD, {Haifk
VKRN 27 kD 247, HHEImZERLE 6), X
— AR TTIE S Ul . R B, tLREE H A [ B R
I RIBN L& 6), FIH Labworks REHMEAT T
AT i AT, RPN RIK R H W& 1R
A FWRA A2, HREAA S 2ESENY
30%. MeAh, AS[RIE S IR EORE S 242 12.5%SDS-
PAGE #:ll i/, IAIESY) IPTG J5 3~6 h HAYE
MR EER, BT HRERBEHRSIHEE, &
BUE SN 3 h(Bl 7). #5 dET KBRS 3Rk,
FEHE TR 5 1 TR RS O MR B TR AR

B 6 SHEELHRKHTEEKRIFSRIE
Fig. 6 Total proteins of the FcLyz-pET-30a(+) /BL21(DE3)
induced by IPTG
1: non-induction control; 2, 3: total proteins of the FcLyz-pET-30a (+) /
BL21(DE3) induced by IPTG

|t

Q1o

-
s
=
—
—_

12 3 1 5 6 7

B 7 2BEHFRMNE—ERSERE RIS SRE
Fig. 7 Total proteins of the FcLyz-pET-30a(+) /BL21(DE3)
induced by IPTG for 1 to 6 hours
1~6: total proteins of the FcLyz-pET-30a(+) /BL21(DE3) induced
by IPTG for 1 to 6 hours; 7: total proteins of the non-induced
Fclyz-pET-30a(+) /BL21(DE3)
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25 MNBHEEKPGLELRER

%1t 12.5% SDS-PAGE % KBTI FA M Fig
WAGLVE AT 40 Fr, BRI 2 B r &,
RIHENAETUOES, S ENEANRE
TR T ALk, AT .. Zad Iy rp ik
ML A AR PE | sifb R YRR IS, 153 T AT Y
WA rFcLyz(I¥ 8)

1 2 3 4
kD
97— -
60—8N W eRES B
43— - -;-___-_ —
N— =
-~
20—/,
14— = -

8 EWERIA Fclyz MRIE 54 {LRY SDS-PAGE #&1
Fig. 8 SDS-PAGE analysis of the expression and purification
of rFcLyz from FcLyz-pET -30a(+) /E. coli BL21(DE3)

1: standard protein; 2: the non-induced strain; 3: same strain
induced by IPTG; 4: purified rFcLyz by His bind resin
chromatography. Arrow indicates target protein

1 Jt LB AR 37 e B % A T4 ok
FLYZ-pET30a(+) W FK L H kR BL21(DE3), Jfif'F 5
ik, WCHE AR, Zead A MR (O R 1 O ), XA
S A 5 P A B (2 11 45 ), FA NENTA
AR M2 M alifl FeLyz( & (& &), A48 B
SREA S &, M4k rtFeLyz 18R FREE 1),

Fz 1 FclLyz &ik#53 % (1000 mL)
Table 1 Purification of the FcLyz(1000 mL)

Steps Total protein/ mg Yield/%
Bacterial lysate 450 100
Supernate of renaturation 125 28
Purified rFcLyz 67 15

& 1 LIEH, BSR4 R SE F 2
Mraifb i sits, 2 mE A £k, 1000 mL 3 55 WUk
LRRAER, 2 difki55 8 HMEN R 67 mg,
H W T SEPR IR 15%.

26 =4 FcLyz EHMIIMEEN

I e A kBT S FeLyz BIPLRIEYE,
A 100 pL 4lifk ) FeLyz(0.2 mg/mL 5§ 0.4 mg/mL),
100 pL 1xPBS & AT M AEBAMEXT AR, 1 uL Amp
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(25 mg/mL)E A PHEXT IR . B AR B T 37°C Kiead
A, WEEIN R B /N, & X 4 B €0 88 24 Bk A A 7
PATE T, TR R AT TR A 400 1T 33 A R % R i
B o A I B T 1 (B 9) .

9 ERZEENFcLy: BEHERNEERHETKERM
B
Inhibitory activity of recombinant FcLyz potein
toward to Staphylococcus aureus
A: ampicillin(25 mg/mL); B: dialysis liquid (1xPBS, Control); C:
purified rFcLyz (200 pg/mL); D: purified rFcLyz (400 pg/mL)

Fig. 9

F2 T Felyz IR/NNELRE
Table 2 The minimal inhibitory concentration (MIC) of
rFcLYZ protein

Microorganism MIC / (umol/L)

Gram-positive bacteria

Staphylococcus aureus 6.86
Micrococcus luteus 6.86
Bacillus thuringiensis 3.43
Bacillus cereus 3.43
Bacillus subtilis 3.43
Bacillus megaterium 3.43

Gram-negative bacteria
Escherichia coli >10.29

Klebsiella pneumoniae 10.29

3 it

UE AR, ORI 2 IR o 9% BF 5 BRS04 2 1Y
o HAZERLH S R AR RRE, 255
A, FARGLPE A B AT Ao = A 1)
SRR AR R, 3 A R A2 AR AN [
JEAH e 19 43 F R (PAMPs); 2) 815 & 2 00 1915
BT R, A R 55 5 A 5 R A R 1Y
75 A S5z o7 B 55 17 - R TR B 535 3) AR R AR 4T
P14 2% 35 B A 0 S 088 IO A BTG, e TR o s R e



I ITAR ] B X R O T R IR e L R K S T B

731

WGER R . MXFER R R I T AT RES S ik
AR Z R, e eSS Rk Cil
S A TR A2 A, AL S A S R R A A
P 2R C-RIBEE RS, S SN E S
M5, A3E Toll FEZ AP A, ZF2
5 9 I 975 T G 38 RO 4 F-, Ak iR 2 B 2T 5
JEE Hilg 2 R TR AT BE 2 S5 BT R B AR Y 4
SRR I A R SR X XoF R 3 A R 1 5 B
TR 7 R 5

VSR ) AR TR AR — 20w o
Fo EZFXUMANEA R AT S 21
WHTEILIN Y Yao %5(2005)78 3 R 5 5% 1w [ 1
XTURFF 51 (No. AY661543)Z LR P HIAFAE 2 N
FEPR ) 22 57 o T BB 2[R9 TR i Y Isoforms .. A Felyz
2R LT LA 4 TR IERT DA b R B R ) 3%
K. Burge ZE°4(2007)F) F SZA} i 5 PCR G 4R
AT EMEGE T P X R 78 A B R K RN D v o 35
Je V% TR il 1 2 SR A RN SRR TR o I TR il R A
I 20 A B 5 I 40 A 0 2H 20 B 3Rk, 4 o ek R
KA, B 4 DB ERERIEKE T, ZE&
IR IRV B IR S TE 7K o A S50 T A A DN A
[Fi] S [i] ) T il 1 2 A RAE R 24 /R,
Z R S 1 T I R R KPR R R R . B
Fclyz 43¢k 32 21 JrUs g i 8 2

F TV DA G K AT I P RO, TR ORI 1Y
LA, 5 ZEX AL TR AR A T A P R A A B FRA)
R AR PR S R SR MUZ TR i, 193] T alifb i) E
VARG . AR5 PR FBE B B 0T 1) 8 45 R BRIR,
3 T EOIRAS R E AW WM. 7E SDS-PAGE £l
EHRKIEAN, EREHAEA S FERKTHIE
Ho ACER#ME, —S85F His tag MG EATE
SDS-PAGE £ il i} H 4 4 S5 K T3S (E, 15
X— B R A H A AR 5E 4 i AR HR S
QBRI IG, EALE AW T2 RAE, A
W Ao T R/ RSP SRR Y rFeLyz X}
L TG BH PR TR Y e /MR R B2 TR 3 3.43 umol/L, X
P ERG ISP A A A R A

ZE LT, v B GV R A AL O
Wk AR . L SRR SR SR B AR A
PR AR, Y XTI A7 B0 SR A Y R B,V TR
Rk BR . HAH R IR MU BB AT B P 2

FRPHAE T AR I 1 o 30k S 5Bl PO 4 BT A S — bk
JL 35, A AT A TR R 4 B 2 9 0 S 1 o i
HEAEH .
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