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IHE, AW, T/, nERE, RER

RIE T RZ AW S Bdh TREEBE, KiE 116034

o

1 D B AZBE O B 26k & (Stichopus japonicus) i Az i B4 49 2L ) (GenBank Accession No. EF036468) 3 %,
it R #7%« B pET32a(H) ¥, MEEL R4 pET32a(+)-SjLys, #4LE X MAFH BL21(DE3)pLysS. Al &% F 2%
F R, FhedeFE T LM, £33 7 B5%E /A 19.2 U/mg 49 E 48 SjLys (rSjLys), FF5F tSjLys #47 7 @i 2. 4R

ZR, 1SjLys 3 ¥ 2 K A @ A AW E HHTEAE A, LExTF IR E R E SR iR A B I E LA ARIR

WEEM, AR ENLEER, 1SjLys £ 100°C. 40 min Ao AL 38 S, % 7 49 rSjLys d ¥ 2 K [0 8 4 1A M 8 6939 8 48

71 @& T 1SjLys #9 9%~25%. L 4E R AU, BRI ABEHBER A EAEFHBE SR E FHOFRG IV EER, B
BEART AIMEEE, EENEVRER LR AL TR ATE2NEEST.
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Recombinant expression and antibacterial activity of i-type
lysozyme from sea cucumber Stichopus japonicus

Xiuxia Wang, Lina Cong, Dan Wang, Xijian Yang, and Beiwei Zhu
School of Biology and Food Engineering, Dalian Polytechnic University, Dalian 116034, China

Abstract: The cDNA of an i type lysozyme was cloned from Stichopus japonicus (named as SjLys). The DNA fragment of the
mature SjLys was subcloned into expression vector of pET-32a (+) to construct the recombinant plasmid of pET32a (+)-SjLys. The
recombinant plasmid was then transformed into Escherichia coli BL21 (DE3) pLysS and induced by isopropylthio-p-D-galactoside
(IPTG). The recombinant protein expressed as inclusion bodies was denatured, partially purified and refolded to be an active form.
The bacteriolytic activity of recombinant protein purified by the metal-chelating was 19.2 U/mg. The antibacterial activity of the
purified recombinant SjLys (rSjLys) was analyzed. The rSjLys protein displayed inhibitive effect on the growth of the tested
Gram-positive and Gram-negative bacteria. In particular, rSjLys had a strong inhibitive activity on Vibrio parahaemolyticus and
Pseudomonas aeruginosa, both the most common pathogenic bacteria in the marine animals. The heat-treated rSjLys exhibited more
potent activities against all tested bacteria. These results indicated that the S. japonicus lysozyme was the enzyme with combined
enzymatic (glycosidase) and non-enzymatic antibacterial action, and it had a wide antibacterial spectrum. Therefore, it is suggested
that the S. japonicus lysozyme should be one of the important molecules against pathogens in the innate immunity of sea cucumbers.
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W H M (Lysozyme, EC3.2.1.17)4& — g /K fi#
K Z2 R 0 T, B R Ak 200 TR 20 R RE HhoRG 2 0E N-
T L RE 2 1 N- 0 Ik A A W e =2 TR P B-1, 4 B T
7K, R MR, TR B SE T B 247
FEF HAR s A A Y L2 LRI 5 s )
o, EAYHUARR AR R R R AR .
X e R S M s Y TCEHE S I L PR AU
JeohE S, TGS G R A ) U
FE R A ARUNIL, VR ERA AR N O HHE
Y —FhEE S AL, S R A AR T Y
oA WA ARAT A I T B3 4y C 0 NPT,

HAT, 7w REB AT 625 ¢ RIB ARG |
g TUVSTANG . PSR IG . ANPE T ARG . R A
R RICH HESh I R (UFR 1 RUA D). i
AR AT & T 245 AN T R PR 2t i H S8 1)
TEVE, XF 1 BV DA R O T 4R H 45 Rk, ARARTE
VPR DL RO g T R ARSI R B ARSI
% B NI 2 (Stichopus japonicus) R 7 45 ) —Fb i
TV TR B (SjLys)" o 1% T AT A0 T 2 1 454
A, ARV S 0 G A0 I 4 B T AR R R B
T

Vs VAT T P T E AR R R A il T
25 AR . SR . BRI
HEIE TR, (H T R IR Ko A R,
KRR EHBOR, R AR B R A
VS TR 2 R e i S AR SR A RGE e . BRI K™ 8
Yy i DA il D TR R b o AR SR T ) S
SjLys FY B EE 1 6 DR R A7 4 3, ) 2 o 21 ok
pET32a(+)-SjLys, ¥ b2 KHArwhifs e Rk, It
XFalifb 5 i SjLys #EA TG 1 KB v M A I,
FLGE Ly ik — 2L B 5 1 00 2 1) G 328 B GV AIL 1) R 1k
HLIHBE 3 T S At
1 #H5H®
1.1 SKIawrHd
111 HHEAIGER,

KIBFFE BL21(DE3)pLysS It [ RARA: P14 AR
oAl KIBFFE DHSa., TefE#Rik pMDIS-T W H

TaKaRa Biotechnology( K i% ) 2 Al ; # ik 2 1k
pET32a(+)J H Novagen /A ]
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112 W5 1Al

BRI A% R N VI . T4 DNA 2385 . Tag DNA
R4 B . DNA ladder Marker . 2 /iK% F & Marker .
TaKaRa one step RNA PCR Kit (AMV)JFCHLH TR 7
A H TaKaRa Biotechnology(Ki%)/Aw]; S H 5k
Wi At B-D- ¢ FL 4 1F (IPTG) Ml Trizol X 7 14 A
Invitrogen /3 H]; HisTrap HP Il4 F| GE Healthcare 23w .
1.2 KA
121 Y20 H RS Lys) K TE AT 9 17

VB B Vi R 2 P BURE, ARl Trizol 250 156 B 4
25 RNA, 2 HE & RIEEHIS R cDNA PRI
FIRFAR pET32a(+) v B A A5 4 v (14 DI 515 91,
W — X F R R R s R 518 HS1-5 Al
HS1-6, 51#MiE453l5] A Nco T 1 Hind TITRR il 4
B 5 (CF R4k %68). HS1-5: 5'-TGGTCCATGGC
ATGCAAGTTC-3', HS1-6: 5-TTGCGAAGCTTTCA
GTTGTTGC-3', féi[fl TaKaRa one step RNA PCR

Kit(AMV) £ 17 RT-PCR. PCR fEHZ ¥ H: 50°C
30 min, 94°C 2 min; 94°C 30 s, 40°C 30 s, 72°C
1.5 min, 5 MEH; 94°C 30 s, 55°C 30 s, 72°C
1.5 min, 30 MR 72°C LEMH 10 min. Jz b 45 5,
28 1% e W e e re VR I B R R, O B 5%
A e ztifb, 25 .
1.2.2  FHHY KA TH I E

Py ey R A s, 16°C oW E R
pMDI18-T #ik, #4b3Z KK E. coli DHSa, ¥ 0
YEAS R BHE ek . I Neo I i Hind TG V)42 B
AR, [ H RS B, I ) v R 3] 2 )
FEBR G N VI AL BR G pET32a(+) A, @ E
YHFRIKFR, pET32a(+)-SjLys. ¥ pET32a(+)-SjLys
1 pET32a(+)[AI 444k 2 BL21(DE3)pLysS /852 2540
Jir, JEES A 100 pg/mL 4% 5 2 (Amp)fY LB
BB AR FR 5 E 37°C B3R . 2 B BRBUCAL TR 7%
HeFh 7% Amp 19 LB Wk IASEFR 5, 37°C iz ¥+
12~16 h, $EBEL TR, PCR M EGFUIRG I & . %
FEBGVIF PCR %8 A PHME M E 4 pET32a(+)-SjLys
AT RSN 5E, 6 5 41 ok e HE A9 I8 1
1.2.3 G FITEAXGFFE T H 7% -F A

PRHUTE 40 JFiki pET32a(+)-SjLys H1FHPE X BE 2%
A& pET32a(+) LAY BHPE B RN F 7 100 pg/mL Amp
1) TB WA FRE N, 37°C s %K. KH L
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1:50 B 15, 37°C 4k ¥ 35 9% 2 ODgoo ik 0.4~0.6, fil
A IPTG(AHJE M 0.5 mmol/L)30°C 551597 4 h.
SDS-PAGE!" "6 i 5 21 2 35 26 (1 2 15 K3k .
1.2.4  FY] SjLys FZ A=Y R P

WHEIFHSEREEK, EET 20 mL 1xPBS
(pH 7.4) ZZvbih, FEMA 10 uL 1% Triton 100, #
VKRR 2R, ThR 300 W, M 1 s, HE 3 s,
EAFEAEF . 4°C. 10 000 r/min #.0> 15 min,
SDS-PAGE ;| . Ui3E 2 s 1 (50 mmol/L
TrissHCl pH 8.5. 1 mmol/L EDTA %% #p i .
100 mmol/L NaCl, 6 mol/L #ZERAK)F1 15 uL DTT ¥%
f# 7 . 4°C. 10 000 r/min #.0>» 15 min, WtE Fi5
W —20°C PRI .

#E# 1 mL HisTrap HP cloumn, Fi#Ad 10 54
NG A SRS LN R A T A D Sl s B LN =S Y |
I mL/min B3 FAE . ARG 45 A S8 MIREHE 2 Ao
ETEE A . PR (20 mmol/L /iR A K
500 mmol/L NaC1l, 500 mmol/L Bk, pH 7.4)%% B
10 fEFERFR, IF 280 nm JEK R R, 54 vk i
W Fis B aifba A A E N, RIRIESA
8.6.4.3.2.1 F1 0 mol/L JR % ) 50 mmol/L Tris-HCl
ZE M (pH 8.0) BT 4 h (4°C), H MK 241
IR R Ok . B R RER LS B L, IS E
41 SjLys. bl i 2 &2 M 5 i S 41 SjLys 16 7117
1.2.5  SjLys s F1H9 15 1R 9 1350 &

# E 4 SjLys T 100°CYEH] 0~60 min, 43+51F 0.
10, 20, 30. 40. 50. 60 min HURE, Fhymyk!hi g
VTR BTG 7 4 g 2 [ BH R TR, 4 o (f A ER
[ (Staphylococcus aureus) . ¥ EE 3R 7 (Micrococcus
lysodeikticus) . DL &z & 2% [Q B M 0, K #F
(Escherichia coli), &% (Shigella spp.). ¥ MoK
(Vibrio parahaemolyticus) . 4 % % 5 i
(Pseudomonas aeruginosa)fE A ituh i, &k 1
M SjLys PTG PE B 100 uL DL FFse il (e
2.9x10° CFU/mL, FRRAEL 107" T4 A 8 (s
FEIIRSIG, AT A, T4 A=A
SiLys BRI RE JIG A B4 SjLys B 100 pL
(RS2 10 pg), 37°C &GS, MEINTEE

2 HERE5041

2.1 SjLys 2R IG5 EEFRAERKAEE
Z IR SIS AN cDNA JP41, Wil FikF:

SPES 9 HS1-5 F HS1-6, o 5/ 3/3 70 5l & A7
Nco I 1 Hind III f§PI{ 5, 28 RT-PCR 155 T KB
24 400 bp P =W 1), HBEIR /N EA—E .
¥ SjLys 9 PCR ¥ 3" IR HIE M Y Nco I/
Hind I AUAGYI, #3280 RV 8) pET-32a (+)
ki |, %4k E. coli DH5a. £ PCR TNV % 5E, i
PET 4 AR TE, PCR KGNSS S0 5 B ) A B
24 400 bp ) PCR 4%y, ULPHX YL RS A pET-
32a(+)-SjLys B FIE TR . K54 PCR ik 2 (1
FAVE AR 3G K 5, SR USRI PP 30k . 45

FW, pET-32a(+)-SjLys 21 JFURiF4 2 1E #f (K] 2).

M 1 2

bp
1000

500
400

300

100

El1 PCR# i SjLys B F7!
Fig. 1 Amplification of SjLys by PCR. M: 100 bp DNA ladder
marker; 1: amplification of SjLys; 2: negative control.

22 SjLys EHEXMHEHRFESRIL. GHE
g

R pET-32a(+)-SjLys 1 40 353k JFki Fl
FA M xF B8 pET-32a(+), #% 1k % E. coli BL21(DE3)
pLysS 1, /NI S EIK . 12% SDS-PAGE #6:l i.
N, BRIGHIRERIEY) 18.3 KD Z5A47 Heas At
FERE SR IR 2 1 Sy, HaF R
FIS(EAI A, I T E4 SjLys 76 K #hig
2| F ik 254 Bandscan 5.0 904, HIEHEE
RN 20.5%. H B AT RIMBIE T RIE, JFR*R
KRR S DI R . 2430 12% SDS-PAGE X
KM AP 25 0 B ORI B AT fr, B
KA E HGEA, EBENEAGFETIES,
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UEIZ B E A RBIE R TR, 2l bl
AR YE | itk B, 158 T aifk)E g E
2H SjLys (& 3). & ] Bradford J5 #2351 &5 S
PR e A5 & A S, AR T IAR R EE Y
i, AR RIEY SjLys MSEBRTF2EN 13%. I 4l
WA E A SjLys SEATRPEALTE, Heyh el &2
PEJE R E 4 SjLys AIEA% Xt pET-32a(+)/E. coli
BL21(DE3)pLysS % Wil /1, 4588 nEZ 5 NE
2H SjLys 1% 114 19.2 U/mg, i pET-32a(+)/E. coli
BL21(DE3)pLysS JCIA Bl /7.
M 1 2 3 4
bp
6000

2000

1000

400

2 FEHEK pET32a(+)-SjLys Bt &% PCR £ E

Fig. 2 Identification of recombinant pET32a (+)-SjLys
plasmid. M: 1 kb DNA ladder marker; 1: digested product by
Nco I and Hind IIT; 2: pET32a (+)-SjLys; 3: 100 bp DNA ladder
marker; 4: PCR product.

2.3 SjLys BFAEBHBIMEE HNE

ZEX ik 1.2.6 hik Ly 7 ~E 4 SjLys # i
A3 A BTG 00 R B, AR 10 min 5 S vk 2D
T 10%, m# 20 min J5EHERD T 30%, N
40 min B3 PR TS 52 4 3te 0k . IRk, BREE 4] SjLys
AL EE 40 min J5 G019 SjLys A HE T, Wi
BRI 7 2 ANFE 5L X 6 T 2% PG 4 o i 22 [
PEE IR TGk . 455 &P, % B SjLys X2
P 9P 1 R B P T 250 A 4 P T, G X 7 i o
B UL AR 22 EC BRI S30H AT 13 L I A1 R ) 2t 11 2
A BB MR . B BERIE S SjLys B4l
R AT PO TR TG, LB B BE ) 2 b AL B
HIAY SjLys $2 55 9%~25%(F& 4). ifii F B 4 %} B pET-
32a(+)/E. coli BL21(DE3)pLysS il 5 H X} 6 Fli i 2% [%,
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IoF 1A TR R 22 R E P B A TR TS e, A5 SR B T
WARE S . BIREERULH, X HE 4 SjLys AMUAA R
PRI B, T EL A [ I LA T 1 R
Wk

Mo 2 3
kD ——
9.0 —gp=—

66.2 —gi we— .
-——
45.0—.-'-.'.
o
——tuna
350~ p—
= -
20.0— g

B3 FUERIE SjLys HFRIES LAY SDS-PAGE 1l
Fig. 3 SDS-PAGE analysis of the expression and purification
of SjLys from pET-32a (+)-SjLys/E. coli BL21 (DE3)pLysS. M:
standard protein; 1: the non-induced strain; 2: same strain
induced by IPTG; 3: purified SjLys by HisTrap HP. An arrow
indicates target protein.

A oSjLys o Heat-treated SjLys

e

The tested bacteria

HEOO 6 0.0

Vibrio Pseudomonas
parahemolyticus

T'he radius inhibitive
zone (mm)
e N

Micrococcus
aeruginosa Iysodeikticus

4 FEH SjLys FAALIBKIEE SjLys MEZREMEE
A E B I E N E

Fig. 4 Antimicrobial activities of the recombinant SjLys and
heat-treated recombinant SjLys against Gram-positive and
Gram-negative bacteria. (A) The tested bacteria include:
1, Staphylococcus aureus; 2, Micrococcus lysodeikticus;
3, Escherichia coli; 4, Shigella spp.; 5, Vibrio parahaemolyticus;
6, Pseudomonas aeruginosa. For the heat-treated sample, the
recombinant SjLys was incubated for 40 min at 100°C. 100 pL
(10 pg) of recombinant sample was applied to each treatment
and values were shown as means £S.E. n=3. (B) Three examples
were taken from lysis plates. The left and right halos in each
plate indicate the recombinant SjLys with and without heat
treatment against the specific strain, respectively.
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VA R R — o B A SR RS 8 B R R RO A
o B RTEREE i o A ) A R BE ) R IR AN T IR
4

LAPERRAR AT R R R L B, AT TR
T8 I U2 o I = D5 A D7 | /P S =177
FENER PRI, B TREAR, &7 T 28 2%,
T I AR, WA TR R AT, MELLU 2
KK AT AT K . B S N TR F B Rk i A
Fit B R AR B SR A T B . AR TN G T R 3 1 T
AR E) cDNA - R B o B 21 K W AT 18 2% 3k 20k
pET32a(+)Hr, 4 T 7 A Vi 1A i 5 8] 1% 3 2 Jo hr
pET32a(+)-SjLys . Ff % & 41 i % % b E. coli
BL21(DE3)pLysS, £ IPTG %51 L HE -4 T LU
WWRIE AEEMEA H &M . WX EAE N
PEATIFSI A SDS-PAGE 3, KL FE XM EHEA
Sy v R 2 TR I oV R 2 TR R TR Y R Pl R A
Syl g A E — 25 0 T AR W ) 2 50 9% R G0 P A
SLFE RS T IR AR, R R i 5 R 1 1 3 =
PRI 7 36 HH A L 25 T A

A B0 18 F () IR A% SRR AR pET-32a(+), H
FHAGEH 6 NAMRA K HER b, B
PLFA R H A E M al U NiT-NTA 5% F12 4 i
aifk, RRET slifbid B AMERE . A2 RKBFFE
XF e G A Y T e S IR R T B AL R AR, S 11E
LA E R A TE X AE A . S T RIS A TG PR
AR, 2R AR A B AR A R
RIG RN, EHAEA S TEHITSIEBIE
W2 [ 2501 SiLys 22 TN & A 10 2K
ik 5, KA FT oA AE B B 4V TR i ), 3K S i
AR 23T B — Lo B[R] FNAE PN A I 6 1 s, (4
WRIRSE R BUR . o alifbist, SR e e B i AR ok
71(6 mol/L £k 1 W) = 41 7 DT I v 1) i o8 24T
TE, A28 R ER 43 20 155 TR AR A A O e AR
S REAHAENEABFEHEAT A
W B AR PR, S 2 B AR M 5 O fof i 2L T e
1) A E AR L, AR AR Al Ak J5 Y 2 20 v T
BT R, RS R R AT L G R
JE B R (R ER), DT PR AIE A2 1 25 1 TE A
P, T RCEA A= Wi M 0 S A T e U

T TR A 22 B T (G5 4 22 R TE R (G)
POV TRVE T, FR T T 35 240 R v iR RO AN [ 1
FFAE225E . G UIMRE D 80%MK IR M, 1 G 4Rk R
ATENBERE S A /DS KRS, I, 7% w8 RE A AL
AHE G, WX G AR/, MiANE 5T BoR,
SjLys X 5 2= [ BH M TR A 22 PG B T 35 H AT A
T, XA [A] Al v R ) — > B AR,
LIRS TR X I 0 S/ PR A AR i B A A o
Vs S BRT AV 7 o R WL BUW L, R,
PR A0 2 A A ™ i 35 5 7 T B A AR B A R
SjLys X # 2% [C B o EAA I R A e AR, 36 1
W EBERTRE A 5 G MLRE b i g Z A0 B4R FT Y
fig 17,

AT 38 TA Ay 5 T I ) 400 T R P ARORSE T e TT A
WETTBGTE P, (H B i) —Le R R R W, A PR AV I
it e = A TG ) AR BRI R A R AR K . %R
MEREC K IAFAE TR . AN T4 Fi RIS
gl Ol AR h AR IAAY SjLys A S
R RW), LB E AR RS, T H ISR
RGP BTG M, B — PO RERRIE R 1 RS TR
Ibrahim %5 {4 ZE0E W HEZE S Y o BY 3 11 1 9 I
WL DA T 2 2 B2 DU R B [ 4 FRU) S Tbrahim
SERGTIIOIN, 7 V TRE T EL A P  R O T RE
DR A ¥ T Y C i DX e AR £ F PO, i Masschalck
S5 DU Ay i T T %) A T T P BB 1 H v R R 1Y
BHESFHREERY X ME2 sh ) op ) R AR — T TR
Jif (Destabilase-Lysozyme, DL)AYAE B HT & 16 P 57
WA, 32006 P = S Hy B> 0 e Ik T 3 22 48 e
IR, XA T ¢ B A=Y, DL &
—Fhke A KR 2= 0% 1) 2 §2 B (Destabilase), % B BE H
SRR T, SCHA RS PR AT g B Xt
TR T 2 05 R I 1) B 1 PR AT S5 R SR A 7 oA, S5 AR 3R
W1IZ 5 R RS AR R f m, B RUR RS I g
PRIt bl FEAR ALY, DR, A2 1 3 e 41
SjLys A9l B Bt B 4 FIBL I AT A 2 F PR~ SR Bk 7
EAVE; ME 4 SjLys By AR BEHR TE P EE &, Al RE
JEH T SjLys SIS (o 12 08 e AR X e sl e — R
SRR G R T AR b . X LB W oY A T E
— 25 DATEE 0 2 5 DA e A 45 40 R ) g EA T IR IR . T
S R g T TC A HE S P i ORI, 3 A ke ) )
SRS Z AR TP AEFRAE . 77 SR R 2 FE PR
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