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FhH, E¥WK, FER, B F, xuk

R AEY S &5 TR, WM ESE  463000)

WE: AFRELLHERNK-lysin kA KW EAL TR EREZRRENEE
M, SIS ARYE O 4 & K NK-lysindk B4R F K F 7130+ £ T 5140, & BIRT-PCRF2RACE-
PCRH A 7 & & & NK-lysin 2k | (Cinkl), RT-PCR#EAT & 4 L8 oy £k o 4F, Az
CinkiR KW R Z R L HE, RARBREILAT AR N EAE AN NEELE. £RE
7, Cinkl cDNAAKT68bp, %121/ N A M8 ; L F 4DNAA2K3361bp, @&4NE
FHRINAE T &% 75| bt o A7 Fn 4 Ay 3 UM & 91, CINKIE 3 8 /7 7| B A SAPLIP X
JRUTRFAE © B H 6N PR F B 3 it & B Arsaposin B B 45 A4, & 3 T & Nkle. Nkld#h 48
M2 A 45 57.98%F163.03%, #ENK-lysin& 28R 57 7 2 i, KACINKIG3 L &
Nkle. Nkld% % — % . RT-PCRA M| 45 F & 77, Cinkl mRNAZE B A 4 | oy 3 8 4 4 b 35 4
Rik, ERETREERE, M. B YEMLXENREIERZ, K. B, FIES
Ji # % & & 35 . pET-28b-MBP 5 CiNKI & # ik /7 71 49 2 8 B 4% 5% 3k i KL 7 76 & ¥ Rosetta
(DE3)%k 3£ i 457 kuby 7 % M @k A& & &, F| BINi-NTA His-Bind#f Jig #£ 47 45 ft., CiINKIE 41
BEEMGHBE WM AMAAEMISHK. BAAERE, URGHE L EECHIREH LR
WHEM. £ T EANK-lysinth L L kA B E AR A WEEE, #NNK-lysinfe ¥

o R R B AR AR A .
KHEE: E e,
FESES: Q786; S917.4

¥t B K (antimicrobial peptides, AMPs)J&—32
XPARTE . BB L OTE . A AL T ORI AR
i 25 BAT o O TR /N 1 22 IR (12~501 2 5%
R), Je A= WK o A G S By A0 22 8 14 2 2
Wy . PLRE KB ABIRET  AETERRRE
FRIEMN . Ao RS2 e, —
E NN Bt E R BR324
1k, AfTEdNR . Hiw . Y. LEHEsiy L
LA HME S b E % B A BT T KD 2 8 1 200054
Horb B 9% 19K 77 3 W bt e IR R 6 A 4
hepcidin. defensin. pleurocidin. piscidin,
moronecidin, misgurain, parasin, LEAP-2FI
NK-lysin®5 o 470 3 IR 2K 7 77 46 HF 1 L HIF 58
CIAS—E Rk, E R IR, e

Wi HHE: 2016-09-23 &R HHA: 2016-11-30

NK-lysin; HFE w5, A8 k%, WEHENK

XRkIRERRS: A

KB HRRUER Y S ) R BTe

NK-lysinZHLIA B #X 7 1Ji (natural killer, NK)
411 i 1 41 9 75 PE T 40 B2 (cytotoxic T lymphocytes,
CTLs) HAETE 1) —FgFR Ry U % 2 (granulysin)
ML, SAPRERE THRRFEER,
NK-lysin2 # 5 74 1% 25 1 # 52 11 (saposin-like
protein, SAPLIP)Z % i) i 51, H A 5 A5 % 2 A
B (saposin B)Z5 t il 6 R~ e iR, HE
B IE LT ) R NK-lysinH A7 5 45 &
MIRE S, I REWE 7R 40 M I Y SE B 1, REAE R
KA . JEE AT A HU R A0 e S5

H ¢ 5 19 A 2 granulysin! " FHU#E NK-lysin' &
LK, AMTAH4E7E 4 (Bos taurus)'” . H(Equus
caballus)' ., 7K *F(Bubalus bubalis)'! . ¥ (Gallus
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gallus)'"™ . B 5 B W (Ictalurus punctatus)'*'"
FF(Paralichthys olivaceus)'™ . ¥ & i (Cynog-
lossus semilaevis)®® . Bt ffi (Danio rerio)!'", K&
fti (Larimichthys crocea)™ . W3k ffj(Megalobrama
amblycephala)*"3E 1R N34T T NK-lysinfi 7% 17 1R )7
K, PR A, NK-lysinft 2509 Fh ) KA
HERARAEI, WA ., 5. F
BF | pEu A, MR — LY AR N AR 2 A
P51, A5k s SR AR N A A3, B Gy
Ok 17 B4, 4RI P Ak
IAFAEANFE DL b R Z 5t 28 NK-Lysin
B 450 5L ARERL, & 5 R T R4
W&, BT & BLBE B £ 1) nklcFl nkld %
M4 A 0 A3 & A, SR, HoA
Tofr 1) 2 R 2 445 A4 155 DL 3 5 23R A5 B 22 A NK-ysin
A REHR BN A S

G NK-lysinfE Z o g k8, (22
HAPE D BE M OF 50 0 & A7 Hi 18 . Zhang %5 AN
Zhou P13 SRS N T2 A 2 1 7 B NK -lysin )
27424 3 iR (NKLP27) F1 K 8 £ Y NK -lysin i 241k
BOW IS PR AT TARSE S 30 A TR IR B
GG Y BA ARG, 10 A T NK-lysin
(R PT BR AL, R A AR AN A Y e R, IR
AYMEIE P, S SO0 o 3 A R A, BAR
b2 5 LT T R 5 R SR 0 TR R AR T MR
— B, Bk G R T AR R B
PR, BR T 470 A KA F ) S5 0 o AN I St Y
B TRER IR I, U R AR AR BT Ik A
WogAe, R R I ER

AW 5% il 1 X 5 (Ctenopharyngodon
idella) i T IK NK-lysinFk H (CinkD) ) 7a b, R &K
NK-lysinfe A R 2 [8) e R 2H 45 A 1) 22 57, &
RT-PCRAG M H7E i Fe w7 #4520 21 1 36 3k 22
S, IR R IR BR, W) R CiINKIE -
BEE W RIEIIRE, T A T B A5 T RE
iRt

1 MBS L
1.1 SEIe#
E S SE 6 FH RS 24157 1 fik B £ Ry

LY A, TR E R IR, R R A R
1K, 24 W, FRAHKRMEES A RK,
S A TE] K IR (2042) °C,  H # /K 825 8 SOk &1

173, PIFREEHR)E, PRE-FHE a4 R 115 gty
FAA3E, TR A& HZUARNA,

AL 25 Fe 1K F) B 28 R 15 B 250 Bl (epp-
endorf 5430R), &t AR R G (LB E ik
JYO4S-3C), i 5o n] W 6t BT (Rl
#rBD-500), PCR{Y(eppendorf Mastercycler pro),
%6 E H PCRIYL (¥ K Light Cycler® 96), & 115
1k & % (£ E BIO-RAD Mini-PROTEA®Tetra
System).

cDNASE — 45 A Wik 7 & 1 H Fermentas;
RNAiso Plus, SMARTer® RACE 5'/3' Kit. Ex Taq
fiff . pMD18-T . PrimerScript™ RT reagent Kit with
gDNA Eraser, SYBR"Premix Ex Tag™ (Tli RNaseH
Plus). PR 44 PN ¥ B BamH 1R Hind 1111 [ TaKa-
Ra; JUi/h i 42 PO &, DNAZEAK Bl 5]
& H Omega; 5|4 Sangond /il ; Ni-NTA His-
Bind# I 14 1 Novagen, HA 5] A [ 7= 43 Hr 4k
12 KE7HEE

B RNA#) IR B cDNA % — 44 69 4 %, 45
I3 g R et L GO R L RNE . L Sk
B, . AR O 444100 mg, A
THEUERNA, ERNAH BT 2 RN Aiso
Plusfy #2098, BBl ATt lE , A5 H
AT PR TE PR 2 S RNA, 5O Ot
TH I 7 RNARY U BE R4 R o O AR S RNA ST 1)
$4 B8 cDNASE — 4 5 iR 77 & FISMARTer” RACE
53R AT R sk, TV 1S CinkI B 1
cDNA[A] Jy BoFI 4 K J7 91 . RT-PCRIZ M 45 41
41 cDNA#Z B Primer Script RT Reagent Kit with
gDNA Erasersf —#f & WA & vt k17, HF
K CinkldE HAE £ HEVH A Bl . A )
cDNAT—80 °CI-AE# .

3 & NK-lysin cDNA4 K #9438 R 40
I 3RS 1 NK-LysindE R P31, BT ORSF X 3805
PINKFFINKR (2 1), ¥ 3645 205E 5% 5 B I
FPu ks, RN R e . MRE 2 g a7y
51, % FPrimer Premier 5.0 4% T £ X519
(1), 51¥T,>64 °C, RACEML 1725 PCRIX
o DASMART cDNAZg AR, i F Ak 5 57 51 )
FE G T UPMBE 756 — 4891 . PCRIUNW AR
25 ul, W AcFF: 94 °CHIAEMES min; 94 °CAZ %
30s, 70 °CiE k30s, 72 °CHEfHi2 min, 5E
B 94 °CAEM30s, 68 °CiE k305, 72 °CHEfH
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Tab.1 Nucleotide sequences of primers used in cloning C. idella NK-lysin

5% primer JFHI(5'-3") primer sequence & usage
NKF GGKVTGTGCTGGGSKTGYAART oy FEFI 1
NKR ATCKSTRGTGGWRAGYTCYTC c¢DNA fragment of partial NK-lysin
NK51 CATCACAGACATGTGACAGCG S'RACEY 14
NK52 CTGGAGATTAGGCCTTTCAC 5'RACE amplification
NK31 GTGAAAGGCCTAATCTCCAG 3’ RACE¥ 1
NK32 CGGGCGCTGTCACATGTCTGTGATG 3’ RACE amplification
eNKF GATGCTCCCGTGTATTCTTCT FEH
gNKR CATTTACTCTATGCTCTTTAT genomic amplification
RTGeNK-F TATTCTTCTGGCCACCCTGC P E HPCR
RTGceNK-R CAAGCCCAGCACAATCCAG specific primers for RT-PCR
GeActinF GAGAGGGAAATCGTGCGTGA WIGE BPCRAZ S
GcActinR CATACCGAGGAAGGAAGGCTG B-actin primers
ExNKF AGGGAATTCTTTGACATGGAAATGCAC A% R IR
ExNKR AGGAAGCTTTTAGCAAACACCAACATG expression in Escherichia coli
UPM long CTAATACGACTCACTATAGGGCAAGCA RACE-PCRI{Ji# 514

GTGGTATCAACGCAGAGT RACE adaptor primers

UPM short CTAATACGACTCACTATAGGGC

1 min, 25ME¥W; 572 °CHEMI10 min, %F—
RPCRY MY LW & MK B 2515 5, W
1 nLHIAESE 509 3 B B B, (RS |9
FIUPMIEAT 28 4 PCRIZ N, J I 21 1A] I o
PCRy™ W) 25 1.5%35t N W68 e rEL VARSI, 2 T i ik
Kl &g 7, S5pMDIS-TEAE B KRG,
ARIGAT HDHS o Z S 40, PCRAGIN, #f
PRV FE R 6 il A T A T REA R /0 .
¥ & NK-lysind B 40 A K 09 35 4% KHE
F T I3 2 B £ 9 I 56 P 4T DNA . AR E 3K A5
JcDNAJFHI 1514, P HDNA®K . PCR4
2 94 °CHAEYES min; 94 °CZEME30s, 58 °Cil
K 30s, 72°CIE{H3 min, 35MEH; 72 °CAIE
110 min, PCR™ W 2lifb A4 R H Bk Jr i .
B3] ot % J Conting Express# /-4
[E 750 . 5 H 3 i 7 5 PF 45 B Cink1 3 4 K
cDNAJES ; fdi I DNAStardf {438 2 5 ik 17 32 HE
I B A . 0 S B R T 4 5 R FHNCBIM 3 /)
BLASTNAIBLASTPHR A Xt Cinkl K J7 51 Fi H 4
VT ) 2 ik R AT TR VR Ik R . A R At £ 2

http://www.scxuebao.cn

NK-lysinf?) J3 51 Lt X%} % H Clustal Omega (http://
www.ebi.ac.uk/Tools/msa/clu stalo/)#17; 155 ik
537k JH SignalP 4. 1EPF 4T S H TR
HL B T R FHExP A Sy 9 3t H1 B pI/Mw T H. 43
#r; saposin BIX 3 | FHSMART (http://smart.embl-
heidelberg.de/)i# 1773 #7; FIFHMEGA6.05 4, LI
4B 43275 (Neighbor-Joining, NJ)HEFT A [7] #) il NK -
lysinR ek AL T AR At o [m) PP L X R 2 3R 4
BB BT SRR Y 5 8 SR I3 2,

& R 4R NK-lysind B mRNA#) & 35 4
M MR A0 NK-lysindE [ Y 4 K cDNA B¢
2 S W RTGeNK-FHIRTGeNK-R (£1), MR
Al N S L A B-actin ¥ F) 5T — X 519 GeActinF
M GeActinR (F1), R HRUbR A #h 2 09 77 72 I
FA N R H UNK-lysinf 235 22 5% . RT-PCRIZ [
A% : SYBRPremix 10 uL, | FHF5[4) (#EEN
10 pmol/L ) #50.5 uL, A1 uL, ddH,O 8 uL. S
ZE: 95 °CCTAEME 30 s, =Y 40 MBI,
95 °CEE10's, 60 °CiE k10s, 72 °CZEAH10 s,
PR H G, Sl MZ, 95°C4PESs, 65°C


http://www.ebi.ac.uk/Tools/msa/clu stalo/
http://www.ebi.ac.uk/Tools/msa/clu stalo/
http://smart.embl-heidelberg.de/
http://smart.embl-heidelberg.de/
http://www.ebi.ac.uk/Tools/msa/clu stalo/
http://www.ebi.ac.uk/Tools/msa/clu stalo/
http://smart.embl-heidelberg.de/
http://smart.embl-heidelberg.de/
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Tab.2 The Genbank accession number of amino acid sequences for identity and phylogenetic tree

PFFNEER  species and gene B35  GenBank accession number

PR FNEER  species and gene B S  GenBank accession number

Kt C. idella Nk KT877168
I EE  C semilaevis Nkl AGM21637
Bt D. rerio Nkla KP100115
PEfa D. rerio Nklb KP100116
PEf D, rerio Nklc KP100117
BEfa D rerio Nkld KP100118
FHE P olivaceus Nkl AU260449
KGveE  Salmon salar Nkl ACI68092
K L. crocea Nkl KJ865299

LA XM 1 punctatus NK11 NP-001187137

BES XMW I punctatus NKI2 NP-001187147
BES XMW I punctatus NkI13 NP-001187232
¥ G. gallus NKL NP-001038145
#FS  Coturnix coturnix NKL BAN78656
¥4 S scrofa NKL NP-001265684
% E. caballus NKL NP-001075398
4 B. taurus NKL NP-001068611

N Homo sapiens GNL NP-006424

iBk60s, FHEZE97 °Cil B ELLAI . AE4-4
USRS, R AR A I LightCycler”
96 SW 1. VR F#EA7 45 fiff it 26 43 BT, 2t = 1)
SIS B SR 27 AACT I AT A B, SRR
P B CPEEPR R R )RR, K RARH 2 R E
W, HRSUHBRE R MR PR
RS, FIFHSPSS 18.05 4 B R K 5 25 ATk
P M, AR P<0.05, il F Graphpad
AT 2 T He g AR A

AL F R BAR G M A G shAL R 4
B0 K ) % CiNK R A Rk 1 1 51 4
ExNKFHIExNKR (#%1), LiE5|#EXxXNKFH & H
BamH | BYIAL 5L, TS W EXNKRH &4 Hind 1l
fig ) i, PCRY™ 3 H MY B, VI, ¥ =
Y M pET-28b-MBP# A4 73 il FH BamH 1 1 Hind 111
XU Y), BEY) el e, T 3% B2 il 4
W, FALEIDHSoBFZ S AN h , K EBIR R &
25 pg/mL- R IR R ALBEM AR R [, Phik FH:
vl B P A . BREICRR M O RE BORL, BR AL E R
Ik TR Pk Rosetta (DE3)H, k% P4 5o B 3E 17 i A%
FIKAES . BHYERRALL « SOHLIERh 2 525 ng/mL
FIBE R MLBIEF A H, 7E37 °C. 180 r/minf%
R B3, 24 0DgoofEH M0.6HF, Sl ALk N
0.5 mmol/L IPTG, J A20°C. 180 r/minf% & 4k
ZLeE SRS hfa WO TR, B0 R AR, n A&
HPBSH &, HABHES min GBS &M 20%,
#FSs, [A]EKSs), 4°C. 13 000 r/minEs.(>20 min,
3B B WCMPIE, DUVE G R PBSHE A&, 434
INASERFA2xSDS FAEZE 0P, 100 °C k5 min,

SDS-PAGER I il 5 25 1 1Y R IAH O .

fill 45 75 M 2R JINi-NTA His-Bind# iig £ 17 4l
fb, BEBELE. BOREREERRER
A&, N AGE #2454 2% th (50 mmol/L NaH,PO,,
300 mmol/L NaCl, 10 mmol/LBk®k, pH 8.0), #A
FEREEE, 13 000 r/min®5.0>20 min, B LW, 0
ANi-NTA His-Bind# ig4lift., A FE7E4 °C%
SR A 2P (50 mmol/L NaH,PO,,
300 mmol/L NaCl, 50 mmol/LBKME, pH 8.0)E yt
EBEEAE, AN (50 mmol/L NaH,PO,,
300 mmol/L NaCl, 200 mmol/LEKME, pH 8.0)%E /i
e, VEMEAE AR HE R k. SDS-
PAGER Il 2 11 A9 2 AL RCR . If-4% fE Bradfordi: il
SE TR IR E

FH AT PL A 15 P A I SR FH B IR
BELCY Ok, BAREE . SEEG YA 4 M A
] %) BR 1 (Staphylococcus aureus) TG4l B K T
B MI15(Escherichia coli M15), W&/K/S BN
(Aeromonas hydrophila) TN 3L 5 . il VE 0
M, G IR IR G R R0 S, FHPBSHRE B
Z O0Dgoo M 0.20F, HL100 nLTE WA £ 5 & K
B . WHIE42°CH10 mLE 1%3E 58 . 30 mg
TSBIY# W, L RIRS), A EAZEN9 cmiyF
M, FEBNEBEEEE S, FHFLAE RS mmAS 65 4
FIFLARITHL, WA M543 50, A 5mA
FEAVRMR (BITEXT R ) | CiNkIE 41 2 (A bt
AR CBHEXT R ) 420 png, 45 (08 4 Bk
B AT K I AT B B 37 °C . /KSR B T-28 °C
KM, KigRe12 nih B R R, A% S

http://www.scxuebao.cn
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FLUER-250UL M, BT 4°C, JLfa24h, WL HE

2 R

2.1 EfNK-lysinE E £ K cDNAFIEF A
g5 FHI4FIE

411 Cinklf) cDNA 4K 768 bp, GenBank’% 5
S NKT877168, 4175366 bpft JF il e EAE , Zwfith
121 R, A5 17 = EER 15 5 kA 1044
IR AR (B 1), WRBK & 75 R
Fi% K /N f) saposin BIX 3 Tl 4 o 284 ik 43— 1t 11
A HL S AT R 1.7 ku 5,54,

CinkIft) FH 414K 3 361 bp, GenBank’ 3%
T ONKX631937, HM4NINEF I E A
B, bR SRR 43, 65, 99, 159 bp,
W& FRIK BB NT724, 1794, 125bp, fi T
HP LT 943144 bp, 108F1109 bp. 207#11208 bp
ZB(K12). Cinkl'5BE 5 finklc . nkld5sH 4251

AHIE], I H CinkBE 4 /)56 14~ N & F K (724 bp)
b H A 15 25(99~159 bp) K —28, 5 ANKGS%S 14
& 1K B (849 bp) I o

2.2 EBEA&NK-lysinfl H i & ENK-lysinEE A ¥
FIMREIRM ., #HH X R

Rl 5B B R, P EE L BT
T R (Salmon salar)55 NK-lysingd & iR
JF AR L He X 25 5 s, s CiNkIS B 2 £
Nkle. NKIdPFHBIE g (F13), 5 IR I8 4
H457.98% . 63.03%. 5 H Al 2 1 NK-lysin
—HE, AN IRSFIY IR (cysteine, Cys)bk
H:(C49, C52, C80, C90. CI115, CI121), T
M R 7. C49-C121, C52-C115, C80-
€90,

i1 25 0 H Al B A Bl ) NK -lysin L 7R ¥ 51 1)
ARG IR R, FrA fJENK-lysins 5 — 32,
AL SR L AR — L. HACINKIS RS
fliNkle, NKIdARIEHE R, FELEXRBT(E4),

agccggtggcggggggaaggcggatgtgacaaagagttttcagtcttgttgtgttcagac 60
ttttcaaataagATGCTCCCGTGTATTCTTCTGGCCACCCTGCTGATATCCTCAGTTTGT 120

M L P C I L

A T L L 1 s s v c 16

GCTTTTGACATGGAAATGCACAGAGGAAACTTTACTGAAGATGAACTTGAACAAATCTCG 180

AAF D M E M H R G N

T E D E L E Q I s 36

GGTGAGATGGCACCAGCCCAACAACTCCCTGGATTGTGCTGGGCTTGCAAGTGGGCCATG 240

G E M A P A Q Q L P

L C W A C K W A M 56

GGGAAGGTGAAAGGCCTAATCTCCAGAACAGCAACTCCGAGTGACATTAAACGGGCGCTG 300

G K \ K G L I S R T

T P S D I K R A L 76

TCACATGTCTGTGATGAGATTGGATTCCTAAAATTCATGTGTAGGATATTTGTGAATAAG 360

S H \ C D E I G F L

F M C R I F V N K 96

TATCTCGGTGTTCTGATTGAAGAACTTTCAACTACTAATGACGCAAGAACCATCTGTGTT 420

Y L G Y L I E BE L S

T N D A R T I Cc Vv 116

CATGTTGGTGTTTGCTAAtaaagagcatagagtaaatggcctttctcctatgtatcgaag 480

H \Y% G \% © *

121

aaatgcaaaatgtcttttttttctttgttttttgagtgctatctttagctggaaacgttg 540

ctgaaattcttcactatagagctaatggtgtgattattgtggttttgtatatcacactgt 600

ctgttgctacaaatgaaagcggaaatgacatgaagttttttgcatatttgtcacatacac 660

tcagctttcactgtatgttttcctgcaataaactgctatataaatgtgtgaacaaacgaa 740

ddaaaaaaaaaaaaaaaaaaaaaaaaaaa

768

1 E & NK-lysinf) cDNAF 51| 70 HE B 89 REBL 751
BRI AT TATG. £ L% 1 T TAAR £ KI5 B I 25 5 antaaa A5 1555 MR FRIGFOR: <o RoRMRLlL: A TR

SRRV EIAL s B B 8 5 % 7R saposin BIX 3%

Fig. 1 Nucleotide and amino acid sequence of C. idella NK-lysin

ATG, TAA and polyadenylation signal sequence aataaa are bold and underlined; “*” means the stop condon; “A” means the signal

peptide cleavage site; saposin B domain is shown by gray shadow

http://www.scxuebao.cn
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52 104 99 172 11

849 534 1448 885 N NKG5
—a—a—a—— Hsapiens NG
2 99 o2 200 123 g3 Lot 115 28 B s SR M0 NK-lysin
I I - - . Lpunctatus NK-lysin
43 99 158 S

159 & 3037 g 82 84 BE T £ nkla
M D.rerio nkla
43 o 99 158 61 B I 61kl

I 159 .10195 . 331 - 87 .

43 62 96 159

i 133 i 5806 MR T

43 62 96 165

I122 I 5107 . 2294 -

43 159

65 99
724 1794 125

D.rerio nklb

B8, nkic

D.rerio nklc

PLE 4 nkid
D.rerio nkld

T NK-lysin
C.idella NK-lysin

B2 AFJL#&EENK-lysinEFBEHRE

BMERORANE T, BIEZMEELLRANE T, BTSSR TMNE THKE: RRAFNERS:

ANKGS5: M85276; B i X2

NK-lysin: AY934593; W14 NK-lysin: KX631937; D. rerio nkla~ nklb. nklc. nkld® H F B 5 4 3 [K 41 BX323450.8

Fig. 2 Genomic structure and organization of NK-lysin from H. sapiens, I. punctatus, zebrafish and C. idella

Black boxes represent exons and lines adjacent to exons represent introns, the number of nucleotides in each exon and intron is shown above the
corresponding element; the genomic accession number is M85276 of H. sapiens NKG5; AY934593 of I. punctatus NK-lysin, KX631937 of C. idella;

D. rerio nkla, nkib, nklc and nkid genes are from BX323450.8

23 EEMEMKNK-IysinREEERBREE D
ReOhFRIA

FIHRT-PCR#FFT T Cinkl mRNATE {d 7 111
HANHLMERBEN, HEA 5 MB-actinfl
Cinkl J7 B ) JFURL AR TR & TR DU 3 04 5 5l i i
CAETER, BT B I M e th 2 . 973
Mgk . bkl 2. J i ith 2k 43 53 i R B-actin FlI
NK-lysin B — W, RG34 7= Py p R AR 4T
2N FE R B RCR 4 5h 100%A11104% ;- b o i 28
M9 R B T 1.0, R 0 I i 28 1k ¢
R, VHMCRRLT

RT-PCRAF 5 Cinkl mRNAR 2H 21 28 I - 1F
W CinklFE B4 i R iE 1, RAE Cinkl
mRNATE AL H I A G 223k B AR E F
(ES), S5 WK, Cinkl mRNATE T A K £ 21
o N A R R, AR IRE P g ik i i
W, AR AL R AR R350RE, O E. B
WO RSk B R S I Rk, I R R L

FFAE . A e k.
2.4 EHEFEMRNK-lysinEAEH/E T

F A NK-lysin i 802K BT 104> 220 6 1R 4H
W, FE TEON11.7 ku, FIKEAKpET-28b-
MBP b1 2 & H K /N45.8 ku, ZRIPTGIE R,
SDS-PAGES> M1 175 5 19 25 4RAKAE 2146 kulb A7 25
#35, pET-28b-MBPAICiNkIf fill & 2 11 K /N2
57ku (El6-a) , SHHIK/D—5, I HEH5m
HEEAUMEIEAEIE, Z4Ni-NTA His-Bindf i
4l b A5 3 4l A 1 H AR 2B 11 (Bl 6-b)

2.5 E&EFEMNK-lysinEHEAQREMES R

Bradford ik I 52 &£ NK-lysin®t 21 8 [ ¥ &
41500 pg/mL, R FHIFEARBELAL /XY Bk #EA TG 1
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Fig. 3 Multiple amino acid alignment comparing the C. idella NK-lysin with other fishes

*” indicates identical amino acids, while those with high and low similarity are indicated by “:”

cysteine (C) residues are shown by box
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08 FHE P. olivaceus Nkl
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00— X G. gallus NKL
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38 ¥ S. scrofa NKL
_ §|: L E. caballus NKL
0.2
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Bootstrapfi 4 [ 5 5 /X £ 4 1000%
Fig. 4 NJ phylogenetic tree of amino acid sequences from vertebrate NK-lysins
The tree is based on a 1000 bootstrap procedure.
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Fig. 5 The relative expression of grass carp NK-lysin

gene in different organs and tissues

1. skin, 2. head kidney, 3. spleen, 4. gill, 5. intestine, 6. liver, 7. brain, 8.

trunk kidney, 9. heart; different letters indicate significant difference

WAL W, Cinkl 5 BE Dy thnklc . nkldff) 3F % 5 2 B T
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Tk, O, 6 P RSLE PR
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CINKIFEHFEA; 6. 4ifb I CiNKIE A FE A

Fig. 6 SDS-PAGE analysis of expression and
purification of C. idella NK-lysin recombinant protein

SDS-PAGE analysis of recombinant protein expression by 12% (a) and
purification by 15% (b) separated gel; M. protein molecular standard; 1.
non-induced bacterial cells with empty vector; 2. IPTG-induced bacterial
cells with empty vector; 3. inclusion body of IPTG-induced bacterial
cells with recombinant vector; 4. supernatant of cell lysates of IPTG-
induced bacterial cells with recombinant vector; 5. non-induced bacterial

cells with recombinant vector; 6. purified CiNkl protein
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Fig. 7 Antimicrobial activity analysis of C. idella NK-lysin recombinant protein

C. idella NK-lysin recombinant protein against E. coli M15 (a), A. hydrophila (b) and S. aureus (c) by inhibitory zone evaluation; 1. ampicillin in (a) and

(c), and norfloxacin in (b); 2. CiNkl recombinant protein; 3. protein elution buffer
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The ¢cDNA cloning, expression and antibacterial activity of
NK-lysin from grass carp (Ctenopharyngodon idella)

WANG Gailing", WANG Mingcheng, LI Chuanfeng, PAN Lei, LIU Panting
(College of Biological and Food Engineering, Huanghuai University, Zhumadian 463000, China)

Abstract: NK-lysin is a cationic antimicrobial peptide mainly produced by cytotoxic T lymphocytes (CTLs) and
natural killer (NK) cells and stored in cytolytic granules together with perforin and granzymes. NK-lysin is a
member of saposin-like protein family and is orthologous with human granulysin. Mammalian NK-lysin is known
to possess antibacterial and antitumor property. Homologues of NK-/ysin have been identified in diverse organisms
including human, pig, cattle, chicken, horse, water buffalo and teleost species. In fish, NK-lysin genes have been
reported in five species, i.e. Japanese flounder (Paralichthys olivaceus), channel catfish (Ictalurus punctatus),
zebrafish (Danio rerio), half-smooth tongue sole (Cynoglossus semilaevis) and large yellow croaker (Larimichthys
crocea). In this study, we aimed to explore the structure and expression difference in tissues, and the NK-lysin
(Cinkl) was identified from grass carp Ctenopharyngodon idella using reverse transcriptase polymerase chain
reaction (RT-PCR) and rapid-amplification of cDNA ends (RACE), and primers were designed according to the
conserved sequence of known fish NK-Iysin genes. The expression of the Cinkl gene in different tissues was
analyzed by real-time quantitative PCR. In order to explore the antibacterial activity of CiNkl, the recombinant
expression vector was constructed by cloning its mature peptide into the prokaryotic expression plasmid pET-28b-
MBP. The antibacterial analysis of recombinant protein was evaluated using agar disc diffusion. The full-length
cDNA sequence of Cinkl was 768 bp, encoding 121 amino acids. Genomic DNA was 3 361 bp including 4 exons
and 3 introns that was similar to zebrafish nkic and nkld genome. The multiple sequence alignment analysis
showed that the CiNkl shared 57.98% and 63.03% identity with zebrafish Nklc and Nkld respectively. CiNkl
possesses a Saposin B domain of members of saposin-like protein (SAPLIP) family and six conserved cysteins
(Cys) residues that in mammals are known to form three intramolecular disulfide bonds essential to antimicrobial
activity. Phylogenetic tree suggested that CiNkl is clustered closely with D. rerio Nklc and Nkld. Quantitative RT-
PCR results showed that Cinkl mRNA was expressed in all tissues examined and highly in the spleen, with small
amount in heart, gill, kidney, head kidney and weakly in skin, brain, liver and intestine. In addition, SDS-PAGE
showed that the molecular mass of recombinant CiNkl expressed in host bacteria Rosetta (DE3) was approximately
57 ku. The recombinant protein purified by Ni-NTA His-Bind resin showed the antibacterial activity against
Escherichia coli M15, Aeromonas hydrophila and Staphylococcus aureus. The results indicate that grass carp NK-

lysin has potential immunomodulatory effects in fish innate immunity.
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