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W OE: [86] 52k &E 44 9kDa A= 15 kDa # NK-lysin & 20 % & (cNKL9 #= cNKL15), +F
& RIS A F A L FRA T EM., [F 5] & cNKL9 F= cNKLI5 B & 3 B 55 %1% £ pPICIK #,
R, MEEERRRERITHFREL. 2 SDS-PAGE 45 # & Western blotting 4% 5+ M Ie4E, #HIA
FTHEG LM ERRAG, BT F BN EFRIF S cNKLI #= cNKLI15 £40& & . LR &K
DIV REA Fe KM 3RA KA O1STHT AfAFE M, KA -FRE R HE0E(CFU &) 1F4& £0%K 8 691K
ShIHE E M 8 i RT-qPCR A4 M mRNA & EAK-F, 54 EH %G L HDI 28 E % 0 it &
AR T ey kR R, £ ISLABBRKRIZRRAT, B3R AHZTELELL R
NEDZANHREAE, [HR] RAMEREFBEE E 4 LR 42 pPICIK-cNKLY9 F= pPICIK-
cNKLI5. SDS-PAGE % Western blotting 30 iE 4 R 2 =, 3 L F T4 0 3| £ 40 cNKL9 #=
CNKLI5S Ba w4 FHi&d, LA MEQ TR EANLEE, WHERANERELY, T4
cNKL9 Z& & 2t A5 Z W 1T KA A KM %A KHA O157THT HBA L E i Ft, mEL cNKLIS &
Gt B 2 #RR R E L AP HI4EA . RT-qPCR 4 R 27, £ cNKLI5 & ¢ 2% L8 HDII %
e CCL4. CCL20 % #n i A 69 A B 45 FK-F, 4 cNKLY & @ N Lk L& AT AEA . seit,
JE 15 L R BE4EAR KIZFRIKA F, cNKL9 F= cNKL15 49 5B & & 8 4 5| T 1% 0.64 g/L #= 0.53 g/L.
[46) AR EREFBEFAL T EILT cNKLY A= cNKLI5 Hat) S Ea kA, L F, NKLI
East R BT KEB A KMEA KE O15T:H7 BA L EHE M, cNKLIS Z& fdi@id LAY E
w4 i HD11 F 28 i B F 49 mRNA F L K-F X # % JZ B H 2 ak, L4 R A cNKLY F= cNKL15
FAOEARARLFAAT F ot LR T LIIRE, BA RIF6 A A%
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High-level expression and activity identification of chicken
NK-lysin in Pichia pastoris

CHEN Sixuan, SHI Meiyu, TU Tao, HUANG Huoqing, LUO Huiying, YAO Bin, WANG Yuan",
ZHANG Honglian®

State Key Laboratory of Animal Nutrition and Feeding, Institute of Animal Science, Chinese Academy of Agricultural

Sciences, Beijing, China

Abstract: [Objective] To achieve high-level expression and purification of the recombinant 9 kDa
and 15 kDa chicken NK-lysin proteins (designated as cNKL9 and cNKL15) and evaluate their in
vitro antibacterial and immunomodulatory activities. [Methods] The target genes—cNKL9 and
c¢NKL15—were individually cloned into the pPIC9K vector to construct recombinant expression
plasmids for heterologous expression in Pichia pastoris. After confirming the correct expression of
the recombinant proteins via SDS-PAGE and Western blotting, we used nickel affinity
chromatography to obtain highly purified recombinant cNKL9 and ¢cNKL15 proteins. The in vitro
antibacterial activities of recombinant proteins against Salmonella typhimurium and Escherichia
coli O157:H7 were assessed by colony forming unit (CFU) assays. We measured the mRNA levels
by RT-qPCR and analyzed the transcriptional changes of relevant cytokines after applying the
recombinant proteins to the chicken macrophage cell line HD11. High-level expression of the
recombinant proteins was achieved in a 15 L fermenter for scale-up culture via optimization of the
high-density fermentation process. [Results] The P. pastoris expression plasmids pPICIK-cNKL9
and pPIC9K-cNKLI5 were successfully constructed. SDS-PAGE and Western blotting results
revealed specific bands of recombinant ctNKL9 and ¢cNKL15 proteins in the culture supernatant,
confirming the successful secretory expression of the target proteins. Antibacterial activity assay
demonstrated that the recombinant cNKL9 protein exhibited significant inhibitory activities against
both S. typhimurium and E. coli O157:H7, whereas the recombinant cNKL15 protein showed no
obvious inhibitory effects on either pathogenic strain. RT-qPCR analysis showed that the
recombinant cNKL15 protein significantly upregulated the transcription levels of cytokines such as
CCL4 and CCL20 in HDI1 cells, while the recombinant cNKL9 protein did not exhibit
immunomodulatory activity. Furthermore, in the 15 L fermenter, the heterologous expression yields
of ¢ctNKL9 and ¢cNKLI15 reached 0.64 g/L and 0.53 g/L, respectively. [Conclusion] For the first
time, we achieved high-level expression of recombinant cNKL9 and cNKL15 proteins in the
P. pastoris system. Specifically, cNKL9 exhibited inhibitory activities against S. typhimurium and
E. coli O157:H7, while ¢ctNKL15 exerted immunomodulatory effects by upregulating the mRNA
levels of cytokines in the chicken macrophage cell line HD11. These findings provide experimental
evidence for the development of ¢cNKL9 and cNKLI5 as antibacterial or immunomodulatory
agents, indicating their considerable application potential.

Keywords: chicken NK-lysin gene; recombinant proteins; Pichia pastoris; antibacterial activity;
immunomodulatory activity
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bEE & & SR B RR e Y R, sl
o LR T A 0 T A 4 AU 5 0 A= 2 i 24 1 ) A H
TR TEAERVEE N, A TR B S R AR
B R AT R, Hh Ry TRE . K
Ay ICTA A5 55 22 QBRI 51 & IR e T
WIS AL b A Z 3R T AT I 7 A% 1 W 4 R
il LR 2 TR AR AR Ak, TR AR
O R S AR ST & SN DG T R AR s
R4, UHERA) BRI ERA SIS
i 24 P 1) K 9% g 2 (P, NK-lysin J& T ¥
Jg % % £5 H saposin #f £ H (saposin-like protein,
SAPLIP) Z & B 51, 2 i A 8K A% 49 41 g (natural
killer cells, NK i Jfd) F1 41 B8 25 P T 9k & 40 g
(cytotoxic T lymphocytes, CTL)43 b 1) 5 B K SR
RPEE N, NAER SR PR —F A7
5 T 40 M 35 v 0k Hh 7 NK-lysin #7256 S /)N
T LUy B ARARE ) RS, AFIE RS R AN
JL 6 200 A B bR L v 5 Y NK-
lysin (XS [A] JEHI

X NK-lIysin 3 [F 28 57 F 22 5 Y {8 b
HERIR W 2L 2 FOE 7, Bl 15 kDa i
R 1 (cNKL15) Al 9 kDa B [ (cNKL9)!,
B S 5 UKL 3R (granulysin, GNLY) & Ho Al
PR NK-lysin [R]09) & BEARAL, £ 5 6 12
e SR IE B 3 X B A K 5 A o- BRE 4G
FBIB1F T, & X cNKL9 % 11 Fl cNKL15
2R W AMNIE AL 33k S T RE 4K A B o A e
i . 7E cNKLI15 MR R A m, BA bt
R ELEE T COST MM ge e, i A
cNKL15 8 FIRRBL B WPt s e, HRA
PrACERER AN, Bl iE R 3R
S Ol SN IR TR L R VR (S R S
cNKL9 £ FI W H 20 A MR WA OCHR A, BA
W b 2= A RS 2K oNKL9 8, IESE
H AR PURIEE eah, MR AR
o- R BE IR A G T, AR B TR A
BT —FRIVERK, & B R g R AT
0P WG PE L bk HUE M B e e T
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ﬁ,r$[12,16-17]0

L b SR L (Pichia pastoris) /&—Fh A
ffE A= AR S R B R IR R G, H
WO DL AE T HAT AL ™ P45 S IR 8 R A 1
15 %A AL il (alcohol oxidase 1, AOX1)ZE K 3 8l
TN R, VR B, HRaREERE A 5T
HE B BEEE T, BT N BT I R A8 AR
PEREAL . RSP MU OB, PR E AR
F AR SR A 5 5 A 2 s RO e ok,
a-factor (55 RG1T, HAREH A0 2 H 57
B, AR KEX2 EHBETIRIGES K, CH
SERER H MY 4Rk, DT KR ] 4k 2l 4k 2P
BN IR R GE A SR FHH S/ B 9
TEWE, DLRR AN B 5 S R PR PR 1 v 2 R
T 52 BTl Ak K A 7R o sk R Gk
cNKL9 H1 ¢cNKL15 # F I R GE A —H i Iifig
WYE, AR FHERBERERINR R T T
2 MR EARR Saifl, X HA X
B PE W T IG PR T TS, R R R
BRI FRSIEL T 2 B cNKL 25 A & R 45
R HJE S R R S HEEE T SR A

1 MR5rZE

1.1 k. E#RAZEAR

Be % B2 BE GS115 8 #k . # K pPICIK,
Invitrogen A w3 KIAIRA [ TOP10 J&3Z 254
fitl, Biomed A F; WAHFEVD ] K (Salmonella
typhimurium) CVCC541, K M B & K W
(Escherichia coli) O157:H7 CVCC1491, ARSZH;
FORFRMR s HDI XS E RN, Wik 555
AL ENE
1.2 EFRE

LB 1555 (g/L): BEHRE U (yeast extract)
5.0, %A (tryptone) 10.0, S Ak#(NaCl) 10.0;
[ 1A 8% 7% Bk & B K (agar) 20.0 g/L, 121 °C
K 21 min,

YPD }iid(g/L): EEREZHUY) 10.0,
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14 20.0, FHZHE(D-glucose) 20.0, FEARGFEHR &
BUIEK 20.0, 121 °CK1E 21 min.

MD % 3% i (g/L): i % M 20.0, B IR B
20.0, 121 °CK B 21 min, i FBS A JCE I
P & i (yeast nitrogen base without amino acids)
13.4, :¥% (D-biotin) 4.0x107%,

BMGY 5735 (g/L): BERHERY 10.0,
i 20.0, TN = (glycerol) 10.0, 121 °C K
21 min, ffHBIMATCZIEREE AR 13.4, 49
2 4.0x1074,

BMMY {5575 (g/L): BEREEEEUY) 10.0, 45
F1 5 20.0, 121 °CK T 21 min, f# FHEHAJC
HAEL R AR 134, AP E 4.0x107, HEE
(methanol) IR TS8R 1%, & 24 h #MIHAFR
IYBUN 1% 1P EE,

HD11 A F g2 fifl 57 4 35 972 55 . DMEM 5
TR ECR 10% Y G 2F 1L 7 (fetal bovine
serum) AR B2 800 1% 1 %5 R/AE %5 R
(penicillin-streptomycin)

1.3 EEFRRAEEFEL

1F GenBank H 318 cNKL15 FEH 1) 24 FE iR
FE S (FE 515 . NM_001044680.2), #R ¥ b o
1% £ 1) % 65 1 i 4 1 (http://www.kazusa. or.jp/
codon/)X} ¢NKLI15 B P oA+ pife,

#=1 HALBEBICNKLIFIeNKLISEEFES
Table 1

b5 B2 R 9 L2 1, 38 a3 A R AR
cNKLI5 ¥:PH . %F cNKL15 & ()55 & 450347
8T, 19 8 BB T eNKLY X)L Y T A
(cNKL15 N ¥ B 43 P&k, C unkibr 2 41
RAIEMR) . MET 52 H A& A R Faife
TE cNKL9 il cNKL15 & J& i ¥ i 6xHis #1455 .
FIHER 2 v 2 XRR SRS 1, LA eNKLIS 3L R
BN fi ] DNA 545 il (P 50t 145 P e A W ) i
B4 BR 2 ®) #EAT PCR ¥ 14, 3K 15 eNKL9 Hl
cNKL15 3R B, FIARRE AR 204
AW AR A BRA R H B3 5 pPICIK ik
PEATRIR B, JFE5L 2= RKIHIE A [KH TOP10
BN, RN T SEANET &R
(100 pg/mL)[¥) LB EAREFRILIA TP L. Pk
BUR K IEATY R %, Al ORI b ik
7 G (bt 2 [ B A Py 3 R A R W) $ R
AR, JEkAL T EF A E R ARG BRA
F P, R E R 0 Ok, gE— A L3R
R /) 540X FIl 3'AOX 51#)iE4T PCR §734, 16
UE H 3 R A5 HERR T A pPICIK 84K 40X1
D7 5 T8k Ak T B 45 R AR R GS115
BT AN, ffH Bgl R[5 H EAEWH AL
5O PR B RS R IE A 0 S ok Tk b
AL, P O AL R AL B AR B GST15 Jgk

The sequences of the optimized ¢NKL9 and ¢NKL15 genes

Gene names Sequences (5—3')

cNKL9

ATCAAGTGCAGATTTTGTGTTTCTTTGGTTAAGAAAGTCCAGAAAA

TTGTTGGTGACGATCCAGACGAAGACGCTATCAACAACGCATTGAA
CAAGGTTTGTTCCACTGGTAGAAGACAAAGATCTATTTGTAAGCAA
CTTCTGAAGAAGTTGAGACAACAGTTGTCCGATGCCTTGCAGAACA
ATGACGATCCTAGAGATGTTTGTACTACATTGGGTCTGTGC

cNKLI5

TTCTCTGGCTTGACCCCTGAGCATTCTGCTCTGGCTAGAGCTCATCCT

TGTGACGGCGAGCAATTTTGTCAGAACTTGGCACCAGAAGACCCAC
AAGGAGATCAATTACTTCAGAGAGAAGAACTTGGTTTGATCTGTGAG
TCTTGTAGAAAAATTATCCAAAAGTTGGAAGATATGGTTGGCCCTCAA
CCTAATGAGGATACCGTTACTCAGGCCGCTTCTAGAGTTTGTGATAAG
ATGAAGATTCTGAGAGGTGTTTGTAAAAAGATAATGAGAACCTTCTTG
AGAAGAATCTCCAAGGACATCTTGACTGGTAAAAAGCCACAAGCTAT
CTGTGTTGACATCAAGATCTGCAAGGAAAAGACCGGTTTGATT

http://journals.im.ac.cn/actamicrocn
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w2 BUAMEPTASIY

Table 2 Primers used for vector construction

Primer names Primer sequences (5'—3")

cNKLY-F
cNKL9-R
cNKLI15-F
cNKLI5-R
5'40X
3'40X

GAAAAAAGAGAGGCTGAAGCTATCAAGTGCAGATTTTGTGTTTC
CTTAATGGTGATGATGATGATGGCACAGACCCAATGTAGTAC
GAAAAAAGAGAGGCTGAAGCTGAACCACCTAGAGATGATCAC
CTTAATGGTGATGATGATGATGACCTTTGCACAGACCCAATGTAGTAC
GACTGGTTCCAATTGACAAGC

GCAAATGGCATTCTGACATCC

AU . F AT TR A T A 2R B 7 MD
ARG SR AT
1.4 HHEEREESFESRGEHHINE
FTIE R
141 FHEREEFABISRZPBIINE
=ik

1E MD VA b FEALBER L 10 A1k F 5
7%, B HIERN T & 3 mL BMGY i FRIEA IR0
FE T, 30 °C. 200 r/min &0 F &%
48 h, ¥ H W 4 500 r/min B.[> 5 min, 7 LW,
i 1 mL BMMY H5 3836 d BB ik, 78 [/ —85 3%
MR ESEAEL, 48h ), @it SDS-PAGE
BT 6xHis bR U s bR (bt X4
H W5 AR A BN 7)) #E4T Western blotting, £l
i ge BWEWCP HAREE H oNKL9 il cNKLI15 ff 3
KA. BEHERIAREGR Y 2 A T AREE T O Tl
HRS 40% HhPL 1:1 B eGR4 77T EP 4%
Hr, BT -80 CCUKAERAT
142 EHEERNAEWL

PePEF Ik A = ) cNKLO T8 ¥k Al cNKL15
FEMRIE TR & 8, 7E 30 °C. 200 r/min 544 F
43 48 71 800 mL BMGY 3% 55 3L i 17 & 4R 3% 55
48 h, PLKz 400 mL BMMY 553530k T H A S
Fik 48 ho MR T 4 °C. 12 000 r/min &0
10 min, W4 LW, 4 0.45 pm F1 0.22 um 3§
SR/ SN i PO = i1 P20 = 0 B = = B W2 L A
JEMTRET S 5 20 mmol/L #i R £k 2% whil (pH
8.0). 0.5 mol/L S LA 10 mmol/L RIS 1) -1y

P4 actamicro@im.ac.cn, 7 010-64807516

WA, 78 DSl E, 5
5 YRR ) Ve B8 T 8 v R I E T AE . BAR R
A3 S 0.2 mol/L KR AN 0.3 mol/L K. i) 2%
eI . VRIS AR R BT RS, IRIR
i % 0.50. 0.35. 0.15 mol/L NaCl i #aLh 2%
i (100 mmol/L Na,HPO, . 10% H ) iE4 746 i
BEHT VAR AR A ER MR, 548 0.22 pm JE
AL IE K IE %%, B T-80 CCUKHMAE, HT
1.5 FHERAREMEE
1.5.1  HDEEMEN

fifi FH R JE V0 1] IR AR g 3R A 1R T
O157:H7 K 85 4 8 FH cNKL9 Al cNKL15 41
PEE T o B R A FE VDT IR B K 33 A [T
O157:H7 TR A7 R BR Tl T LB JCHUMR A 1 57 5
th, BT 37 oCIE IR FE 46 200 r/min 3 55
12 h; 25 2 KU 1% $#EFh 54 T 50 mL LB ¢
PR 3 5Lrh ) 37 °C. 200 r/min 35354 2 h
% ODgoo HIE 0.5, W35 3% 07 10 T i H Wl g 46 22
1% (20 mmol/L Na,HPO,, pH 7.4)F % 3 000 13,
fd B W Mk B 249 3x10° CFU/mL; o¢NKL9 Al
cNKL15 8 1 F B 2 £ 22 vh i o0 | W B 22 0.2,
1. 5 umol/L. BfJ5¥F 25 uL #4355 25 uL
AR EME AR S, R & 25 il WiKS
25 uL WEFRER S8 vhif R BT HEXT BT, 25 pL Rl
5525 uL 50 mg/mL ~RAREE 2 A FHM: XS fR AL (R
I 3 A1), B 4L & T 37 °Cla
RGP EVEN 3 h )5, FT R Eh 22
PVRCKS RN A FE 100 45, X100 L ¥4 T LB
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TP E R R L, BT EER R R
BRIV T AR RE 7R 3 AR K 24 14 hon] LA 2 3 b
B IE IS, MR FE AR L B B TR R T TR
Giit. GEitoardra RUBIEebREZE RN, IiE
SEEGIEE 3 UL b
1.5.2  SEIETIEMEN

i HD11 X9 W5 40 i 46 I & 4 3 B
cNKL9 FI cNKL15 By 1536 . 4 10 cm
B 7 MRS A M LA 1:3 19 EL il 3 7+
12 fLA RS FR b, BT 37 °ClE R 5 246
(5% CO)H 153% 16 h J5, F PBS 28 Ml bk %%
SR, i A H 58 A d R B BE Y 100, 1000,
4 000 nmol/L ¥ &£ Y cNKL9 F1 ¢cNKL15 & [,
[ R 15 A 3 56 4 5 3 3k 1) %o BE A A B o R
15 37 °CHE IR 546 (5% CO)HVE 4 6 h 5
AR ARMRE S, A3 RNA $ 07 & (R e
WEMEREAE R R A BR A F]) . cDNA A ik
Mt 28 EMHE ARG RAR]) ., 9Ot
PCR A (At &N e AV H AR H RA /)17
RNA $2H, F#% 5% & RT-qPCR, Al HD11 4
fitd w40 g X -F CCL4, CCL20, IL-1B. IL-8 f¥
mRNA 357K F-(RT-gPCR i 5 H L3 3), 4t
VM R A EbREZE RN, Il SEER Y
23U L,
1.6 EHEEAW 15 L EEERKIES
Iz

PECR IR R A7 B R R FD T 50 mL YPD 3%
Federr, 30 °C. 200 r/min #5595 24 h )5, R
4% 600 mL YPD 55 ARZEREFE 12 h, Y
ODyoo THIAF] 5.0-6.0 B AR YR 2 &
7.5 L FERHERIEFRITFUS N PTM1 W 15 L &
B, WA AR E N . PR 600 r/min,
M 30 °C, i@ W 28% & K 4EEF pH 5.0,
A E AR 20%-40% ., M H IR S 850E
fift %A (dissolved oxygen, DO) PR | F} 05 I 4 ¥
T8 50% H M PTMI S W AR FR 55 LA
18 mL/(L-h) A HHAME R EFZE 6 h, ELEIEFR

%3 RT-qPCRFTFASIY)
Table 3  Primers used for RT-qPCR

Primer names  Primer sequences (5—3')

CCL4-F GCTGCCCTTCAGCTTTG
CCL4-R TCAGTTCAGTTCCATCTTGTTCATGTA
CCL20-F GGCTTGAGCACCAAGAGTTTG
CCL20-R CCCTTAATGACCTTCCGAGGC
IL-1p-F TGGGCATCAAGGGCTACA

IL-1p-R™*! TCGGGTTGGTTGGTGATG

[L-8-F%) GGCTTGCTAGGGGAAATGA

IL-8-R1! AGCTGACTCTGACTAGGAAACTGT
TNF-a-F TCAGGACAGCCTATGCCAAC
TNF-0-R CTTGGTTGCTTTGTGCCTGG
GAPDH-F#!  GGTGGTGCTAAGCGTGTTAT
GAPDH-R®!  ACCTCTGTCATCTCTCCACA

YRR IR RN 2 200 g/L. Bl 15 1 HmAbRE, 2k
AW B A B A . [l S 6 2RV 20K
W i BE PR AT 2 25 °Cul 30 °C, ¥ pH (HIHR =
5.0 3 6.0, I im0 i I 7 e UK I i AR A T AR
20%-40%4

2 BERE5AM

2.1 c¢NKL9 #1 cNKL15 EHFRRINHEE
REE

AR R R IR RS HAH KGR cNKL9 FlI
cNKL15 F 1, AFsEfa 154 3R K ok
pPICI9K-cNKL9 il pPICIK-cNKL15, Tkl
VLK 1A, 26U eNKLIS 3 H (FL 8 ¢NKL9 3
K 810) R Asid , 38 AW A PCR 54943 3 8
REIHWEHE R B, H KN 514 268 bp Al
403 bp, HHUW—E(E 1B). KK H LR A
Bt 5 pPICOK ARt IR E L%k, XTE41 T
PRI B0 IE K PCR P73 45 45 R R,
A ORI T 45 R IER , PCR 84 BE /N
WUHAMISF, FRAFEH TR RII(E 1),
2.2 c¢NKL9 #1 ¢cNKL15 EHEHMRIL
Ratifk

WA B cNKL9 F1 cNKL15 20 [FOkL 3 )

http://journals.im.ac.cn/actamicrocn
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A AmpR  Bglll
Ori—
Bgl 11 pPICIK-cNKL9/cNKL15
AOX] ——
B

é&)

9

&

bp M ©

El1 pPICIK-cNKL9/cNKLI53ik FRHiHHiE
Figure 1

AOXI promoter

a-factor
o4
EcoR 1

c¢NKL9/cNKL15 6xHis

DN
Not 1
AOXI TT
9 N
C é‘é'\) &,\)
0 0
x@% x@% \@%
woow & &S

878 bp
743 bp

533 bp

Construction of the pPICIK-cNKL9 and pPICIK-cNKL15 expression plasmids. A: Schematic diagram

of pPICIK-cNKLY and pPICI9K-cNKLI15 expression plasmids construction; B: Agarose gel electrophoresis
analysis of PCR-amplified fragments of ¢cNKL9 and ¢NKL15 genes; C: Agarose gel electrophoresis analysis for

validation of recombinant plasmids pPICI9K-cNKL9/cNKLI15 construction. The recombinant plasmids were
verified by PCR amplification with the 5'’40X and 340X primers derived from the pPIC9K vector. Lane M:

DNA marker.

b B AR EERETE E TR GS115, W EES S
FKikfm, AR F LIS WOT#1T SDS-PAGE *i
W, ZER IR, Ak eNKLY 4 ok AR R
FF LIEW P TR B2 9 kDa & 5, B
b cNKL15 20 kL ) B AR 35 5% LW W T A
I 3] 24 15 kDa 14 1 2571 (&l 2A). ¢NKL9 #l
cNKL15 & H & A TR E,

P4 actamicro@im.ac.cn, 7 010-64807516

A HRREE AR AR TR s r s> sk,
TE cNKL15 8 X0 15 kDa 4545 | J7 i A6 1l 5
— SRS, IR ONKL1S 25 1 5540 B fifk Fir 2
(K 2A). K HIPT His bR diihxt 1555 Fig i1y
Western blotting 5k, #5378, 7£5 cNKL9
1 eNKL15 H 08 48 6 R 47 & 24k
Ry 5 Pk His 5% 5547 (K 2B), #F— kS
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cNKL9 Hl cNKL15 & [ 7E 5 oR ek S0 8 1
HFRIR,

B 5 43 91 %F 22 35 cNKL9 il cNKL15 # 41
FE R IR DT R E TR mZEraifh .
SDS-PAGE fa 45 R Box, #lifb/5 a9 cNKL9
HEATEL 9 kDa b 2 IR —Z54F, 4lifb)E
cNKL15 B4 FTEL 15 kDa 4 S8 — 4 32447,

A cNKL9 c¢NKL15

kbDa M 1 2 kDa M 1 2

75—
65—
45—
35—

9 kDa

SDS-PAGE

€ c¢NKL9

kDa M Ix 2x

35— -
25— '
15—

10— ‘--"—9 kDa

AT 7 AT AT I — AR A, (SRS
BB 4E R S S D BB S B R (K] 2C).
2.3 ¢NKL9 #1 ¢cNKL15 EHEHEY)
SEMEE

SR FH M3 BB AR 2 B R 4R
TETETE, PEHCR A FE VT R AR R A G
O157:H7 iX 2 Fiiy WL i) g i 24 1 B 22 FRRA A

c¢NKL9 cNKL15
kDa M 1 2 kDa M 1 2
45— 45—
35— 35—
25— 25—
15— 15— « WISKDa
- @9 kDa
10— 10—
Western blotting (His)
cNKL15
kDa M Ix 2x
75—
65—
45— -
35— -
25—9
15— .’.“ «—15 kDa
10— %

Protein purification
(SDS-PAGE)

B2 FHEHCNKLIFNKLISEE BB hRRIAR AL
Figure 2 Expression and purification of recombinant cNKL9 and ¢cNKL15 proteins in Pichia pastoris. A: SDS-

PAGE analysis of the expression of recombinant cNKL9 and ¢cNKL15 proteins in the culture supernatants from

two positive clones; B: Western blotting verification of recombinant proteins in the culture supernatant of two
positive clones using an anti-His antibody; C: SDS-PAGE detection of purified recombinant cNKL9 and cNKL15

proteins. Lanes 1-2: The culture supernatant of two transformants; Lane 1x: One volume of protein sample; Lane

2x: Two volumes of protein sample.
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Figure 3  Antibacterial and immunomodulatory activities of recombinant ¢cNKL9 and ¢cNKL15 proteins. A:
Relative survival rates of Salmonella typhimurium and Escherichia coli O157:H7 treated with recombinant
cNKL9 and ¢cNKL15 proteins at different concentrations, compared with untreated control; B: mRNA expression
levels of cytokines in HD11 cells treated with different concentrations of ctNKL9 and ¢cNKL15 proteins, detected
by RT-qPCR. All data present the mean+SD from three independent experiments.
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Figure 4 Optimization of high-density fermentation process and expression analysis of recombinant Pichia

pastoris strains for cNKL9 and ¢cNKL15 proteins. A: Changes in wet cell weight of recombinant strains during

methanol induction; B: Changes in crude protein content in the high-density fermentation supernatants of

recombinant strains at different induction times; C: SDS-PAGE analysis of target protein expression levels in the

fermentation supernatants of recombinant strains at different induction times.
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