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High expression of bovine lactoferrin N-lobe in Pichia pastoris
and its antibacterial activity

ZHAO Huiting, LI Lihong, ZHANG Rongzhen*, XU Yan

Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Bioengineering, Jiangnan University,
Wuxi 214122, Jiangsu, China

Abstract: [Objective] We cloned the bovine lactoferrin N-lobe (BLF-N) into the genome of Pichia
pastoris and enabled the heterologous expression of BLF-N through the optimization of its gene codon
and fermentation conditions. Furthermore, we studied the antibacterial activity of the recombinant
protein. [Methods] With BLF gene as template, BLF-N gene was optimized according to the codon bias
of P. pastoris. On this basis, the recombinant expression vector pPIC9K-UBLF-N was constructed and
transformed into P. pastoris GS115 by electroporation to yield the recombinant P. pastoris
GS115/pPIC9K-UBLF-N. Through high-copy screening and optimization of fermentation conditions,
BLF-N expression was improved and then evaluated by SDS-PAGE. The inhibition of the recombinant
BLF-N on Gram-positive and Gram-negative bacteria was explored. [Results] SDS-PAGE results
showed the efficient soluble expression of BLF-N with molecular weight of about 37 kDa (consistent
with the theoretical molecular weight) in P. pastoris GS115. A transformant resistant to 3 mg/mL
genomycin G418 was obtained through high-copy screening. The highest recombinant BLF-N yield
(50.5 mg/L) was achieved under the following optimized fermentation conditions: 0.2% (V/V)
methanol, 30 °C, and pH 5.0. Recombinant BLF-N demonstrated strong inhibition on Escherichia coli
and Staphylococcus aureus and higher antibacterial activity than commercial BLF. [Conclusion]
Through high-copy screening and optimization of fermentation conditions, we achieved the efficient
expression of BLF-N in P. pastoris and the recombinant BLF-N presented significantly higher
antibacterial activity than the commercial BLF. This study lays a foundation for the efficient and green
preparation and industrial production of BLF-N and provides theoretical guidance for research on the
difference in structure-function relationship between BLF and BLF-N.

Keywords: bovine lactoferrin N-lobe; Pichia pastoris; soluble expression; antibacterial function
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FFLBE N - Z IR, T
Jiiit 2 80 kDa. J8ZAEE H 1 689 KRR AL,
23 (A G5 R AL FE 2 AN IOIREE R, B N-REFL C-I
Horp N-mt2hy 1-333 28R AR I, HA RS
PR A5G I RE s C-M2h 345-689 S BEMRALIE
FEPAT AN 4SS N AL ERE ; 3R 2k 334-344
KA o-820E, 4 N-rtF1 C-np2l

Hare b 3Lk E 0 FENAFL P2
W, BACRAR HBAS By, DALt 2o g 8 B I T
FELATEARA P FURE T, B & iAol
) — AR . (R T LR E PRI T
RIHFLZY), B0 FERIRE ] TR KA A
M, H 1990 4, Powell F1 Ogden!”!| Rey %'
SRR T NFLEE A BER ST H R cDNA ¥
), RS FEAAREZLa Y . B Y.
M5 RGP REFVBRERIEN, HEEAR
KAKCEEIARME . AR, BEE R RN BOR p R
MR, FLBENREERBRME FEOREZ T
fb, RER/RBA T —EMNRTT.

Garcia-Montoya Z£E K IGFF P £k T
BB i v AR FL8E 1 Kim S5 UOE
Rhodococcus erythropolis W31k . Atk FFRAE
TAFERE R C-M A ERRE s Jin SEUT7ERS
B I PR T B BTSSR
I N-M RS EA AL 3ER, —
JiT, ALETE EARS S ERR, RS

F 1 ERFBAL

PERRER, AMFEREMESHN; S —JrE,
FLREE MRS T, i A A TC
SERLER 1 JE 22 i i TAME i . B RGN EE IR
[REEREAE Rkt £, HAMRE &5,
I WERARSEThEE, AT ELBRE ARy ShRetE
Fik, WmgHE T#EFHE 25 Jiang '
8 B8 AR PG B v sl o b AR AT T 2N FLER R
15 Li VNP CE LR A 3k 4G T 2L
P, I 7 B R TG B b R 2 SRR
Iglesias-Figueroa % 2°0E B o [G £ KM71-H 1
FAERIA T AL O, BB RS 3.5 g/L,
T ELS R TR L 4 B € 7 2 3K 1 0 ] e B
L TR AR A A v A 3 P

AWFFELL pPICOK RIBHM, LIEEARIT
WERE GS115 i T8, X2 LB Y N-n ik
TYReRIL . EL A . ¥ DL Fl
R SE R 3R H R R A &,
WAL TS, A FLBRER 1 N-it
) S IR AR F b A A P SR R B4R S, (AN
N 5 BT AR - RE G R R Rk R A A
N-H [ B i 22 53 B 50 I8 S R AE 9 LAl

WEERE

1.1 #E5iFH
1.1.1  EHRFA AL
A ST B FH 2 ) TR RR AN SR A0 3R 1 Ffrs o

Table 1 Strains and plasmids
Strains and plasmids Descriptions Sources
Strains
E. coli IM109 Host for cloning gene This lab
P. pastoris GS115 Host for gene expression This lab
P. pastoris GS115/pPIC9K-BLF-N P. pastoris GS115 harboring pPIC9K-BLF-N This study
P. pastoris GS115/pPICO9K-UBLF-N P. pastoris GS115 harboring pPICOK-UBLF-N This study
Plasmids
pPIC9K Plasmid for gene expression This lab
pPIC9K-BLFN pPICIK containing BLF-N This study
pPIC9K-UBLF-N pPICI9K containing UBLF-N This study

http://journals.im.ac.cn/actamicrocn
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ABFSE A B 51 sk 2 s .
1.1.2  EZEZBRXFIF S

PrimeSTAR"™ Max DNA Polymerase. PR
PEAZ TR N VI . DL 2000 DNA Marker . Premixed
Protein Marker (Low)¥JIy | TaKaRa A [R
ONwly R BERIEE AR & Bk R BOR
& A s MERE R IR Ry A IR A A T
R R R (YNB) B FR 5L | 1L 85 K (G418)
A AL R FERHA A A 5 mm BRI
H Sigma-Aldrich 23 &) ; H4vial500 1 4 & 7= 2 #r
ali . HFEL{UE B Eppendorf 23 H]; PCR Y.
GelDoc HERE BRI . HIKALIE A Bio-Rad 28
H]; AKTA purifier & [ 45 LA FIER B+ 2R FZ2
Prit A &= GE A+,
1.1.3 FEEFRE

ARKIEFRE LB: BRI 0.5%, EA
i 1.0%, NaCl 1.0%; YPD: BFEHEEU 1.0%,
EEF 2.0%, #HZEE 2.0%; EFEEFEEE MD
(A . % 20.0 g/L, 5 20.0 g/L, YNB
13.4 g/L, EW % 0.4 mg/L; kKI¥H; 553 BMGY .
TR Y 1.0%, HEMK 2.0%, YNB 1.34%,
HEWIE 4.0x10°%, Hil 1.0% (V/V), 100 mmol/L
BERR M o pH 6.0; BMMY : EEEFEZELY)
1.0%, EEME 2.0%, YNB 1.34%, %
4.0x10°%, HEE 0.5% (V/V), 100 mmol/L #fiz
PREE i pH 6.0,
1.2 BHERERY 1

M NCBI (https://www.ncbi.nlm.nih.gov/)H
Fz2 AMARPEAERSIY

Table 2 Primers used in this work

PRI LAk A T R SR DR 3 4 (NCBI #5412 2 T
BTN I1X294418.1), BAL R FFAEDRHH A R
I8 ALE o RN AR A3 (S A 5 1-333 {2 Jik
B2)i#1T PCR ¥, G HMMER BLF-N. ¥~
W SAE R 98 °C FAS I 30 s; 98 °C A8 HE 105,
55°CiEk 45s, 72°C ZEffi 25 s, 30 PMEH;
72 °C #Ef§ 10 min, PCR 45/ )5, #ATHMR
B8 e LUK B TIE
1.3 EHHRFREHEILE

PCR 3R15H4 BLF-N JEH i raifl, kg
1K pPICOK 4T SnaB 1 1 Not 1 Y] 2 )5 4k
fbo AR B RR AL, K H A2 5 g
VG B P #R AR TE 37 °C 4% 30 min., ##)5
By 4H iR pPIC9K-BLE-N #:4k A E. coli
IM109 JRZ 40, 4 PCR Bk KEFEY
FEE A BRA /0P 560, 3R75 41 Rk ik
pPICOK-BLF-N. #4f& P. pastoris %15 —¥fd FA
I BLF-N BR800 idb, BRI
VIR RS A5 BRSPS UBLF-N, 4%
IR A SRR A pPICOK-UBLF-N,
14 FHIIKBIEHERIKEE

pPIC9K-BLF-N #l1 pPIC9K-UBLF-N 433! F
BRI PEAZ R VI Sac 1 JHATERIEALIS . HLEE
P. pastoris GS115 J&3Z A5 AL, B2 o5 [ BF RS2
R85 2 I Invitrogen 23\ A B IR EE R
FKIBHBAETM) - BEEAIHME T 30 °C it
H 1-2 h, ¥4 MD FAle, 30 °C #5353 d, &
KRR

Primers Sequences (5'—3) Application

BLF-N-F AGAGAGGCTGAAGCTTACGTAATGGCCCCTCGTAAGAACGT Amplify the target gene
BLF-N-R AAGGCGAATTAATTCGCGGCCGCTTAATGGTGGTGATGATGGTGC

UBLF-N-F  AGAGAGGCTGAAGCTTACGTAATGGCTCCTAGAAAGAATGTGAGAT Amplify the target gene
UBLF-N-R  AAGGCGAATTAATTCGCGGCCGCTTAATGGTGGTGATGATGGTGC

5'AOX1 GACTGGTTCCAATTGACAAGC Identification of positive
3'AOX1 GCAAATGGCATTCTGACATCC clones

<l actamicro@im.ac.cn, & 010-64807516
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1.5 EFHEBSEMAMELTFIHEE

M MD SFA b i BEAS 2] i His ™ F 4k 73k
10 ANBATERE , 2 A YPD B3R i i ks 5%
KRB -R-E TR R BOE R AL, DL AOXI
J 5l ¥ 1T PCR, % pPIC9K-BLF-N .
pPIC9K-UBLF-N J& i 85 A BERE SR 4
1.6 FHRERETE

B2 % MR kT, BRI E
BMGY 3834, 1€ 30 °C. 250 r/min {5514
T, 5538 18 h & ODgoo N 4-5. ZE i 4 000xg
B0 10 min, 3 B3, A BMMY 557 3L FH 2 4
1% ODeoo M 1. ZJGfE 28 °C., 250 r/min i 5%
PR AT SR, B 24 h AMINKHREE R 0.5%
(VR , BaEEE R 96 he WA R 5747
FIZR ML, 33k SDS-PAGE #6141 B il w4 | 3% A1
ULvE h A 1 B I o
1.7 ZHRBAKHEE

1 mL ®WEC, 5 B3, A 100 uL 24
f#% (50 mmol/L NaH,PO,4, 1 mmol/L EDTA-2Na,
5% (V/WH, pH 7.4 TRF. Bz
Ja IS (TR VEBE BE BR.(0.5 mm), JWJiE 30 s,
VK EEE 30s, B 8 K. KEMERRS A 4N
F4°C. 12000xg .0 10 min, ¥ FiEHEE
BT, TN R R B LA IR AR iR AT
SDS- PAGE 43#7.
1.8 EBH4

WCAR AR, SEFT IR, BRI T 4 °C
12 000xg 5.0 10 min, B3I 0.22 um 7K
RUEHE . AR B R MUZHTAE XS BLE-N #E47
alifk, “ifb 32 ETT SDS-PAGE, fii ]
Gelpro Analyzer #{f-73 Hr 4lifb 85 1 I 440
1.9 S NFE

WEHL 1-2 mL KK FHFL S MD -4l
b, HKE®TEE HisHb T, ¥a0EEmR
LR EROE T, AHEG-10s), e ik

JE(1 ODgoo 29 5x107 Hilfifil/mL). 76 & A {5 %
0,025, 05, 1.0, 1.5, 1.75, 2.0, 3.0, 4.0
mg/mL Y YPD P-4z 43500 10° 4, 30 °C
I B A o
1.10 AEEZHFRIMKIL

XF 48 DU MR T R I S A A AL, A4
H AN I . 5 I pH . HREES N
Btk : & 24 h ISITHEERZRE R 0.1%.
0.2%. 0.5%. 1.0%. 1.5% (V/V), K96 hzZ
J&i, BB RE b 4T SDS-PAGE 43 i 11
FREN, difbZEitEEN RS, FRid
BN I 450 T, T S IR itk
BB H 20, 24, 28, 30 °C, KB 96 h 2
Jo . AT A IR R R AR RS . TR
i B EES I A IR AR, X pH
AT, B B BEIR P 2 m Y pH i 4.0.5.0.
6.0, 7.0, K 96hZJ5, /T AFRBEMEI.
.11 HEFEES

FI ARG O A AR AT i 8 41 4R LR AR
1 N-FH(BLF-N)WHI R ZCR . M E. coli IM109
Staphylococcus aureus CGMCC1.282 ¥ |41
SIPRBCR ST % 5 mL LB Wik 33, 37 °C
AR 12 W5, 2 BT mL B A £ 200 mL
R 2 50-60 °C A LB ¥, 1RA).
FERE IR MBI T 2R R, fRR e,
IR A 2F AR (8 mmx6 mmx 10 mm) 7. F 55 57 3
b, FHEIA_LJZEARSEFREL, R A AR E T
gk, TEAFA R IIA 100 pL ddH0
(FAPEXTHE), 100 pL 0.1 mg/mL & H &R
(FEPEXF BEY AT 100 pL 1 mg/mL 4lifk 2 J5 )
BLF-N, 37 °C £53% 16 h J& Mg 157 AL I 1

2:7% Bai FUWIE LRk, MRk
FLERE FI(BLF) IS I E A A LR E T N-nt
(BLE-N)#E AT M R W b8 M E. coli
IM109. S. aureus CGMCC1.282 “E# 435 #k

http://journals.im.ac.cn/actamicrocn
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BURTERE R LB MR IR, R 2 XNEUE
R, DIERNE 1%8F0 2371 LB Jigr gk

AN G AT A0 B ) o i 3 3R B B X RR L, oAt
R340 9)% 4 1 mg/mL BLF .1 mg/mL BLF-N
A1 0.1 mg/mL 2% 75 25 2 (FH X RR) IR A W 1
37 °C K757 8 h, &% 1 h M E ODeoo T4 TR A A=
KAFOL, DAk e 2 LAk A I ROk -

2 BERXR504

2.1 BLF-N ZfF

4 52 i G B 25 65 19 I 47 1 (http://
www.kazusa.or.jp/codon)*2A K 41 Y GC &
AT, KRG gt S GCC Bl GCT,

CGT—-AGA , AAC—AAT , GTT-—GTA ,
TGC—-TGT , ACA—-ACC , ATC—ATT ,
AGT-TCC , CAG—CAA , GAG—GAA ,
AAA—-AAG , GGC—-GGT , TIT-TTC ,

CTT—-TTG, CAC—CAT, CCT—CCA. BLF-N
F T UL A5 H P 51 ELXSERANE 1 FR

22 EHREFKESERRNEE

Fe B 1.2.2 thoy ik i AT B R GR E K
pPIC9K-BLF-N Ry at, LUK itk , PCR
P H R IEE VA TIRUE, 1000 bp 4 H B —4%
WA, 5 BB S RN —F (B
6xHis, 1023 bp), 5561 Ay FH 2 A6 5 41 5 1%
KA R A AW R E . R s W
UBLF-N M RFAEDBHE A6l GG, #%
HEAH [R) 0 O vk b AT M g, FEA kL An 44 8
pPIC9K-UBLF-N,

B HE I ) 38 3K pPICOK-BLF-N,
pPIC9K-UBLF-N 73 illH 54 A P. pastoris
GS115, 30°C §3% 3d, ERK B RNHEG,
M MD A b, BEEC 10 ASBATERE . 30 °C R g%
16 h )&, $RBGENA, DB, P AOX1
KB YT PCR 3788, LLARFEfb A S R (G 2B
SR R X B, It 1% Bht I R I F Sk
g 2 FE 3 PR, B2 kil 1-5. 8 7E
1 500 bp &b BLS&AT, 5 HMERE 1504 bp K

ATGCCCCCT CET AAGAACGTTCCCTCCTGC ACA ATCAGT CAG CCT GAG TGGCTTTAAGTGC CCT CCT TGGCAG TEG CEC ATG AAAAAATTGCEC GOC CCATCTATT

GCT AGA AATGTGAGA TGCTACC ATTTCCCAA GAA TCT AGAAGA CaA AGA AAG GCT GCT TCC

ACCTGCCETIC CGCCGCGOCCTITGCTCITGACTGCATCCCTGCGATC CCT GAA AAC AAG GCAGAT CCAGTAACCTTAGAT GGG GGCATGGTITTC GAAGCTGGE
ACTTGTGTT AGAAGAGCTTTC

TTGGAATGTATTAGAGCT ATT GCAGAGAAAAAL GCT GCTGTITACTTIG GGT GGT TTT GAG GGT

CCT GACCCTTATAAGTIC CCTCCG CTAGCA GCAGAGATTTATGGTACAAACGACTCE CCGCACACA CAT TACTACGOG GTTGCTCTC CTC AAA AAA GGAAGC

AGA GATCCA TTA AGACCA GTGGCT GCTGAAATA

GGAACT AAAGAATCT CCACAAACT CACTAT GCT GTT GTT AAGAAGGGTTCC

AACTTT CAACTT GACCAACTTCAGGCA CECAAATCTTCC CACACTGCETTAGGE CETTCCCCAGGCTCCATCATC CCAATG GGG ATT TTA CGCCOCT TAT CTGAGC

AAT TG CAGTTG CAAGET AGAAAGTCCTGT GGACTGGGT AGATCT GCTGGT ATTATT GGAATCTTG AGACCATACTIGTCC

TGHACG GAGTCTTTAGAACCG CTGCAAGGC GCT GTG GLA AAATTT TITTICG GOC TCT TGC GTA CCTTGT ATT GAT CGT CAA GCT TAT COGAACTTGTGT CAATTA

ACT GAATCATTG CCT GGT GICGLT TTC TCCGLT TGTGTT AGACAGGCC CCTAATCTG TGO TG

TGT AAA GG GAG GGA GAGAACCAGTCT GCATGETAGT TCT CGC GAACCG TACTTT GGG TAT AGCGGAGCA TTC AAG TGC CTG CAAGAC GGG  GOG GGL GATGTA

AAGGCT GAA GGET GAA CAa GCT TCA AGA cca TTICGET TCC GCCTTIT TGCTTTA GGT GCTGGT GTT

GCCTTCGTG AAG GAAACAACT GTTTTT GAG AAT CTG CCG GAG AAA GCT GAT CCT GAT CAG TATGAA CTT TTCTGT TTA AAC AACTCGCGT GCA CCT GTT GAC GCA

GCT GTT ACT GAAAAC TTGOCT GAAAAG AGA Caa GAGTTACTT CTTAAT GAT GCT

TCTAGG GCTCOCA

TTTAAAGAATGT CACTTGGCA CAAGTA COCAGT CAT GCCGTC GTA GCA CGT AGC GTAGAT GGT AAGGAAGACCTTATC TGGAAACTGCTGTCG AAG GCCCAG
AAGGACG CATCTTGCT GTT CCATCT GCTGTTGTT GCT AGA TCT CGAAAL

GATTTG TTIGTTGTCT AAAGCACAA

GAG AAGTTT GGAAAA AAT AAGAGTCGTTCTTTT CAGCTTTTC GGT TCACCG CCTGGACAG CGCGACTTGCTG TTT AAA GAT TCT GOC CTT GGATTCCTT CGCATT
CAA AAG TCTAGGTCA  CAATTC TCTCCA

GGCTCAA AGA TG AAGC  AGCGCTTTG TITTTGCGTATC
COETCAAAGTA GATTCT GCT CTTTACTIGGGAAGT COCTACCTTACA ACA CTCAAGAACCTT CGOGAG TAA
cca AAGGTT TCC TTA GGT TCT AGA ACT ACCTTG TTGAGA

B 1 BLF-NZ®FMULETE
Figure 1

R B F 5 b X

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

Sequence alignment of BLF-N before and after codon optimization.
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N—F, [FRFH LY 2 200 bp (A, 5 HIEE
JI S AOXT FE K By 454 K/h—3, RIUTXIL
Myl N P. pastoris GS115/pPIC9K-BLF-N [H
PERAL T, H Oy BERI A Mut™, & 3 kil
2-6. 9 N P. pastoris GS115/pPICO9K-UBLF-N
PR AT, HEER AL Mut',
2.3 BLF-N #1 UBLF-N £ P. pastoris
GS115 M FRix 54k

PeHuz: PCR % N BAPE s (Kl 2)8 6 4~
WM AL TR, AR B
BMGY (iR A K E ODgo fE N 4-5, I
FIEFE A BMMY IR EEH TR, BT

bp M 1

23 45 67 8 91011 bp

2200
1504

2 P. pastoris GS115/pPIC9K-BLF-N #£1¢ ¥+
PCR £ 7

Figure 2 PCR identification of P. pastoris
GS115/pPIC9K-BLF-N transformants. M: DL 2000
DNA  marker; lane 1-10: P.  pastoris
GS115/pPIC9K-BLF-N transformants genome PCR;
lane 11: plasmid pPIC9K-BLF-N as template PCR.

bp M1 23 4 567 8 91011 bp

2200

2000 1504
1 000

500

250
100

3 P. pastoris GS115/pPIC9K-UBLF-N £ 1t F
PCR £ 7

Figure 3 PCR identification of P. pastoris
GS115/pPIC9K-UBLF-N transformants. M: DL
2000 DNA marker; lane 1-10: P. pastoris
GS115/pPIC9K-UBLF-N transformants genome
PCR; lane 11: plasmid pPICO9K-UBLF-N as
template PCR.

96 h, %F 24 h Wifi#4T SDS-PAGE 4. 6 1
AL TR ZFBK, SDS-PAGE Z54L5R
HIHA 1| MBI B RIR R (R 4A),
HAb b TR & BB B A Rk 4400, "EER

(A kDa 1 M2 34 56789
97.2 — ~---”-’-' T
664 —lwm IE

37 kDa

2 3 45 6 7 8

(B) kDa M 1
97.2

66.4

443
37 kDa

29.0

20.1

4 P. pastoris GS115/pPICIK-BLF-N 7£EEJR
REBERHRIEER

Figure 4 Expression of P. pastoris
GS115/pPIC9K-BLF-N in P. pastoris. A: M:
molecular weight marker; lane 1: the whole-cells of
P.  pastoris  GS115/pPIC9K; lane 2-5: the
fermentation supernatant of P. pastoris GS115/
pPIC9K-BLF-N at 24, 48, 72 and 96 h; lane 6—9:
the whole-cells of P. pastoris GS115/pPIC9K-
BLF-N at 24, 48, 72 and 96 h. B: M: molecular
weight marker; lane 1 and 2: the cell-free extracts of
P. pastoris GS115/pPIC9K; lane 3 and 4: the
cell-free extracts of P. pastoris GS115/pPIC9K-
BLF-N; lane 5 and 6: the sediments of P. pastoris
GS115/pPIC9K; lane 7 and 8: the sediments of P.
pastoris GS115/pPICIK-BLF-N.

http://journals.im.ac.cn/actamicrocn
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DRSS ] A A A BB DR 3 DUBOAR AR )21
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Figure 5 Expression of P. pastoris GS115/pPICIK-UBLF-N in P. pastoris. A: fermentation supernatant
and whole cell results at different induction times. M: molecular weight marker; lane 1, 3, 5 and 7: the
fermentation supernatant of P. pastoris GS115/pPICO9K-UBLF-N at 24, 48, 72 and 96 h; lane 2, 4, 6 and 8:
the whole-cells of P. pastoris GS115/pPICIK-UBLF-N at 24, 48, 72 and 96 h. B: lane M: molecular weight
marker; lane 1 and 2: the cell-free extracts and sedements of P. pastoris GS115/pPICO9K-UBLF-N at 96 h.

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



BRI | AP, 2022, 62(4)

1433

kDa M 1
97.2 —-___ .
66.4 — -

2

443 — !
q <—37 kDa

29.0 —w—-

20.1 —-
143 —w
6 M P. pastoris GS115/pPIC9K-UBLF-N £
L. 89 SDS-PAGE 4 #ft
Figure 6 SDS-PAGE analysis of the purified P.
pastoris  GS115/pPICO9K-UBLF-N. Lane M:
molecular weight marker; lane 1: flow-through
solution; lane 2: the washed elution by 300 mmol/L
imidazole.
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Figure 7 Screening of P. pastoris GS115/pPICI9K-UBLF-N with high copy.
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Figure 8 Expression results of high-copy
transformants screened with 3 mg/mL G418. M:
molecular weight marker; lane 1 and 2: the
supernatants and sediments of No.l clone; lane 3
and 4: the supernatants and sediments of No.2 clone;
lane 5 and 6: the supernatants and sediments of
No.3 clone.
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Figure 9 Effects of methanol addition (A), induction temperature (B) and pH (C) on BLF-N expression.
Data represent the means of three biological replicates, and error bars represent the standard deviation.
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Figure 10

Inhibitory effect of recombinant BLF-N on E. coli and S. aureus. A: E. coli IM109; B: S. aureus

CGMCC1.282. a: ddH,0; b: 0.1 mg/mL Amp; c: 1 mg/mL BLF-N.
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