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Expression of human lactoferrin N-lobe in Pichia pastoris and

its antibacterial activity
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ABSTRACT: Lactoferrin (LF) is a multifunctional, iron-binding glycoprotein found in physiological secretions of mammals. LF shows
antibacterial, antiviral and antifungal activities. In the present study, a gene encoding the N-terminal lobe of human lactoferrin (hLF) was
isolated, cloned and expressed in methylotrophic yeast, Pichia pastoris. The recombinant hLF-N (rhLF-N) protein was secreted into the
culture medium at the level of 458 ug/ml in 3 L fermentor. The size of purified hLF-N was estimated as 35 kDa when analyzed by
SDS-PAGE and western blotting. The rhLF-N was further confirmed by immunodiffusion using the anti-hLF polyclonal antibody. The
expression profile analysis by gRT-PCR showed that the relative mRNA expression of rhLF-N was maximal after 2-3 days of methanol
induction and reduced gradually at 4 days. The purified rhLF-N showed broad antibacterial activities against the pathogens such as
Staphylococcus aureus, E. coli, Pseudomonas aeruginosa, Burkholderia cepacia, and Salmonella typhimurium. However, rhLF-N
showed relatively lower activity when compared to peptides derived from LF. In spite of this weak activity, the rhLF-N expressed in ~.
pastoris might be more advantageous for the industrial application, because rhLF-N is secreted into the culture medium and the

production can also be increased by optimization of culture conditions.
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AL 22 ¥ (human lactoferrin, hLF)& 2 Z-f-0| A tf
F(oF 78 L) o= EH| ¥ ThE 2 4] Fo]- 2 (cationic)
o], Ay} Aoh= thr] 5/ G otk g o5 @
A, 2, =5, AN (vaginal fluid), AN, 55, o)Al I} 2He
oReFst AA W golof A= HE FriMasson et al., 1966).
hLF= %2 A2 2 755 7 A o2 de A Stk 53] =
2AH8] A o] 23t Ao = A o] 9] thAl 2 of] ke
S}, w3k WA A W Q(innate immunity) 9] QE 8 A o} 2
83 A2 pash= Ao = I o, oo ukt v P
of, Fgol, upoj 2|2t A x]o] 7| o 2%t e a4
O 2t S A A 24 9] o g2 4>3Y7ITH Valenti and
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Antonini, 2005). hLF 2] 4 o]-20f tj3t =2 At xsld oz
Tujetol nEo] Abeh= S S 2 RE A o2& 14AIH
O 2H u| &2 YAS 2 A|(bacteriostatic) FFT}. 0]9}F TS
714HE iron-free 4E|2] apo-hLF7}F A o] &3} Agkstol
holo-hLF & Ao 2K 7153 A0 2 A& It Day er
al,, 1992), 2% 3 o]-20] AFHE holo-hLF 2] uef 2o}
= APHA)7|E 7] 5(bactericidal) E3F & A 9lom o=
hLF7} ¥ ¥+9] lipopolysaccharide (LPS)o| 214 2F-4-5to &2
3 Qlojuk}. ZhLF2| N-2eh 9]of] Lysi} Arg 22 4714
ofm] e gho] A A0 2 o] W ste] LPSe] 417 2t
)1, AvpA o 2 LPSe}Ca™', Mg 53t 28 ol 2-51}]
232 Apeoto] Al 0 2 e LPSE fel 4|71 A}
o) £31 & Z71A1A vle2lote] Al S 2 aalA) He Aol
THCoughlin et al., 1983; Ellison et al., 1988; Miyazawa et al.,
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1991; Bellamy et al., 1992).
hLF&= 22}5F 78 kDa 2] single polypeptide = 4] N-lobe 2}
C-lobet}al 8f= L2 A 0. 2 GA}SH 5= 7119] lobe 2 A E] o]
ULk ©] = lobe7+o] ofu|le it FAFE= F 40%0] ™ (Day et
al., 1992), X-41 3] 4}o] oJ51H 5 lobe= YA|F27} of
H]|<=3tbilobal FEJE o] F11 9J o] F=lobe7| A& 0. &2 &
th= A8 YEFH T Anderson ef al., 1987, 1989, 1990). ©]
I lobe= O} &2 “hinge” & AAE| o] ¢] S H(Anderson et
al., 1989), k7] lobe= 3+ B2}o] Fe* 3} COs™ 0] &3} EA]
ol Z3gFsItAnderson ef al., 1990; Day et al., 1992). H.119]
95} N-lobeolli= €774 ofr]eAto] gho] F3Ls}7| wiZof
vl 2] o= =0]+&= bactericidal 24 o] hLf=ZE] N-lobeTH
= P 5IE B foll = o8] EAfsh= A o= LA et
(Bellamy et al., 1992). ©]=N-lobe7} hLF 7} €|(stomach) ]| A
pepsin®]| 2Jsf -5l E wf A/ == 7Tt A7) Tt HeEto]
=9l Z&Eu) 2] Al(lactoferricin, LFcin)(Kuwata ef al., 1998)&
RN 1) S °17l el Ao ® FSF ) wabA] N-lobehs
Resas U FFUAY WekS Qdsta ofF hLFU
Lieina} Al315}e 218 -1 olol7} ol ole} 3 Aol
HEr22}8t G % Q1 Pichia pastoris+= alcohol oxidase 1
(AOX1) promoter2 A}-g-5F0] ol A2 2k - A]7]
A U(Sreekrishna et al., 1997), 9 =] Thaf 2.9 A3 o2 B
H|A]7]7](Sue et al., 2005) ]| o} F-2 <= A A Tt P.
pastoris’s ©|-§sto] TS e WA 7] 7] fI7t theggt
o] gl Stk & f-4442] codon X 3K Teng et al.,
2007), 2114 HE(Xiong et al., 2006), 2]+ 8- 2}-2] copy

Table 1. Strains and plasmids used in this study

Zt(Clare et al., 1991), 2 A wrg z7 (Plantz et
al.,2006) 50|t} T3t P. pastoris S ©|-8-5F0] W2 @)X Tl
Aol T AL AISHE 93 a4l 324 S5
oI,
SHES LR 3 seat ehap Al 715
= el A9 oA 1 0 LF S o =58
717} U5 2o} wjoFol p |z Sol A &Alo] =L, 1)
ofl 7 E e o) LFLFhLFE Safo] 152 714 g A] A
£ 935 Bulsk 47 efek. uheb B o) M hLF 5
N-lobe & £8]3}o] S22 Y513, Hgh-2A18} G121 P. pastoris
o] QuA] 402 AR %, WAl A vlopal e Rl A7)

T Akl GRS S 1 B Byt

number

I, ZADIE, T2 L B £

Table 1> & Aol AR w520} Sekiu| =5 yehd
t}. Rabbit anti-hLF polyclonal antibody+ Sigma©f| 4] -3}
o] A28} th Mouse anti-His6 antibody+=1G Therapy Co. ]|
A Tstee
L= Stressgen Co. 9| 4] 13}tk Western Blue® kit= Promega

ofl A U SFAAL Zefim] = Z 2] 9} DNA A kit= QlAgen
© 2 HE] Q53] Total RNA 3=% kit@} DiaStar'  RTase
cDNA purification kit+= Real Biotech Co.2} Solgent Co. 25
g ZVZ; sk ARESE BE primer &< Table 2] Lk

1, goat anti-mouse IgG AP-conjugated antibody

Strains / Plasmids

Strains

Escherichia coli TOP10F’
endAl araD139 (ara ,leu)-7697 rpsL

Genotype / Characteristics

F[tet)mer A (mrr-shd RMS merBC) W80 AlacX74 deoR recAl galU gal kh nupG

Reference

Invitrogen, Inc.

Pichia pastoris SMD1168 His4 mut' pepd Invitrogen, Inc.
SJ-HLNL Pichia pastoris SMD1168 integrated by pPICIK-hL{N This study
Staphylococcus aureus Bacterial pathogen ATCC 6538P
Escherichia coli Bacterial pathogen ATCC 8739
Pseudomonas aeruginosa Bacterial pathogen KCCM 11802
Burkholderia cepacia Bacterial pathogen ATCC 25416
Salmonella typhimurium Bacterial pathogen ATCC 14028

Plasmids
pPIC9K Expression vector, kar” amp’ his”
pPIC9K-630M pPICI9K containing hLf-ScTIP630
pPIC9K-hLIN pPICI9K containing hLF N-lobe

Invitrogen, Inc.
Joetal (2011)
This study

=32l Al As1d A3E
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Table 2. Primer sequences used in this study

Sequence (5°—3°)*

Primer
hLIN(F) AAAAAGCGGCCGCGGGCCGTAGGAGAAGGAGT
hLIN(R) AAAAAGCGGCCGCTTAATGATGATGATGATGATGCCTCAAGTTCTGGATGGC
AOXI(F) GACTGGTTCCAATTGACAAG
AOXTT(R) GCAAATGGCATTCTGACATC
actin cDNA(R) GGAGTACTTTCTTTCTGGTGGA
actin(F) ATCTTCATCCATTGAGAAGTCTTAC
actin(R) GATGTTACTGTAGAGTTCCTTACGAA
qRT-N(F) GCTGGAGACGTGGCTTTT
qRT-N(R) AGATTCCAGATGGCATCCTC

*Underlined sequences show the Nofl restriction endonuclease recognition site.

L 2le™ Bioneer Co.oA] TAJSFe] U3} T) Peptide
bovine LFcin17-31 (Madureira et al., 2007), bovine LFampin
268-284 (Van der Kraan et al., 2006), Hlopt2 (Haversen et al.,
2010), HLSA (personal communication)+= Peptron Co.o]| 4]
A/dSFSITE E. coli TOP10F’ & EetAn| E FAHS 72
A LB w2 o] ¥ okatglom, 8 A] 50 pg/ml 2] ampicillin &
A7Vvskach 5 Staphylococcus aureus ATCC 6538P, E.
coli ATCC 8739, Pseudomonas aeruginosa KCCM 11802,
Burkholderia cepacia ATCC 25416, Salmonella typhimurium
ATCC 140288 FFTA 24 oA 252 A8t P
pastoris SMD 1168->-hLF-N9| W& &3 2 ARS8 a1 B4
Z © 2 YPD (1% yeast extract, 2% peptone, 2% dextrose) o] 4]
HjoFslt BMGY |2} BMMY Bl X|+= P. pastoris©l| 4]
hLE-N&] ®+& o] A1 83} thHlo et al., 2011).

P, pastoristil hLF N—-lobe?| 22'ln} Hhsd

hLF-N-& coding3H= 9 A 2He Z a0 = pPICIK-630M
(Joetal,2011) 22 XE PCRE E3l L2ich o] o forward
primer®} reverse primer+= hLIN(F)2} hLIN(R)S 27} A}
BT} o] 5 primer= 25 A|$HE A Nod A& 238}al
Q1o m, E3] reverse primer+= 6x His-tag7} A 5 o] Qltt.
PCRO] 2l&] &2 1.0 kb2 hLE-N DNAE pPICIK vector
(Invitrogen)2] Nofl HQof| AtQlsle] A=2F ZejAnm|=
pPICOK-hLINS A £5}G1t. o] A28 St =5 AR
A Sall 0.7 Aohslo] ¥ 02 9b= 5 P pastoris SMD 1168
9] XA &0 2 electroporation®]] &3] At tHIo et al.,
2011). P. pastoris 2] G WA DNA || A¢] ¥l Z2t2~ 1] = DNA
= A0X1 ZZ R E|QFhLF-N §-A4A} Ao]E PCRE ZE35+0
2 F151 0, o|u forward primer+= AOX1(F)E, reverse

primer+= AOXTT(R) & AME-3FAT] o2 A 75921 hLF-N
2 W S= A ZSP. pastoris 755 SI-HLNLo| 23l

XH .JZ_@‘ 25 SJ-HLNL 2 5 §] hLF-N 9] 2F&-2 Jo 5(2011)
of wplg ok R atol ALgalsick ekl K BMGY
i z]o| A 30°Cof| 4] S12HE vl ¥t SI-HLNL F+t& 42
glsto] 23t 3, BMMY 8 A5 ODgooll A 1.00] = =5 3
7V ThS 2 WjoES MBSk hLE-NS] M-S G 5]
SfBiA] . WO A1 48 A17E T 1204171714 v 2441 o
T} methanol-& 2|55 0.5% (v/v)7} E7 H718l%Th

SDS—PAGESQ} western blottingdl 2|8t hLF N-lobe?|
st 24
BMMY Hjj %] o] /‘1 27 o SI-HLNLS vl Fgt £ 4°C,
3,500 x gof| A 10427+ A2 5ho] 45 27t 2 12%
SDS-PAGE= 2-4] OI- it} Western blotting2 Western Blue®
kit (Promega)E AME-5131. 2.1 Sambrook 5(1989)2] HHoj|
e} =35} N-lobeZ E-A517| ¢3llA] mouse anti-6x
His monoclonal antibody £} goat anti-mouse IgG (Fc)-alkaline
phosphatase conjugate S A-8-5}$1 ). Alkaline phosphatase 2]
7] 21 & = 4-nitrobluetetrazolium chloride (NBT)2} 5-bromo-4-
chloro-3-indolyl phosphate (BCIP) (Thermo scientific Inc.)&
gL,

RNA 22|, cDNA £Hd, quantitative real time PCR (qRT—

PCR)

Az w5+ SI-HLNL 2 5-E] total RNA £ kit (Real Biotech
Co & AHa10] 22519t} of ] F2uhe Al 2ALe] by
off msktt. &g ol 4 2% genomic DNA=RQI RNase-
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Free DNase (Promega)-2 #] 2]3}o] A4 313tk cDNA g4 vt
™ RT Kit (Solgent Co.) 2 AFE-5}9]. 0.1 A A}
o] Wi o wha} REG-AIZ T 7Hets] HH cDNA 9Hd-> 1.0 pg
total RNA, 1 uM primer, 4 ul reaction buffer (5x), 0.4 mM DTT,
MuLV & AALE A4S 238F51= | ul DiaStar' ™ RTaseS 20 pl
o] uk-g-ol Lol F}5F 5 50°Col|A] 60+ 1353 Th hLF-N
1} house-keeping -3-A 2|21 actin cDNA Q] §H32 A=
hLfN(R) primer®} actin cDNA(R) primerE 2t} ARE-5HA T
¢DNA FH4-& PCR]| ]3] 2Felahol.om o]2 913 hLIN(F)
QFhLIN(R) primerE AFE-5FIth Actin cDNA &) 3142 319
3}7] ¢J3f4]+= actin(F)2} actin(R) primer& AME-5F$ T
qRT-PCR-& 25 (112] USB™®HotStart-IT®SYBR ®Green qRT-
PCR Master Mix (2x), 5 ul®] ¢cDNA (1:5 3]4), 1 ul¢] z}
primer (10 uM)ZE Z351= 50 pl 2] HH-S-o1-S- MyiQ ™ Single-
Color real-time PCR detection system (Bio-Rad Laboratories,
Inc) % AFg 3t} a3kl o u, hLE-NO| S5 184
= qRT-N(F)2} gqRT-N(R) primerE ARE-3}%1 01 95°C, 1
min®] pre-denaturation &, amplification 95°C, 15 sec,
60°C, 15 sec, 72°C, 30 secol| A & 40 cycleS A|8¥stE L 1
3, 72°Cof|A] 1 min 59t 1 cycle 2] extension-2- 3}$3 ). House-
keeping AR} 2= actin FHAARE AMESFAAL, A= 27-
ANCt ¥ (Livak and Schmittgen, 2001)0]] 2]} H-4J 5} ch.
HEE A AZ2 Qa)| A 3 o] 3 Z Q] AdL 435}

7o =

HZEE hLF N—lobe2| HH|

A Z&F N-lobe= A Z &} +#+5= SI-HLNL-E- 8] oF5}o N-lobe
o) uH S 4=} Th-S, AFSO2 428]8k0] QlAexpress” Kits
(QIAgen Co.) & Al8-3}o] Ni-NTA affinity chromatography =
AAsHAck WA 1 L) SJ-HLNL #j ko8-S Ultracel® 30 kDa
Ultrafiltration Discs (Millipore)E #AF2Fot Stirred Ultra-
filtration Cells Model 8200 (Millipore) & A&3}o] 1/200.2
S=3H4L] 0] 58982 Ni-NTA affinity chromatography
£ ol-&sto] At o of wf W Al z2AR] W ol u)
] 7Fs] 2 oFsHH 30 ml 2] elution buffer (50 mM NaH,PO4,
30 mM NaCl, 250 mM imidazole, pH 8.0)]] collection %
N-lobeZ 4°C, 1 L] PBS 8-l 4] 6 A7t 50F Spectra/Por™
dialysis membrane (MW cutoff: 1.2-1.4 kDa, Spectrum labora-
tories, Inc.)2 A8-3}o] dialysis 3T 1 &, 8H-L 3|43}
ol Est 27 o0& | Lo §$r—'>ow 22} 6 A 7Y, 124714

= W ¢ dialysis3}ith. 1 & Dialyzed¥l 8942 Pierce®
Concentrator (MW cutoff: 20 kDa)S A}&-35}o] =31 ch
Tl 5= Lowry R(1951)& ARE-8Ho] sl

=32l Al As1d A3E

HOISIAL Bt

e I RS |_—-||I=|

A28+ hLF-NS Ouchterlony double diffusion 4]
(1953)= o]-8-stof Hsta] o= 2RI}l 15| 7]ws)
™, 4 ml2] 0.8% agarose gel -8-21-2- 90 mm petri dishof| -1 4]
29 9, 418 8mm 27]0] Y47k Thes] PHL FA
22.5cm 71402 GHEQIT) 2w o] 1 37)o] 22 e
=(63.2 ug, 39.5 ug, 23.7 ug) 2] A2 hLF-N thil 2 o E%j

we]an, YA g o] ol 22 5E ZAIE hLFE
m o] gt} 7128 T o) <= rabbit anti-hLF antibody = &
T Aol A SR WAIso] g to] JRiE Al skt
0] & o] = coomassie blue 2 M s}o] 2519 o)

Pt 22 Jo 5201 ) o) WS oFF ¥ F o] ARE-5FSL
t}. Halo assay & 93l A= 2F 40 ug 2] A A hLF-N-& peptone-
agar (1% peptone, 1.5% agar)o]] Z+ZF = ¥ WA o+ 8.
aureus ATCC 6538P, E. coli ATCC 8739, P. aeruginosa KCCM
11802, B. cepacia ATCC 25416, S. typhimurium ATCC 14028
9loll Aot o] 2 37°C B0l A sl wlaket o,
LR = 131 2l(clear halo)-2 32511 th Colony counting
assay 2 93| A= oF 3 x 10*7]2] #A= PBS (0.14 M NaCl,
2.7mMKCl, 10 mM Na,HPOs, 1.8 mM KH,PO4, pH 7.4)°]| &
g 3t 35, F20] 7 = 0] A £FHhLE-NI}F 4] 0] 22°Co||A] 14]
74308 vFx| 3} T2, peptone-agarof] =310 37°Cof| A 315
dl vl ok} t). Negative control-2- P. pastoris SMD 1168 2] H]|
% A5 H7Iet 5] el colony -5 AFESISITE. B
ATH A AE R Lreh|9Lo 0], hLF-No| U 3 Hlefo]
E A7} & YEld colony4=E negative control o] 4] LFERA &=
colony=2 U= 282 H A] 3} th 3 positive control
2= kanamycin 150 pg2 715 & UERY= colony<>
counting 3} ARSI T ESFhLF-NI} 3t A3 S H]J.Lo]—7]
S19) 2 Herol =9
268-284, Hlopt2, HLSA

| bovine LFcinl7-31, bovine LFampin
5o A8tk

2 o

P, pastoristil A hLF N—-lobe®| 224, dtai 2! Xxj|

3 chof 6x His-tag7} F-2Hel hLF-N - AH& pPICIK
HE O] AP A A Nod 9= AFste] 23t Setins
pPICIK-hLIN-& A| 235} thFig. 1A). W3 H A 235} why 2
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His+ AOXTT(R)

(Kbp)

20=
1.5=

1.0=

Pichia Genome (his4)

*mutation

his4* I

His-

Fig. 1. Recombinant plasmid pPICIK-hLfN and integration into the chromosome of P. pastoris. (A) The plasmid was cut by Sa/l and integrated into the Ais4
site of chromosome by single crossover. (B) Agarose gel analysis of the amplified DNA by PCR from the chromosomal DNA of strain SJ-HLNL. Used
primers are indicated by arrows. M, size marker; lane 1, chromosomal DNA of P. pastoris SMD 1168; lane 2, P. pastoris SJ-HLNL. 1.5 kb amplified DNA

containing hLF-N is shown by arrow.

o] N JEHEE a4 hLF-N {§4XZ a-factor signal
sequence?} A A3t AOX1 T2 HH slof YA|5}17 3}t
A 23 ZakAn| = pPICIK-hLING A3t 4 Sall © 2 At
3lo] Ao 2 JHE 5, 0|5 P. pastoris SMD 11682] HA1A|
9] his4 Y] *] 2 single crossovero] 2|3] 4] Al F tHFig. 1A).
hLF-NG- A7k AF9l-2- 8121517] 91304 primer AOX1(F)2}
AOXTT(R)S AMg-3}o] PCRO| oJ8] ZEZateic}. 1 Ax}
AOXI 25 E]of| 4] pPICIK HIE] 2] HAEA R O|(TT)A}o]
of] 2251 1.5 kb o] DNA7} LkebtthFig. 1B). o] pPICK-
hLEN] Eo19]2]o] 2179} 2lx|slgom, Eak o] DNAS
sequencingdt 23} ¢ 7] A o] hLF-N 542k} 4 8hs] 23|
SIIThAFR vAIA). ol T} B uf hLF-N 87 P
pastoris 2] his4 Q2 ol] A&7 A=l om, o] 2|23}
FZ SI-HLNLo|2} 3rg35k9ich

A %8t FZ SI-HLNLZ2E hLF-NS 95}7] $j}o]
AE g o] Aug o=, 1 LY BMMY x|l A 5 &
ob v} oF5t 3 methanol S 7150l Whed AlZ{Th. ujoyolL 4
2]5}to] AR A hLF-N-2 2F458 pg/ml o] Atk W& Y
23} hLF-N< Ni-NTA chromatography®l] 2]3}] A8} %t}
Elution®] hLF-N -89 £:of 3£ 3}% imidazole-2 dialysiso]] 2]
ff A|ABEAL, o5 F55ke] F 68.7 mge] hLF-N& it
Fig. 2A2} B= 7+ 2} A A%l hLF-N 2] SDS-PAGE2} western
blotting2 UehHTh A E 223} hLF-N-S Hejshab of
o)) 2415}, A2 FHHLF-NL T80l A 4] E hLFo} 7

o] anti-hLF polyclonal antibody ]| ¥H2-5}¢] E53} precipi-

A B C
M 1 M 1
(kDa) — (kDa)
-~
70-> . 70
50 50

Fig. 2. Purification of hLF-N from culture supematant using Ni-NTA
chromatography. Purified hLF-N was analyzed by SDS-PAGE (A) and
western blotting (B). Arrows indicate the purified recombinant hLF-N. M,
protein size marker; lane 1, purified hLF-N. The purified hLF-N was
further characterized by immunodiffusion (C). 1, rabbit anti-hLF antibody;
2~4, hLF-N 63.2 ug, 39.5 pg, and 23.7 pg of hLF-N; 5, colostrum hLF.

tation line& F4IATHFig. 20). 0] ATt A2 @5
SJ- HLNLOﬂ O3 4FEI 5] hLF-N- A 3 8o 2 Hu| o] ujof

o] Qtg A 02 EAFITHE AL L}EME}
SJ-HLNLE—,—H hLE-NS] 43 ofAke HAsly] o)s)
qRT-PCRE A A5}t Fig. 3.2 hLF-N% urE 3l 94
methanol & 71511 1 —%%Ea | Az} 30] A17H73 7o

w2 hLF-N mRNA 23
Sfo] W f1E 5 X710 2
apo] 571oto] W 2-30) ol 21 79] Wl oo% u gk
E3 S5 T 4Ll W o] a5tk o o

QpAIIo] 2.2 gt whek viA) v o] Aol 2

OFARS H o] Z ) MethanolS & 7}

Korean Journal of Microbiology, Vol. 51, No. 3
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)
ek o T
§ L
g *]
=
o
@
g 1
Q.
x
o
Z 2
[
£
) +
=
& 1
[5}
4
0 T T T T T
UN D1 D2 D3 D4
Culture time

Fig. 3. qRT-PCR of hLF-N mRNA from the P. pastoris SFHLNL.
Relative hLF-N mRNA was analyzed by the 2 ~-AACt method. Actin
mRNA was used as house-keeping gene. UN, uninduction; D1~D4,
culture duration from 24 h to 96 h post-induction. The values are means +
SD of three independent experiments.

AIZEAPE, o] 2 Q13 mRNA 2] £3jjof| 7]¢lel= Aoz Atz
Hc
K=E hLF N—lobe?| SFr&tA

% S{a Al o0 gol BAT HLENS ALe1300, o
A Kanamycin D.W hLF-N
S. aureus .

P. aeruginosa

Relative viability (%)

B. cepacia

S. typhimurium

©
=]

2]
I=]

N
(=)

20 A

H+O 2= 8. aureus ATCC 6538P, E. coli ATCC 8739, P.
aeruginosa KCCM 11802, B. cepacia ATCC 25416, S.
typhimurium ATCC 140287} A= Q1) Fig. 4A9] YERG
2} 70| RLE-N-S t i a2l ool = ehe 1ol o 2 A gt
Apgo] 951 RS o 4= Qlonk, T 2ol et vl

AP ol e} ch2 ek S & 4= Ak hLFNS] B
£-2 colony countingt]ol] &J3} t}A] 3t H &215} % thFig.
4B). Axtol A LFERLE= 21217 2F3 x 1072 S. aureus = 50%
AFE A 7]=Y] =3 hLF-N&] %% LDs& oF 100.6 ug/ml
(2F2.85mM) o] ${r}. Z1ejuf th it wtof] et Rzt eof whet 21
FL7E IR o, 0|9} 2 TIXFE = halo assay of| 4] UFERE

=rygho] 57|04 LERc Akt A A sch
A=3HhLF-NO| 9+t 2/ & LF {2 Heto] =53 vl as)

tt. #HElo] == bovine LFcin 17-31, bovine LFampin 268-
284, Hlopt2, HLSA S A-8-51At}. Fig, 5oj 4] 1= uje} Zho]
LF §-of Teko] =5 hLF-No| v]3) 255] &2 Faes
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Fig. 4. Antibacterial activity of hLF-N expressed from the P. pastoris SFHLNL. (A)Purified hLF-N (40 pg) was dropped on the lawn of each target
microorganism. 150 ug kanamycin and DW (distilled water) were used as positive and negative control, respectively. (B) Colony counting assay of the
purified hLF-N. 3 x 10* /ml of each target cell was incubated with the indicated concentration of hLF-N at 22°C for 90 min followed by spreading on the
peptone agar plates as described in ‘Materials and Methods’. Relative viability (%) is defined as follows: 100 — (number of colonies survived/number of
colonies of negative control) x 100. (-@-) S. aureus ATCC 6538P, (-O-) E. coli ATCC 8739, (-¥-) P. aeruginosa KCCM 11802, (-A-) B. cepacia ATCC
25416, (-W-) S. typhimurium ATCC 14028. Values were the means + SD of the three independent experiments.
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Fig. 5. Comparison of antibacterial activity of hLF-N with antibacterial
peptides derived from lactoferrin. S. aureus ATCC 6538P was used as
target microorganism. Each peptide was described in the text and the
relative viability was described in the Fig. 4 legend. Values were the

means + SD of the three independent experiments. (-@-) bovine LFampin,
(-O-) Hlopt2, (-¥-) HLSA, (-A-) bovine LFcin.
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