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Development of a Recombinant Strain of Pichia pastoris
with Antibacterial Activity

Dae Ook Kang, Joon Won Lee, Gun Young Hoe and Jong Seog Ahn*

Korea Research Institute of Bioscience and Biotechnology P.O. Box 115,
Yuseong Daejon 305-600, Korea

Abstract

To develop a yeast strain of Pichia pastoris producing an antibacterial peptide, we have attempted the expression
and secretion of an insect defensin. The nucleotide sequences corresponding to mature defensin were chemically
synthesized by 6 oligomers, assembled in vitro and the synthesized gene was identified by nucleotide sequencing.
The prepro sequence of yeast mating factor ¢1 and the defensin gene were recombined into a Pichia expression
vector, pPICIK. The resulting plasmid, pPIDE, was transformed into P. pastoris GS115 and transformants selected on
histidine-deficient minimal plates were tested for antibacterial activity against Micrococcus luteus. Four strains with
different antibacterial activity were selected for further analysis. Southern hybridization and RT-PCR verified the
defensin gene was maintained and transcribed in a host. Four strains were cultivated in YPD broth for 96 hours to
compare cell growth and antibacterial activity. They showed no difference in cell growth, however, each strain
showed different antibacterial activity pattern with culture time. The maximal activity was about 550 AU/m.
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M Zeto] channelg F4Fo2H o8 o] LEL FEAMA
FaEAE Jerdgd].

Ao YA I AL FAA WA FFe 233
FAA S 48 7tEEd ARH] FFHOR QA F
F FHHE 7HEE 29T sl =0 oy 34
Ao FAgog As) FAA L Ah AHEE FASL 3
£ FAoltt. wekx Fat AE =t Zo] AFAFY AFe]
o Wy F59 28 7hsAol ¥ AP AEE #
Feol HA FHEAY o]87]eNde] s7EY. HI
guts] AT7HI e OE TR T qel=e Fd



GAEAHNE WA AZ] Pichia pastoris 59 g

AL FESEY 712 FAAETRE GE 7|
g3 FA LS vehzz, WAEE fad sHsAol A
Oe 23S 7ML Ao gaEHEe 9 ndEy 3
Ao 2RE ANS Wolgted F4F 98¢ stnz g
Hel=e A%, AR, AFEF ToA 44 ¢4 7164
o] ¢ zovl B Jj9 ZH P HE = XFAZ )
27 98 YA Folat [5-7,1012].

$7 AEE 44T olge FINE 37 Ae=g
AAHQ 0% Aol $HFoR saseler St A
B2 wol A4 HEATFEYL PRAE=Y ofr) el
AN} FHETE GBI By AAA o] BojAH
A Aol %ﬂ-g& @0l gtk EF disulfide bond,
Ft2EA] @ere] amidation, B4 (glycosylation) So] &
Aol sl B Ahzel Fde o B
[12,22]. Martemyanov 5-2([15,16] cell-free system¢$] in
vitro translation ©]-83}4 cecropin®] Mg H 1Y
o ThE HHO A tAgol SR} 2 vAE &5
€ o83 AxY 7 Y= AAste ZAot17]. )
FadMe e 29y §3std Az g7 PH=E
Arat7] g A7 A=REATH818,19 2} giF T
< 2 A LR I EAQ GlFe] AL F
Hyo] gojuiA got BEFAsE FTPE =) BF HA
ol Alg@YAN FriE E]e%‘ #74E&  (refolding
process) AR ok S @Ao] 9ov AR FARE 3
Eajjof sk A7} diFEo

I ARAEE T2 AMY I HEsy Ak
=H%t 2y S
cerevisige= UWHH 02 A ZF Gl Ao MALAo] vron
I3 (glycosylation) 2] ko] nEA XS} vlms) wlFAst
1 F ek (heterogenous hyper-glycosylation) oy @3
o] AtH9). Wty ¢]yd dAL FEE] YshA non-
) Pichia\} Hansenula$} 2 wer-g =}
Y ARE £FE AMSle B A7t ARHD i
(320]. ol & oleE A3 ARE G WAE AHE3
o IFE Wjdo] 7MEEtn WeS §5A4 promoterr} &
skl AZE BARY A4o) B Bl Sk wD
I AT DSHEY A3, 9]. Kristen S-2[11]
AR 9] defensing P. pastorisoll A} 28, Rulslz A3}
o S4& A A4S Eugdrh

Saccharomyces cerevisiged| X FZ A&

Saccharomyces &5

E =RdAe 5233 g HEEY s A A
EAE 2837 A% RIARA P pastorisE £F2 A
43l =% 3 gt WE=Q defensing EHFo2
UG Yo #sf BustuA g

%3 %ilEl‘: defensm4 2ES A%
GS115 [ his4 12 Invitrogen (Carlsbad, CA, US.A)o| A +
Y3t AgE A dd8A3-E A7) A8l Micrococcus
Iuteus TAM10562 KCTC (Korean Collection for Type
Cultures)oll A Eokito} Ao g ALE31S T Defensin
o] g 2 HulE Y3} alcohol oxidase 1 FHAHAOXT)
9] promoter?} mating factor @1 (MF 1) prepro sequence

&2 P. pastoris

g a3 e Eg2v=E pPICIKE Invitrogenol A
T3
Defensin f&XAIe| A

407 9] O}U]_‘T_/;_Pﬂ T4 ¥ mature defensing
S $A4E shie eouvz 88 YAsE ol 7l
Aoz ¥rksoz 281 Fl, Rl F2, R2, F3, 2
R3&Z Vo] §A4st9.eH defensin 44 5 1 3 &
ol dEHs 2 F1gk R3] 5 3 3" L= A
SEA AYFY Xbald EcoRlo] 24z} & A A8t
o AA 78 a2 vro] 443 difensin fAAt

coding

T A FX 79 AFee "4 v} F2¢} R2 7}t
5 gdg S L*Jivlﬂ S 2eEInE 2L F

2 43 65TE 58 7HEE F 274 MA 8 Wz
8t} DNA ligase 848 13313} A73E gAYl &
AfAAe 5 Tdhg AN F T 8 6719 E7IA
e o2 2o

$21n F1 5- CTA GAT AAA AGA GCT ACT TGT
GAC TTG TTIG TCT GGT ACC GGT ATC -¥

£2 39 R1 5- TA TIT TCT CGA TGA ACA CIG

AAC AAC AGA CCA TGG CCA TAG TIG GTIG -¥

27319 F2 5- AAC CAC TCT GCT TGT GCT GCT
CAC TGT TTG TTG AGA GGT AAC AGA -¥
22 3m R2 5- AGA CGA ACA CGA CGA GTG

b
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ACA AAC AAC TCT CCA TTG TCT CCA CCA -3
£ej 19 F3 5- GGT GGT TAC TGT AAC GGT AAG
GCT GGT TGT GTIT TGT AGA AAC TAA TAG -¥
$gam R3 5- AAT TCA TTG CCA TTC CGA CAA
ACA CAA ACA TCT TTG ATT ATC AGC T -¥

MF a1 preprosequence? &2

A8 FHAE =g AXE 9 BHIATY) A8 BX
o] MF a1 preprosequenceE ©o|&3}1 # 33 th A|FHE
2 BamHI Q12 B 95 §f-3le= 5 primer (CGAAGGAT-
CCAAACGATGAG)S} Xbal 9142912 §-8-8H= 3 primer
(GCCTCTAGAGAGATACCCCTTC)E A3t Pichin§
3@ ERQl pPICIKE template® A}&-3he] QIAGEN (Va-
lencia, CA, US.A)*}¢] HotStartZ24% PCRE 53] MFel
preprosequence 240 bp DNA ©#& #:2]3th
Hate] F2

ggdols Zetav]= DNAY Fele QIAGENALY
QIAprep miniprep kitE A3l 483}t Southern
hybridizationg ¢34} Pichia 7394} QIAGEN Genomic-
tip G/20& AH&-3te AA Az DNAE Z23%em RT-
PCRS %3317 9@ @2 RNAS #aE 59 349
RNeasy mini kitE AH8-3t3 Tt

_|0I
o
HT

222 YHHME
HEHo2 AR defensin FHMEE &5 P
pastoris®] @M DNAd 4ist7] s AxF Eesr
= pPIDES A|3&EA Sall & Hate NPog wE &
Invitrogen®] Pichia EasyComp Transformation kitE A}-&

o 3RV AASHG

F

=

Defensing 2H|sl= E=of 1Y

o} =4} histidineo} §1= YNBD §H3u)A] (0.67% Bacto-
yeast nitrogen base without amino acids, 2.0% dextrose,
20% agan)ellA Uzt AEe &R FAAFAE 01 M
phosphate ¢+Z89 (pH 7.0)& ##3}1 histidineo] §l1
BFAA G418 5 mg/mlS -3 YNBM (0.67% Bacto-yeast

nitrogen base without amino acids, 0.5% methanol, 2.0%

498 / AW AR
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agar, 100 mM potassium phosphate, pH 7.0) $3uj =] ol
tooth-pickingat 2 &% w43t & AN@TA M. luteus
IAM1056 1%9] i<} 3438 NB agar (1.25% Bacto-
heart infusion, 0.5% Bacto-nutrient broth, 0.25% Bacto-
yeast extract, 0.8% agar) 10 m¢& %3 30CelA 2422
g & AdFe Ko A= AAFAA 7=
g YHRE FAISH] B4F 9 defensino] £H|
e AASANE AEstAH13]

Defensin ®XA2| &4

&z ¥ dAz DNAd AYH defensin 347}
SAHE A2 #4935}7] 930 Southern hybridizationg 4
ANatgth FARSA 4759 SFATAA 2T DA
A% DNA 10 ;g8 A|$+&EA BamHIzh EcoRICE Hehs}
1 12% optE2AdM A719Fe § FH3E 9 nylon
membrane©. & AZ olE3t1[11], AYH ZAE F5
A3Ath. Defensin +HA2 343 120 bp DNA T &
PCRZ# ZZs&lu AAZ F Amersham Bioscience
(Piscataway, NJ, US.A)AL9] Alkphos direct labeling and
detection kitE A}&-3te] labeling 311 probe2 A}-&3tH
hybridizationg 435}$th. K3t defensin S A7 AA}
5jo} AT mRNAEZ 315}7] 913 QIAGEN Omniscript
RT-PCR kit AH3te] ¢19} 5o #2d A RNA
o] 4 RT-PCRE AA|3t5it}. agarose gel A7|F5 ¥
Southern hybridizationg dt¢ <138}t

[

E2 Mol Bl

NEAAT GF84E vwsty] s A8 Pichia 3
AAZH 47F3FE 100 me BMMY uiz)(2% Bacto-
peptone, 1% Bacto-yeast extract, 05% wgg&, 01 M
potassium phosphate, pH 6.5, 1.34% YNB, 0.00004%
biotin)ol 4 30TA 96417+ A5 Hokalsith N7 21
Aoz wjkde A5 600 nmollA FREE A oA

ste} A5 AS g3t @

s7gMel HUs 2
Aoz FRUAL ZR3] 93 2% agar plateo]

) 2](1.25% Bacto-heart



FAEAL B{8 A2 Pichia pastoris T3] e

infusion, 0.5% Bacto-nutrient broth, 0.25% Bacto-yeast
extract, 0.8% agar) €9 10 md& 53 Z3r} o plated)
THE VEL 12 v d& J4 wgd 50 pg YW1
37CAA 15417 i Fd § P F3to] 471
st A 8 4ulaee] HE Fslo] arbitrary unit (AU)
2 Uehfslon 49 Algd 1 w2 $iste AU/mz
E AT TH2].

Zit ¥ s

I~

Defensin 4| He<| X|&

A Ho A A7LGE defensin FAFAAE Zehan]
E pUC19q] Z243tn d7iMge & Z
5 THen oA ANNEH Agsle ofv=AMY
& Fig 19 duian. 049 ovesoz 748
defensin %+ o}}E} defensing] o}m|xBehe] MFa19]
prepro sequence 7F2EA] kA frEfgk ofv] At Leu-
Asp-Lys-Arg 471& F718tH21]. £ Leu2] codon$l
TIGE CTAR whfto] ojv|:=it ME-E WalA] ¢fal Xbal
AAF-AE A 2e] THEo] MF 19| prepro sequenced &
A& &olatA styth o|¥A o ZM defensino] FH|H

ot
[0
o
£
ot
tob
0

KEX2

Ala Thr Cys Asp Leu Leu Ser
CTA GA T AAA AGA GCT ACT TGT GAC TTG TTG TCT
Xba 1l TATTT TCT CGA TGA ACA CTG AAC AAC AGA

Gly Thr Gly Ile Asn His Ser Ala Cys Ala Ala
GGT ACC GGT ATC AAC CAC TDT GCT TGT GCT GCT
CCATGG CCATAG TTG GTG AGA CGA ACA CGA CGA

His Cys Leu Leu Arg Gly Asn Arg Gly Gly Tyr
CACTGTTTG TTG AGA GGT AAC AGA GGT GGT TAC
GTG ACA AAC AAC TCT CCA TTG TCT CCA CCA ATG

Cys Asn Gly Cys Ala Val Cys Val Cys Arg Asn
TGT AAC GGT AAG GCT GGT TGT GTT TGT AGA AAC
ACATTG CCATTC CGA CAA ACA CAAACA TCT TTG

+ ] BT (O
TAA TAG
ATT AT C TTAA

EcoRI

Fig. 1. Nucleotide and deduced amino acid sequences of
in vitro assembled defensin gene.
Defensin gene was synthesized by 6 oligomers and
assembled in wvitro through kination of F2 and R2
oligomers, annealing of 6 oligomers, ligation and
kination. The arrow denoted by KEX2 is a digesting
site of endopeptidase for secretion process in yeast.

WA Kex2 endopeptidased] ]3] Lys- Args} defensing]
ofr) =Tl alaninerlo]7} F 33 HYH o] defensintt
HIHA s
ERAZANA FAH defensing A E &2 EvA7|=
Ho g BuAEHAL A7] ), pPICIKSEE PCR
53] MFa1¢ prepro sequence 240 bp DNA ©#H S
gsta pUCI99l 243t A7INEENE B3 A
AES 7t 285 A9yt 9% 2ol AR
in GFHE= FAA} MFa19 prepro sequence
2 Wekg F %4 alcohol oxidase promoter (AOXT)E
3+ Pichia integration plasmid¢! pPICOK (9.3 kb)9
BamHI=} EcoRI 9o «143}x E. coli DH5a o] 32A
38 3 12 F20)M Zgav|= DNAS Eesd. Zet
A1l= DNAE BamHI#} EcoRIC. 2 A@sle] o7tz A A
A GERA A WE90 kb)S} MF ¢'1/defensin (360 bp)e]
T band7} Hole Z8& YAHoz 4dwWsiy pPIDEZ
gHstgdon ojAde AAste HFE EAHOE Fig 2

- o Mz e 2

o,
=
[2°]
]
2]

k

pUC19/defensin
%

EcoRUXbal
X E

Fig. 2. Overall scheme for construction of the recombinant
plasmid, pPIED.

Abbreviation: MF ¢1, mating factor @1 prepro sequence;
AQX1, alcohol oxidase 1.
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Defensingl 24|

Zd2:u|= pPIDEE HIS4 32 Uld Qe ARy
Salle. 2 Hdt & £3Ql P pastoris GS1159] g4
DNA®| HIS4 fAztel 4slat7l A8 g348e sk
o}p) =4t histidineo) S1E H4 WA AN FRATHE o
Az A8 £ o]RAE 05 mg/mle] G418& ¥Rl &
~9og 05% WeEs R YNBM olrtuix|o)A )

5};} B M. luteus®) WSAHNAE E3 defensing BH|E

& 7.?_:42 Fig. 3o Uehfi2lch. EetLv|= pPICIK=E
988 S5 FARSG FUBol B Qoo

oot M o2
w2
2,
rig
ri

PPIDEZ 34888 479 FAFel:
defensin®] £H]2 18} NPT M. luteus] A §o] A3
Hol A7 ket A7) Edsle] A5G o] £ &

249

BB 2702 GEHY 4 #FF 4 ‘3} L2342
WS (FR R 27): 3>1>4>2). 2 T B
G418 5 ng/neol e NS AR J)r g a9

P43t IR

Defensin RXAtS] £4

479 9

__ﬂl
37 Sle) 4ua 4

<«— pPIC9K

<«— pPIDE

Fig. 3. Secretion of biologically active defensin from
yeast transformants.
E. pastoris GS115 cells transformed with pPIDE were
grown on YNBM agar media containing phosphate
buffer, pH 7.0 at 30T for 24 hr. The plates were
overlaid with 10m{ of 08% top agar containing 1%
log-phase cells of M. luteus IAM1056 and followed by
overnight incubation at 37°C.

500 / A eks )

Mo

Fig. 4. Southern hybridization analysis of total genomic
DNA isolated from transformants.
Genomic DNAs were digested with BamHI and EcoRI,
fractionated in 1.2% agarose gel, and then transferred
to positively charged nylon membrane. The membrane
was hybridized with labeled defensin gene.
Lane 1, A-Hind III digest; 3, pUC19/defensin containging
the synthesized defensin gene as a (+) control; 4,
pPICIK transformant; 5-8, pPIDE transformant 1-4.

223 A3 As DNAZ BamHIF EwRIOZE
AAg & defensin FAAE probeE AlE3}d Southern
hybridizationg A& A7E Fig 40] Uenhle. 2}
2" = pPICOKZE FAASH sFe Hert YA
%9k orllane 4) pPIDE A HEA o A= MF el prepro
sequence$} defensin FAA}oll s F3sl= 360 bp 7] Wl
=7} =9@ 27)9 Pyt v£sA B2 3cHlane 59)
Lane 3% Al )20 2 defensin 322 531
£ 12 kb DNA ©#o|t}. Wt Southern hybridization
KR

FARL SFALANN FAFE st

FA A A

E3} defensin
Aot

Defensin $A 2171 AALE o] A H mRNAE 3913817]
A3l ] g A Eelg AA RNAE templateZ AHE-
3ta] RT-PCRS 4338l hybridizationo 2 913 A3}
£ Fig. 5A9} 5B Z+7F Uittt o2 5A= RT-PCR$
AYES opt22A AP FLE UG AL 2 lane 1
2 100 bp laddero]3l lane 2+ YA WZTFSE MFal
prepro sequence®} defensin FHAE &F3 360 bp
DNA ©#oln 4z pPICK FAHE

[o

lane 3&



1234567891011

500 bp

300
100

Fig. 5. RT-PCR and its Southern hybridization analysis.
Defensin ¢<DNA was amplified from total RNA isolated
from transformants by RT-PCR and subjected to agarose
gel electrophoresis(A) and Southern hybridization using
defensin gene as a probe(B). Lane 1, 100 bp ladder; 2,
(+) control; 3, pPIC9K transformant; 4 & 8, transformant
1, 5 & 9, transformant 2; 6 & 10, transformant 3; 7 &
11, transformant 4.

Aot} Lane 4-78 pPIDE FAMZA 1-40]1
FARGE FF A02 FA defensin FH Aol 3 Fs}
¥ 120 bp9] band’} Vielitct B3 lane8-112 lane 4-73
2o ANBE MFeld} defensin FAAE FAld £Z3
HFAAE st v A drT(lane 2)7
242 360 bpe] band7} #H2E 9T}

Agarose gelo] X A7]%% 3 ZAL nylon membraned]
&7]3 defensin FAAS probe2 AME-3te] Southern
hybridization®. 2 <13+ AxZ Fig. 5Be] YehUch
Lane 1& A29 W==anE F737] S8 labelinggt
100 bp laddero]® U & Fig. 5A¢] laned} & Y3}ttt
Fig. 5A°]A Yehd Megn 548 A7loAM ¢4 Az
d sldstes w=r Jebygoh whetA Fig. 5A9) RT-PCR
2 ZEZ3 WE 5L defensin mRNAJ X feld AL &

defensin

Hneg F

Cell growth (OD)

0 1 2 3 4

Culture time (days)

600

500 -

400 A

300 ~

200 +

100 1

o¢

Antibacterial activity (AU/ml)

0 1 2 3 4
Time (days)
Fig. 6. Time courses of cell growth and antibacterial

activity of transformants.

Four transformant strains were grown in 100 m¢ of
BMMY media at 30T for 96 hours with aeration. Each
culture(l m¢) was taken at an interval of 24 hours, and
then cell growth and antibacterial activity were measured.

3 FAASA 4752 100 mie] BMMY B =] o A
3::___]-/\49_ 273to Fig.

2% ATYRE
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A BA3 F78tA 1 o] FE %AAA futatA 7}
SN AREA 2, 4) FAFEA 17 32 7277 o)
& A GE8A0l uig Yeiith & 239 g2 EA
& Southern hybridizations] Yehd wl=o] 23}7) 9} 344
A G418 thgh WA Fgt Aol Y3tk

ol F-ALE Zt AT FTEAY Aole 459 ¢
A7 DNAS 44)® defensin f+A2}9] copy 9} B3
FEo] A5 AT A B dFAdXE ol ¢
Faoll MxgHol Add defensin FH2S] copy &
B o] o] gato FaBAo] B #FS HNET
A goltt. &3 Pichiaol 4] Fd 2H]H defensing A5}
oflest HeS $AS ol% Faho] MFals] prepro
sequenceS ©]8-3te] Pichind| ME @l T o e =9
THIATE S. cerevisine9t o] Ztgahs Ao g =oE
F712 A= g o Aok

ool N 71&d we} Zo] AP AP Ao
2 o]&T & A& B ofg TFE wYo] 715t
Az TR YPAo] wob Aert &ol P. pastoris
€ 52 AH8ste 23 A 3 FEH=ED 4P
defensing Bl &2 FAA FHot AHE-L FAA
Wy o9 2874 FYAY A& AEEA IRHA T
SAHLE QA FF, FHHE 2AES 29¥ T
gol vt mebA P AES9 o] AFAY Ao
for WA 759 28 7o) B 4Hd A2
B9 A FHEEY ol&7IeMge] a7HY £ o
A 7L defensin® BH|SHs E50) Pichis: defensin
A 47 DNAY AdEo] dormz 2elg wjx
A hF WY A EAHE Sz BUPAYE 8
2% 5 de Zdol Aok wWiFEy 77t SEdd o
e FAAY AHES ZoIAY YAT & Ar& 3
MM E£8 £ AR defensin® 17 AAA L A
FHEA 502 F83HA A2 te4el g Aes
Atg "}

T

0]
A

2FAA feldt g HE S, defensing @Al
=g Je) 2 BH|8l: Pichia 7322 2sl7) 9

s02 / AHTEE R

LAY - HEH

3 Ugo A MFal prerpo sequence$} defensin 3435
HAE Pichin @ WEo] Azx¥std ARG ofn)
=A% histidine S H7bebA] e HaA wiAo A FAHEA
£ YdAA o2 AEstyrt. Ads FAHIANE ggo=
A G-418¢] D3 AT M. luteuss NEFOZ AL
gto] 53 AHE B4 defensine] AE 9 EHE ZAR}
o 4 #F5 Aedn £431% ) Southern hybridization$
B8l 79 A4 DNA 41§ defensin fHA7}
APe sty on M RNAZ Balsla RT-PCRE 4
83} defensin mRNAE FZ3}31 Southern hybridization

Ao o3 Fd A7 debweh s wE 4
7o AxAAH Fa8dE Hlasty] A8 BMMY
AAA 9627 HFS AT MEEFL EF A F4
< B9 AZARE BA T FHA M ¥
o|F2E AV 2EHUR. FTBAL 48470714
St en] FaBdo) /1t w2 3RAEA 7
7207k W Al 550 AU/mé& vrehfsich

4

AN o

A
3

rfr o

ZAle 2

2 A7E HeR FRATAY AFTHAEAA
o AFHE FYson A7u AUo) A=Y

e
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