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ABSTRACT

Human lipocortin-I (LCI) is a calcium ion-dependent and phospholipid-binding protein which exhib-
its an anti-inflammatory activity by inhibiting phospholipase A, activity. In this study, the LCI gene
containing its own terminator region was joined to GALI0 promoter-ppL. (prepro-leader sequence of
mating factor a). An ATG start codon of LCI gene was placed at downstream with KR endoprotease
recognition site (Lys-Arg) of ppL. Recombinant S. cerevisiae harboring the LCI expression/secretion
vector, pYGLPTS, was aerobically grown on a liquid YPDG medium at 30°C for 72hrs. The whale cell
and culture supernatant were separated afler centrifugation, and the expressed LCI was analyzed by
SDS-PAGE and western blotting methods. A majority fraction of the expressed LCI was found to be
accumulated in the intracellular fraction, resulting in very low secretion efficiency of about 7.4%.
About 500mg/¢ of LCI was extracellularly produced by the fed-batch culture employing the controlled
-feeding of glucose and galactose. The secreted LCI was purified by ultrafiltration and hydroxylapatite
column chromatography, and a purity of more than 99% was oblained.
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LCI 38 FR  FFEE S cerevisiae
SEY2102 (MAT ura3-52 leu2-3, -112 his4-519
suc2-49) (8)% AH&skgdck. pYGLPTS (Fig. 1)
L GALI0 promoter-ppl.-LCI §-A#}-LCI termi-
nator2 A% ZelAvroln backbone YEGe
-HIR526¢l| 4 fa3ksdet (9-11).

oz

HHX| Y BHRMEH

=FAE, A2y 229 wiek 2 LCT fAA &
# dHE mMAZ YPD (1% yeast extract, 2%
bacto-peptone, 2% glucose) &, 29 HA 3t
HAE 7] gz A= wx2= YNBDLH (0.67%
yeast nitrogen base without amino acids, 0.5%
casamino acid, 2% glucose, 0.003% Leu, 0.002%
His) & Abgstqict. LCI 5302w = wfA2s
YPDG (1% vyeast extract, 2% bacto-peptone, 0.4%
glucose, 2% galactose) & AHg-dtdom Ax2F &
B FFE Aehokrlell A 30°C, 72217 wiekg &
LCI Azte] 2& 58 TARsEAc).
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ProtoBlot western blot anti-rabbit IgG alkaline
phosphatase conjugate= Promegas}ell 4, pure
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Fig, 1. Schematic diagram of human lipocortin-I
expression vector pYGLPTS. GALIO,
GALI0 promoter; ppL, prepro leader se-
quence of mating factor; LCI, LCI gene;
Lipo Term, lipocortin-I transcription ter-
minator; B, BamHI; E, EcoR1; X, Xbal; Bg,
Bgll; S, Sall.

marker, hydroxylapatite, protein assay kit BIO
-RADA}el| 4], silver staining kit, trichloroacetic
acid (TCA), protein molecular weight marker, so-
dium deoxycholate (DOC)E Sigmartoll 4 s}
orh.

SDS-PAGE, Siver Staining %! Western Blot-
ting

Ito § (12)9] whs Apgsto
cerevisige SEY21025 YPDG ]
7b ujekgt & owfokd ImlE 4E" (5,000rpm,
5%)sto] ik AEAY FAE At wF A
o 1000l 0.2% (w/v) DOCE 7}sted 5£7F
Agofl A Ak the- 1004 & 100% TCAE A
7hstqdeh. 2 & 0ColA 3087 HhxE F A4 &
7] (15,000rpm, 10%)3}o} whalg 23 g
acetone® & washingata pelletg& 50402 1X
lysis buffer (50mM Tris-Cl pH 6.8, 100mM dith-
jothreitol, 2% SDS, 5% mercaptoethanol, 0.1%
bromophenol blue, 10% glycerol) o] =4ic}. =3t
A= 1mle) 54 =8 (2% Triton X-100, 1%
SDS, 100mM NaCl, 10mM Tris-HCl, pH 8.0,
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ImM EDTA) el =9l t}& glass bead (27 0.4-
0.5mm)E o843ty TRAZE F43 = 33044
9] 4X lysis buffer& #H7}sledel. ojAbell#] o1& o}
WA Ag 2t 10u ¢ & Laemmli (13) uhol} wheb
SDS-PAGE (10%) %, ®l=: coomassie bril-
liant blue2 <jAzte] LCI ohhalg old}gich.
silver staining& SDS-PAGE %, manufacturer’s
instructionse]] we} ofdsled LCI whlzle &ols}
et

SDS-PAGE £ gel <9 obwa2 tank trans-
fer unit (HoeferA} =@ TR-22)Z nitrocellulose
ghofl AR A2l F Adabe gl 2 LCT gl ae
rabbit anti-LCl polyclonal antibody (11)¢9}
Promega protoblot western blot AP system {goat
anti-rabbit IgG [(H+L) or Fc]-alkaline phos-
phatase conjugate (GAR-AP)}ZE Alg3to] k)
staiet.

Zymolyase X 2|0l 2|3t M| Zo| 23

YPDGej Al 4] 30°C, 30417k shekat 3A Hst
EE okl Imlg 5,000rpm, 587 441825}
g 5 o ImlY zymolyase &8 (0.8
KCl, 10mM EDTA, 0.1M mercaptoethanol, 0.1M
Na-phosphate, pH 7.5, 1mg/ml zymolyase 100T)
of =dck 30CAM 1AZF ¥ 2171 7& whole
celli#4, t}A] o]7& 4°C 5,000rpm, 1087+ A
+8|8te] precipitated protoplast %3, superna-
tantg TCA AHo 2 5u H=3}e periplasm £
Ho2 Fgir) 2t L8S SDS-PAGEZE western
blotting £41¢- &gt}

LCIo| MM gl HH|

pYGLPT5 plasmid(14)& zgslz gl= a1 =3
o5& #2l2 YNBDLH plateo) A stal colony
2 £83 o5 10ml YNBDLHu)x]] A]gi3ke] A
F38tod 150rpm, 30CAA 1647k b Aujeke
g % t}4] 100ml YNBDLH wjx& =Egs=
500ml AgHEeprzo] HFsle] FU ZAs}eA
sjeFatodet. YEP (1% yeast extract, 2% pep-
tone) & 7|2 A2 33 &4 o 2 glucoses} ga-
lactoseE controlled-feedingsled 2.5-liter W=
(KFC Co., Korea)ol| 4] 7} ufokslsic).

wjef Absd 20 dAlER] 9 2oda} (pore
size, 2 um)3lo] F AL &3] A7 st ultrafiltra-
tion (molecular weight cut-off =10,000)%}o] =

345

o 0.2¢ & itk 10mM phosphate buffer (pH
7.0)Z buffer exchange®t %, o] »-ZH2 ojg] &
o buffer2 #3470 hydroxylapatite column
(3.2X25cm)el| loadingdt o8 5 bufferz 7k
57 & A S washing 89t} Hydroxy
lapatitec] oFslA] A" IWAEL oz |mM
CaCL,Z washing®gt }& LCIS 50mM CaCl.2
elutiond}dc}. LCIel| hbinding® CaCl.: 50mM
EDTAZ dialysisgle] 2 Astsict, ciwa g =
LCI Ao &5 = SDS-PAGEE & 3 silver
staining& &3 #qlstsin).

=4 g

T4 52 0.DwlA A3t (UVICON
930, Switzer| and), galactose®] 5= F4 =g
7 (Boehringer Mannheim, FRG) 2.8 = xg}od
t}. Plasmid stability & #joko8 g #443}o] YPDuj
2ol 30C 247t weFgt ¥ colonyE YNBDLH
(ura®) % YNBDLH (ura™) wjz] plate muté}od
colony #4 u]& (CFUs; colony forming units)
& Takadeh. "A A 2 protein assay
kit® Z3steict, LCI gl &l o) oke. densitometer
(Biomed Instrument SCR 2D/1D, U.S.A.) 2 band
2 72 & 548 | tj2Fe} vl wale] Haksloic),

a

23}

=)

LCIo) w5 2l BH|

SFHE 2@ YEGe-HIR525 (negative control),
pYGLPT5 (LCI w& Eu] vector)& #AH3s
MEY ARFFE YPD 2 YPDGoll sjotstgich.
SFAE 2 YEGeHIR5258 #zlHsz)w) 2 Z&H
g2 dFol A LCI ey} 749 28 (extracel
lular fraction) 2] o= FoME Ho|x] oo}
(Fig. 2A, lane 8, 9, 10, 11). =%, pYGLPTSZ &
AAEE Axg F22FFE YPDeld sjorsiw
GALIO promoter7} X w}ol| )& 4| 5]o] #) 9
8o LCI wert Bolz] okokrt (Fig. 2A, lane
12). z2iv}, YPDGoll A= GALIO promoter} ga-
lactoseol] ofaf RExo] FA 9 3o 34kDa2)
LCI si=7} #= 9t (Fig. 2A, lane 13).

AW 8 (intracellular fraction) o wlr 7}
%o} coomassie staining o &4 34kDa<) LCle)
HE o35 ¥ 4= glsin} (Fig. 2A, lanes 2-
7). oA W 2 FAlY EHES western blotting
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Fig. 2. SDS-PAGE (A) and western blotting (B)
analyses for intracellular (lanes 2-7) and
extracellular (lanes 8-13) proteins of yeast
transformants grown on YPD (lanes of
even number) and YPDG (lanes of odd
number) media.
lane 1; prestained protein molecular wei-
ght marker (106, 80, 50, 33, 27 kDa)
lane 2, 3, 8, 9; host cell
lane 4, 5, 10, 11; YEGe-HIR 525-containing
cell
lane 6, 7, 12, 13; pYGLPT5-containing cell
lane 14; purified LCI (5 ).

2.2 g} A3 anti-LCI polyclonal antibody ¢} imm-
unoreactiond W7} pYGLPTS & zt= 223 &
w@zo| FA (Fig. 2B, lane 7) 2 FA9 (Fig.
2B, lane 13) 53 2ol #2=ic) FAd 2
FA e Hae4e LCI k& densitometer® H|i
gt Az wiR 2ol Bnge 74%E )¢ o}

AU #3ol|4) 35-60kDa el B WEst #
#5=d) o] processing HA ¥ LCIo2 F74
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Fig. 3. Localization of lipocortin-I expressed in
pYGLPTS5-containing S. cerevisiae.
lane 1; prestained protein molecular wei-
ght marker (106, 80, 50, 33, 27 kDa)
lane 2; whole cell fraction
lane 3; protoplast fraction
lane 4; periplasmic fraction
lane S; purified LCI (5 .g).

o], 80kDa ¥+¢] Wiz LCIS) dimerzt 37
t}. 3dkDaBt} @2 ddoxe wiert FEE =)
o]= Hu|% % £ LCleo] ER(endoplasmic reticu-
lum) o)t} B Lol A proteasesl] oJs) E-af= Zlolet
MzbElck, Rhizopus®] aspartic proteinase-I€ S.
cerevisiaed| 4] WA 7S 74 Hu|Ex] o2 ol
Aol EReM® Ralss 7ol Bid »b St
(15).

utsiE] LCle| Z2RHA (localization)
#2.9] cytoplasmel| 4] ribosome 28] FAdH ]
A %

cpal Rl e N-ubchel] Bu] A|2de 7pAH, BA
—golgi 2 -1 A~ T -periplasm-sf x| 2] o & F

ER-g
| 42

[e]

*9

2 AAA Pt ER%E 5348 of 2] 4
o] pre-¥-E-2 signal peptidaseol] 9@ Hyts
v, pro-$522 golgifle] 4] KR endoprotease &
o] 98} processing€ch. &2 oA Wl FHEdh=
LCIe) ZA4E otoher] Slato] 52 FAF pro
toplaste} periplasm fraction .2 1} western
blottinge & LCl #ieE alsjgict. 2 Z2FHE 2
™ anti-LCI polyclonal antibody £} immunoreac-
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Fig. 4. Fed-batch production of recombinant
LCL

tiondh 40kDa o]4te] Wit & ©% protoplast &3
(Fig. 3, lane 3)ol) aa}edch. 3k 36kDae] LCI
0] whole cell®} protoplastell 4] 7] 742 oko] )
7o 2 Hol mature form¢) LCIE Hu]5 =] oF
ki xﬂlLHo” /«Lrﬂ»a—] 245101 010 0 oL o o]q I
2] periplasm #3 (zymolyase- relased superna-
tant; Fig. 3 lane 4)ol& Euatx 29 LClo| 4
g AT wolgdr}. 7+ 28] LCIkS densitome
terZ | 23} protoplast 68.6%, periplasmic
24%), culture supernatant 7.4% & R I 3}oic},

LR TOA LCIS| AA 2 Hx|

pYGLPTS 2 #HAAHH S cerevisiae 21028
Al F4719 LCI9) #d 27|12 vhiro] §7) H°k
stk ¢4 ZTegduto 2 3547 Fo} Fale] Z
Ae 723 H ZEwn galactose EFES T
stol 73 243 LCIY Wy S 28 Sa]o) shodo
o] #A ] Ao wte} feeding ratex Z7}A)A
ek Akl Azt 7HHo 2 samplingdhol 4%
%, plasmid stability % LCI9| &wlaks zalabyl
on, &1l A HZF LCIY H2t °F 500mg/¢
ok (Fig. 4). FAE AAg wj#lo)s LClo| &)
o A i F o 15% 5 AAsdu (Fig. 5,
lane 3). LCI& Ca* ' ZAgA hulalolm g 7]%7}}—_
# Ca”"& z+n 9)% hydroxylapatite gel o]&
gk chromatography Az whe 7psbeic), 4e
FH obAT A7 YA AR Ee] Fig. 5ol
vieju} leh. wiA]E Eu)® 36kDag] LCIL ultra-
filtration 2} hydroxylapatite column chromatog-
raphy 8] ¥ DA R $5 99% ojito g HAT
T it (Fig. 5, lane 7).
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Fig. 5. Purification of recombinant LCI from cul-
ture supernatan.
lanel; prestained protein molecular weight
marker (106, 80, 50, 33, 27kDa)
lane 2; protein molecular weight marker
(66, 45, 36, 29, 24kDa)
lane 3; fermentation culture media of
pYGLPTS-containing cell
lane 4, retentate after ultrafiltration (mo-
lecular weight cut-off=10,000)
lane 5; eluent after washing with a 10mM
phosphate buffer (pH 7.0)
lane 6; eluent after washing with a ImM

CaCl:
lane 7; LCI (1004g) eluted with SOmM
CaCl..
e} ok
- 1
] Folateds w Fu

LCI2- ~HRo|=g
7b 2715 o) a(}og_z-g “4% L}EM]_ Ldlcmm 9
F4 phospholipid 2% chlzlo|t}. S, cerevisiae
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W47 $RAZY BUL EF ANT glo=g
2242 Seo ol waldel Bl Aae el
ol 3y gtk £ odFerE GALIO promoter-
ppL-LCI4- A 2H-LCI terminator2 7A€ pYGLPTS
2 LCI& S. cerevisize SEY21020 4] 23 Fu]4]
7l 7k 2802 o] LCIgE »l2d 23} pro-
toplast 68.6%, periplasmic 24%, culture superna-
tant 7.4% 2 2-zakodc). pYGLPTS 2 A ks
S. cerevisice 21025 S7} wjokgr Az FHEFEzQl
LCle] Aabeke. oF 500mg/¢ ct. LCIE N-zet
Baol Cat* AFF7} gleng ofF o]fsto
hydroxylapatite column chromatography & 2|}
oich, wiz|2 Hu)sl 34kDa LCIE ultrafiltration
3} hydroxylapatite column chromatography ] %
GAE 2 99% oo g AAFE £ Aot
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