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Casein®] Wi F2FA AT olv] &2 4 A
#9] casein F227} cloning ¥ 212 (Bonsing a-
nd Mackinlay, 1987), « -casein<> Escherichia coli W]l
Al @& = 9tHKang and Richardson, 1988). A
AHstARol 429 p-casein 5702 phosphate
groupS Z3 SlEH ol MAIGAIF W (po
st-translationally modification) &2 %##] ATH(Ei-
gel et al, 1984). ©]&] 3t WM& -& procaryote?] E. coli
AEWME dojubA] @x Atk d 22 o
chl A (heterologous protein)E©] Saccharomyces ce-
revisiae M EW A o] ¥ Yoz FHgo]
B 153 JTH(Jabbar and Nayak, 1987 ; Chang et a-
1, 1986). JimenezFlores 5 49 pg.caseing H-
XK1(hexokinase P1) promoterdl 123t S. cer-
evisiae AB116201A @AY MER O
)7} 52 22%tH JimenezFlores et al., in press).
2 AT B 49 casein FAAE in vit
ro-directed mutagenesisAl# W HE p-caseins A4t
3} transgenic bovineS THE7] $13 AU1AH 23
sho| Al 94 B-casein {FHAE vl E] E=)3HA
BE Y Eu|A)7| X Folth. 53] p-caseing A
Fgto g RHAl7E 4L goze dulAFEA
Foll A 2] AANFE neld of vj9- Fag 4
Holth, webr] B =M e EHld #HA3E le-
ader sequence® pB-casein®| leader sequence$} ut
Aoz AR Q3 49 invertase leader seq-
uence® 2|5k, chelatin promoter® Zi U=
pCGY1444 vector®l B-casein 825 4H9iste
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expression system< A &3t o™, o] A3 plas-
midE #4F S cerevisiae 1A B-casein®] &
2 RH[Eo] 49 pcaseindt EAMFO] 2L antige-
nicity® YEPHE p-caseing Wl Foll A g3k
710 BWishE wlo|th,

I. Az 2 ¥y

L AR5 2 WA

E. coli B3AXASLAE S84 = E. coli DH5@
E AHEglom LB A S AH&3t v F3tddch &
B &F2% S cerevisiae AB116 (MAT, leu2, tr-
pl, ura3-52, prbl-1122, pep4-3, prcl-407, cir) (Jones,
1977)8 AHESEAR, WFE SsiA= YPD wiA
(yeast extract 10 g, peptone 20 g, dextrose 20 g /lit-
er) 9} #HAHlA] (yeast nitrogen base W/O amino ac-
id and ammonium sulfate 1.7 g, ammonium sulfate
59, dextrose 20 g /liter)o] Z} amino acidZ 3 7}g
w2 & AH&SHAT S. cerevisiae AB11691A4 fB-ca-
sein inductions A= LGAIZE WlFE CuSO,
g HFFE I0mM HEE H7MF 4B F

7h wje¥ ek
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2. A& plasmid ¥ DNA

Expression system A ZZ ]3] A3 vector]
pCGY1444¢} invertase leader sequence gene<> Gen-
entechAH(South San Francisco, CA)9] Dr.Hitzeman
oz RH 45 39tk pCGY1444+= E. coli-yeast
shuttle expression plasmid 244 yeast 2 um replicon,
Trpl gene, chelatin promoter, phosphoglycerate kin-
ase terminator, poly linker region 2 E. col W ol A <]
ampicillin marker® Z3l 121 = 7]+ 8.3Kbo|th
%29 PB-casein FZA= pJR1(Jimenez-Flores and
Richardson, 1987)2%-E ATsle] Algs o,
kel A4 linker2 AF8-3F oligonucleotide &
Operon TechnologiesAt(Alameda, CA) 2% <13}
o AFS-3lA T

3. MEE plasmid Az 2 PRSI

E. coli plasmid 2] 2 A=EF plasmid AZE

218 DNA 2tz 242 Maniatis 5(1982)°] 3
of Z3to] st on, FAARSE AT E coli
DH5 @ 9] competent cell Chung & (1989)¢] %
of wat Az=3tAch. S. cerevisiae AB116°] A =%
plasmid®] =%-2 lithium acetate®} poly ethylene
gycolE AHE-3te] AFAIL S, cerevisiae® plasmid
8H01S S cerevisiae lysates E. colidl SEAZ %
AlA oA E colid] FAASHFFZFH plasmid
£ Eate A5t (Ausubel et al, 1987).
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acrylamide gel electrophoresis(PAGE)Z 333 2.1
o] gele] @l A-S Bers and Garfin(1985)2] el
=38 nitrocellulose®] &Zth. ©] Western blot 73]
S AF pB-casein membrane®] EAFFE 23}
1A WYty dMS PR, olH 49 ca
sein®] g+ rabbit antiserum(Calbiochem A4 3%, L-
a Jolla, CAyS AAZAZ A3, A2x+A)
2+ goat anti rabbit IgG-horseradish peroxidase(G-
AR-HRP, Bio-RadLab. AF4l ¥, Richimond, CA)Z
A&t o m HRPS| w4 2= 4-chloronaphtol &
o] &3t HH3EA oA v Eo]Hl A
< WA S8t A1x A LAE AREs] A
o vectorZ A3 pCGY1444S FH3tn e S
cerevisiae AB1162 M x9] FEE7 &3t 4T
oA 16A17F B 5 AL8-3tH ) B-Casein®] B HFS
Western blot®] B-casein bandE 71X =9 TFF
2 pB-casein® band$} laser densitometer 1 8}7]
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5. DE—52 S-o]2x3=%] chromatography

S. cerevisiae M FH FHE B-caseing T

A st7] 98ke] ©] 21w F chromatographys 3
%t} B-Casein phosphate groupS 7HA 1L loB
2 DE—52 20| &1 32 (Whatman At A &)l ¥l
ool e FHAA &% Al7]E chromatography S
&) 59 tH Davis and Law, 1977). &% 0.03Mell
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1. p-Casein®| expression system A3

E. coliyeast shuttle vectorql pCGY1444% A}-§-3}
o] 49 B-casein FHAE ARAHEAA B, B
HIA]717] $]3te] leader sequenceS BE]3te] 2714
o] =3 plasmid—EE 9] invertase leader seque-
nces AYF AEF plasmid plSB202¢% 4 B

casein®] leader sequence® ¥Fdt= AMEF pla-

smid¢] pDEB303S Al &3t

1) #A=3} plasmid pISB202 A=

A 23 plasmid pISB202+% Fig. labcoll A B v}
gt Zo] Az Az FAk 4 vectord pC-
GY1444°] 2F 609 bp =& invertase leader seque-
nceZ vector?] poly linker region®] EcoRI/Kpnl
Aol AAAA plS9S A=z ow (Fig la), ©l
4| EcoRI/Clal TS 2 invertase leader sequence
A= 815t Invertase leader sequence
Zk3 Q1 pIS9ell 4 p-casein®] leader sequence
A|23 p-casein®| structural DNA %2 4 QA s}
7] Sisted, WA pocasein FAAFS] 5" —region?] p-
JR19] Rsal/Apal ©¥H-& #2]38le, Bglll/Rsal®l
A4 linkeret &7 pIS99] Bglll/Apal H13|el A4l
Al#A pISB19E Al =3t9 29 (Fig. 1b), Bglll/Apal
ddoz pg-casein A2 5 —region?] 180bp
Aol A4S &3 A. olo|M p-casein FH 2]
3" —regions AYstiA pJRICZHEH g A
pal /Dra el Apal linkers 121713 thA] Ap-
alo 2 Husle] o] TS Apal/Apal GdHOo = W
FA1A pISB199] Apal #1xo 4Fiste] pISB202
AN ZF plasmidE A 239 cHFig. le). B-Casein

e e

ZAre] 3 —region A YN = pISB202E Bg-
M/Apale.2 Aeate] 540, 180 bp THHL el
B2, 3’ —region® AWFHUL Apal/Dral(539 b-
paHEUlel] Stul AEH$7} vdA Aoz 91X
dorvwg Clal/Stule2 Adsle 280 bp GHES
RlstE 24 44 AAHFig. 2).

2) M=% plasmid pDEB303 A=

M 23 plasmid pDEB3032 Fig. 3a, bot 22 &
Mz A Z3G. pJRIC #RHE de 29 cD-
NA ¥ p-casein fr772] leader sequence™ Av-
all/Rsal ©¥ HF-Xo]= & (JimenezFlores et al, in
press), WA p-casein 22l 5’ —region?] pJR1
9] Avall/Apal ©&¥H-E #2|8td EcoRI/Avall &4
linker®t &7 pCGY1444 2] EcoRI/Apal $]Ael 4

Kpn | EcoR |

EcoR | Kpn i
—

Invertase leader
sequence

E. colf origin |

* ligation

Apallll:'wertase leader sequence
B9

cut polylinker |

at EcoR | & Kpn |

Hina 1€13 !

- NG

\ chelatin promoter
N\ Ciz |

E. coll origin

Fig. 1a. Schematic diagram representing the
subcloning of the invertase leader sequence into
a precursor plasmid, pCGY1444. The resulting
plasmid plS9 was used for the construction of
the expression plasmid plSB202 containing the
invertase leader sequence.
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B-casein
Stu | Apa |

Bal It Rsa |
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l ligation
Rsa |

E coll origin

cut vector witl
X Apal |
Bgl il & Apa | 'L g SRS

E collorigin

isolate Rsa | &

Fig. 1b. Insertion of the &'—region of p-casein cDNA coding for bovine g -casein of p-casein cDNA

was inserted into pIS9 using BglIl/Rsal synthetic linker, yielding pISB19.

p-caseln

isolate Apa | &
Dra | insert

E coll origin
Apa | a==Dral

llgate Apa | linker
and cut with Apa |
cut with Apa |

Apa | Apa |

l ligation

p-casein Rsa |
Invertase leader sequence

g ECOR |
Apa | 2
Cla| < chelatin promoter
PGKt % Clal

E. colf origin

Fig. 1c. Insertion of the 3'—region of p-casein cDNA coding for bovine B-casein into pISB19. The Apa 1
/Dral fragment(639 bp) for the3'-region of p-casein cDNA was isolated, ligated to the Apal oligon-
ucleotide linker, generating the Apa I /Apal fragment cut with ApaI. This Apal/Apal fragment was

inserted into pISB19 at the Apa I site, yielding the expression plasmid plSB202.
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Fig. 2. Agarose gels of the restriction fragments of the constructed plasmid plSB202 and pDEB303
containing the B-casein cDNA insert. Lane A and D, molecular weight markers, pBR322 digested with
Haelll, Lane B, plasmid plSB202 digested with Apal and BglII, Lane C, plasmid plSB202 digested with
Stul and ClaI, Lane E, plasmid pDEB303 digested with Apal and EcoR I, Lane F, plasmid pDEB303
digested with Stul and Clal.

AP2 | polylinker
PGKE ] JECOR |

— e
A
2u DNA NS helatin promoter

EcoR | Ava ||

synthetic linker

i ligation

Clal

E. colf origin isolate Ava Il &

Apa | insert

cut vector WIU’i

EcoR | & Apa |

E coll origin

Fig. 3a. Schematic diagram representing the subcloning of the 5'-region of p-casein cDNA into a prec-
ursor plasmid, pCGY1444. The resulting plasmid pDEB21 was used for the construction of the express-
ion plasmid pDEB303 containing the B-casein leader sequence. The Avall/Apal fragemnt(229 bp)
from the 5'-region of p-casein cDNA harbouring the p-casein leader sequence was inserted into
pCGY1444 using an EcoR I /Avall synthetic linker, yielding pDEB21.
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isolate Apa | &
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1
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Fig. 3b. Insrtion of the 3'—region of B-casein cDNA coding for bovine B-casein into pDEB21. The Apa I
/Apal fragment generated from the 3'—region ci p-casein cDNA(Apal /Dral fragment, 539 bp) was
inserted into pDEB21 at the Apal site, yielding the expression plasmid pDEB303.

A2 A pDEB21& A %3t tHFig. 3a). pJRIo] Z*
i 9= B-casein fAAF 3 —region®] Y-S p-
ISB202 A &A% T4 WyHez st pDE-
B303 A =3 plasmidE L3th. pDEB303& Ec-
oR I/Apa 102 HT34S uf 540, 240 bp ©Ho
EATE Boted AA pcasein FAATF AHHN
+< $IE F AL, p-casein FHA I —reg-
ion?] AWa4de Clal/Stul e T3t <l

R tHFig. 2).
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2. ERAGNA gecasein SAALe] B

FRA pB-casein FHRE BHA7]7] 9)5tH
A ZF plasmid pISB202¢} pDEB303S 2t7] &%
%9 S cerevisiae AB116°1 lithium acetate ¥'H 2
2 2918+ uracil? leucined FH7HeH BRSO HA

FHuf | M Lol S FdulAlel A o] st
o Ago] 43 FFg AMsgr. HEd 2
Ag ARE HaAA Ao HE3t] 0TAA 24
A2 AE et E CuSO.E HEFFE 30mM HE
£ A7k F3 F7HE 24~36A13F A ) st o
¥t ARAMEE Rol glass bead®t SDS-PAGE

€ sample bufferg Wi A=3] E3tste] M EE 3
3 cell lysateS A Z3FFaL o5 A 2] 5}
Aozl A5dE B =29 587 ¥XFTFE SD-
SPAGEEZ #3}3th. SDSPA gelS Western blot
3te] A& casein®] FAHE A WA @O
2 B-casein® WHARES ZAMSIACT. 1 A=
Fig. 414 R uksh 2o] pISB2022 43 inve-
rtase leader sequence expression system$!S. cerevisi-
ae AB116-234 9] lysate$} pDEB303S &3+
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Fig. 4. SDS-PAGE and Western blot patterns of the extract of strains AB116-234 and AB116-314 cells
transformed with the plasmid plSB202 and pDEB303, respectively. Lane A, cell extract of the strain
harbouring pCGY1444 as a control, Lane B, cell extract of the AB116-234, Lane C, cell extract of the
AB116-314, Lane D, prestained molecular weight standards(mid range kit, Diversified Biotech. Inc.), Lane
E, standard bovine p-casein.

: -
S5.0Kb e |LL TR 7.1Kb
20 %20
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plSB202 pDEB303

Fig. 5. Agarose gels of the digestion of plasmid pISB202 and pDEB303 which were harboured in yeast
transformats. Lane A, transformed plSB202 digested with BglIl and HindIl, Lane B, authentic pISB202
digested with BgIIl and HindIll, Lane C, transformed pDEB303 digested with HindIll, Lane D, authentic
pDEB303 digested with HindII.



B-casein leader sequence expression system$l S. ce-
revisiae AB116-314 5 lysates BTE 49 B
casein®} 2 24K H29l bandZ YERH oW, O
Z70 2 33 S cerevisiae AB116-2(pCGY 1444 )
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Fig. 6. DE-52 anion exchange chromatography of
secreted p-casein and dot blot analysis of the
fraction. B -casein secreted into the culture broth
of strain AB116-234 was applied to the column and
eluted using 0.03-0.3 M NaCl linear gradient.
Fractions were analyzed using dot blotting and
immunochemical staining.
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¥ gto g Ru|gojopgt ] 2 FA|FHAo] §o
sted AgZ9 A7E #IE F A% 1YEE 2
ATolA HE B ZHE BHOZ 4 pocasein F
AzZE it AZF plasmid AZA] E2 in-
vertase leader sequence®t p-casein AFAH| ] leader
sequenceS p-casein®| structural DNA $toll 23}
Rom, o] AxF plasmid7} U= 0] & pcas-
ein FAAE AZUelA LFEAIZ S cerevisiae A-
B116-2349F S. cerevisiae AB116-314 F @57} A
A3 pocaseing M E Bfo R BH|EEA] oFE =
Attt i FA o] FH]E pocasein®] EA|FF

£ A et g S A4l EElste "ﬂia
AAG FdHE AH DES2 Sol2ndd5FAE
EAA =79 (0.03~0.3 M NaCl)& chr-
omatographyS 33t1l, 4ozl z+ £3& dot blot
st Mt AAg o A Fig 604 He u}
9 Zo] NaCl % 0.2M #9] E8o|| p-casein
o] £28E& €5 JUTHS. cerevisiae AB116-314
o Axte A=FH).
Western blot Fig. 7% #2°] & expression system
EF BFEFOE AT & pocaseind 22 X<

UK F-2ol W3 pocasein® bandE HER AT
O|ZFE F7HA| expression system 2F LHE B
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Hs s &5 oF 50 ug/e = A9 FARRIEY. &

H F expression system?t2] Z}o]= invertase leader

o
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-

sequence system(S. cerevisiae AB116-234)°] p-cas-
ein leader sequence system(S. cerevisiae AB116-314)
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Fig. 7. Western blot pattern of concentrates of the
positive fractions obtained from DE-52 chromato-
graphy. Lane A, the concentrate of the culture broth
from strain AB116-234, Lane B, the concentrate of
the culture broth from the strain AB116-314, Lane
C, molecular weight standards, Lane D, standard
bivine g -casein.

Atk ©]5 expression system©] B-casein fAAE
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pg/p olBE RH|E&S 5~10% AE=2 WS¢
go Holn, X3 RujEEs Fo] HjHoz o
oz goz Euzge HAE 5 HHEEF

ol e A<l Barol A7lHm ek
N. & <

FRAFEANA 29| B-casein FHAE HHAA
A X groz Hu] AJ7]3A §% invertase leader
sequence®t A [S-casein leader sequenceE 7}Zt E.
coli-yeast shuttle vectorl pCGY14442] chelatin
promoter H ol AA3}aL & B-casein? structural
DNAZ 441§ A=3 plasmid pISB202¢} pDEB
3035 Azslen] o5 AZXF plasmidE S. cerev-
isiae AB116°] =93t Z}7} S. cerevisiae A-
B116-2349} S. cerevisiae AB116-3142] expression
systeme AATh F FFAI anE 2% A E

o B-caseing °F 0.5~1mg/liter 8% && A4H31]
on, EA AE oz oF 504 g /liter £H]519
o BujA7| M= S, cerevisiae AB116-234(inv-
ertase leader sequence system)®] S. cerevisiae A-
B116-314( 8-casein leader sequence system)&.T} ©]
2 Al7]el Eulstank. BH]E p.casein® Western
blot®] HstetA A4 A} REFQ] 49 pcas
ein?t FYS 24Ke| EAFE YER U
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