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Molecular cloning of casein gene

which is expressed in mammary glands
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A Az Ay =EMBo2RE AT W) 29742 FES BAch

LA E

SR Fod FHPHPEES caseingZ  a-lactalbumino] 3, B
-lactoglobulinZ WFEogt &3t 2bH, whey acidic proteing H[FFEojqt
Z21%c) Rt AL 80%F XA|slaL U caseing @ -casein, B -casein, &
—casein 12|31 y-casein FTLE FAEC] glem, olF wHHAEL calcium
phosphate micellese] 2= HUAME o] Fo] FFUolM AFL Jel2 x5t Ut}
(Waugh, 1971). Mouse®ll 3lojA a-, 8- @ 7 -caseing2] EA}8F2 z}z} 44,000,
26,000, L8]3 22,000°]tHRosen et al., 1975).

|Ax o i3t Ex1712 WwE)7] 9135l casein®] ¢cDNA ZE&50°] human,
cattle, goat, sheep, guinea pig, rabbit, rat, mouse® HE EZ|Fon o5 F£9
A7l de oiP® AAE] HcHGregorio, P. Di. et al, 1991; Derinoy, E. 1988;
Ravi S. Menon et al,1992). E¥ $/HIBEAES genomic cloneE% F2|¥ 2Tt
(Compbell, S. M. 1984: Li-Yuan, Y. L. 1983: Pradman, K. 1984:; William, K. J. et
al, 1984). o|8} o] o %3] genomic DNAEC] Ea|F ol utdHo| olxw
mouse®] 7 -casein genomic DNA<Z #2]5 o] x| o2 Aelo|ct o F7te] ¢
ld £ Z XY casein mRNAE Al 718 F-glolH 45780l mi¢ &4 H&EFo]
U2S A 4 Atk o]lF Al ¥¢lE= 5 -noncoding £-91, signal peptide 2] casein
kinase QIA%-¢lo|th(Blackburn et al., 1982; Hobbs and Rosen. 1982). 3%} casein
FAAES shte] 22 XAl Xt glge] B aEArHGeissler, E. N. et
al 1988: Gupta, P. et al 1982: Matyukov, V. S. and Urnysher, A. P. 1980).
atetr o8 FF caseinZ ¥ A 24 KA=EY] BAo] oA M Eo] Hrin
Azis]lo} At M whey acidic protein 3 XH= casein FAX}et= TIHE G A
of Exsla gtk I8y olF fAALY UHLS v|RIAAI dojiis Tl 37
FEEN, B2 FHY T2EE 3 2AE =t} E3 TZE ukZof o)A
HEE = mRNAYE casein mRNAY ZFol ulel M2 tiEche= Zo] daac)
(Hobbs, A. A. et al 1982). R3] YHAE 9 UPe] 2do] Fay qug o

wohe casein promoters] @71MEE Fol THE FAAE AoldlAE TS & A
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S4& 7122 et Raty Al £/ caseiny} bovined] a -casein FHXE A}o]of
d71d Y] JEEdL & 80%E BRIt} 3IA|T casein FARE AlololMg} T2 &
& 4&78L caseint WAPY RAAHE Alolold = BHEZR] ¢hatHCampbell, S. M.
et al, 1984; Yu-lee et al,1986).

2 AE2, o3 HuEo 97| 92 moused] 7 -casein genomic DNAE F2Y
stal P2 E E43idch 89 fdAle vAUEA fAxpY Wwdzds AEEe
2N HAEY Y YEE AYE Ml o]&FHo A 4 gl& Zolrh A 3
AE FUAAM casein HAEY UEEZAN B, o)y D23 {3 g Fo o]&F

3 olch

2. e 29y

1) 2fE : Mouse genomic library ¥ BE enzymeS<S Promega, Stratagen %=
Sigma# &g ol&stgrh. WAMEEHAH2E (-PP)CTP(3000CI/ «mol) 2} (a
-®S)dATP(3000Ci/ #mol)& Amersham®] HE-E AH&3ITh 2yte] AH¥ kit
Amersham, TaKaRa Z12]31 Promega A && A1&€3}ich

2) Subcloning : cDNA$%} genomic DNA¥ ZtZ} pGEM 49} pBlue Script SK(+)
vectorell T4 DNA ligase(TaKaRa ligstion kit)& AMg3}o{ subcloning3tdct, a4
B2 Z}zZ} Escherichia coli JM1092F XL-1 BluedF& AME3}9cth Plsmid DNA:S
dzte] WHE ol &3te] Festadch wiA|(per liter, 10g of Bacto trytone, 5g of
Yeast extract, 10g of NaCl with 100zg Ap/mDolA 37TColA over nigth wjer3tch
Bacterial cell&& WA Eeldtd Solution 1(50mM glucose, 25mM Tris-Cl pHS8.0,
10m MEDTA pH80), Solution II(02N NaOH, 1% SDS2), Solution II(5M
potassium acetate 60ml, glycial acetic acid 11.5ml, H2O 285mDoll Ho]31 d-& 9]0l
A 1027 whgdich o] TUES YA L (12Kmm, 4T, 108)51 F3 0 23}
phenol : chloroform : isoamyl-OH(25:24:1)& 37}, EYst] A LA E2)(12Kmpm, 4
T, 102)¢ch ZF ol 3M Sodium2t 100% Et-OH& H7tste] 4THlA 1413 vtg
¥, dAdEegch FHELS TEQOmMM Tris HCl pH80/ 1mM EDTA)S0 110] 5
th Zela Eruid2 dzelol s HAEFE AMEITHChen and Seebreg, 1985).
3) DNA @7lmig : @7/ulg& T7 DNA Polymersae (Sequenase™ from United
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States Biochemical) 2 o] &%t dideoxy %' (Sanger et al, 1977)& AH&3}iT.

4) Screening X Southern blot analysis @ y -Casein +32}& screenings}7| 213}
mouse liver?] genomic DNA library& A}-&3tth o] library?] titere 2x10°pfu/ml
o]aic}. Plating?dt ¥ nylon membrane(Hybond-N, 0.45 ¢ m, Amersham)ol membrane
o FxA|7. F2¥ DNAE H/d&(15M NaCl/05M NaOH)olA d8A1A 2318
&4[1.5M NaCl/05M Tris-HCI(pH8.0)lel A 23}, 1223 2XSSC §H o8 285 Al
HAZith UVl DNAS 333ch 2XSSCE AHAl Fol prehybridization2t
hybridization (5XSSC, 5% Denhardt’s solution, 0.1% SDS, 100 £ g/ml salmon spum
DNA)& 2} 7 (@ -¥P)dCTP(3000CY/ zmoDE FA]H Mouse 7 -casein cDNA(L2
Kb)& probe2 68TolAl 12-16417t hybridizationg A A3ttt Membrane®] A%<
2XSSC/0.1% SDSE A2ollA 583t 33] , 1XSSC/0.1% SDSE 68TolA 1-1.543,
02xSSC/0.1% SDSE 68cColA 1A17H MHstadch MAHE membrane -70TollA
o} 4847 X-ray filmoll Zt¥A|Zth 2xh, 32} screening 13X} screeningzt #2 %
W o g Axstech Sonthern blote ©7l24 A ZHE nylon membranedi DNAE
E2AA, ¢lohge whY 2 2 hybridizationdt Tl

5) Phage DNA2] ¥ : Phage DNAE #&3ts ol liquid culture Y& A
£ 3}4it} Bacteriophage(l X 10°pfu)¥ liquid cultuerdted phage lysate& T&©] DNase
I3} RNase AS Ztzb 1ug/ml golFo] 37ColA 122 njesigich wigdE 4T
o ] 1417 308 LAEzasle] AHEL 05mM Tris-HCI(pHB.0)O ATt &%
phenol(phenol 25: chloroform 24: isoamyl-OH 1)& A&y F, Atz olo]l 3M sodium
acetate 0.1 Vol.z} 100% Et-OH 6 Vol. #7} Egtstel DNAE FAAlzich AAH
DNAE 4CoA 1023 12000 rpm2E 4 F2|3talch

6) Oligonucleotides : Southern blot hybrodization®] probe® *&¥ oligonucleotide
o] @7jde 5- ATC ATC ATC TAC CTA TTC CTC TCG TCT TCC ATT
TGG GGA G - 3'(40mer)ol™, mouse 7 -casein cDNA2] 5'-HehFof ¢]2]3ict,

3.2

Z 8% y-casein cDNAS @7|vidS ZHA37] #1319 phage WEo] Atgl= o]
Ly —casein cDNA(1.2Kb)& plasmid #€ ¢l pGEM4(2.79Kb)ll subcloningg 3}4d

o)
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t}h HAMBLY ¥ bacteria cellSHE gge] Ydo A DNAE Eastgct
(Fig.1.). 8% cDNAY FX& Sanger Yol &J3iAd |7vid & EF AA3 22
7} 5'-noncoding ¥¢, ATG2 start codon®} signal peptide ¥%1& 713 U
¢ 4 2l 2dcHFig.2).

EMBL3 ¥e|2 AH2¥ mouse liver®] genomic librarye titer7} 2X10°pfu/ml ©)
gdrl. olF 2x10°pfus] library® plating®t%icl. Plaque hybridizationoll AM&-¥ probe
= pGEM4 ¥Eo] AU® mouse 7 -casein cDNAE PCR ¥Hg 08 ZEslo] A3}
dcl. 2FH 7 -casein cDNA ©HE YAHIES ¥4(a-2P)ICTPE FA5}Y probe
2 ARg-3tgct. A1} screeningol X+ 6708 positive plaqueE-& AE3tad s, H2x}
screeningol = A & 78] platedll Rt A} signalgel FAEE At A3}
screeningoll &= 1, 2x}oilA] A& ¥ probe® hybridization®& AAI¥ B2} plateEY B
E plaque®} x-ray filmAte] signalel 25 A3l cHFig.3.).

AWE positive plaqueZ*E phage lysate@® SH|3tgcl £8]¥ lysateZ2HE »
-casein genomic DNA& 2|31, 1.2% o}712 4 Mo Hrg 523t § 719
DNA W=7} ZA&=dow, 3 37| DNA size markerdoll 37171 Ajd & 23KbR
Tl o]B =7l =Fch EMBL3 HE& Sall 8] MYUFHE 7K ddon, Sallg A
gl s 4tU¥ genomic DNAZF £el¥led A < glrh welq zZ2YV DNAE
Sall & Az2lsled R 2F 371¢] DNA g #AY 4 gt o]z Az A
Y %2 DNA WEE insert DNAZ} AIAHE Z1e2 37|17} 28Kbl HE DNA(28KD)
o], DNA size marker oA Zol7} Hd 7 23Kbe] DNA WE=Rc} 9o x|y
< ¢ 4 th Uojx] F 718 DNA ©H ol ZZ} 14Kbet 9KbA = o]t uw}
gl &89 7y -casein genomic DNAY] 7= ¢ 23KbE A EHAcHFigd). ¥H
Hejo] AR § 22 = EcoR12E2 A3 471¢] DNA ¥ (8.7Kb, 5.8Kb,
1.8Kb, 0.8Kb, 0.5Kb)&°| H&E2|gt Sall Bl 37|71 3l ol Alg) ©e
71 Ao AR UFE BAFE Hojth

y -Casein 3 z}o]| HM¥AAL BamH 1, EcoR1, Hind M, Kpn1, Pstl, Sall,
Smal, Sphl & Z2Z} AMz[3lo 12% o7l 4 HeolA 140 - 150 volt® ¢ 2A]7F A
714%33, Probe® 7-casein cDNA&E (a-“P)dCTP(3000Ci/ #mol)2 EA]3}o
hybridization®tgcth. 2 Z3} probe DNAS} 2% Ay B N=2| 2= BamH
I, EcoR1, Hind M, Kpnl, Pstl, Sall, Smal, Sphl1dlA Zzt 170(9.1Kb),17)
(5.8Kb), 270(3.5Kb, 1.1Kb), 17§(9.0Kb), 271(8.9Kb, 4.3Kb), 17§(14Kb), 17H(10Kb), 2
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70(9.0Kb, 65Kb)o] R tHFig5.). 7 -Casein #3=}2] promoter?] ExH& ¥<QI3}7] ¢
3lo] cDNA 5'-UchiEe] @rlvjde §/4(d0mendled, 0|2 & (7 -P)JATPE ¥
2}3ted probeZ Southern hybridization& A A13t€th 3|7t oligonucleotide probest
AYsts gL HAY 4 gch 23y pBluescript SK(+)oll 4¥® 7 -casein
cDNAoj Mz NEFE HAY 4 A dcHFig6.).

Kb

23

2,3
1.0

Fig. 1. Gel eletrophoresis of plasmid DNA containing the 1.2Kb cDNA insert.

Lanes M1 and M2: DNA size markers of A/Hind I and 1Kb ladder,
respectively. Lane 1: pGEM4 vector. Lane 2: Recombinant DNA. Lane 3:
digestion of recombinant DNA with AccI and Kpnl.
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5" ATCATC ATCTACCTAT TCCTCTCGTC TTCCATTTGG GGAGCAAGGA ACAAGTAAC
5’-Noncoding region
ATGAAGTTCT TCATCTTTGC CTGCCTGGTG GTTGTTGCTC TGGCAAAGCA CGAAATAAAG
(rmmmmm o signal peptide region ------------~----- > 60
GATAAGTCCT CCAGTGAGGA ATCATCTGCC AGCATCTACC CAGGAAAGTC TAAGCTGGAC
120
AATAGCGTGT TCTTCCAAAC AACTAAGGAT TCTGCTAGCA GTTCATCCAG TGAGGAATCT
180
TCCGAGGAAG TCAGTGAAAA AATTGTACAA TCTGAAGAAC AAAAGGTCAA CCTAAACCAG
240
CAGAAAAAAT TCAAGCAATT TTCCCAGGAG TCTTCCTTTT CCCAATGTTG CACACCTCTT
300
CACCAGCAGC AGCAGAGCAG TGTGAACCAG TGGCCCCAG CCGAARGCCAT CCATAACACG
360
CCCACCCAGG AATCCATCAG CACCTCTGTG GAGGAAATCC TGCTGAAGAA GATTATTGAT
420
ATCAAGTACA TCCAATATCA ACAGGTCACC ATCCCCCAAC TTCCCCAAGC TCTTCATCCC
480
CAGATACCTG TGAGCTACTG GTACCCCAGT AAGGATTACA CCTTCCCAAA TGCTCACTAT
540
ACGAGATTCT ACTAAGATTC CTAAAATAAC TGCTGCTACC TAGCTATAGG CTTGAGTAGA
600
AAATTGGTTT CTTCGTGGTT TCC
624

Fig. 2. Sequence of mouse 7 -casein cDNA.
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Fig. 3. The second screening of 7 ~Casein genomic DNA hybridized with cDNA
probe.
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Fig. 4. Gel electrophoresis of mouse 7 -casein genomic DNA digested with EcoR

I1,Sa/1. Lanes M1 and M2: DNA size markers of A/Hind Il and 1Kb
ladder, respectively. Lane 1: Recombinant DNA with y -casein genomic
DNA. Lane 2! EcoR1 digestion of recombinant DNA. Lane 3 Sall

digestion of recombinant DNA.
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Fig. 5. Southern blot of 7 ~casein genomic DNA hybridized with cDNA probe.
Lanes M1 and M2: DNA size markers of A/Hind I and 1Kb ladder.
respectively. Lane 1: Recombinant DNA with 7 -casein genomic DNA.
Lane 2, BamH1: 3, EcoR1; 4, Hind l; 5, Kpnl; 6, Pst1; 7, Sall,; 8,
Sma 1:;9, Sph 1
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Fig. 6. Southemn blot of 7 -casein genomic DNA hybridized with oligonucleotide
probe. Lane M: DNA size marker( A/Hind IIl). Lane 1: Recombinant DNA
with 7 —casein ¢cDNA. Lane 2: Recombinant DNA with 7 —casein genomic
DNA (EcoR 1 digestion).
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B A3 Rl casein FAxLY] UH 2AE ?"_'?-3}71 g3 82 Eay
o] 9] ¢k mouse 7 -casein FHAE Yl 1 BAES $d EMIIE 3]
gt} Screeningg #1831 Al€¥ mouse genomic librarye Zte] genomic DNA&
EcoR1 22 Azt ¥ EMBL3 ¥E|o] dZAx o 2d5joa Zlo|ct. Screeningol A}
2% probe:= mouse 7 -casein c¢cDNA(1.2Kb)& ol&€3lo] 3xjo] HAHA plaque
hybridizationg AAI3tadch 2 A¥o| A8¥ cDNA probex 5'-noncoding ¢ ¢}
ATG®] start coden® X¥stz vt 2 A} she] positive plaqued F2lch
Plaqueolld] 2% DNAYX 7 -casein cDNA2} Sol3 o8 A¥Usl= Z& Southern
blot A o2 2¥Qlsldcrl. & cDNA probet AY¥ genomic THH = ZANH-E
< A7 e ke WSS A gttt =Y FE2E ARY KRIBAE Sall o2 A
Tyt A3}, Sal 1 ME 14Kbgt 9Kbe| whHo] A&t Sallol 234 EMBL3 ¥
ol Al¢® w¥e AJ|7l BKbY S At Y FEH RAAE APRL
EcoR1 22 Axisid Z&EH+& 5718 ©HH(87Kb, 58Kb, 1.8Kb, 0.8Kb, 0.5Kb)&&
pBluescript SK(+) ¥¥lo]l subcloning3lgict o2 7}x] A& 4L & BamH1, EcoR
I, Hind 1, Kpn1, Pstl, Sall, Smal, Sphlel 23] Hel¥ & F&L mouse
y —casein cDNA probe® Southern blot ¥4& % A2} probed} AY3t= vz 4
3] e Bl ASE ¥Astdcl o]+ genomic |HAF ©HAL codingdt
£ FE4 exond} 234 92 intrond] FRE o]FolA S WY Hzlel 3

=2

—

r[o f

Z249 genomic DNAo] A2 Hol #dhe 2AF-$] &F promoterZt E23H=%]
& BAstodct 289 genomic FA=kel 7 -casein cDNAY 5'-UeHE-E2] d7)uid
(40mer)& ¥d3tod, /4 oligonucleotideE probeE THA| Southern blot ¥4& A
A% Azt Aol dojubx] il 2yt /3 ¥ oligonucleotide probe= HE| o] 4t
UH 7-casein cDNAS} ZAYsh= A& ¥AstAch o] A2 A screeningdlto] 22
mouse 7 —casein genomic DNAZ} mouse 7y -casein cDNA2] 5 -Uet¥-32t ZYgd
Zlo] ol 1 o} ¥EH AYY AYE £5Y 4+ Ul metM promoteri-4
& XY= genomic DNAE Al43¢l screening& F3A 33 Q= Fojtt Hxie
+ Y4 €E oligonucleotided probe® plaque hybridization3t] 12} screeningoll A&
o} 709 70¢] positive plaqued VL™, 23} screeningdld= cDNAE probeZ A}

.
Lo
-]
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/31, 1x}lof| VLS positive plaque 709470 & hybridizationdtgth. 1 FolA 2974
2] single positive plaque® € <ch.

do2 JojH y-casein KHAL] promoter F¢l+= milk proteing] A3} £y
AAZAZIFEY A4EE FX3ted EEHAH 5 AL Folth welA caseing o §
3 22} leveloll A 3FEL AYE /Y 5 8 Fobofl FLHolA £ 9t

Abstract

The gene for y —casein, a milk protein, is a member of a family of casein gene
which is expressed in mammary glands of the animal during the late gestation
and lactation periods under the influence of various hormones. In order to elucidate
the mechanisms by which hormones regulate the coordinate induction of milk
protein genes, the mouse ¥ -casein gene was isolated and characterized. The 7
-casein gene was screened from a mouse genomic library constructed in
bacteriophage EMBL3 with the 7 -casein cDNA used as probe and one clone was
obtained. The 7 -casein cDNA as probe was partially sequenced and contained
ATG start codon and 5’ -noncoding region.

The cloned genomic DNA was digested with Sall restriction enzyme, by
which the insert DNA can be isolated from EMBL3 vector. Three DNA bands
were observed and the size of DNAs was approximately 28Kb, 14Kb and 9Kb,
respectively. Accordingly the size of the insert DNA was calculated with
approximately 23Kb. The result of Southern blot analysis, however, showed that
the cloned genomic DNA was not hybridized with the synthetic oligonucleotides
(40 mer) of ¢cDNA 5'-end region, but it was hybridized with the ¥ -casein
cDNA. This means that the cloned 7 -casein gene may not contain its promoter
region, The 7 -casein genomic DNA containing the promoter region has been
screening from mouse genomic library with oligonucleotides of ¢DNA 5’ -end

region as probe, and twenty-nine clones was obtained.
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