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and porcine origin and expression of the porcine sequence 
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eDNAs encoding the ,O subunit of pig and mouse CKI! were isolated. The porcine eDNA was expressed a~s a fusion 
protein in Eschedchia coli and used for the production of anti-CKIi-,8 subunit specific antibodies. 

CKI1 has been shown to possess a tetrameric struc- 
ture. It has been found either as a homodimer (a2/32) or 
heterotetramer (aa'/32). The first report describing the 
primary structure of the/3 subunit of CKII was based 
on classical protein sequencing [1]. In parallel, cDNA 
clones encoding the a and /3 subunit of Drosophila 
melanogaster CKII were described [2], followed by a 
report where it was shown that the a/a' subunits are 
distinct gent products, at least in yeast [3]. Subse- 
quently, the cloning and characterization of cDNAs 
encoding the subunits of human CKII were reported 
[4-6]. While this work was in progress, the nucleotide 
sequence of the mouse eDNA encoding the/3 subunit of 
CKII was reported [7]. We present here the complete 
mouse /3-sequence of CKII and part of the porcine 
CKII-fl subunit. In addition, we have expressed a fu- 
sion protein of the E. coil trpE product and the porcine 
CKII-/3 subunit and raised antibodies against it which 
specifically detect only the 13 subunit. The availability 
of a CKll-/3-specific antibody may be helpful in de- 
termining the fate of the CKII enzyme during various 
stages of developmental and cellular regulatory 
processes. 

Isolation of a eDNA from a porcine library: a eDNA 
clone encoding the /3 subunit of CKII from pig was 
isolated from a cDNA library made from LLC-PK t 

The sequence data in this paper have been submitted to the 
EMBL/Genbank Data Libraries under the accession numbers X56502, 
mouse mRNA CKIi BETA, X56503, porcine mRNA CKIi BETA. 
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cells, a porcine kidney cell line (kindly provided by Dr. 
B. Hemmings, FMI,  Ciba-Geigy. Basel). The library 
was screened using oligonucleotides made according to 
the amino acid sequence obtained after endolysine di- 
gestion of porcine enzyme and subsequent microse- 
qucncing. The sequence of the peptide was: YQ- 
QGDFGYCP. The corresponding oligonucleotide se- 
quence was: T A ( C / T ) C A G C A G G G ( C / T ) G A ( C / T )  
TTGG(C/T)TA(C/T)TG(  C/T)CC. 

All CKII-/3 cDNA clones from this library lacked the 
first 60 nucleotides from the coding region. The reason 
for this may be uncnmplete methylation at EcoR1 re- 
cognition sequences during the preparation of the ~,DNA 
library which precludes the isolation of complete CKII-/3 
sequences when EcoRI is used for the construction of 
the clones. A similac observation was made by Jacobi et 
al. [6]. 

Preparation of a mouse eDNA library and isolation 
of a mouse cDNA sequence: RNA from Krebs IT 
mouse ascites tumor cells was prepared according to 
Reichert and lssinger [8]. mRNA was purified using a 
kit from Pharmacia. A eDNA library was then con- 
structed using the ZAP eDNA synthesi~ kit from 
Stratagene. The library was screened with the 540 bp 
EcoRl/Ps, I fragment of the CKIII-/3 cDNA clone from 
pig. A full le,~gth eDNA clone was obtained. After in 
vivo subcloning it was sequenced by the nested deletion 
method [9]. 

Construction of pBB-1 for the expression of CKII-/3 
subunit: a 540 bp EcoRl/Pstl fragment was isolated 
from the porcine CKII-/3 clone (corresponding to amino 
acids 20 to 200) and subcloned into the corresponding 
restriction site into the pATH 11 expression vector where 
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II CC(~1'AC~i~TCG'i~C'~C~GCGGCGGG~CGGC ì~n~'~'GCGC~AG'i~GG'i~C~C~CC~A~ACA~CC~CC~CCCAG~C~C~G~CC 100 

II CG~CCGGCCGCGGACA'~AAAGA'~'GAG'i~AGC~C~GAGGAGG~G~C~A~G~G~C~GT~TAA~GA~C~GA~A~G 200 

p G AA !"?C I"?C?G?GAA GI"GGA'I'G 
ii S S S £ e V S V I S Vl i '  C G h IL G II g P' P C K V D 26 

M AAGAC•ACA•CCAGGACAAA•??•A•C??AC?GGAC•CAA•GAGCAGG•J•GCC?CAC1•A?CGACAAGC?C?GGAC••GAT•T•AGACC?GG•ACCTGA?G• 300 : : : • . . : 
# A AGAC?ACA?CCAGGACAAA~i~?CAA~C~CAC?GGAC?CAACGAGCAC-G?GCC?CA~?A?CGACAAGCC~AGACA?GA?C??GGACC~GGAl CC?GA~A 

K O T I Q O I P I L 'r G I, I g Q v P B T IL Q A I, O H I 5 D L g P O 8 !9 

H ~AGC~GGAAGACAACCCCAACCAG~GCG~C~G~?CGAACAGG~AGC?~AGA?GC~r1"r~?GGG?~GA?CCACGCCCGCTAC~C~ACCAAC~AG~ 400 
: : • : : : : : : : : 

P ~r, AGC?GGAAGACAACCCCAACCAGAG?GACC1~GA~j~̀?GAGCAGGCAGCC~AAA?GC~rC~A~GGA~GA?CCACG~CCGC~A~A?CC~AC~ACCGT~ 
8 L g O If P I Q S O L l g ~ A A E If I, T G L I i l  I IL Y I 5 ? If It G 93 

if A?CGCACAAA?G??GGAAAAG1~ACCAGCAGGGAGAC???GGC?AC?G?CC~rcG?G~A~AC?G?GA~AACCA~CCAA?~c~A~C~A~ACA 500 

P A?~cCCAGA?G??GGAAAAG?ACCAG~AGGGAGAC???GGCTAC?G?CCCcG~G?G~AC?G?GAGAACCAGCCAA?GC~A~CC~A~A 
I A Q If h g I Y q Q G D F G I C P I Y Y C R l Q P If l, P I G 5 S D IZ5 

N 'i~CCCAGGCGAGGCC~'rGG~AAAC~rAC?~C~CAA~?GC~gF~ACG~.YACACACCCAAGTCC~CCAGACACcACCACACGGAC~]CGCA~AC~GG 600 
: : : • : : : 

P ?CCCAGGCGAGGCCA'~̀GG~GAAGC~C?AC'~]CCCCAAGTGCAYGGACG~G?ACACGCCCAAG?CA~CGAGGCACCACCACACGGA~AC~ 
[ P G g A II V I L T C P I C N D Y T ? P i S S IL B H B ? D G A T LI G 159 

N C~C?GG???~C~?CA~A?GC~C??CATGG?~?CC~GAG?ACCGGCC~AAGC~ACCTGCCAACCAG???GTACCCAGG~?C?~FGG1~CAA~A?CCA? ?00 
: : : • : • : 

P CAC~GG~?CCC?CACA?GC?C?~A1~GG̀i~GCACCCCGAG?ACCGGCCCAAACGGCC~GCCAACCAG???G?~CCAGG~?C?ACGG???CAAGA?CCA? 
? G P P 8 H L P ii V I I  P B T i P I R P A N Q L~ V P B I, T G P ~ I g 193 

H C~A?GGC??ACCAGC?GCAGC?CCAAGCCGCCAGCAAC??CAAGAGCC~AG?CAAGAC?A??C~C?GA??GCCCA~CCCACC?C?CCC?C?G?~?~1~GA ?99 
: • : : " :  : : 

P CCAA?GGCC?ACCAGC?GCAGC?CC# AGCCGCCAGCAAC??CAAGAGCCCGG~GACAA~C~?GA?~CCCA?CCCACCCG~CC~AG?C???GA 
P H A T Q L Q L q A A $ H Y [ S P V | ? ( a 2i5 

N CACCACCA??C~?C?GC?GCCACCC???CAGGAAG~1~?A?GG~T???~G???AAA??AAAGGAA1̀?G?1̀A~?G?GG?GGGAA?A?GAAA?AAAGG~A 895 
• : :  : • : ,  ; : :  : : • : : : , :  

P CAC???CG??CT??CGC?GCCACCC ~"T?CAGGAACCC?C?ATGG??T??AG???AAA??AAAGGAG?CG?TA??G?GG?GGGAACA?GAA A?AAAG~?A 

N AGAAAAGGCCA?GA~ s 943 

P AGAAAAGGC . . . .  A~t 
FiI'~. l. DNA sequence and deduced amino acid sequence of the CKII-fl gene from mouse and pig. The DNA sequenc~ of the mouse (M) and pig 
(P) CKll-/~ gene encoding the fl subuni! of mot,se and pig casein kinase 1I is shown together with the deduced amino acid sequence of the encoded 
polypeptide. Differences between the porcine and murine nucleotide sequence are indicated by colons. The mouse start codon begins with 
nueleotide No. 122 and the stop codon is located at nucleotide No. 768. We have added spaces into the 3' noncoding region in order to obtain 

maximum homology. 

regulatory elements and 80% of the t rpE (anthrani la te  
synthase) are used for ,.he product ion of a fusion pro- 
tein (K6rner, T.J., anpublished data). The resulting 
construct (pBB- 1) v.as used for t ransformat ion of E. coil 
49 AA. Expr,~ssioh ":..~ carried out in E. coil C600. 
Induction wa~ with fl-ir.dolacrylic acid (fl-IAA). 

Isolation of anti-~-Kll-fl antibodies and immunode-  
tection of the ( .Kl l - f l  subunit  was carried out  as de- 
scribed earlier [10] Fig. 1 shows the nucleotide sequence 
of the cDNA from murine and porcine origin. There are 
four differences in the nucleotide sequence in our  mouse 
sequence when compared to the recently published se- 
quence [71. 

Nucleotide No. * This paper  Published sequence 

10 G C 
20/21 missing T 

514 C T 
598 T C 

The first two changes are located in the 5 ' -noncoding  
region, the lat ter  changes are in the coding region, 
however, they do  not  lead to an amino  acid exchange. 

The degree of homology between mouse and  porcine 
CKII  at the nucleotide level is 93.2% in the coding 
region and  about  80% in the 3 ' -noncoding  region. The 
two publ ished amino  acid sequences from the h u m a n  
CKII-f l  subuni t  differ in one amino acid at  posi t ion 194 
( P / A  exchange). We have isolated human  c D N A  clones 
independent ly  and confirmed the prol ine residue de- 
scribed earlier [2]. 

Fig. 2 shows the Coomassie  blue stained 12.5% SDS- 
P A G E  with the bacterial  extracts t ransformed by either 
pATH11 or pBB-1. Induct ion of the p A T H I 1  trans- 
formed bacter ia  leads to the appearance  of a 37 kDa 
protein as early as 2 h after  the addi t ion o f / / - I A A .  In 
the case of the pBB-I t ransformed bacteria the ap- 

* The nucleotide number corresponds to our numbering system. 
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Fig. 2. /~-IAA inducible proteins from pATHII  and pBB-1 trahs- 
formed E. eoli strain C600. Aliquots of the transformed bacteria were 
removed at the times indicated (0-8 h). The cells were frozen, soni- 
cared and heated in SDS sample buffer. Aliquots of 50 /~g proteir 
were applied pro slot. Separation of the proteins was carried out on 
12.5% SDS-PAGE. Proteins were visualized by Coomassie blue stain- 
ing. ONC, overnight culture. The molecular masses are expressed as 

kilodahons on the righthand side of the gel. 

pearance of a 63 kDa protein is observed after the 
addition of flolAA. In this case, a fusion protein which 
consists of the N-terminal trpE region (37 kDa) and tl,,e 
C-terminal fl subunit of CKII is formed. The protein is 
well expressed up to 8 h. 

Since the first 20 amino acids did not exhibit an 
extraordinarily hydrophobic structure, we decided to 
use the CKII-fl fusion protein for the isolation of 
specific antibodies which would specifically recognize 
the CKII-fl subunit. The amino-terminal 75 residues 
carry 19 negative charges and the carboxy-terminal 69 
residues carry 15 positive changes. The average hydro- 
phobic index is slightly negative. The first 20 amino 
acids contain only three of the 19 negative charges 
located in the amino terminal 75 residues which sug- 
gested to us that the fusion protein lacking the first 20 
amino acids, which form the amino terminus, would 
still be a good antigen for the production of anti CKII-fl 
antibodies. 

Fig. 3a, b shows immunoblots where crude Krebs II 
morose ascites tumor extracts were analyzed on one-di- 
mensional PAGE, blotted to nitrocellulose and then 
reacted with an antibody raised against the fusion pro- 
tein of CKII-fl. As one can see the crude serum also 
reacts with other cellular components (Fig, 3a). We 
have therefore affinity-purified this antibody prepara- 
tion as described earlier [11]. Fig. 3b shows the im- 
munoblot using the affinity-purified antibody directed 
against the recombinant fusion protein of the fl subunit. 

a b c 
Fig. 3. Detection of CKli-fl  subunit by PAGE analysis and subse- 
quent immunoblotting. Crude Krebs t l  mouse ascites tumor cell 
extract (100 pg) was used for the detection of the CKll-fl  subunit 
reacting it with: (a) an anti-CKil-fl fusion protein antibody, (b) an 
affinity-purified anti-CKll-fl fusion protein antibody. (c) Purified 
CKII (1 Vgl from Krebs I1 mouse ascites tumor cells was reacted with 

the affinity-purified anti-CKIl-fl fusion protein antibody. 

~: major protein detected is the fl subunit of CKII 
~'d r 26 000). For comparative reasons the purified holo- 
enzyme was reacted in parallel (Fig. 3c). It is obvious 
that the affinity-purified anti CKII-fl fusion protein 
antibody reacts only with the fl subunit of the holoen- 
zyme. 
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