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Primary structures of human protein kinase C flI and flII 
differ only in their C-terminal sequences 
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Two types of cDNA clones encoding human protein kinase C (PKC) were isolated from a spleen cDNA 
library using rabbit protein kinase C flI/fllI cDNA as a hybridization probe. Nucleotide sequence analyses 
of these cDNA inserts revealed complete primary structures of two distinct types of human protein kinase 
C flI and fllI which differ only in their C-terminal 50 or 52 amino acid residues. It was concluded that there 
exist four distinct types of PKC, PKC ~, flI, fllI and y, in human as well as rabbit, and that the corresponding 

sequences are strictly conserved among mammalian species. 

Protein kinase C; cDNA sequence; Alternative splicing 

1. INTRODUCTION 

Protein kinase C (PKC) has been suggested to be 
involved in various cellular functions [1]. We have 
recently identified rabbit cDNA clones encoding 
four PKC types, ct,/~I,/811 and % and shown that 
the brain PKC preparation is a mixture of  these 
four types of  PKC ([2]. Ohno, S. et al., in 
preparation), cDNA clones for multiple PKC types 
have been also identified for rat (/81, /81I and 3') 
[3,4], bovine (ol,/811 and 3") and human (et,/811 and 
3") [6]. In order to examine for the presence of  a 
human homologue of  rabbit or rat PKC /81, we 
searched a human spleen cDNA library using rab- 
bit PKC /81//811 cDNA as a hybridization probe. 
We have identified two distinct types of  cDNA 
clones encoding human PKC/81 and/81I. 

2. EXPERIMENTAL 

The human spleen Xgtl0 cDNA library is 

Correspondence address: S. Ohno, Department of 
Molecular Biology, The Tokyo Metropolitan Institute of 
Medical Science, 3-18-12, Hon-komagome, Bunkyo-ku, 
Tokyo 113, Japan 

described in [7]. A fragment of  rabbit cDNA for 
PKC /811 (nucleotide positions 774-1963, see [2]) 
was 32p-labeled and used as a hybridization probe. 
Screening of  the cDNA library was done as 
described [8]. DNA sequencing was carried out b y  
subcloning suitable overlapping DNA fragments 
f rom the recombinant cDNA clones into pUC or 
BKS (Stratagene Cloning Systems) plasmids 
followed by primed DNA synthesis on the 
denatured DNA template [9] in the presence of  
dideoxynucleotide triphosphates [10]. 

3. RESULTS AND DISCUSSION 

Screening of  the human spleen cDNA library us- 
ing rabbit PKC /8I/BII cDNA fragment as a 
hybridization probe identified two distinct types of  
cDNA clones whose representatives are H707 (ma- 
jor  type) and H106 (minor type). The complete 
nucleotide sequences of  the cDNA inserts of H707 
and H106 were determined. The restriction map 
and the nucleotide sequences of  these cDNA in- 
serts, as well as the predicted amino acid se- 
quences, are shown in fig.1. The two cDNAs, 
H707 and H106, share identical nucleotide se- 
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CAGA~CGGC~AGGGG~GC~GGGGCC CCGGGT~A~ AGCGCCCGCCG~TC~GGGC~CCCCG~CC~A~C CGGGGTCCCGGGCCCC~GGCCG~A~TCT CGGC~T ~GGCTCCCC~GC~AAG 

| A TGG~GACCCGGCT~C~CGCCGAGCGAGGGCGA~AGA~A~GT~TTC, GC~GCA AAGGC~CCTCCGC~AGAAGAACGT~ATGAGGTCAAG AA~AC~ATTCA~CC~TTCTTC~GCA~A~TTCT~ 
~ A D P A A G P P P S E G E E S T V R F A R K G A L E Q K N V H E V K N H g F T A E F F K Q P T F C  50 

151 ~GCCACT~A~GAC~CAT~TGGGGCTTCGGG~AGCAG~TTCC~GT~CAAGTT~GCTGCT~TGTGGT~A~AG~T~C~GA~T~GTC~CATTCT~C~GCCCT~TGACAA~GTCCA~CTCCGATGAC~cCC~A~ 
S H C T D F I W G F G K Q G F Q C Q V C C F V V H K E C H E F V T F S C P G A D K G P A S D D P R S  I00 

301 ~AAC~C~AGTTTAAGATCC~CA~GTACTCCAGCCCCACGTTTTGTGACCA~TGT~GTCA~TGTAT~ACTCATCCACCA~ATGAAATGTG~CAC~T~ATGATGAATGT~AC~GCTGCGTGATG~AT~TCCCAGCCTG 
K H K F g l H T Y S S P T F C D H C G S L L Y G L I H Q G N K C D T C N M N V H K E C V N N V P S L  150 

451 TGTGGC~C~CC~CACGGA~CGCGGCC~ATCT~CATCC~CCCACATCG~CA~GAC~TCATTGT~TCGT~AG~G~TGCTA~AACCTTGT~TATGGACC~ATGGCCTGTCAG~TCCCTACGTA~AACTG~ACTG 
C G T D H T E R R G E I Y I Q A H I D R D V L I V L V R D A K N L V P N D P N G L S D P Y V K L K L  200 

60] ATTCCCGATCCCAAAAGTGAGA~AAACAGAAGACCAAAACCATCA~T~T~CAACCCTGA~GGAATGAGACATTTAGATTTCAGCTGAAAGAATC~ACAAAGACAGAAGACT~CAGTAGAGATTTGGGATTG~ATTTGACC 
I P D P K S E S K Q K T K T I K C S L N P E W N E T F R F Q L K E S D ~ D R ~ L S V E I ~ D ~ D L T  250 

751 A~AGGAATGACTTCAT~G~TC~TGTCCTTT~GATTTCTGAACTTCAGAA~G~CAGTGTTGAT~CTGGTTTA~GTTACTGA~CA~A~AA~CGAGTACTTCAATGT~CTGTG~A~CAGAAGGAAGTGAGGC~AATGAAG~A 
8 R N D F N G S L S F G I S E L Q K A S V D G Y F K L L S Q E E G E Y F N V P V P P E G S E A N E E  300 

901CTGCGGCAGAAATTTGAGAGGGCCAAGATCAGTCAG~AACCAA~TC~GGAAGAAAAGACGA~AACACTGTCTcCAAATTTGA~CAAT~CAACAGAGACCGGATGAAACTGACCGATTTTAACTT~T~TGGT~TGGGGAAA 
L R Q K F E E A K I S Q G T K V P E E K T T N T V S K F D N N G N R D R N K L T D F N F L M V L G K  350 

~5~GGCA~TTTGGCAAGGTC~TGCTTTC~GAACGAAAAGGCACAGATGA~TCTATGCTGTGAAGAT~TGA~GA~ACGTTGTGATCCAAGATGATGACGT~AGTGCACTATGGTGGAGAA~G~TGTTG~CCTGCCTGGGA~GCCG 
G F S G K V M L S E R K G T D E L Y A V K I L ~ K D V V I Q D D D V E C T M V E K R ~ L A L P G K P  400 

12~CCCTTCCTGACCCAGCTCCACTCCT~TTCCAGACCATGGACCGCCTGT~CTTTGTGAT~AGTACGTGAATGGGGGCGACCTCATGTATCACATCCA~AAGTCGGCCGGTTCAA~AGCCCCAT~TGTATTTTACGCTGCAG~AATT 
P F L T Q L H S C F Q T M D R L Y F V M E Y V N G G D L M Y H I Q Q V G R F K E P H A V F Y A A E I  480 

135] GCCATCGGTCTGTTCTTCTTACAGAGTAAGGGCATCATTT~CCGTGACCTAAAACTTGACA~CGTGATGCTCGATTCTGAG~ACACATCAAGATTG~ATTTT~CATGTGTAAGGA~AACATCTGGGATGG~TGACAACCAAG~CA 
A I G L F F L Q S K G I I Y R D L K L D N V N L D S E G H I K I A D F G M C K E N I ~ D G V T T K T  500 

1501TTCTGT~CACTCCAGACTACATCGC~CCCGAGAT~ATTGCTTATCAGCC~TATGGGAAGTCCGTGGATT~TGGGCATTT~AGTCCTG~TGTATGAAATGTTG~T~GCAG~ACCCTTTGAAGGGGAGGATGA~GATGAACTCTTC 
F C G T P D Y I A P E I I A Y Q P Y G K S V D W ~ A F G V L L Y E H L A G Q A P F E G E D E D E L F  550 

1651 CAATCCATCATGG~AC~CAACGTAGCCT~T~CC~AGTCTATGT~AGGAA~TGTGGcCATCTG~A~TGATGA~C~CCCAG~A~CGTCTGGGTTGT~CCTGAAGGCG~ACGTGATATCA~GA~TG~TTTC 
Q S I M E H N V A Y P K S M S K E A V A I C K G L ~ T K H P G K R L G C G P E G E R D I K E H A F F  600 

. i ' -~ 81D4 
1801C~TA~ATTGA~GAGAAACTTGAACGCAAAGAGATCCA~CCCCTTATA~CAAAA~TAG~GACAAGAGAGACACCTCCAACT~CGAC~AAGAGTTCACCAGACA~CTGTGG~CTGACCCCCACTGATA~ACTC~TCATC~TG 

R Y I D ~ E K L E E K E I ~ P P Y K P K A R D K R D T S N F D K E F T R Q P V E L T P T D K F L I M  650 

1951 AACTTGGACCAAAATGAATTTGCT~CTTCTCTTATACTAACCCAGAGTTTGTC~TTAATGTGTA~TGAATGCAAACTCCATCGTTGAGCCT~GGTGTAAGACTT~AA~CAAGCGTATGTATCAATTCTAGTCTTCCA~ATTCACG 
N L D Q N E F A G F S Y T N F E F V I N V ~ * *  671 

2101 GTGCAc~TG~TGGCATTCAACATGT~AAAGCTTGTCTTAGAGGCCTTTCTTGTATGTGTAGCTT~TAGTTTGTTTT~TACATTTGAAAATGTTTAGTTTAG~TAAGC~ATTATCCA~TTATAGA~TACAATTTT~A~TT~CA 
2251G~A~CTCATC~ATGAAC~GACAATGTCA~ACTA~TGTGT~TG~T~CC~AAAT~TTCAGTAT~GT~TTTTTC~GTCAG~TGATGTT~T~T~AAGTTT~A~AGTT~TTCTAT~ATATCTT~TTG~T~T~GC~TG~ 
2401 GCGATATTTTTAAAAATTGTGA~AA~TTCGGAATTC 

r ' -~ 811D4 , 
1864 TGTGGCCGAAAT~TGAhAACTTCG~CCGATTTTTC~C~GCC~TCCACCAGTCCTAACACCTCCCGACCAGGA~GTCATCA~AATATTGACCAATCAGAAT~GA~ATTTTCCTTTGTTAACTCTG~ATTTTTAAAACCCGAAGTC 

C G R N A E F N D R F F T R H P P V L T P P D Q E V I R N I D Q S E F E G F S F V N S E F L K P E V  671 

2014 AAGA~TAAGTAGATGTGTAGATCTCCGTCCTTCATTTCTGTCATTCAAGCTCAACG~CTATTGT~TGACATTTTTATGTTTTTCATTGCCAAGTTGCATCCATGTTTGATTTTCTGATGAGACTAGAGTGACAGTGTTTCAGAACCCA 
K S *** 573 

2164 ~ATGTCCTC~GGT~GTTTGGAG~TCTCTATGAGATGGGATTAT~AGATGGC~TAT~AAAAT~A~TGCATAATTAAC~CATTATCAAAGTC~T~TT~CA~TTTATTTTCC~AG~ATGTCAGCTAAGTAGACC~AAT~GGAGAGA 
2314 AAAT~TTTCTTTCCCTCT~TTCTGCACTGCCAT~TTC~CCCCCAACC~TCCAATCTGT~AT~TTGGATGTTAGC~TACTCTTCC~CTTCCGGTC~GGAGCTTGGCTTGTATCCAAGTGTAT~TTGCTTTGCCTAAGAGG 
2464 AATCCCTCT~TTTCACCTGTTCT~GC`C~CC~GACCTTGA~GAACATGCTCA~A~TAA~ATGTTATCTGTTATTTTTGTA~ACTCA~AGTTA~GATGATCAAAGTTCTAAAATTCCA~GA~TGT~TTTTAG~C~TCTCAATCTAA 
2614 ~GCACTTC~AGGGGTCA~GGGCAACC~GCTTGGT~T~CCTCAGTGTTGT~TTCTGAT~CTTTATGTCTTT~TC~CCCTCATCCCCAA~CT~CTTGA~GGGC~TTT~C~CCACTCTCTG~AAC~AC~CAGTCACTCT~GCAA 
2764 GGCCCCCA~GGGCCCTGGTTTTACATT~CATTTCA~ACTTTATTT~TTT~TTTTGTTTCTGTTGTTGTTC~TGC~A~AAG~A~A~A~G~AA~A~A~TG~CTC~CATTGTT~CACATGCTTTAA~AT~TGTGTTC 
2914 AA~TGTTATTA~CC~C~ATGACG~CCTGTTTTG~TTrAACCA~GA~GACGGCTGC~A~CT~G~C~C~GGCCTGT~GA~TC~G~ATTTGTT~CAAATCT~TTTGTT~CTGGCTTCAG~A~GCTAATT~AGTGCTCTG~AAAG~ 
3064 C~CCGTTTCTTG~ACAA~GATGGTTGT~TTCCTC~CTTTGATGTTGTTTTGC~AG~TGTTTGT~ATGTTC~TTTGT~TCT~TCTCTGTT~TGTGCC~TTTTTCTTCTAGC~TCG~G 

Fig.1. cDNAs for human PKC BI and BII. (a) Restriction maps of  cDNA inserts for H106 (BI) and H707 (BID. E, 
EcoRI; H, HindlII; P, PstI; Pv, PvuII. (b) Nucleotide and deduced amino acid sequences for ~I (H106) and BII (H707). 
Nucleotides are numbered starting at A of the presumptive translation initiation codon. (***) Termination codon. 
Nucleotides that dif~r  from those in [61 are indicated by single asterisks. Amino acids are numbered starting at Met-1. 
Arrows indicate the beginning of the divergent regions (D4) for B! and BII. The sequences of BII, dif~rent from BI, 

are shown separately aRer the BI sequences. 
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quences from the 5' -end to the nucleotide position 
at 2000 (fig. lb), suggesting that their mRNAs are 
derived from a single gene by an alternative splic- 
ing mechanism. As will be described below, H707 
and H106 are derived from mRNAs for PKC/3II  
and/3I ,  respectively. We have recently isolated a 
human gene for PKC/3I//3II where the 3 ' -port ions 
of  the mRNAs for PKC/3I and BII, corresponding 
to the D4 regions [2] and 3'-flanking sequences, 
comprise individual exons, clearly indicating that 
the mRNAs for PKC 13I and/3II are derived from 
a single gene on chromosome 16 [6] by alternate 
use of  their 3 '-exons (Kubo et al., in preparation). 

Although the nucleotide sequence of  H707 is dif- 
ferent in 7 positions from the previously described 
cDNA sequence for human PKC /3II [6] isolated 
from a brain cDNA library (see fig.lb), the dif- 
ferences are silent and the predicted amino acid se- 
quences are completely identical. Thus, H707, 
which comprises a 2019 bp open reading frame, 
corresponds to/3II.  

H 106 contains an open reading frame of  2013 bp 
with 135 hp 5 '-flanking and 417 by 3 '-flanking se- 
quences. (From the analysis of  a genomic clone 
containing the 3 ' -por t ion of/3II  PKC, a putative 
poly(A) site is located 80 bp downstream from the 
3 ' -end of  H106.) The open reading frame of  H106 
predicts a protein of  671 amino acid residues. The 

sequence shows 99°70 identity to PKC/51 from rab- 
bit [2] and rat [3], indicating that H106 encodes 
PKC/~I and that the primary sequence of  the pro- 
tein is highly conserved among mammalian species 
(fig.2). 

Isolation of  cDNA clones for PKC 13I and /3II 
from a spleen cDNA library confirms our previous 
observation that PKC/3I and/3II are expressed in 
spleen as well as in brain [2]. The presence of  the 
fourth type of  human PKC, PKC/3I, indicates that 
the presence of all four types of  PKC is a common 
feature in mammals. 

It is noteworthy that the sequence of  the C- 
terminal 50 or 52 amino acid residues of  PKC/3I 
and/3II  (D4 region), the region that contains the 
only differences between PKC /3I and /3II and in 
which the sequence diverged significantly among 
the four types of  PKC [2], is completely conserved 
among human, rabbit, and rat. This suggests that 
the primary structure of  each PKC type, including 
the D4 region, is essential to the individual func- 
tion of  each PKC type. Furthermore, comparison 
of  the 5 ' -  and 3'-untranslated sequences among 
human PKC /3I//3II cDNAs and those of other 
mammals reveal extensive conservation of  the se- 
quences in these regions. For example, between 
human and rabbit, the 5' -flanking region has more 
than 8907o homology, and the 3 '-region has 94.707o 

BI 

Human HADPAAGPPPSEGEESTVBFARKGAL~qQKNVHEVKNHI(FTARFFKQPTFCSHCTDF I WGFGKQ(~FQCQVCCFVVHKBCHEFVTFSCPGADRGPASBBPBSI(HRFK I HTYSRPTFCDHCGSLLYGL I HQGHKCBTCMMNVHRRCVMNVPSL 
Rabbit ....... Q .............................................................................................................................................. 

Bat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bov ine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Human CGTDHT~RG~IYIQAHI~R~VL~VLV~AKNLVP~PNGL~DPYVKLKL~P~P~KQ~T~TtKC~LNPEW~E~rFRF(~L~SD~PJ~V~IW~W~LTS~N~F~GsL~F~ELQKASVI~WF~LLSQEEGEYFNVPVPP~A~E~ 
R a b b i t  . . . . . . . . . . . . . . . . . . . .  E . . , . V  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G . . .  
Bat . . . . . . . . . . . . . . . . . . . .  B . . . . V  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G . . .  
Bov ine . . . . . . . . . . . . . . . . . .  E , E . . . . V  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G . . ,  

Human LRQ~FE~A~(~GT~VP~KTT~TV~FI)N~G~DRM~LTDFNFL~vLG~GSFG~VMLsE~GTDELYAVK~L~KD~V~QD~VECTM~KHVLALP~G~PP~LTQLH~C~QTM~LYFV~V~GGDLMYH~I~(~VG~AVFYAAE~ 
Rabbit .......... G,...T ........ I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Bat .......... G....A ..... A..I ............................................................................................. M ............................... 

Bovine .......... GP.P.T ........ I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Human M•LFFLQ•KGIIYRDLKLDNV•L•SEGH|KIADFGMC•ENIWDGVTTKTFCGTP•Y•AP•IIAYQ•YGK•VDWWAF•VLLY•MLA•QAPFE•ED•DELFQSIMEHNVAYPKSM•••AVAIC••L•TKHPGKRL•CGP••E•D•••HAFF 
R a b b i t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D . . . .  
Rat  
Bovi.o ••2•••222••2••2••2•••2••2•2•••2•••••2•22••2;•2••2•••••2••••••2•2••22••2••••2•••2•22••2•••••2•222••••2•••2••••••••22••••••••2•i22•••••2••••••••••••2••; 

r-~D4 
H u m a n  BYIDWEKLERKEIQPPYKPKABDKRDTSNFDKEFTRQPVELTPTDKLFIHNL~NEFAGFSYTNPEFVINV 
R a b b i t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Rat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bov ine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~ I I  [--~D4 
H u m a n  CGBNAENFDBFFTHHPPVLTPPDQEVIBNII~BEFEGFSFVNSEFLKPEVRS 
R a b b i t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R a t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B o v i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fig.2. Comparison of amino acid sequences of PKC/31 and/3II from various species. Only the amino acids different 
from those for human are shown. Only the D4 regions are shown for/3II sequences. Sequences for rabbit, rat, and 

bovine are from [2,3, 6], respectively. 
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a 
- 2 3 8  - 1 5 2  

H u m a n  CA 

R a b b i t  GCTGGGGCCAGCGGTCCCAACCGCACGTGGACTAGCGGCACGAGCTGGGCGAGTGACAGCCCCAGCTCCGCGCGC CGGCC C A C . .  

Rat CCTGGGTT~CATGCAAATGAAGGAGGAGGGGCTACCCTGGGGCTCCGCCTCCCT~CCCCGCAGCTGGGGCCAGCGGTGCCAAGCACAGCTGGACCAGCGGCAGCA~T~AGTGACA~CC AGCAACGCGCGCGCGGCCCCCGC.. 

- 7 1  - 1  

Human GAGCCGGCGC AGGGGAAGCGC CC GGGG CCCCGGGTG CAGCAGCGCCCGCCGCCTCCCGGGCCTCCCCGG CCCGCAGCCCGGGGTCCCGCGGCCCCGGGGCCGGCACCTCTCGGG CTCCGGC TCCCC GCGCGCAAG 
R a b b i t  . . . . . . . . . . . . . . . . . . . . . . . .  C . . . . . .  A . . C , G  . . . . . . . .  G . . . . .  T , . , , G + . C  . . . . . . . . . . . . . . . . . . . . .  C . . . . . . . .  C . . . . . . . . . . . . . . . . . . . . .  A . . . . . .  C .  G . . . . . . . . . . . . . .  

R a t  . . . . . . . . . .  GA . . . . .  C . . . . .  G G , , C T , C , , T  . . . . . . .  C , G  . . . . . . . .  G . . . . .  TAG . . . . .  C . . . . . . . . . .  G . T T A  . . . . . .  CC . . . . . . . .  C . . . . . . . . . . . .  C . . . . . . . . . . .  G . . . . C C . C A G  . . . . .  GC . . . . . . . . .  

B o v i n e  . . . .  G . . G . . C  . . . . . . . . . . . . . . . .  A . . . . . . . .  T . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

b 1 5 0  

H u m a n  TAGGTGAATGCAAACTCCATCGTTGAGCCTGGGGTGTAAGACTTCAAGCC AA GCGTATGTATCAATT•TAGTCTT••AGGATTCACGGTGCACATGCTGGCATTCAACATGTGGAAAGCTTGTCTTAGAGGCCTT T C  T T G T A T G T G  

R a b b i t  . . . . . . . . . . . .  C . . . . . . .  T . . . . . . . . . . . . . . . . . . . . . . . . .  G . . . . . .  T . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C . . . . . . . . .  T . . . . . . . . . . . . . . . . .  A , , . . G  . . . . . . . . . .  C C . . . G . . . C . . T  . . . . . . . . .  

H a t  . . . . . . . . . . . .  G . T  . . . . . . .  C . . . . . . . .  T . . . . . . .  G . . G . . G . . T G * * T . T C  . . . . . . . . . . . .  C . . . . . . . . . . . . . . . .  T . . . . .  C T C , , T  . . . . . .  C . G T  . . . . . . . .  G . . . . . . . . . . . . . . .  G . . . T . . T  . . . . . . . .  A 

3 0 0  

H u m a n  TAGCTTGCTAGTTTGTTTTCTACATTTGAAAATGTTTAGTTTAGAATAAGCGCATTATCCAATTATAGAGGTA CAATTTTCCAAACTTCCAGAAACTCATCAAATGAACAGACAATGTCAAAACT ACTGTGTCTGATACCAAAATGC 

R a b b i t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G . . . . . . . . . . . . . . . . .  GT . . . . . . . .  T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R a t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  C . . . . . . . . . . . . . . . . . . . . . .  T . . . . .  G C . . . C . G  . . . . . . . . . . . . . . . . . . .  G . . . . . . . . . . . . . . . . .  C . . . . . . .  C A . . , G  . . . . . . . . . .  TA . . . . . . . .  C . . . . . . . . . . . . .  

4 f i 0  
I 

H u m a n  TT•A G TA TTTG TA A TTTTTCAAGTCAGAAGCTGATGTTCCTGGTAAAAGTTTTTACAGTTATTCTATAATATCTTCTTTGAATGCTA AGCATGAGCGATATTTTTAAAAATTGTGAGTAAGCTT 

R a b b i t  . . . . . . . . . . . . . . . . . . .  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C . . . . . . .  C . . . . . . . . . . . . . . . . . . .  C T . G  . . . . . . . . . . .  G . . . . . . . . . . . . . .  TCCAGTTACTGTGAACTATTGT 

R a t  . . . . . . . . . . . . . . . . . . .  A . . . . . . . .  T . . . . . . . . . . . . . . .  C . . . . . . . . . . . . . . . .  C . . . C G  . . . . . . .  C . . . . . . . . . . . .  CCTA . . . . . . .  C . . G  . . . . . . . . . . .  G . . . . . . . . . . . . . .  TGCAGTTACTGTGAACTCTTGT 

Rabbit C T C T T G G A G G A C A T T T T T T G T T T A A G A A T T G A T A T G A T T A A A C T G A A T T A A A T A T A C C ( A ) n  

Rat G T G T T G G A G G A A A C T T T T T G T T T A A G A A T T G G T A T G A T T A A A C T G A A T T C A T A T A T G C i A ) n  

C 150 

Human TAAGTAGATGTGTAGATCTCcGTccTTCATTTCTGTCATTC~AGcTCAAcGGCTATTGTGGTGACA~TT^TG~Y[CATTGcCAAGTTGcATCCATGTT.~TTTCTGATGAGACT^GAGT~CAGTG~TCAG~C~T~C 

Rabbit ................ C ....... T ................ G ........................................ G...C ............ TG ..... C.GAA..G ...... C...CA .................... 

Bovine ....... C ......... T ..................................................... T ............ A ................. TG,..G ....... A ........... CA ........ G . . . . . . . . . . .  

Rat ......... C ...... C ................................. A ..... CA.. 

3OO 

H u m a n  C T C A G G T A G T T T  G G A G C A T C T C T A T G A G A T G G G A T T A T G C A G A T G G C C T A T G G A A A A T G C A G O T C - C A T A A T T A A C A C A T T A T C A A A G  T C C T C T T A C A A T T T A T T T T C C G C A G C A T G T C A G C T A A G T A G A C C C A A T G G G G A G A G A A A A T  

R a b b i t  , . . C A  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G . . . . G C C  . . . .  C C . . . T  . . . . . . . . . . .  G . G . . G  . . . .  G G . . T  . . . . . .  C T . G G  . . . . . .  C . . . C  . . . . . . .  C . C  . . . . . .  G . A . T , . . G C  . . . . . . . . . . . . .  

B o v i n e  . . . . . . . . . . . .  T . . . . . . . . . . .  G . . . . . . . . . . . . . . . . . . . . . . .  A . G , T . , C * * * . T G  . . . . . . . . . . . .  G . . . . . . . . . . . . . . . . .  T G . . C C  . . . . . . . . . . .  C . . . . . . . . . . . .  G . T  . . . . .  T . . . G C  . . . . .  C * * . . C . .  

4 5 0  
I 

H u m a n  C C C T G C T T T C T T T C C C T C T T T T T C T G C A  C T G C C A T A T T C  ACCCCCAACCATC CAA T C T G T G G A T A A T T G G A T G T T A G C G G T A C T C T T C C A C T T C C G G T C C T G G A G C T T G G C T T G  

R a b b i t  . . . . . . . . . . .  C . . . . . . .  C .  G .  A A ,  C G . , ,  T T T C .  C C , T T  . . . .  T G .  C ,  A T , .  G A T C T A G A C T C T C T C C A  * * * A A . G G . , . . C . , . , C  . . . . .  C . . . . A A . . . C  . . . . . . . . . . .  A , G  . . . . . . . . . . . . . . .  A 

B o v i n e  . . . . . . . . . . .  CC . . . . .  G ,  , C  . . . . . . . . . . . .  T C , ,  A T C C C T T T T C C ,  A , G  . . . . . . . . .  C A A T C T A G A T T T T T T T T C C T G C . . . A C A A  . . . . . . . . .  C . . . . .  C . . . . A . . . T . . . C . . G  . . . . .  A . . . . . . . . . . . . . . . . . .  

6 0 0  

H u m a n  T A T C C A A G T G T A T G G T T G C T T T  G C C T A A G A G G A A T C C C T C T A T T T C A C C T G T T C T G G A G G C A C C A G A C C  T T G A A A A G A A C A T G C T C A A A A T A A A A T G T T A T C T G T T A T T T T T G T  AAACTCAAAG T T A A G A T G A  TCAA 

R a b b i t  . G  . . . . .  A . A . . C  . . . . . . . . . . .  T . . G C A G  . . . . . . . . . .  C . . . C T G . . C . C  . . . . . .  A . . . G T G . . G .  T . . . C  . . . . . . . .  C . . . A  . . . . . .  C . . . T . . G  . . A . . T  . . . . .  T . . . . . . . . . . . . .  G , . . A . , C T A . T T ,  

B o v i n e  . . . . . . . . .  AG . . . . . . . . . . .  G C . T . . G . G  . . . . .  T T . . . . C . . . C T T . . . . G . T  . . . . . . .  C . . . . G A G C T T T G G . G . . . A  . . . . . . . .  A . . . . . . . . . .  T , . . , T . . . . T  . . . . .  T . T T T T  . . . . . . . .  AA . . . . . .  A . . T T A . T T .  

7 5 0  

H u m a n  AG TTCTA A A A  T T C C A A G A A T G T G C T T T T A G A C G G T C T C A A T C T A A A A G C A C T T C A A G G G G T C A A A G G G C A A C C A G C T T G G  T G C T A C C T C A G T G T  T G T A G T T T C T G A T A C T T T A T G T C T T T G C T C A C C C T  CATCCCCAAACTAC 

R a b b i t  . . T C C . . , G * * . . A . C T T + * * * G C A . , T  . . . . . . .  T A . . T  . . . . . . . . . .  A . . . . . .  G . . . A  . . . . . .  AT . . . . . . .  C G C C . T  C A T . T . T G A  . . . . .  A . . . C A C  . C G  . . . . . . .  T T G  . . . . . . . .  T A . .  

B o v i n e  + , T C C . . T  . . . . . . . . . . . . .  G . . . . . . . . . . . . .  A . . T  . . . . . . . . .  GG . . . . . . .  C . . . A . . . . T . A  . . . . . . . . . . . . . .  G . . . . . . . .  T . A . , C  . . . .  A . . . . . .  G . T . C C . G . . * * C C C C G A T C A . . . T  . . . . . . . . . . . . . .  

9 0 0  
I 

H u m a n  T T G A A A A G G G ~ A T T T G G C A C C A C T C T ~ T G A A A ~ A A C A ~ A G T c A C T C T A G C A A ~ C A A A G G G C ~ C T G G T T T T A ~ A T T A ~ A T T T C A A A C T T T A T T T G C T T T G G G G T T T T G T T T c T G T T G T T G T T ~ A A A T G C A A A A A A A A G A A A A A A A A  

R a b b i t  . , . G  . . . . . . . . . . . . . . . . . . . . .  C . . . . .  C . . . . .  T G * * . G  . . . . . . . . . .  A . . . . . . . . . .  C T G T G A T  . . . . . .  G . . . . . . . . . . . . .  A . G  . . . . . . . . . . . . . . . . .  A . . . . . . . . . .  C . . . . C  . . . . . . . . . . . .  G A . . . . C . . .  

B o v i n e  . . . . .  C . . . . . . . . . . .  A C T A . . . . C  . . . . . .  A G . . . T G  . . . . . .  T . . . . . .  A . T  . . . . . . . . . . .  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A . . . . . . . . . . . . . . . . . . . . . . . . . .  

I050 

Human AAGAAAAAAAAA GGTGACTCACATTGTTACA~ATGcTTTAAAATATGTGTTcAAATGTTATTAACCACAATGACGAc~TGTTTTGATTTAAccAAGAAGACGGCTGcGGAGCCTAGCAGA~TCAGGCCTGTGGGAATGGGATTTGTTA 

Rabbit ..CT .... C...AA...T ...... T ........ T ............. CA...C.,GT...,GCC ....... T... T...C .......... GTGG ...... A....T,..TCC ...... CA.C ......... G ........... 

1200 

Human CAAATCTAGGTTTGTTACTGGCTTCAGAAAGCTAATTAAGT~"TCTGAAAAAGACACCGTTTCTTGAAACAAAGAT GGTTGTATTCCTCACTTTGATGTTGTTTTGCAAGATGTTTGTGGAAATGTTCATTTGTATCTGGATCTCTGTT 

Rabbit ........ A.CG.A ..... TG .............. GA ...... G..C ...... A ................ CA.AAA.AGAA ................................ A,.T ..................... A ...... 

H u m a n  A T G T G C C A T T T T T C T T C T A G C A T C G A G  

R a b b  I t . . . . . . . .  ~ . . . . . . . . . . . . . . . . .  G .  AT CAAATTTAAAAAAAAAA AAAAAAAAAAA 

Fig.3. Comparison of the nucleotide sequences of  the 5' (a)- and 3' (b and c)-flanking sequences among cDNAs for 
PKC flI and fllI. Only nucleotides different from those for human are shown. Gaps are introduced to maximize the 

homology. Sequences for rabbit, rat, and bovine are from [2,3, 6], respectively. 
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and 73.3% homology for/3I and/3II,  respectively 
(fig.3). This suggests that the untranslated se- 
quences of  these PKC mRNAs might play impor- 
tant roles in translational activity, stability, or 
other functions specific to these mRNAs. 
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