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It is observed that a putative DNA binding domain in nuclear factor I 
(NF I) which is a eukaryotic sequence-specific DNA binding protein 
participating in both regulation of DNA replication and transcription 
displays sequence homology with catalytic domains in various protein ki- 
nases. In addition, hydropathy analysis reveals that the Np I poly- 
peptide chain is likely to fold into similar secondary and tertiary 
structures to those of the protein kinases. Although it is not known 
whether NF I functions as a protein kinase in addition to recognizing a 
specific sequence on DNA, it is concluded that some of the eukaryotic 
DNA binding proteins and protein kinases may belong to a gene family, 
various members of which are evolutionarily related and responsible for 
the regulation of metabolism in diverse compartments of the cell. The 
present finding also suggests that a number of kinases may to varying 
extents be capable of direct interaction with DNA. 0 1989 Academic Press. Inc. 

Nuclear factor I (NF I) is a eukaryotic sequence-specific DNA binding 

protein that preferentially recognizes the 5'-TTGGCAnnnTGCCAA-3' motif 

displaying a perfect dyad of symmetry (1 - 3). The protein participates 

both in regulation of DNA replication and transcription of a number of 

host cell and viral genes (4, 5). Both synthetic oligonucleotides and 

point mutagenesis to a putative consensus sequence have been used to 

reveal the recognition sequence. Several reports have recently been 

published on the purification of proteins that bind to this motif (6, 

7), and it is evident that, in addition to NF I, histone Hl binds to the 

same motif or a similar one (8). 

Three reports have recently been published on the cloning and se- 

quencing of cDNAs (9, 10) or the gene of NF I (ll), and on amino acid 

sequences deduced from these experiments. The protein contains maximally 

about 500 amino acids, but shorter forms are encountered due to differ- 
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ential splicing of primary transcripts. The areas conserved in the 

different subtypes comprise a basic aminoterminal domain of about 240 

residues, thought to be responsible for binding to the specific sequence 

on DNA, an acidic domain in the middle and a proline-rich carboxy- 

terminal domain. 

The primary structure of the putative DNA binding domain in NF I is 

here compared with sequences in a genetic data bank and homology is ob- 

served with catalytic domains in various protein kinases, thus suggest- 

ing a common evolutionary origin for the two entities. 

MATERIALS AND METHODS 

The computer programs described by Pustell and Kafatos (12 - 14) were 
used for DNA and protein sequence analysis, and the GeneBankR Genetic 
Sequence Data Bank to search for various sequences. 

RESULTS AND DISCUSSION 

The primary structures of rat, porcine and human NF I were compared 

with those of a number of protein kinases. Interestingly, dot matrix 

analysis demonstrated considerable homology between the putative DNA 

binding domain in NF I, covering 240 amino acid residues from the amino 

terminus, and catalytic domains for ATP hydrolysis in the catalytic 

subunit of protein kinase A (cPKA-a), protein kinase G (cPKG) and casein 

kinase (CKIIa), for example (Fig. 1). When the corresponding sequences 

were aligned it was observed that major variations between NF I and the 

protein kinases take place in areas which are variable even between 

different kinases. Another short area of homology was observed in the 

carboxyterminal part of NF I, but the two areas formed a continuous 

stretch in the kinases. 

The protein kinases comprise a large family of eukaryotic regulatory 

proteins (15) catalyzing transfer of the terminal phosphate from ATP to 

an acceptor amino acid residue in a polypeptide chain. This covalent 

modification subsequently serves many regulatory functions. The cata- 
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LG*G**G*V 
60-K~KWAS~L~~ILRK-D~RPEC~EDFVLAI 
41-GpFERKKTggTGSFGR$MLVKMKATEQ-Y 

356-S@FNIIDT8$VGGFGR;#ELVQLKSEESKT 
336-T$jFNFLMV$d&GSFGK%MLADMKGTEE-L 

34-DDYQLVRK$#~GKYSE@FEAINITTTE-K 

A*K*L E 
T$K%APGCV-DStiPDQKGfMRR$DC-LRQ:A---D 
Y~M'~ILDKQK~~VKLK~IE~TL-N~KR~L.~~V-NFP 
F~~M~ILKKRHgV~TRtiQE~I~-~~KQ~M~~A-HSD 
YfIKILKKDVyI@DD$jVECTM-y.RKRVLALLDKPP 
CVVgILKPVKKKKI-KREI-kI$'KNLRGG;+N-IIT 

L . . . 
K1WqqDLVMV-TiFKC~PEE~~~~~~~~~~~~~GH 
F$~RDEYAFKDN~NLY$V~~PYVPGGE'&FSHLRRIG 
F~V~~~~RTFKDSK~L~~L'~~A~L~GE~~TILRDRG 
F$TQ~HSCFQTVDRLYFV'N~YV@GDLMYHIQQVG . . 
LgAvVKDPvs--RTPA$Ir,RHVNNTDFKQYQTDY 

YL YRDL***N 
PVLCVQPkHIGVAVKELDL$ti-AYFVRERD--.AF.jQ ,. ., 
RFSEPH~aFYAAQ~VLTFE~~H~LD~IY~~LK~~~~ 
SFEDST$RFYfAC~VEAFA~$H:$KGIIYRDLKPEN 
KFKEPQ:AVFYAAE~SIGLFFLHKRGIIYRDLKLD,N ,.] . . ---- EIRYYLFELGKALD-YCHSMG%MH&tiVKgHN 

DFG 
SGSPRTG~~SDQEDSKPFTLDTTDFQES--F;$TSGV 
------ L&I@H)$GYIQ$$----@*GF~$K-R&--KG 
------ L~LDHRGYAK~V----$+GF&K-K~GFGK 
----- -~~L~~~GHIK~&----~&GM~KEH~MDGv 
----- -V~~IDH~NRKLRLI---@UGL+R-FYH~?$Q 

****G 

PAgT$gRRTLP - 121 residues - 
WW:$LB%LIYEM 
YWTfL~,~LMYEL 
WW'#YggLLYEM 
MWSLGCMLASM 

Fi$JAlignment of the primary structures of human nuclear factor I (NF 
the catalytic subunit of human protein kinase A (cPKA-61, human 

pr&ein kinase G (cPKG), human protein kinase C (cPKC-a) and Drosophila 
casein kinase II (CKIIa). The single letter codes for amino acids are 
used, and gaps are introduced for maximal alignment. The hatched resid- 
ues display homology or conservative displacements in that position in 
at least three of the five polypeptide chains when compared with the NF 
I chain, the residues being grouped (V, I, M, L), (G, P, A, S, T), (E, 
D, N, Q), (F, Y, W) and (K, R, Ii). The residues above the five sequences 
compared denote those generally conserved in protein kinases, and the 
overlined area depicts a putative helix-turn-helix structure, as de- 
scribed in the legend to Fig. 3. A star denotes any amino acid. 
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lytic sites of all the protein kinases characterized so far from yeast 

to human display reasonable amino acid homology, and this 200 amino acid 

structure may therefore be considered indispensable for kinase activity. 

In addition, a number of the kinases contain regulatory ligand binding 

domains, such as those for CAMP, cGMP, diacylglycerol and Ca 2+, located 

in the aminoterminal parts of the molecules. In some cases the regulat- 

ory regions may be encoded by separate genes, including the regulatory 

subunits for PKA (rPKA) (16, 17). These are obviously evolutionarily 

related to the protein kinases but have diverged to perform only one of 

the several functions of the whole peptide. 

Hydropathy analysis of the polypeptide chains of various kinases and 

NF I revealed considerable conservation of hydrophilic and hydrophobic 

areas, thus suggesting similar folding properties (Fig. 2). There are no 

conserved cysteines in the catalytic domains of the protein kinases, and 

therefore no conservation can be expected between the kinases and NF I. 

The positions of residues capable of forming reverse turns, prolines 

and glycines, displayed conservation, however, thus suggesting similar 

helical structures for NF I and the catalytic domains of the protein 

kinases. 

Although several reports exist on the purification of NF I, it is not 

known whether it functions as a protein kinase. We have recently demon- 

strated that a protein preparation isolated from rat liver by DNA recog- 

nition site affinity chromatography using the NF I consensus sequence as 

the ligand contains a protein kinase, but it is the other protein, 

histone Hl, recognizing the same motif as NF I, that seems to be re- 

sponsible for the activity (18). At the moment, therefore, only the 

capability of NF I for sequence-specific binding to DNA is indisputable, 

having been demonstrated by virtue of a fusion protein produced in 

bacteria (10). 

The finding that the DNA binding domain of a regulatory DNA binding 

protein displays homology with the catalytic domains in protein kinases 
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Hydropathy Fig.2 analysis of the homologous region in human NF I and 
Drosophila CKIIa. Most hydrophobic areas rank positive. 
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raises interesting questions. Firstly, what is the evolutionary rela- 

tionship between the DNA binding proteins and protein kinases, and se- 

condly, are some of the protein kinases capable of sequence-specific 

binding to DNA? Several lines of evidence, covering organisms from 

bacteria to human beings, already exist suggesting that all these pro- 

teins may belong to a large gene family, members of which have evolved 

from a primordial DNA binding protein inducible by an exogenous ligand, 

and that they may variably either recognize a DNA sequence, function as 

a protein kinase or be capable of both functions. 

The a-carbon backbone of ~1 has previously been demonstrated crys- 

tallographically to be superimposable on the DNA binding domain in 
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Alignment Fig.3 of a region in NF I with helix-turn-helix domains in 
chicken histone H1.O1 and a number of prokaryotic DNA binding proteins. 
The hatched residues display homology or conservative displacements. The 
deduced consensus amino acid sequence for the helix-turn-helix 
structures, as suggested previously (21), is shown above the eight 
sequences. 

bacterial CAMP receptor protein (CRP) containing a helix-turn-helix 

structure (20) The primary structures of the putative DNA binding domain 

in NF I and the globular domain in Hl (191, were here compared with the 

helix-turn-helix structures in a number of bacterial DNA binding pro- 

teins (21) (Fig. 3). Consequently, putative domains were identified in 

NF I and Hl that may be responsible for the sequence-specific inter- 

action in the major groove of the DNA secondary structure. The corres- 

ponding region displays conservation even in the protein kinases, thus 

confirming its functional importance (Fig. 1). 

If the DNA binding domains and the catalytic domains of the kinases 

are related, the former must have appeared prior to the latter during 

evolution, since no kinase so far has been characterized in prokaryotes. 

However, in the light of the observation that CRP and cPKA display amino 

acid homology (22), together with the observations that both NF I and Hl 

bind to the 5'-TTGGCAnnnTGCCAA-3' motif on DNA and that the three- 

dimensional structures of the globular domain in Hl and the DNA binding 

domain in CRP are similar, it can be deduced indirectly that CRP may 

belong to the same gene family while being capable only of sequence- 

specific binding to DNA. The fact that CRP contains a CAMP binding 

domain in the aminoterminal part of the molecule in the same position 

where a number of the eukaryotic kinases contain a ligand binding domain 

(23, 24) (Fig. 4), lends further support to the hypothesis of a common 

origin for NF I, Hl, CRP and the protein kinases. 
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pig.Q A schematic representation of the homologous areas in NP I, Hl, 
CRP and various protein kinases. The black areas in the kinases denote 
the catalytic domains and that in NF I the homologous region, as depict- 
ed in Pig. 1. The black areas in Hl and CRP denote the helix-turn-helix 
structure responsible for DNA recognition and its relationship to the 
catalytic domain in the kinases. The striated areas in the various 
proteins denote ligand binding domains. rPKAI1, the regulatory subunit 
of protein kinase A. 

The question of the extent to which various protein kinases are 

capable of direct interaction with DNA remains to be answered, but 

several hints of such a capability already exist. A CAMP responsive 

element binding protein (CREB) has been purified (25, 26), but it is 

different from cPKA (27). However, the present sequence comparisons and 

some pieces of experimental evidence suggest that cPKA may bind to a 

specific sequence on DNA (28) and thereby at least partly elicit the 

effects of CAMP on responsive genes. 

Protein kinases are ubiquitous in all cell types from yeasts to 

higher organisms, participating in regulatory functions in diverse com- 

partments of the cell. Several kinases have been characterized which, 

after completion of their synthesis, will be primarily located in the 

nucleus and function there, while others will be directed by hydrophobic 

signals to the cell membrane or stay in the cytoplasm. On the basis of 

the present data we suggest that a number of prokaryotic and eukaryotic 
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DNA binding regulatory proteins and these eukaryotic protein kinases 

belong to the same large gene family of regulatory proteins, which have 

evolved from a primordial gene for a DNA binding protein, and that their 

two functions may in many cases be inseparable. 
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