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Abstract 

Carp mitogen-activated protein kinase kinase 1 (cMKKI) gene was isolated from a liver genomic library. The sequence around the 
exon-intron boundaries and 2 kb of the promoter region were determined. Our data indicate that this gene is composed of 11 exons and 10 
introns spanning about 9 kb. Multiple potential transcription initiation sites were located by primer extension analysis. Examination of 2 
kb of 5'-flanking sequence revealed potential binding sites for a variety of transcription factors such as E2F, Ets-1, GATA-1, Myb, 
NF-IL6, Spl, and NF-kB. 
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Mitogen-activated protein (MAP) kinases, also known 
as extracellular signal-regulated kinases (ERKs), are a 
family of serine/threonme kinases that mediate intra- 
cellular protein phosphorylation events. They have been 
shown to participate in a variety of signal transduction 
pathways and are rapidly activated in response to various 
extracellular stimuli [1-4]. Several subgroups of MAP 
kinase have been identified in vertebrates including the 
ERK1 and ERK2 [5,6], c-jun amino-terminal kinase (JNK) 
[7,8], p38 [9-11], and ERK5 [12]. 

The activation of MAP kinase is triggered by an up- 
stream activator, called MAP kinase kinase (MKK) or 
M A P K / E R K  kinase (MEK) [13]. MEK is a dual speci- 
ficity kinase that phosphorylates MAP kinase on both 
tyrosine and threonine re:ddues [14,15], whereas it is acti- 
vated and phosphorylated by a further upstream activator 
on its serine/threonine residues [16]. Recently, there are 
also a growing number of MEKs [12,17,18]. Specific 
MEKs have been shown to phosphorylate specific MAP 
kinases in a given pathway. For example, MEK1 and 
MEK2 phosphorylate ERK1 and ERK2 in the cellular 
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processes such as proliferation, differentiation, and devel- 
opment [4,13]. MEK3 and p38 are involved in the cytokine 
response [18,19], whereas MEK4 and JNK are shown to 
participate in the stress response [18]. More recently, MEK5 
and ERK5 have been identified to constitute a new signal 
transduction pathway [12]. 

As an initial step to study signal transduction in fish, we 
have cloned a full-length cDNA encoding the carp MAP 
kinase kinase 1 (cMKKI) [20]. In this study, we further 
determined the genomic structure and the promoter region 
of this gene. 

A commercially available carp liver lambda FIX II 
genomic library (Stratagene, La Jolla, CA, USA) was 
screened using the carp cDNA coding for MKK1 [20] as a 
probe. The probe was labeled using a DIG DNA Labeling 
Kit (Boehringer Mannheim, Mannheim, Germany). Two 
genomic clones (M1 and M2) were isolated from the 
library. As shown in Fig. 1, the carp MKK1 gene spanned 
about 9 kb and was composed of 11 exons and 10 introns. 
The sequence around the exon-intron boundaries was de- 
termined and shown in Table 1. All exon/intron bound- 
aries identified conformed to the G T / A G  splice 
donor/acceptor rule [23]. Some exons were relatively 
small (46 bp to 78 bp), whereas the first and the last exons 
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Fig. 1. Physical map of the carp MKK1 gene. (A) The structure of the gene is represented with regard to the organization of the exons and introns. Exons 
are indicated to scale by boxes 1-11. Solid boxes indicate the carp MKK1 coding region, whereas open boxes represent the 5'- and 3'-untranslated region. 
Introns and the 5'- and 3'-flanking regions regions are indicated by the solid lines. The entire gene spans about 9 kb in length and contains 11 exons. (B) 
The restriction map shows cleavage sites for endonucleases BgllI (B), EcoRI (E), HindlII (H), PstI (P), SacI (S), XbaI (X), and XhoI (Xh). (C) The two 
overlapping phage clones, M1, and M2, isolated from a Lambda FIX II carp genomic library, are shown to scale. 

were large (341 bp and 612 bp). The size of introns varied 
considerably, ranging from 83 bp (intron 3) to 1.4 kb 
(intron 9). The first exon contained the Y-untranslated 
region and the first 28 amino acids and the last exon 
contained the last 36 amino acids plus the 3'-untranslated 
region. The other 9 exons (exon 2 to exon 10) encoded the 
kinase catalytic domain. 

To identify sequence elements that might be involved in 
the transcriptional regulation of the carp MKK1 gene, the 
nucleotide sequence of 2 kb of the 5'-upstream region of 
the MKK1 gene relative to the ATG translation start codon 
was determined and shown in Fig. 2. Computer analysis of 
the sequence revealed numerous potential binding sites for 

transcription factors. One TATA box [21] and a CCAAT 
motif  [22] was observed at the position of  nucleotides 
- 7 5 3  to - 7 4 8  and - 1331 to - 1327, respectively. How- 
ever, these elements were located too far upstream from 
the transcription initiation site. Two putative binding sites 
for E2F [23] were found at the position of  nucleotides 
- 607 to - 599 and - 364 to - 356. Another potential 
binding site for NF-IL6 [24] was also observed at the 
position of  nucleotides - 1 4 4 4  to - 1 4 3 6 .  It has been 
shown that genes containing the NF-IL6 binding site are 
induced during inflammation [25]. Two proto-oncogene 
products Ets [26] and Myb [27] binding sites were also 
found at the position of  nucleotides - 1230 to - 1225, and 

Table 1 
Exon-intron sizes and junction sequences of the carp MKK1 gene 

Exon Exon size 3'end of 5'end of Approximate 3'end of 5'end of 
number (bp) the exon the intron size (bp) the intron the exon 

1 341 GCA GCA TCA GA gtacgtatagagtt 84 ttccctgtctttag 
A A S E  

2 211 ATG GCC AGG AAG gtaagcgatcgacg 93 tgtattttccccag 
M A R K  

3 147 ATG GAC CAC ATG gtggggccagtggt 83 tgtatttgtcgcag 
M E H M  

4 78 GTT AGC ATA GCT gtaagtattatcaa 1200 ctctctttccacag 
V S I A  

5 52 ATG CAC AGA G gtacactcagagca 1160 aataatgcacagag 
M H R D  

6 125 TCG TAC ATG TCG gtgagtcacccacc ! 94 ctctgccttgacag 
S Y M S  

7 214 CCA GTT AGC G gtaagaacttgtta 120 ttgttttcccccag 
P V S G  

8 65 ATT GTC AAT GAG gtcagagaatttgc 131 tctacatcctgcag 
I V N E  

9 62 GTG ATG AAA TG gtgagctcctgttt 1400 gtgttttttcacag 
V M K C  

10 46 AAG ATG CTA ATG gtacgtacctttcc 380 atgttaatttacag 
K M L M  

11 612 AAAATGGATAGCTTGGTTCAAAGGCAAACATTTAATTGAGAATCAACTGGCGTTGCATCAAG 
(the end of the cDNA) 

G GCC AAC CTG 
A N L  
CTC ATT CAT 
L I H  
GAT GGA GGC 
D G G  
GTA CTC AGA 
V L R  
AC G'IT AAG CCC 
V K P  
CCG GAG AGA 
P E R  
GA CAC GGA ATG 
H G M  
CCA CCA CCC 
P P P  
C CT ATG AAG 
L M K  
GGC CAC ACG 
G H T  
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- 1289 to - 1284 and - 1676 to - 1671, respectively. A 
site for NF-kB [28], a ubiquitous gene activator that is 
induced in response to various extracellular signals, was 
observed at the position of nucleotides - 1851 to - 1842. 
NF-kB has been shown to involve the physical interaction 
of Spl [29] which was ~Llso found at the position of 
nucleotides - 1 2 7 6  to - 1 2 7 1 .  In addition, a consensus 
GATA-1 [30] binding sequence was observed at the posi- 
tion of nucleotides - 1523 to - 1518. 

The transcription initiation site of the carp MKK1 gene 
was determined by primer extension of the 5' ends of the 
carp ovary poly (A) + RNA. Four major extended products 
were revealed (Fig. 3). The exact position of the extended 
products was determined by aligning the sequencing ladder 
obtained with the same primer. The bands A, B, C, and D 

G A T C  1 2  

__~_ ~ - -  D ( - 4 0 6 )  

. . / C  ( - 3 9 0 )  
- -  B ( - 3 8 9 )  

~ - - ~ A  ( - 3 8 8 )  

-1980 ATCACTGTACTAAGCTTACTAGTGGTAATTTAAAAGGTGTTTTTTTTTTTTTTTTCTTCT 

-1920 CCATCATCCTTTTTTCAACTAATCCTGAATTCTAACTTGAATACTCAGTACTGTATCCTA 
NF-kI3 

-1860 TCTGTGGCTGGGAATTTCTCAAAATAAGAATACCACCATGAAGGGTTAAATTACTTGTAA 

-1800 TCTTAGGTTTATCTTTGAGTCGGC%TGGTCTTCCATCTTCTCTTCATGACAGCCCAATTT 
M~,b 

-1740 TTTCCCCCCCTTTTCTTTATAATTTGAAAGCGTAAACAGTGCTGCAGTTGACAGTTTCAC 

-1680 ATAATAAGCCCTTAAAGTAGTATGTTCCCCTAAACTTGACCACACTTTTGTGATTTTTCA 

-1620 CATTTAAGGTAAGGAACTTCTTA/t%TAGACTTCCATCTTTAGACACCTAGAATGATCTAT 
GATA-I 

-1560 TAGATGTGGATAAAATGTACATTT,3CTTACAATGAAAAGATAAATGGATAGTGATTGACG 
NF-IL6 

-1500 ACTATATATTTCCAGCTCAGAGGTGAAGCCAGGTGAGGTTGAAGTGGGGTTTTTTTTTTG 

-1440 GGAATGGAGGCATCCCCTCTTAATACAGTGCTTAAGACAGCATGGGCAGTGGCTTGCAGT 
CCAAT 

-1380 TCTTGATGTAAATGTTTTGTTTGTGTCTTTTATATGTTCATATTAAAAGCCAATAAAAAT 
Myb Spl 

-1320 AATAATATTTTATCAAGTTTTGAArTGCATCCAGTTGCTCCAGTGGGCGGGCACAGATTC 
Ets-i 

-1260 ATTGTTATTGGCTACTCTCAACCCrTCTTGAGGAAAATGTAAATTGGTGACCTAAAGTGG 

-1200 GATTTGACAACAGGAGCGAACCAGYTGTCCCTGTCTGAACTGAAATCGAACTGTAAAAGC 

-1140 TCTAACACCTGTCAATTATGTGTG~AATTAAACTGATTTAAAATAAATGTCTTTCCAGTG 

-1080 ATTTTTAAATCTTGGATTTAACGCCATTGATTGCTTAAAGAATATACTTCTATACACGTA 

-1020 TTCCTTAGAAATGTACAATAACAT~TTTTTTTTCCAGGACAGCATACCATTACTAGAGTT 

960 AATTTTACTACAATAAAACTGGTTACAAGTACATAAAAAGTACTGATGATTTATTTACTT 

900 TGACACCAACCACATTAGTGCACG~AGGTATTTGCGTGGGGTAAAAAACTAAACAAACAA 

840 CAAAATTAAACCGTTTTGCTCCTTTTTGTTAAAGATGGTAACGAATTATCACTAAGTTAC 
TATA-box 

780 CTTTACTCATATGTATATTTTACTGTTTATAAATATATATATATATACGGTTATTTGTCA 

720 ACTGCACAACTTATCAGGGTTTACTGACTGCAGAAAATTAATAGTACGTATCATATTACA 
E2F 

660 ATAAATATGACATGATGTGCTAAAATATTTCAGAAAATTGTATTCTTACGTTTTTTTGGC 

600 GGCGACTTCCTTGTGACAGATCTTTAAATGTGACCGTTACTTCGTTCACCGCTAGATGCC 

540 GTTCATATTCAAATCATCACTCATCCTTTTGTCAAAGCTCGCGATAACTCGAGCGTCCTG 

480 GCGACAGTTCTCGCGAGAGCTTGGGAACGCTTCCTCTTGGTTGGATAGCGCTTCCTGGCC 

E2P 
360 CGCGGGTCTCCGGGCCAAACAATTTCGGACAGCATCTCGCGGTCGGTCCTGTGGCTGCGA 

V 
300 ACGACAGGCCTGACCCGTGTTTTGTCTGAGGGAGCGCTCTCGAGTCGGAGGCCGTCTCGA 

240 AGAGACATCCACGGATGAACGCGCTGAAATAAACCGCATTTCTCGCACGTTTGCACTCGC 

180 TCTTTCCACCTGACACCTAACTATTATTTGGTACAGCGTCTGGAGGCATGACGGGGTGTT 

120 GAAATTAGGGGCTTACGAATCGCAGAAACTTCTATAGACACAAGTGTAGCAATTTGAAGG 

60 ATTGAATGTCAGCAGAGTCAACC~GATTGTTCTCTTTGAAATAGATAACAAGCAACTAT___GG 

Fig. 2. Nucleotide sequence of the 5'-flanking region of the carp MKK1 
gene. The nucleotide number ( - -  1) stag at the G of the putative ATG 
codon [20]. Potential binding sites for a variety of transcription factors are 
underlined. The 28-mer antisense oligonucleotide used for primer exten- 
sion analysis is also underlined. Candidate transcription stag sites by 
primer extension (see Fig. 3) are indicated by bent arrows. The stag of 
the carp MKK1 cDNA clone MKK30 [20] is marked by open triangle at 
position - 262. 

Fig. 3. Determination of the transcription initiation site of the carp MKK1 
gene. [32P]-labeled primer (see Fig. 2) was annealed to 10 /.zg yeast 
tRNA (lane 1, as a negative control) or 5 /xg poly (A) + RNA from carp 
ovary (lane 2) and extended with reverse transcriptase. The sequencing 
ladder of the carp MKKI gene labeled G, A, T and C was obtained by 
using the same primer and electrophoresed on the same gel. The extended 
products A - D  and their positions relative to the initiator ATG codon are 
indicated. 

corresponded to the sites at - 3 8 8 ,  - 3 8 9 ,  - 3 9 0 ,  and 
- 4 0 6 ,  respectively, relative to the initiator methionine 
codon (Fig. 2). 

The significance of the presence of some transcription 
factor binding motifs in the putative promoter region are 
discussed as follows. The transcription factor E2F plays an 
important role in regulating genes involved in cell cycle 
control. E2F binding sites are found in the promoter region 
of human cdc2 gene [31], human cyclin D1 gene [32], and 
human cyclin A gene [33]. In this study, we demonstrated 
that E2F binding sites are present in the 5' flanking region 
of the carp MKK1 gene. The involvement of E2F regula- 
tory elements in regulating carp MKK1 promoter activity 
is currently being investigated. 

GATA-1 is an abundant protein in cells of  the erythroid 
lineage and its binding sites are found in the promoters of  
many hematopoietic-specific genes [30]. Recent evidence 
reveals that GATA-1 can activate transcription in a syner- 
gistic manner with Sp 1. In addition, the spacing of GATA-1 
and Spl elements markedly influences synergistic activa- 
tion of transcription. When both binding sites are well 
separated (about 300 bp) and GATA-1 and Spl are coex- 
pressed, maximal transcription is achieved [34]. It is inter- 
esting to notice that there are also two potential binding 
sites for GATA-1 and Spl (separated about 250 bp) in the 
5' upstream region of the carp MKK1 gene. Further inves- 
tigation is required to test whether such a superactivation 
of GATA-1 with Spl may occur in the fish cell line. 

The Ets superfamily is a structural class of trans-acting 
phosphoproteins which have important roles in the control 
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of growth and development [26]. c-Ets-1 has a consensus 
MAP kinase phosphorylation site (PLL 82 TP) and its tran- 
scriptional activity might be modulated by the Ras/MAPK 
pathway [35]. In fact, the activation of M K K / M E K  leads 
to dual phosphorylation of MAP kinase and this activated 
MAP kinase in turn may modulate the activity of Ets- 1. At 
present, the significance of potential Ets-1 binding site in 
the carp MKK1 gene transcription needs further investiga- 
tion. 

In conclusion, we have isolated and characterized the 
carp MKK1 gene. This gene is composed of 11 exons and 
10 introns spanning about 9 kb. In addition, the putative 
promoter region of the carp MKK1 gene has several 
potential binding sites for transcription factors which are 
implicated in the control of cell cycle and proliferation. To 
our knowledge, this is the first report to characterize the 
genomic structure of the MKK/MEK gene. 

This research was supported by grants from the Na- 
tional Science Council and from the Health Administra- 
tion, Taiwan, Republic of China. 
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