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Abstract

NEMO is an essential component of the IxB kinase com-
plex. Others have shown that expression of mouse
NEMO can complement the lack of responsiveness to
NF-xB stimuli in two NEMO-deficient cell lines. Here we
report the isolation of a full-length human NEMO cDNA.
Virtual translation of human NEMO cDNA predicts a
48-kD coiled-coil protein which shares 87.9% identity
and 90.5% similarity with the mouse homolog. By se-
guence alignment, we mapped the human NEMO gene
to chromosome Xq28. We note that the NEMO and the
G6PD (glucose-6-phosphate dehydrogenase) loci are ar-
ranged in a head-to-head orientation separated by no
more than 800 bp. This map location is further supported
by the sequence of an alternatively spliced variant of
human NEMO mRNA. Thus, human NEMO is an X-linked
gene closely adjacent to the G6PD locus.

The transcription factor NF-xB regulates the expres-
sion of various cellular and viral genes. NF-xB plays
important regulatory roles in immune and inflammatory
responses, and in apoptosis. NF-xB exists ambiently in
the cytoplasm via association with inhibitor protein IxB.
Activation of NF-xB is induced by a wide variety of stim-
uli including cytokines, phorbol ester, bacterial lipopoly-
saccharide (LPS), and virus infection [1, 9].

One pathway of NF-kB activation involves site-spe-
cific phosphorylation and subsequent ubiquitination/deg-
radation of IxkB. The dissociation of IkB results in the
unmasking of the NF-kB nuclear localization signal facili-
tating entry of protein into the nucleus. Thus, IkB phos-
phorylation represents a critical mechanism for regulation
of nuclear NF-xB activity [1, 9, 13]. To date, at least two
IkB kinases, IKK-1 and IKK-2, have been cloned and
characterized [17, 22, 25, 36]. However, it has been sug-
gested that these factors are components of a larger multi-
protein complex [17, 20].

Recently, a novel component of the IkB kinase com-
plex in mouse cells was identified by complementation
cloning [34]. This dimeric protein, termed NEMO (NF-
kB essential modulator), was found to associate directly
with IKK-2. Expression of NEMO was shown to comple-
ment the lack of responsiveness to NF-xB stimuli in two
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Fig. 1. The nucleotide and deduced amino acid sequences of human NEMO. Two in-frame stop codons upstream the
translation initiation site are underlined. Presence of poly (A) tail at the 3-terminus is not shown. The GenBank
accession number for this nucleotide sequence is AF091453.

NEMO-defective cell lines, one of which was transformed
by human T-cell leukemia virus type 1 (HTLV-1) onco-
protein Tax.

Previously, we have studied aspects of Tax-mediated
transcription [11, 12, 30] and transformation [26, 29] in
mammalian cells. In particular, we have identified cellu-
lar targets of Tax, including GPS2 [14], Int-6 [23], cyto-
keratin [32], Rb [24] and MADI1 [15, 16]. Tax has also
been suggested by others to target components of the IxB
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kinase complex including MEKK-1 [35], NIK [8, 33],
IKK-1 [5, 8, 33] and IKK-2 [5, 8, 33]. The characteriza-
tion of mouse NEMO as a novel Tax target [34] prompted
us to investigate its involvement in the interaction of Tax
with the IxB kinase complex. As a first step, here we
report the isolation of a full-length human NEMO ¢cDNA
and the chromosomal localization of this gene to Xq28, in
close proximity to the locus of glucose-6-phosphate dehy-
drogenase (G6PD).
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Materials and Methods

Molecular Cloning of Human NEMO

Standard procedures of molecular cloning were followed [27].
Full-length nucleotide and protein sequences of mouse NEMO were
used to search the National Center for Biotechnology Information
expressed sequence tag (EST) database dbEST (World Wide Web
site: http://www.ncbi.nlm.nih.gov). Multiple overlapping EST clones
were identified. To derive and confirm the 5° sequences, rapid
amplification of cDNA ends (RACE) was performed using a HeLa
cell cDNA library. Genomic sequences were identified by screening
the GenBank database. Double-stranded DNAs were sequenced on
both strands using the dideoxy method.

Sequence Analysis

Nucleotide and peptide sequences were analyzed with the Wis-
consin software package (Version 8.1, Genetics Computer Group,
Inc.) and the CGG (Computational Computer Group, Sanger Cen-
ter) genomic analysis tools. Similarity searching and comparison
were performed by the BLAST and BESTFIT programs. COILS [19]
and PAIRCOIL [2] algorithms were used to assist prediction of
coiled coils in the NEMO protein. Predictions of RNA polymerase II
promoter and transcriptional initiation sites were through the TSSG
and TSSW server [31] (World Wide Web site: http://dot.imgen.
bem.tme.edu:9331/gene-finder/gf.html).

Chromosomal Mapping

The nucleotide sequences (GenBank accession numbers 144140,
X 55448, X53815) of the YAC and cosmid clones previously mapped
to human chromosome Xq28 were used for physical alignment of
human NEMO. The flanking marker is G6PD {3, 4, 21].

Results and Discussion

Molecular Cloning of Human NEMO ¢cDNA

A 2,035-bp full-length human NEMO cDNA was
cloned and sequenced (fig. 1; GenBank AF091453). The
presence of two in-frame stop codons (underlined in
fig. 1) immediately upstream of the putative translation
initiation codon supports a conclusion that the presented
NEMO open reading frame (ORF) is likely to be com-
plete. The human NEMO ORF contains 421 amino acid
residues, with a predicted molecular size of 48 kD. We
performed a homology search using the BLAST program.
This revealed that human NEMO shares 87.9% identity
and 90.5% similarity with its mouse homolog (fig. 2).
In addition, NEMO is distantly related to a subgroup
of coiled-coil proteins including FIP2 that interacts
with adenovirus E3 14.7-kD protein [18] (GenBank
AF061034, P(N) = 4 x 10-15), NuMA [6] (PIR S23647,
P(N) =6 x 1077), centrosome-associated protein c-NAP1
[7] (GenBank AF049105, P(N) = 1 x 10-%), NIK (Gen-
Bank U88984, P(N) = 5 x 107%), and KIAA0445 that

¢DNA Cloning and Map Location of
Human NEMO
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Fig. 2. Amino acid sequence alignment of human and mouse
NEMO. Bars indicate identity and colons represent similarity. The
alignment was generated by the BESTFIT program in the Wisconsin
package.

interacts with Tax [28] [Jin and Jeang, unpubl. data]
(GenBank AB007914, P(N) =2 x 1079,

Further analysis revealed that the coiled coils in
NEMO encompass residues 51 to 353 (fig. 3). This coiled-
coil domain of NEMO likely facilitates its protein-protein
interaction with other factors including IKK-2. Based on
this reasoning it would be of interest to investigate wheth-
er NEMO can also interact directly with adenovirus E3
14.7-kD protein, centrosomal proteins, NIK and Tax.
In this regard, Tax has been reported to associate with
IKK-1, IKK-2, NIK and MEKK-1 [5, 8, 33, 35]. Plausi-
bly, Tax would cooperate with NEMO in the regulation of
IxB and NF-xB.

Chromosomal Mapping of Human NEMO Gene

By sequence alignment, we identified three genomic
clones that contain the 5-noncoding sequence of the
human NEMO c¢cDNA. These are HSG6PDG (GenBank
X53815), HSG6PDGEN (GenBank X55448), and
HUMFLNG6PD (GenBank 1.44140). These three ge-
nomic fragments all co-localize to human chromosome

J Biomed Sci 1999;6:115-120 117
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matrix. A 2.5-fold weighting was given to
position a and d. Prediction by the PAIR-
COIL program (2) yielded similar results.

Xq28 [3, 4, 21]. The deduced NEMO gene in the three
clones was noted to be closely linked to the GOPD locus,
but the orientations of the NEMO and G6PD genes are in
opposing directions. Thus, NEMO maps to Xg28, in close
contiguity to G6PD.

It cannot be formally excluded that our NEMO cDNA
might be chimeric for two genes. While this occurrence is
rare, it has been previously documented [10]. To address
this concern, we searched for additional human NEMO
c¢cDNA clones. Another independent human NEMO
c¢DNA (GenBank AI124572) was identified. The coding
sequences of AF091453 and AIi124572 are identical.
However, the two 5’-noncoding regions were completely
different in sequence. Interestingly, both 5’ untranslated
sequences (AF091453 and AI124572) were intactly
present adjacent to each other and separated by 170
nucleotides in the G6PD genomic clones HSG6PDG,
HSG6PDGEN and HUMFLNG6PD (fig. 4). Thus, we
reasoned that the two cDNAs likely represent alternative-
ly spliced variants of the same human NEMO transcript.
The AI124572 sequence provides further support to the
deduced map location of human NEMO, which is sepa-
rated from G6PD by less than 800 bp and is predicted to
be transcribed in the opposing direction towards the telo-
mere (fig. 4, 5). A prominent CpG island exists in the
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G6PD-NEMO region and the putative promoters for
NEMO and G6PD are separated by 740 bp.

Chromosome X238 is a region of interest in human
genetics (web site: http://www.ncbi.nlm.nih.gov/omim/).
Several disease genes and fragile sites have been localized
to Xq28 [4, 21]. The rate of crossovers in this region is
relatively high [21]. The chromosomal mapping of
NEMO to this location provides novel opportunities to
study the physiologically regulated expression of this
gene.
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