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Neuroleukin (NLK) is a protein of relative molecular mass (M)
56,000 (56K) secreted by denervated rat muscle' and found in
large amounts in muscle, brain, heart and kidneys®. The protein
is a neurotrophic factor for spins! and sensory neurons” and a
lymphokine product of lectin-stimulated T-celis’. It also induces
immunoglobulin secretion by human mononuclear cells’.
Molecular clones of NLK have been expressed in monkey COS
cells and the product was shown to have the same biological and
biochemical properties as the extracted protein. NLK is abundant
in muscle, brain and kidney, but is active at concentrations of 107°
to 107" M, similar to those for other polypeptide factors. We
have cloned the gene for pig muscle phosphohexose isomerase
(PHI) (EC 5.3.1.9) which catalyses the conversion of glucose-6-
phosphate to fructose-6-phosphate, an obligatory step in glycolysis,
and determined its amino-acid sequence. Surprisingly, it is 90%
homologous to the sequence of mouse neuroleukin.

Several observations indicate that the protein sequence trans-
lated from our cloned putative PHI complementary DNA is
that of mature pig PHI (Fig. 1). The C-terminus end has the
same five residues as those determined by Achari et al* by
carboxypeptidase digestion. The first AUG codon, which we
consider to be the start codon, is embedded in a canonical
sequence for a eukaryotic translation initiation site
(CCACCAUGG)’. Pig PHI is resistant to Edman degradation,
suggesting that the terminal a-amino group may be blocked.
Pronase digestion showed this to be due to an N-terminal
acetylalanine residue and this is consistent with the occurrence
of alanine in position 1 and 2, but not elsewhere within the first
60 amino-acids of our derived sequence. Lastly, the amino-acid
composition determined by Achari et al* fits almost perfectly
with the sequence translated in Fig. 1.

Comparison of the derived PHI amino-acid sequence with
sequences in the NBRF (National Biomedical Research
Foundation) data bank revealed its homology with mouse
neuroleukin (Fig. 1). The two sequences have 90% homology,
and both contain 558 residues and can be aligned without any
requirement for insertions or deletions. The differences are
mainly conservative replacements and probably reflect species
and organ specificity. Of the four cysteine residues present in
mouse NLK, only three are in pig PHI (residues 133, 333 and
404), the cysteine in position 330 being replaced by phenyl-
alanine. This observation is of limited importance, however, as
previous studies have shown that pig PHI contains no disulphide
bonds, and that at least two of its sulphydryl groups are unimpor-
tant for enzyme activity. Similarly no disulphide bond is involved
in NLK activity. Three potential N-dependent glycosylation
sites are found at positions 105, 129, and 249 in pig PHI and
at positions 39, 91, and 129 in mouse NLK but neither molecule
has been shown to be glycosylated. In contrast to the coding
sequences, the untranslated RNA sequences at the 3’ end of the
pig PHI and mouse NLK RNAs are strikingly divergent.

Tissues with the highest NLK concentrations are also those
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Fig.1 DNA and translated amino-acid sequence of pig PH' (pPHI
compared to the mouse NLK (mNLK) sequence. Locations o
sequenced peptides of pig PHI are underlined: CB-I to CB-Yan
cyanogen bromide fragments (Achari ef al*), S-1 and S-1I are

staphylococcus protease fragments of our pig PHI preparation, .
is the C-terminus sequence (Achari ef al*). Protein sequences detet
mined chemically or translated from the cDNA clone are in compléé.
agreement. Positions that vary between pPHI and mNLK are i
cated in italics for conservative changes and in dark letters for o8
changes. Alignment starts from the initiation ATG codons. >
Methods. Pig PHI was purified as described,® yielding 63 mg &
enzyme from 390 g of tissue. After digestion with V8 protease, ¥
separation by reversed-phase HPLC, two fragments were £ -quesch
by gas phase sequencer analysis. Anti-PHI rabbit polyclonal antid®
was obtained by three immunizations at two week intervals 5%
116 pg of protein emulsified in complete Freund's adjuvant. M055

with very high glycolytic activity where PHI is known [©
important, PHI is, however, also present in serum &
increase in its activity in serum has been proposed as a ™
in various diseases®. Release of PHI from muscle cells @
create a concentration gradient and provide physiolo !“’
nificance to the observation that NLK promotes the survive
embryonic spinal neurons in cultures that probably &=
skeletal motor neurons,

Neuroleukin was also shown to be a lymphokine pm‘!"'
lectin-stimulated T-cells. It is not surprising that T-cell si%g
tion by three different lectins increased the level of
messenger RNA, probably because of increased energy 4.2
ment, but the lymphokine effect upon Ig release by B-%
less expected. Possibly NLK itself acts in a lectin-like f
and NLK has been shown to bind to a surface compon®
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sHI (o  clonal antibodies were obtained using Balb C mice immunized with
scatio two doses of 56 pg of the same PHI preparation. Poly(A*) RNA
o CBA lolated from pig skeletal muscle® was used as a template to synthesize
S.11 oligo(¢ T)-primed cDNA'". The cDNA was ligated into the expression
aratio Vector Agtll (Stratagene) and screened without amplification with
encesh **] protein A-labelled"’ rabbit polyclonal, or a mixture of mouse
in com monoclonal anti-PHI antibodies. Four of nine positive clones had
_K are | Inserts of about two kilobases (kb). They were tested for PHI sequence
tters fo | bomology by hybridization with an oligonucleotide probe'? corre-
oy : $ponding to amino acids 1-7 of peptide CB-I-A (Achari et al*, amino
1z 63 - acids 263-269 in our sequence). One of the four clones was subcloned

roteast fnthe EcoR1 site of Bluescribe Vector (Stratagene) for DNA sequence
© sequi determination by the Sanger dideoxynucleotide chain termination
nal anti - method on double-stranded DNA, using a modified T7 DNA poly-
ervals uSl merase [Sequenase).
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“"‘msory neuron’. As PHI is able to recognize phosphorylated
Blucose and fructose, it could also recognize sugar-containing
. Molecules at the cell surface. It is perhaps pertinent that active
PH;ils a dimer and that monomers bind the substrate but are
/ ve.
R'-'Gbently, the gpl20 envelope glycoproteins of human
cmunodeficiency virus 1 (HIV-1) and simian immunodefi-
Sency \irys (SIV) were found to inhibit neuron growth in the
| Presence of NLK'. Sequence homology has been identified
i | Ytween NLK (residues 403-447) and a conserved domain of
vel of SV gp120 (residues 238-282). It was postulated that this
\ : "‘Sh} be important for this inhibitory property of gp120, and
Uinteractions between gp120 and NLK might play a role in
Pathogenesis of AIDS (acquired immune deficiency syn-
Me)-related dementia.
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To the best of our knowledge, this is the first example of a
protein molecule being endowed with glycolytic activity and
trophic activity. We cannot, however, exclude the possibility
that the latter function is mediated by peptide fragments of the
native molecule generated by extracellular processing.
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have identical 3’ sequences
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Neuroleukin is a neurotrophic factor of relative molecular mass
(M,) 56,000 (56K) found in skeletal muscle, brain, heart and
kidneys which supports the survival of embryonic spinal neurones,
skeletal motor neurones and sensory neurones'. Neuroleukin is
also a lymphokine product of lectin-stimulated T cells and induces
immunoglobulin secretion by cultured human peripheral blood
mononuclear cells’. Mouse neuroleukin has been cloned, the com-
plete nucleotide sequence has been determined’ and its complemen-
tary DNA has been transiently expressed in monkey COS-1 cells.
The serum-free supernatant of the transfected, but not of control
mock-transfected, cells was shown to mimic the properties of
nearoleukin isolated from mouse salivary glands. In our work on
the molecular genetics of carbohydrate metabolism® we have
recently isolated a mouse glucose-G6-phosphate isomerase (or phos-
phoglucose isomerase, PGI) cDNA clone using the yeast PGI gene
(PGI 1) as a probe. We report here that there is complete sequence
identity between the 759 nucleotides at the 3' end of this clone
(coding and non-coding) and the sequence of mouse neuroleukin.

We screened a mouse ¢cDNA library with the PGI'1 gene of
Saccharomyces cerevisiae,* and isolated s recombinant contain-
ing a 3.7 kilobase (kb) insert which we sub-cloned into M13 for
DNA sequence analysis. Comparison with the GenBank
sequence data bank revealed a 100% sequence identity between
the 759 nucleotides at the 3' end of the mouse PGI which we
sequenced and bases 1,164-1,922 of mouse neuroleukin. The
sequence of mouse PGI also shows 87% homology with the
coding region of human neuroleukin; however, there is a sig-
nificant loss of homology (down to 60%) in the 3' non-coding
region. We have sequenced nearly 70% of the yeast gene (unpub-
lished data): it has a homology of 61% with both mouse PGI
and mouse neuroleukin. Further confirmation that neuroleukin
and PGI are identical (or closely related) comes from a com-
parison of published peptide sequence data obtained from



