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We report the characterisation of a human gene, des-
ignated MCG18 (multiple endocrine neoplasia type 1
candidate gene 18), that encodes a new member of the
DnaJ family of proteins. Database searches indicate
that MCG18 also has the locus name HSPF2. MCG18
lies ~250bp centromeric of the VRF/VEGFB gene on
chromosome 11g13. The MCG18 cDNA is predicted to
encode a 241 amino acid product that has partial ho-
mology to Escherichia coli dnaJd in that it contains the
J domain. However, MCG18 has greatest similarity to
a functionally undefined protein from Caenorhabditis
elegans, both of which are predicted to have a mem-
brane-spanning region adjacent to their J domains.
The cDNA encoding the murine homolog (Mcg18) was
also cloned and sequenced, and the encoded protein
shares ~81% similarity to MCG18. The coding region
of MCG18 is interrupted by 4 introns and the mRNA is
expressed as a 1.4kb message in all tissues examined,
including those derived from the breast, ovary, blad-

der, lung and keratinocytes. o 1998 Academic Press

The E. coli heat shock protein DnaJd is the founding
member of a family of proteins that are associated with
protein folding, complex assembly and export [reviewed
in 1-3]. Prokaryotic and eukaryotic DnaJ homologues
have a modular organisation, consisting of the J do-
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Abbreviations: dnaJ - gene encoding the E. coli heat-shock protein
DnaJ; HSP70 - heat shock 70 protein; HSPF2 - gene encoding the
human heat shock 40kD protein 2; HSPF2 - protein product of
HSPF2; MCG18 - human multiple endocrine neoplasia type 1 candi-
date gene 18; MCG18 - protein product of MCG18; Mcg18 - murine
MCG18 gene homolog; Mcgl8 - protein product of Mcgl8; UTR -
untranslated region.
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main, a Gly/Phe-rich domain, [Cys(X),Cys(X)Gly(X)Gly],
repeats and a loosely conserved C-terminal region, as
well as perhaps auxillary domains such as for protein
targeting. The DnaJ family also includes a number of
genes with a broad range of functions that encode only
the ~70 amino acid long J domain, which is thought
to mediate interaction with heat shock 70 proteins
(HSP70). In addition to the DnaJ homologue from hu-
mans (HDJ2/HSDJ) at least 4 other genes that encode
the J domain (HSJ1, HDJ1/HSP40, P58 [4] and CSP
[5]) have been characterised.

We had previously identified an expressed sequence
tag (EST) clone corresponding to the 3’ end of a novel
gene within 560bp of the translation start codon of
VRF/VEGFB [6], which we had designated multiple
endocrine neoplasia type 1 candidate gene 18 (MCG18).
An incomplete and incorrect cDNA sequence for the
gene, called heat shock 40kD protein 2 (HSPF2), has
subsequently been deposited in the GenBank database
under accession humber AF012106. We report here in-
dependent cloning and the complete coding sequence
of the human J domain-containing gene MCG18 and
its murine homolog (Mcg18).

MATERIALS AND METHODS

Nucleotide sequencing and analysis. Human cosmid clone
CLGW4 containing the MCG18 gene has been described previously
[6]. Expressed sequence tag (EST) clones 108172 (human), 350966
(murine) and 385535 (murine) were obtained from Genome Systems
Inc. Genomic and cDNA templates for MCG18 and Mcg18 were se-
guenced with both vector-derived and gene-specific oligonucleotides
using an Applied Biosystems Incorporated (ABI) dye terminator se-
guencing Kit, as described previously [7]. The sequence data were
complied using MacVector 4.2.1 software (1Bl-Kodak). Sequence sim-
ilarity searches were performed using the program GAP-BLAST [8]
at the National Centre for Biotechnology Information (http:/
www.ncbi.nih.gov.nlm). Alom analyses for transmembrane domains
[9] and peptide homology alignments using the program BESTFIT
(GCG, Wisconsin) were conducted using the Australian National Ge-
nome Information Service computer faculty (http://www.angis.su.
o0z.au).

Northern analysis. Total cellular RNA from human cell lines de-
rived from the breast, ovary, bladder, lung and keratinocytes were
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prepared using RNeasy Mini Kits (Qiagen) following the manufactur-
er's protocol. 15ug of total RNA were electrophoresed through a 1.2%
agarose gel containing formaldehyde, blotted onto nylon membrane
(Amersham) and hybridised to a radiolabeled (**P-dCTP) cDNA probe
(derived from the insert of EST clone number 108172) as described
previously [7]. The membranes were washed at 65°C in 0.1 X SSC
(20 x SSC is 3M NaCl/0.3M trisodium citrate) and 0.1% SDS, prior
to exposing to X-ray film.

RESULTS AND DISCUSSION

Characterisation of the Human MCG18 cDNA

During sequence characterisation of the VRF/
VEGFB promoter region on human cosmid CLGW4 [6]
which maps to chromosome 1113, we identified a re-
gion that matched the 3’ untranslated region (UTR) of
numerous human cDNA entries of the EST database—
a gene which we designated MCG18 and has subse-
quently been given the locus name HSPF2. EST clone
108172, which contains the region from the 5’ UTR to
the poly(A) tail, was obtained and sequenced. However,
comparison of the sequence data to other entries of the
EST database (GenBank accession numbers AA524179
(clone 936891) and AA447986 (clone 782725)) sug-
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gested that clone 108172 contained an unprocessed in-
tron. Sequencing of cosmid CLGW4 [10] that contained
the entire gene led to the identification of 4 introns
within the coding sequence and confirmed that clone
108172 contained an unspliced intron 4. It is also possi-
ble that clone 108172 represents an alternate splice
form, in which case retention of the intron would create
a new C-terminus for MCG18.

The cDNA sequence of MCG18 shown in Fig. 1, be-
ginning within the 5 UTR and ending at the poly(A)
tail, was translated in all possible reading frames and
compared to the GenBank non-redundant protein data-
base using the program GAP-BLASTX. The coding re-
gion of 726bp was identified on the basis of showing
homology to the DnaJ family of proteins (Fig. 2). The
putative initiation codon occurs within a strong Kozak
context [11] and is preceded by an in-frame stop codon.
The predicted 3’ UTR of human MCG18 contains the
polyadenylation signal AATAAA that precedes a po-
ly(A) tract by 12 nucleotides. Northern analysis showed
that MCG18 is expressed as an ~1.4kb message in all
cell lines examined, including those derived from the
breast, ovary, bladder, lung and keratinocytes (Fig. 3).
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FIG. 1. Nucleotide sequence and conceptual translation of the human MCG18 cDNA, derived from EST clones 108172 and 936891, as
well as from sequencing of the genomic cosmid clone CLGW4. The 5" UTR and in-frame amino acids prior to the putative initiation codon
are shown in lowercase lettering. The polyadenylation signal is underlined and arrows indicate the positions of introns within the coding

sequence.
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E. coli DnaJ (residues 6-70) ---YYEILGVSKTAEE
Human MPPL...LPLRLCRLWPRNPPSRLLGAAAGQRSRPS&&&;££é$Hééiéf 47
wurine e izairiiaiiie s L LT
E. coli REIRKAYKRLAMKYHPDRNQGDKEAEAKFKEIKEAYEVLTDSQKRAAYDQ
puman BRALE KK PR PRI T PR VRV LSRAOSRRS DD 97
T L LN T A LN RV T AR T L
E. coli YG---

Human QLRSGSPPKSPRTTVHDKSAHQTHSSWTPPNAQYWSQFHSVRPQGPQLRQ 147
urine oo s A otrnsRk. 150
Human QQHKQNKQVLGYCLLLMLAéMGLHYIAFRkVKQMHLNFMbEKDRIITAF& 197
Murine SR A A BT R A L L T EA sy 200
Human NEARARARA&RGILQQERQﬁLGQRQPPPSéPTQGPEIVPéGAGP 241
Murine N AR OO AR A PSP PSS SR ANbODTSD 244

FIG. 2.

BESTFIT alignment of human MCG18 and murine Mcgl18, and alignment of MCG18 with the J domain of heat shock protein

DnaJ from E. coli (SWISS-PROT accession number P08622). Perfect matches (|), conservative pairings (:) and semi-conservative pairings

(.) are shown.

The mRNA size indicates that approximately 400 nu-
cleotides of 5' UTR remain uncharacterised.
Characterisation of the Murine Mcg18 cDNA

A GAP-BLASTN search of the EST database with
the Mcg18 cDNA sequence identified numerous entries

1 2 3 4 5

FIG. 3. Autoradiogram of a Northern blot with 1549 total RNA
from the human cell lines H69-lung carcinoma (lane 1); JAM-ovary
carcinoma (lane 2); BT20-breast carcinoma (lane 3); HaCaT-kera-
tinocytes (lane 4); and, T24-bladder (lane 5) - probed with an MCG18
cDNA clone. The positions of 28S and 18S ribosomal RNA are indi-
cated, as is the transcript size of MCG18.

encoding the murine homolog, of which clones 350966
and 385535 were obtained and sequenced with murine
gene-specific oligonucleotides. The full-length coding
sequence can be found under GenBank accession num-
ber AF036875 and the predicted murine Mcg18 protein
sequence is shown in Fig. 2. EST clone 350966 begins
within the 5" UTR, contains a fully spliced 735bp cod-
ing region of Mcg18 and ends at the poly(A) tail. Clone
385535 begins within exon 3 and ends at the same
point, and differs to clone 350966 in that it encodes an
additional Ser after the His residue at position 124
(Fig. 2). MCG18, however, does not contain the addi-
tional Ser and the sequence of clone 350966 is therefore
represented in Fig. 2.

Structural Analyses of MCG18

MCG18 and Mcg18 aligned by the program BESTFIT
in Fig. 2 show ~71% identity and ~81% similarity,
and the human protein of 241 amino acids is shorter
in length by 3 residues. The highly conserved region
between residues 35 to 99 corresponds to the J domain
of E. coli DnaJ as shown in Fig. 2, but all other hall-
marks of the DnaJ homolog are absent [reviewed in 1-
3]. GAP-BLASTP alignment of MCG18 residues 100 to
241 (lacking the J domain) to the non-redundant pro-
tein database fails to detect members of the J domain-
containing family, including HSJ1 [1-3], HDJ1/HSP40
[1-3], the P58 PKR inhibitor (which has tetratricopep-
tide repeats and weak homology to elF-2«) [4], the cys-
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MCG18: 28 QRSRPSTYYELLGVHPGASTEEVKRAFFSKSKELHPDRDPGNPSLHSRFVELSEAYRVLS 87
++ R T+YE+LGV A+ E+K AF+++SK++HPD + S + F+EL AY VL
C01G8.4: 22 KKIRQRTHYEVLGVESTATLSEIKSAFYAQSKKVHPD-NSSEESATASFLELKNAYDVLR 80
MCG18: 88 REQSRRSYDDQLRSGSP--PKSPRTTVHDKSAHQTHSSWITPPNAQYWSQFHSVRPQGPQ- 144
R RR YD QLR G P + +A Q S + WS + S P +
C01G8.4: 81 RPADRRLYDYQLRGGGGRYPNGGQRYQYPNTAPQYDFS—————— RDWSTYWSQNPDNSRS 134
MCG18: 145 LRQQOHKONKQVLGYCL -~~~ -~-1IMLAGMGLHY TAFRKVKOMHI NFMDEKDRIITAFYNEARAR 203
R+++ K +++ + + L+++AG Y+ Q L+ + ++D I F + R
C01G8.4: 135 SREERDKSSREFMKSIVKWTAIGLVLVAGYNGGYLYLLAYNQKQLDKLIDEDEIAKCFLRQKEFR 199

FIG. 4. GAP-BLASTP alignment [8] of MCG18 (residues 28-203) with a DnaJ-like protein from C. elegans (gene product C01G8.4)
(residues 22-199). The symbols ‘+' and ‘—' represent a conservative substitution and a gap in the alignment, respectively. The J domain is
double underlined and the transmembrane domains predicted by Alom [9] are underlined.

teine string protein (which features a cysteine-rich re-
gion) [5] and the MIDA1 protein (which has homology
to Zuotin and tryptophan-mediated repeats) [12]. Fur-
thermore, targeting signals and a CAAX box [1] appear
to be absent from MCG18.

GAP-BLASTN alignment of MCG18 to the non-re-
dundant database shows a perfect match over a com-
bined region of ~445bp to a putative cDNA encoding
a DnaJ protein from humans called HSPF2 (GenBank
accession number AF012106). This unpublished cDNA
sequence however is erroneous in that it actually repre-
sents a genomic DNA fragment of MCG18 spanning
introns 1 to 3. The assigned open reading frame begins
within intron 2, spans exon 3 which encodes part of the
J domain, and terminates within intron 3. With the
exception of HSPF2, GAP-BLASTP analysis of the non-
redundant protein database (performed to find pre-
viously characterised proteins) and GAP-TBLASTN
analysis of the EST database (performed to detect un-
defined homologs in other organisms) indicates that
MCG18 has greatest homology to a functionally unde-
fined gene product from C. elegans (GenBank accession
number U80439, gene product C01G8.4) since homol-
ogy extends beyond the J domain. The alignment of
MCG18 and C01G8.4 (Fig. 4) shows 54/185 (29%) iden-
tity and 91/185 (49%) similarity overall. These proteins
have no obvious motifs apart from the J domain, with
one possible exception; the program Alom [9] identified
a potential membrane spanning domain between resi-
dues 159 to 175 of MCG18 and 146 to 162 of C01G8.4,
as shown in Fig. 4.

In summary, we have identified a novel DnaJ-like
protein from humans and mice. The elucidation of the

gene structure of MCG18 and Mcg18 provides the ini-
tial characterisation of MCG18/HSPF2.
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