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Summary: We here isolated and characterized a cDNA clone encoding 40-kDa heat-
shock protein hsp40 from cDNA expression library of human placenta by
immunoscreening with anti-hsp40 antibody. N-terminal amino acid sequence (48
residues) deduced from the base sequence was completely identical to that of hsp40
purified from HelL a cells. Deduced amino acid sequence of the cDNA is homologous
to bacterial DnaJd heat-shock protein and its homologues in yeast such as SCJ1,
YDJ1(MASS5), SIS1, SEC63 and Zuotin. Nucleotide sequence identity between
hsp40 and HDJ1 (another human DnaJ homologue) is more than 98%, suggesting
that these two proteins are the same gene product. = 1993 acagenic rress, Inc.

Several DnaJ homologues have been recently identified in yeast [SCJ1,
YDJ1(MASS), SiS1, SEC63 and Zuotin] [1-6], plant (ANJ1) [7], fruit fly (csp32) [8] and
human (HDJ1, HDJ2 and HSJ1) [9-12]. Bacterial DnaJ heat-shock protein is known
to function together with DnaK (hsp70) and GrpE as a molecular chaperone, involving
them in assembly and disassembly of protein compiexes, protein folding, renaturation
of denatured proteins, prevention of protein aggregation and protein export [13].
Yeast YDJ1 has been shown to localize in cytosol and ER and to act in concert with
hsp70 in protein import into mitochondria and ER [14, 15]. SCJ1 and SEC63 are
respectively localized in mitochondria and ER, and are implicated in protein import
into each organelle [1, 5, 16]. Also, SIS1 has been reported to be associated with
translating ribosomes and is required for initiation of translation [17]. The current
nation is that these DnaJ homologues have molecular chaperoning activity together
with hsp70 in each cellular compartment [see references 18 and 19 for review].

Recently, we identified a novel heat-shock protein hsp40 in mammalian and avian
cells [20] and reported that N-terminal amino acid sequence (48 residues) of purified

* The nucleotide sequence data reported in this paper will appear in the DDBJ/
GenBank/EMBL Nucleotide Sequence Database with accession number D17749.
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human hsp40 is homologous to DnaJd and its homologues in yeast [21]. Also, we
showed that hsp40 is colocalized with hsp70 in the nuclei and nucleoli of heat-
shocked Hela celis [22]. Thus, we recently suggested that hsp70(DnakK)-
hsp40(DnaJ) chaperone systems is ubiquitous [22].

Here, we report the isolation and sequence analysis of a cDNA encoding human
hsp40 by immunoscreening with anti-hsp40 polyclonal antibody.

MATERIALS AND METHODS

Human placenta cDNA expression library in the lambda ZAPIl vector (Stratagene)
was screened with polycional antibody against human hsp40 [21]. Insert from a
positive clone was excised in vivo as subcione in pBluescript plasmid. Insert size was
approximately 2 kbp. Double strand plasmid DNA was isolated by QIAGEN miniprep
method and sequenced by dye terminator method with a DNA sequencer (Applied
Biosystems, Inc., Model 373A). We first use reverse primer, T3 primer and T7 primer
that are located near EcoRl insert site for sequencing. Then 20 mer oligonucleotides
were synthesized according to the first sequencing and used for further sequencing.
The synthetic oligonucleotide primers were 200 ~ 300 bp apart from each other.
Sequencing was performed from both orientations. DNA sequence data were
analyzed using DNASIS computer program and the nucleotide and amino acid
sequence homology search through the GenBank/EMBL was performed by the
software program DNASIS.

Total RNA was isolated by AGPC method [23] from non-heat-shocked control and
heat-shocked Hela cells, and subjected to Northern blot analysis with EcoRl fragment
insert as probe. B-actin cDNA probe was used as control.

RESULTS AND DISCUSSION

By screening human placenta cDNA expression library with anti-hsp40 antibody,
only one positive clone was identified out of 2 x 105 plaques. Insert size was
approximately 2 kbp. We sequenced 1537 base pairs of the insert. The insert has an
open reading frame of 1020 base pairs that can encode 340 amino acids (Fig. 1). its
molecular weight is 38042.16 dalton and theoretical pl 8.92. These parameters well
correspond to that of hsp40 as determined by two-dimensional gel electrophoresis
(MW of approximately 40-kDa and pl of 9.2) [20]. Also, N-terminal amino acid
sequence (48 residues, double underline in Fig. 1) deduced from the nucleotide
sequence is completely identical to that of HelLa cell hsp40 as determined by amino
acid sequencer [21]. Northern blot analysis using EcoRl fragment insert as probe
showed that the transcription of the gene was drastically induced by heat-shock at
45°C for 15 min (arrowhead in Fig. 2). Thus, we conclude that the isolated cDNA
encodes human hsp40.

Comparison of hsp40 to EMBL amino acid data base showed that hsp40 is 34%
identical, over 340 amino acid residues, to E. coli Dnad protein [24, 25]. The highest
region is at N-terminal 70-amino acid residues, which is common to other Dnad
homologues. Hsp40 is 34% to 40% identical to long stretches of yeast Dnad
homologues SCJ1, YDJ1{MAS5), S1S1, SEC63 and Zuotin, with SIS1 being the most
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Fig. 1. Nucleotide sequence and deduced amino acid sequence of the cDNA for
human hsp40. The single-letter symbol for each amino acid is placed below the first
nucleotide of its codon. The termination codon (TAG) is labeled with an asterisk.
Double-underiined amino acid sequence indicates sequence identical to that of HelLa
cell hsp40 determined by amino acid sequencer [21]. Underlined amino acids
indicate glycine and phenylalanine residues in G/F domain.

homologous. Hsp40 is 34% and 36% identical to human DnaJ homologues HSJ1
and HDJ2 (HSDJ), respectively. Surprisingly, comparison of hsp40 with HDJ1 [9],
another human DnaJ homologue, revealed that while amino acid sequence of both
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Fig.2. Northern blot analysis in HelLa cells. Total RNA (8 ug / lane) isolated from non-
heat-shocked control cells (lane 1) and cells heated at 45°C for 15 min and allowed to
recover for 3 hr (lane 2) were subjected to Northern blot probed with EcoRI fragment
insert {upper panel) or with B-actin cDNA (lower panel) as control. Arrowhead
indicates the transcript of hsp40 gene.
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TABLE 1
Domain organization and biochemical properties of
bacterial DnaJ and its homologues (hsp40 family)

Protein Domains MW pl¢  Induction Intracellular

Ja G/F® ¢c¢  (kDa) by heat  localization
Dnad J GF C 411 772 + membrane fraction
SCJ1 J GF C 395 6.78 7€ mitochondria
YDJI(MAS5) J G/F C 447 5091 + cytosol and ER
SISt J GF - 37.6  9.41 + cytosol and nucleus
SEC63 J - - 753 497 ? ER
Zuotin J - - 49.0 8.67 ? nucleus
ANJ1 J G/F C 46.6 6.51 + (roots and shoots)
csp32 J - - 269 547 ? (brain)
hsp40(HDJ1) J G/F - 38.0 8.92 + cytosol and nucleus
HDJ2(HSDJ) J G/F C 449 6.70 ? ?
HSJ1 J GF - 390 846 ? (brain)

a J, Jdomain highly conserved 70-amino acids N-terminal region.

b G/F, glycine- and phenylalanine-rich region distal to the J domain.

¢ C, cysteine-rich repeats in the middle of the protein.

d theoretical isoelectric point calculated by the software program DNASIS.
€ ? indicates not determined.

proteins is 77% identical, their nucleotide sequences are more than 98% identical,
including 5' and 3' noncoding region. There are seven mismatches and five frame
shifts in coding region between these two cDNAs (data not shown), probably
explaining why they do not show identical amino acid sequences. Therefore, it is
concluded that hsp40 and HDJ1 are the identical gene products. Since there are at
jeast three DnaJ homologues [hsp40(HDJ1), HSJ1, HDJ2(HSDJ)] in human and five
in yeast, we here propose that they represent an hsp40 family in eukaryotes, like the
hsp70 family and hsp90 family.

Dnad protein is known to have three distinct domains [18, 19, 26]. A 70-amino acid
sequence at the N-terminus, termed J domain, is highly conserved in all homologues.
Distalto the J domain is a sequence rich in glycine and phenylalanine (G/F domain).
There is also a cysteine-rich region (C domain) in the middle of the protein. The
spacing of cysteine residue in this domain is CxxCxGxG (x is usually charged or polar
residue) repeated four times. Amino acid sequence of C terminal half is less
homologous to each other. As summarized in TABLE 1, yeast DnaJ homologues
appear to have evolved in quite diverse fashion, that is, SCJ1 and YDJ1(MASS5) have
all three domains, SIS1 has J and G/F domains, and SEC63 and Zuotin have only J
domain.

Our hsp40 has J and G/F domains but not C domain (Fig. 1). In yeast DnaJ
homologues, SIS1 has a domain structure and biochemical properties (MW, pl, heat-
inducibility and intracellular localization) similar to human hsp40 {20, 21]. Also, amino
acid sequence of hsp40 is the most homologous to that of SIS1 among yeast DnaJ
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homologues. Therefore, it is suggested that human hsp40 is a homologue of yeast
SiS1 protein.

Human HDJ2(HSDJ) has been suggested to be a homologue of yeast YDJ1 and
plant ANJ1 based on the amino acid sequence, domain organization and biochemical
properties [7, 11, 12 and TABLE 1]. Another human homologue, HSJ1, seems not to
correspond to any yeast DnaJ homologues. In a forthcoming study, we hope to
elucidate the unidentified human DnaJ homologues corresponding to each yeast
homologue.
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