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Abstract In the course of detecting the interaction pro-
tein of RBBP10 by yeast two-hybridization, we isolated
a novel cDNA that encodes a putative human protein
with yrdC domain. It is named human yrdC protein.
Because the cDNA contains an open reading fragment
(ORF) without a 5¢ in- frame stop codon, 5¢ RACE and
3¢ RACE were proceeded to produce the full-length
cDNA. An 1825 bp cDNA was isolated from human
placenta, which encodes a putative protein of 279 amino
acids. The protein contains a sua5-yciO-yrdC domain.
Blast analysis against the human genome database of
Genbank revealed that the gene contains five exons, and
assigned the gene to human chromosome 1p34.2. A
transcript about 2.5 kb is ubiquitously expressed in
human tissues. The gene is highly conserved during
evolution.
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Introduction

The yrdC protein family consists of a series of highly
conserved proteins that contain sua5-yicO-yrdC domain.
The sua5-yicO-yrdC domain appeared either as one do-
main of a multiple domain protein or as a single domain

protein. As the latter case, the sua5 gene from yeast, was
identified as a suppressor of a translation initiation defect
in cytochrome c and is required for normal growth in
yeast. sua5 could act either at the transcriptional or the
posttranscriptional levels to compensate for an aberrant
translation start codon in the cyc gene. The sua5–1 allele
enhances the iso-1-cytochrome c steady state level in the
cyc1–1019 mutant from 2% to approximately 60% of
normal (Cyc+) and also confers a marked slow growth
phenotype. sua5 null mutants lack cytochrome a.a3 and
fail to grow on lactate or glycerol medium. These results
define that sua5 is necessary for normal cell growth
(Na et al. 1992; Hampsey et al. 1991; Klima et al. 1996).
The crystal structure of the YrdC protein, the sau 5
equivalent of Escherichia coli, reveals a large concave
surface on one side that exhibits a positive electrostatic
potential. The conserved basic amino acids located at its
floor suggest that YrdC may be a nucleic acid binding
protein. An investigation of YrdC’s binding affinities for
RNA and DNA fragments demonstrates that YrdC
binds preferentially to double-stranded RNA (Teplova
et al. 2000). However, the actual function of the Sua5
protein remains unknown.

In the previous study, we cloned a RBBP 10, a
homolog of RBBP9, which binds to RB protein (Chen
et al. 2002; Zhang et al. 1998). In order to reveal the
proteins that interact with RBBP 10, the yeast two-hy-
bridization was employed. Using RBBP10 as a bait pro-
tein, we screened the fetal brain library. An abundant
positive clone that encodes a putative protein with an
yrdC domain was isolated. The full-length cDNA was
isolated by using both 5¢ and 3¢RACE.Northern blot and
RT-PCR revealed the transcript was expressed ubiqui-
tously in multiple human tissues with different intensities.

Materials and methods

Yeast two-hybridization

The MATCHMAKER LexA two-hybrid system and human fetal
brain MATCHMAKER Lex libraries were purchased from Clon-
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tech. The ORF of RBBP 10 was cloned into plasmid pLexA mul-
tiple-clone sites between that of EcoR I and Hind III. The yeast
two-hybridization was performed according to the recommenda-
tions of the manufacturer. The sequential transformation protocol
was adopted. All the positive clones were classed by the length
of PCR using the AD fusion sites specific primer
(5¢ccagcctcttgctgagtggagatg3¢, 5¢ggagacttgaccaaacctctggcg3¢) and
yeast clone hybridization. The independent clones were verified by
the yeast mating test. The PCR products were sequenced on a
PE3700 sequencer.

Isolation of the full length cDNA of human yrdC

By yeast two-hybridization, we isolated a 660 bp cDNA fragment
that shares great similarity to Flj23476 (BC008984). No in-frame
stop code was found in 5¢ terminus. Based on the cDNA sequence,
two primers (human yrdC 5¢ gene-specific primer (gsp1), 5¢at-
ggaacgctcggaggagctcaac3¢; human yrdC 3¢ gene-specific primer
(gsp2), 5¢caggtaggacgcatgtgaggggag3¢) were designed to perform
both 3¢ and 5¢ RACE. The SMARTRACE kit was purchased from
Clontech and the experiment was performed according to the
manufacturer’s recommendations. The human placenta total RNA
(appendix of SMARTRACE kit) was used as template of RACE.
Both the products of 5¢ and 3¢ RACE were cloned into T-vector
and sequenced on a PE3700 sequencer.

Bioinformation analysis of human yrdC

The sequences from yeast two-hybrid and RACE were analyzed
using blast program of NCBI (www.ncbi.bim.nih.gov). The protein
conserved domain analysis and alignment was performed on Exp-
asy (www.expasy.org).

Expression pattern analysis of human yrdC

Premade human multiple tissue Northern blots I (MTN I) was
purchased from Clontech. The random primer label kit was pur-
chased from Promega. The sequenced 660 bp PCR product of
human yrdC was used as a probe. The probe was labeled with
(a-32P)dATP and hybridized to MTN I . After autoradiography,
the images were analyzed with the OptiQuant Image Analysis
software (PACKARD).

Human multiple tissue cDNA panel (MTC) and Advantage 2
DNA polymerase were purchased from Clontech. The cycle-time
limited PCR was used for examining the expression pattern with
the same primers used in RACE. The PCR with glyceraldehyde-3-
phosphate dehydrogenase (G3PDH) primers (appendix of MTC
kit: 5¢cggattggttgaaggtcggagtcaa3¢; 5¢catgtgggccatgaggtccaccac3¢)
served as a control. The PCR was performed according to the
manufacturer’s recommendations.

Results

With RBBP10 as a bait protein, we screened total 106

independent clone of a premade human fetal brain
Lex active domain fusion library, and 248 positive
clones were isolated. One of the most abundant pos-
itive clones contains a 660 bp cDNA that is very
similar to a putative human cDNA, FLJ23476
(BC008984, corresponding to nt 349–1009). This
cDNA fragment contains a ORF that encodes a
polypeptide with 127 amino acids that contain a
sua5-yciO-yrdC domain.

Using this 660 bp cDNA as an initial sequence, we
screened the human dbEST. There are 53 high quality
EST (E value =0) corresponding to the cDNA and
resembling a putative cDNA of about 2 kb. However,
there is not a 5¢ in-frame stop codon yet.

Based on the 660 bp cDNA, we designed two primers
that were used for RACE. We have isolated a DNA
fragment about 600 bp in 5¢ RACE and a DNA frag-
ment about 1500 bp in 3¢ RACE (Fig. 1). These two
DNA fragments overlap each other and resemble an
1825 bp cDNA. Blast analysis against a human genome
database revealed that the gene is located to human
chromosome 1p34.2 and contains five exons (Fig. 2). All
exon and intron boundaries conform to the AG-GT
rule. The gene spans about 5.2 kb genome sequence.

The 1825 bp cDNA contains an 840 bp (nt 6–845)
ORF that encodes a putative protein with 279 amino
acid residues. Four polyadenylation signals are after the
ORF (nt 1391, 1395, 1605, 1659). No 5¢ in-frame stop
codon is found corresponding to this ORF (Fig. 3).

The putative protein contains a sua5-yciO-yrdC do-
main (residues 86–253), a GTP-binding elongation fac-
tors signature (residues 229–241), and a leucine zipper
pattern (residues 259–279) (Fig. 3). Blast analysis sug-
gests that the protein is highly conserved from E. coli to
humans. Human yrdC protein shares 90% identity to
murine hypothetical protein XP_131673, 54% to Dros-
ophila melanogaster yrdC protein NP_611502, 47% to
an Arabidopsis thaliana unknown protein BAB09832,
37% to Caenorhabditis elegans hypothetical protein
Y48C3A (NP_496826), 22% to Saccharomyces cerevisiae
sua5 (X64319) and 26% to E. coli yrdC protein
(NP_417741). These proteins are different in size, while
the sua5-yciO-yrdC domain is the only conserved
domain (Fig. 4).

Fig. 1 The RACE results of yrdC. gsp1 (human yrdC 5¢ gene-
specific primer: 5¢atggaacgctcggaggagctcaac3¢) and gsp2 (human
yrdC 3¢ gene-specific primer: 5¢caggtaggacgcatgtgaggggag3¢) were
used to amplify the fragment between nt462 and nt842. 3¢ RACE
used primer gsp1 and UPM (Clontech, Universal Primers Mixture).
5¢ RACE used primer gsp2 and UPM
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Northern blot analysis detected a single band about
2.5 kb hybridized to all blots with different intensities.
The transcript is high in liver and pancreas (Fig. 5).
MTC based PCR verified the expression pattern re-
vealed by Northern blot analysis. The PCR bands pre-
sented here appeared in 36 cycles of PCR, while the
G3PD control group reached saturation at 24 cycles.
The transcript is expressed ubiquitously in human tis-
sues. The transcript is high in tumor tissues (Fig. 6).

Discussion

In the course of screening the fetal brain LexA active
domain library with RBBP 10 as bait protein for RBBP
interaction protein, we isolated a 660 bp cDNA. The
cDNA encodes a 220-residue polypeptide that contains
the sequence of a putative protein predicted by NCBI,
FLJ23476. This protein contains a sua5-yciO-yrdC
domain; it is named human yrdC protein.

Fig. 2 The chromosome location of the human yrdC gene. Human
yrdC was located to human chromosome 1p34.2. The gene contains
five exons

Fig. 3 The cDNA nucleotide
sequence and deduced amino-
acid sequence of human yrdC.
The number at the right of each
line indicates the position of the
first nucleotide. The open-
reading frame (ORF) is
uppercased. The first atg is in
italic type. The polyadenylation
signals are shaded. The yrdC
domain is in bold type. The
GTP-binding elongation factors
signature is underlined. The
leucine zipper pattern is boxed
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Using the 660 bp cDNA as an initial sequence, blast
analysis against human dbEST found a cluster of 53
high quality ESTs that resembled an 1825 bp putative
cDNA. Both 5¢ and 3¢ RACE verified this cDNA
sequence. Human yrdC gene is located to chromosome
1p34.2. It spans 5.2 kb genome that contains five exons
and four introns. All exon–intron boundaries conform
to the AG_GT rule. Northern blot analysis shows the
transcript is about 2.5 kb. Based on the above data, the
full-length cDNA of human yrdC has been cloned.

The 1825 bp cDNA contains an 837 bp ORF that
encodes a 279-residue protein. Four polyadenylation
signals followed the stop codon. Although there is not a
5¢ in-frame stop codon found in the cDNA, we are sure
the ORF is completed.

Blast analysis revealed the yrdC protein is highly
conserved from E. coli to human. Human yrdC protein
shares 90% identity to murine hypothetical protein

XP_131673, 54% to D. melanogaster yrdC protein
NP_611502, 47% to an A. thaliana unknown pro-
tein BAB09832, 37% to C. elegans hypothetical protein
Y48C3A (NP_496826), 22% to S. cerevisiae sua5
(X64319) and 26% to E. coli yrdC protein (NP_417741).
However, these proteins are different in size, the only
conserved part is yrdC domain. There is a sua5 domain
found in yeast protein sua5 protein, it is different from
other homologs.

Human yrdC protein contains a sua5-yciO-yrdC
domain, a GTP-binding elongation factors signature,
and a leucine zipper pattern. YrdC protein family is
highly conserved during the course of evolution, but its
actual function is not clear yet.

GTP-binding elongation factors signature is found in
elongation factors that catalyze the elongation of pep-
tide chains in protein biosynthesis. This region is con-
served in both EF-1alpha/EF-Tu as well as EF-2/EF-G

Fig. 4 Protein sequence
alignment of human yrdC
and its homolog of E. coli,
S. cerevisiae, C. elegans,
A. thaliana, D. melanogaster
and mouse. The numbers
indicate the positions of amino
acids. The conserved residues
are marked with different
shadows
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and thus seems typical for GTP-dependent proteins
which bind non-initiator tRNAs to the ribosome (Mol-
ler et al. 1987; Moldave 1985). The GTP-binding elon-
gation factor family also includes several proteins
related to cell growth, such as the yeast omnipotent
nonsense codons suppressor protein SUP2 and rat statin
S1 (Lee et al. 1992; Hoshino et al. 1989).

Leucine zipper pattern is a conserved motif related to
protein dimerization and nucleic acid binding. It is
present in some transcript factors (Zahnow 2002; Busch
and Sassone-Corsi 1990). However, the consensus
sequence is short and it is too unspecific. Because the
homolog of human yrdC, E. coli yrdC, was a verified
nucleic acid binding protein, this motif might be critical
for the function of human yrdC.

Both Northern blot analysis and MTC based RT-
PCR revealed that human yrdC was expressed ubiqui-
tously in human tissues. The transcript is high in liver,
pancreas, brain and some tumor tissue, where protein
synthesis is on a relatively high level. The result suggests
that human yrdC might be a house-keeping gene and
might relate to protein synthesis.

Based on the structure character and the homolog’s
function of human yrdC protein, we deduce that human
yrdC might be a translation related protein. Its inter-
action with RBBP10 might be unspecific. The actual
function needs further study.
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