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(1, 2). Recently, it is reported that some RING finger
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We have identified a genomic DNA fragment, using the
CR method with degenerate oligonucleotide primers
hich contain the conserved sequence of the RING fin-
er domain. Using the DNA fragment as a probe, a novel
DNA was cloned from human and mouse testis. The
DNA had a domain structure of the typical RING-B
ox-coiled coil (RBCC)-B30.2 domain and therefore was
amed testis-abundant finger protein (tfp). Indeed, the
ranscript was highly expressed in the testis, although it
as also found ubiquitously in various organs by North-

rn blot analysis. The tfp gene was mapped at the class I
egion of the human MHC (major histocompatibility
omplex), within which some known RBCC-B30.2 pro-
eins such as RFP, RFB30/HERF1, AFP, and HZF had
een localized. These findings demonstrate that several
BCC-B30.2 proteins including tfp, which are non-HLA
roteins, are clustered within the class I region of the
uman MHC. © 2000 Academic Press

Key Words: testis-abundant finger protein (tfp);
BCC (RING-B box-coiled coil)-B30.2 protein; class I

egion of human MHC.

A large number of RING finger proteins play crucial
oles in a variety of biological phenomena such as dif-
erentiation, development, oncogenesis, and apoptosis

The tfp nucleotide sequences in human and mouse are deposited in
enBank with Accession Nos. AB046381 and AB046382, respectively.
1 To whom reprint requests should be addressed at Department of

iochemistry, Saitama Medical School, 38 Moro-Hongo, Moroyama-
achi, Iruma-gun, Saitama, 350-0495, Japan. Fax: 81-492-94-9751.
-mail: muramasa@saitama-med.ac.jp or aorimo@saitama-med.ac.jp.
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roteins are also involved in proteolysis (3, 4). The
ING finger domain is likely to be a zinc-binding do-
ain conserved among several kinds of protein species

rom virus to humans, but it is different from known
inc finger domains in terms of sequence homology and
hree dimensional structure (5–7). Although the func-
ion of the RING finger domain is still unclear, partic-
pation in protein–protein interaction is supported by
everal studies (6, 7). We have attempted to obtain
ovel RING finger proteins using PCR method with
egenerate primers. Using a number of fragments ob-
ained, we already succeeded in identifying a few RING
nger proteins such as brain finger protein (bfp)/
NF179 mapped within the critical region of Smith-
agenis syndrome (8, 9), the testis-ring finger protein

terf)/RNF16 (10, 11) and interferon-responsive finger
rotein 1 (ifp1)/RNF21 (12).
In this study, novel full-length cDNAs, designated

estis-abundant finger protein (tfp), were isolated from
uman and mouse testis cDNA libraries using a DNA
ragment of the PCR product with a novel RING finger
omain. Tfp belonged to a family of proteins character-
zed by the presence of the RING-B box-coiled coil
RBCC)-B30.2 domain and its distribution and the
hromosome localization were determined.

ATERIALS AND METHODS

PCR method with degenerate primers and DNA sequence analysis.
e synthesized two degenerate primers: PRIMER1, 59-TCNTG(CT)-

CN(GA)TNTG-(CT)CT-39; and PRIMER2, 59-CA(GA)AA(GA) (TGC)
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.
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FIG. 1. Nucleotide and predicted amino acid sequences of the human tfp cDNA. (A) The predicted amino acid sequence is shown by amino
cids below their respective codons. The RING finger domain (amino acids 29–69) and B box domain (amino acids 107–138) are underlined.
he potential coiled-coil domain (amino acids 158–333) is indicated by a dotted line and the B30.2 domain (amino acids 340–509) is also
nderlined. The TGA stop codon (*) is shown at amino acid 519 and the inframe stop codon (TAA) upstream the N-terminus is underlined
nucleotides 162–164). In addition, exon–intron junctions are indicated by closed arrows. (B) Comparison with the human tfp protein and the
ouse homologue. The RING finger domain (amino acids 29–69) and B box domain (amino acids 107–138) are underlined as described in
ig. 1A. Conserved residues including cysteines/histidine, in the RING finger domain and B box domain are denoted by the bold type. The
otential coiled-coil domain (amino acids 158–333) is indicated by a dotted line and the B30.2 domain (amino acids 340–509) is underlined.
he conserved amino acids with mouse are shown by dots. The 30 amino acids (amino acids 269–298), novel sequence from splicing variant,
re indicated by open bold letters in the human tfp protein. (C) Alignment of the conserved amino acid sequence of several RING finger
omains among the RBCC-B30.2 proteins. The conserved cysteines/histidine residues are shown in boldface. Gaps to improve sequence
lignment are indicated by dashes.
46
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TA) (GA)TGNCC(GA)CA-39. Using these primers, mouse genomic
NA from the embryo was reacted using PCR as described previ-
usly (8, 10, 12). PCR products were subcloned into pCRII vector
Invitrogen) and then they were sequenced by an automated se-
uencer (Shimazu, Japan). Subsequently, the nucleotide sequence
as searched by the ProDom protein domain database and BLAST
atabase, and the obtained 66 bp DNA fragment (59-AGC-
GTTCTGTATGCCTAGAGTATCTGAAGGAGCCAGTTATTATTG-
ATGTGGGCA-CAACTTCTGC-39) which contained a novel se-
uence corresponding to putative RING finger domain was used as a
robe for screening of a mouse genomic library.

Screening of a mouse genomic library and of human and mouse
estis cDNA libraries. First, several clones from an identical origin
ere obtained from a mouse genomic library (Stratagene) by hybrid-

zation with the 32P-labeled 66 bp DNA. Subsequently, we have
xtracted a genomic DNA from the clone and isolated a 346 bp DNA
ragment which contained a novel sequence with both the RING
nger and B box domains. Subsequently, using the 346 bp DNA, the
ull length of cDNA was isolated from lZAPII cDNA libraries
Stratagene) of human and mouse testis.

Northern blot analysis. Human multiple tissue Northern blot
ontaining 2 mg poly (A)1RNAs per tissue were purchased from
lontech. The membranes were hybridized with the 32P-labeled 2.1
b EcoRI fragment of the human tfp cDNA. Northern blot analysis
as performed as described previously (9). Autoradiography was

arried out at 280°C with an intensifying screen for 3 days.

FIG. 1—
47
Fluorescence in situ hybridization (FISH) mapping of the human
fp gene. The preparation of human lymphocytes was carried out as
escribed (13). The identical cDNA fragment used in Northern blot
nalysis was biotinylated with dATP using the BRL BioNick labeling
it. The procedure for FISH analysis was performed according to a
revious report (13). FISH signals and DAPI banding pattern were
ecorded separately, and the assignment of the FISH mapping data
ith chromosomal bands was achieved by superimposing FISH sig-
als with DAPI banded chromosomes.

ESULTS AND DISCUSSION

solation of the Human Tfp and the Mouse
Homologue

We have attempted to obtain novel RING finger pro-
eins using PCR method with degenerate primers.
irst, we have isolated mouse genomic clones from an

dentical origin using one fragment of PCR products as
probe, which coded for a novel RING finger domain

see Materials and Methods). Subsequently, using the
ortion of the genomic DNA as a probe, the full length
DNAs were then isolated from lZAPII cDNA libraries
f human and mouse testis. The nucleotide sequences
f the cDNAs in human and mouse were found to have

ntinued
Co
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pen reading frames each representing 519 and 489
mino acids, respectively, both of which encoded the
ING-B box-coiled coil (RBCC)-B30.2 domains (Figs.
A and 1B). Respective domains are schematically
hown in Figs. 1A and 1B. The isolation of complete
oding region of the cDNA was possibly supported by
he presence of in frame stop codon upstream the
-terminus (Fig. 1A). These findings indicate that the

lone, named testis-abundant finger protein (tfp), is
eally a member of the RBCC-B30.2 protein family
14–16). In Fig. 1B, the alignment between the human
fp protein and the mouse homologue showed 98%
dentity as a whole. However, the mouse tfp protein

FIG. 2. Tissue expression of the human tfp mRNA and the chrom
uman tfp mRNA. Human multiple tissue Northern blot membrane
he 32P-labeled 2.1 kb fragment of the human tfp cDNA. The arrow
f the human tfp gene. (1) FISH analysis of the human tfp gene. Th
he arrow indicates a pair of signals on the chromosome. (2) The sa
ISH signals on chromosome was stained with DAPI. (3) Diagram o
n human chromosome 6p21.3-p22.1.
48
acked 30 amino acids (amino acids 269–298), indi-
ated by open bold letters in the human tfp, due to an
lternative splicing (Fig. 1B), because the amino acids
ere encoded as single exon between two exon–intron

unctions (Fig. 1A).

omparison with Other Members of the RBCC-B30.2
Proteins

The amino acid sequence of the human tfp was
ompared with other RBCC-B30.2 proteins. It exhib-
ted considerable homology; i.e., 39% identity with
SA/Ro, 38% identity with Rfp, 35% identity with

me localization of the human tfp gene. (A) Tissue distribution of the
ontech) containing 2 mg poly. 1RNAs per tissue was hybridized with
icates the specific band of tfp transcript. (B) Chromosome mapping
rocedure for FISH analysis was described in a previous report (13).
mitotic figure stained with DAPI. The left panel which showed the
ISH mapping. Each dot indicates the double FISH signals detected
oso
(Cl
ind
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me
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erf, and 33% identity with XNF-7 in the GenBank
NA database as determined by BLAST database.
he amino acid sequence of the RING finger domain
ith conserved residues of seven cysteines and a
istidine among these proteins was aligned in Fig.
C. The amino acid sequence of the RING finger
omain between the human and mouse tfp was com-
letely conserved, whereas other members of the
BCC-B30.2 proteins appear to be quite less con-
erved except for the cysteines and histidine resi-
ues. Rfp (17) is an oncogenic protein fused to ret
roto-oncogene in transformed NIH3T3 cells, and
he mice into which the RFP/RET transgene was
xpressed showed expanded late pro-B cell popula-
ion prone to malignant transformation (18). The
uman 52 kD SSA/Ro (19, 20) is the antigen related
o autoimmune response found in the patient with

TAB

The Exon-Intron Boundar

155 GCAGAG/GTAAGAGA Intron 1
615 TACAAG/GTGGGGAA Intron 2
711 CTCAAG/GTAAAGGC Intron 3
942 CTTAAG/GTTCGACC Intron 4
965 GGAAAA/GTAAGTGA Intron 5

1055 CAACAG/GTGAGCTT Intron 6
1171 TAATTG/GTGAGTTG Intron 7

Note. The numbers indicate the positions of the 59 and 39 nucleotid
plice acceptor and donor sites are shown in boldface type.

FIG. 3. Genomic structure of the human tfp. (Top) Schematic rep
he exons are indicated by open box and the positions of cDNA nuc
uman tfp cDNA. Respective conserved domains are indicated by d
ashed lines.
49
LE and Sjögren syndrome, and it shows a signifi-
ant response to interferon (IFN) (21). Terf is an
bundant gene in the testis which was mapped on
he human chromosome 1q42 (10, 11). XNF-7 which
s maternally expressed, exhibits phosphorylation-
ependent changes in subcellular localization during
arly Xenopus development (22). RFB30/HERF1 is a
egulatory protein involved in the terminal differen-
iation of erythroid cells (23, 24). AFP (25) and HZF
26) are non-HLA proteins isolated by positional
loning within the classical class I region of the
ajor histocompatibility complex (MHC).

issue Distribution of the Human Tfp mRNA

Next, we determined the distribution of the tfp
RNA in different human tissues. Northern blot anal-

1

of the Human TFP Gene

269 bp CTCCCAAG/TTAAAT 166
1010 bp CCCCTCAG/GAAAAA 626
4874 bp CTTCTCAG/AGACTA 722
3932 bp CCTTCTAG/GATGTC 953
341 bp AAATACAG/GAATAT 976
143 bp CCTCCTAG/ATGTGA 1066

1091 bp CCCGCCAG/CGGATG 1182

ithin the human tfp cDNA. Intron number and size are shown, and

entation of the human tfp gene, which spans 7 introns and 8 exons.
ide are shown in parentheses. (Bottom) Schematic structure of the
inct designs. Correlation of each exon to the cDNA is indicated by
ies

es w
res
leot
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estis, although it seemed to be present rather ubiqui-
ously in various organs (Fig. 2A). In this context, it is
oteworthy that Rfp (17) and terf (10), which are other
embers of the RBCC-B30.2 genes, are also highly

xpressed in the testis. The cell types and expression
atterns of tfp in testicular cells is now under study.

hromosome Localization of the Human Tfp Gene

Next, FISH analysis was performed to human chro-
osome metaphase spreads (Figs. 2B-1 and 2B-3). Un-

er the conditions used, the hybridization efficiency
ndicated approximately 71% among 100-checked mi-
otic figures. The DAPI banding (Fig. 2B-2) was used to
dentify the specific chromosome. The assignment from
ouble signals of the human tfp gene was made at the
hromosome 6p21.3-p22.1 (Fig. 2B-3). Hence, it is sup-
osed that at least five RBCC-30.2 genes including
FP, RFB30/HERF1, AFP, HZF, and tfp are clustered

n the classical class I region of the MHC within chro-
osome 6p21.3-p22.1.
It would be interesting to examine the significance of

he RBCC-30.2 proteins present in the MHC locus in
erms of inflammation, antigen presentation and pro-
essing, and immune response, etc. The identical chro-
osome location among some RBCC-30.2 proteins

eads us to suspect their common role as members of
he family, although the low homology of the tfp pro-
ein less than 40% compared with other members
ight also imply a distinct function of tfp.

enomic Structure of the Human Tfp Gene

The human tfp gene sequence was searched
rom complete sequence of the human MHC (http://
ww.sanger.ac.uk/HGP/Chr6/MHC-990719.fasta) (27)
sing the full length of the human tfp cDNA. A sche-
atic view of the human tfp gene structure is shown in
ig. 3. The human tfp gene contains at least 8 exons
nd 7 introns. The entire RING-B box and the B30.2
omains are encoded by each single exon, exon 2 and 8,
espectively. A summary of the exon/intron boundaries
s listed in Table 1. All splice donor sites match the
9-GT rule and all splice acceptor sites also follow the
9-AG rule. Moreover, these exon/intron junctions were
ompletely conserved in the mouse tfp gene (manu-
cript in preparation), supporting strongly that the
ouse gene is really the orthologue of the human tfp.
It is recapitulated here that there are several RBCC-
30.2 proteins including tfp clustered in the classical

lass I region of the MHC within chromosome 6p21.3-
22.1, suggesting that the proteins are likely to be
riginated from an ancestral gene by gene duplication.
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