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We isolated and sequenced a cDNA clone of the human gene encoded by the 5’ half of the ret transforming
gene. The nucleotide sequence indicates that it encodes a protein with ‘‘finger’’ structures which represent
putative metal- and nucleic acid-binding domains. Transcription of this gene was detected at high levels in a
variety of human and rodent tumor cell lines, mouse testis, and embryos. In addition, a unique transcript was
observed in testis RNA. When the expression of the unique transcript was examined at different stages of
spermatogenesis, a striking increase in mRNA levels accompanied progression from meiotic prophase
pachytene spermatocytes to postmeiotic round spermatids. This finger-containing gene may thus function in

male germ cell development.

The ret transforming gene was activated by recombination
between two unlinked human DNA segments during trans-
fection of NIH 3T3 cells (23). The nucleotide sequence of the
ret cDNA indicated that the ret transforming gene was
generated by the fusion of a truncated tyrosine kinase with
previously unlinked amino-terminal sequences (22). It has
recently been reported that recombination events also re-
sulted in activation of transforming potential of several other
protein kinase genes, including met (14), trk (12), ros (2), and
raf-1 (8, 21). In each case, a unique cellular sequence was
fused to the amino terminus of a 5'-truncated gene with
homology to the src kinase region. These fused amino-
terminal sequences may modulate transforming activities of
kinase genes or simply function as promoters.

Here we report the isolation and sequencing of a cDNA
clone corresponding to the normal gene encoded by the 5’
sequences of the hybrid ret transforming gene. The amino-
terminal sequences of ret contain a tandem repeat of a
sequence which represents most of the consensus sequence
of a putative metal- and nucleic acid-binding domain termed
a “‘finger’” structure (13). Thus, we have designated this
finger-containing gene rfp (ret finger protein). Northern
(RNA) blot analyses revealed that rfp is expressed at high
levels in a variety of human and rodent tumor cell lines,
mouse testis, and embryos.

Transcription of the amino-terminal sequences of the rer
transforming gene was detected in all human tumor cell lines
tested (22). To further characterize the nature of this gene, a
cDNA library was constructed in A gt10 from poly(A)* RNA
of a THP-1 human monocytic leukemia cell line. A library of
1.3 x 10° recombinant bacteriophage was screened with a
cDNA fragment from the 5’ end of the hybrid ret transform-
ing gene. Five positive plaques were detected. The longest
insert obtained was subcloned into plasmid pUC19 and
sequenced by the chain termination method (18). The restric-
tion map of the rfp cDNA is shown in Fig. 1. The sequence
of 1,782 nucleotides contains an open reading frame of 1,539
nucleotides which encode a protein of 513 amino acids (Fig.
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2). Two in-frame stop codons are found at nucleotides 4 and
31 in the 5’ untranslated region. The termination codon TGA
at nucleotide 1774 is followed by 6 nucleotides of 3’ untrans-
lated region. There is no other open reading frame which can
encode a long polypeptide (>50 amino acids). Comparison of
the sequence of the rfp cDNA with that of the rer cDNA (22)
showed that the first 315 amino acids of rfp were fused with
the 5’ truncated ret tyrosine kinase gene (Fig. 2).

The amino acid sequence of rfp was compared with those
of other proteins by using the National Biomedical Research
Foundation protein data bank. Although rfp was not signif-
icantly homologous to any known proteins, we detected the
consensus sequence characteristic of finger structures,
which have been identified in several species, including the
Xenopus 5S gene transcription factor (TFIIIA) (13), the
Drosophila loci Kriippel (17), serendipity (25), and hunch-
back (24), yeast ADRI (7), and mouse mkrl and mkr2 (4).
The rfp cDNA contains two finger domains (amino acids 16
to 37 and 53 to 74, underlined in Fig. 2) separated by 15
amino acids, although the last histidine residue of the con-
sensus sequence in both fingers and the leucine residue in the
second finger are absent (Fig. 3A). In the first finger domain,
the last histidine residue is replaced with a cysteine residue
which could be involved in the formation of a variant finger
loop. The homology between the finger domains of this gene
and those of the proteins mentioned above varies from 15 to
35%. These genes contain different numbers of finger do-
mains with unique amino- and carboxy-terminal sequences.

In addition to the tandemly repeated finger domains, we
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FIG. 1. Restriction map of rfp ¢cDNA. Coding (& ) and non-
coding (—) sequences for the rfp gene are indicated; 3, cDNA
fragments used for subsequent analyses. Restriction endonuclease

sites are Ncol (N), Pstl (P), Sacl (S), Xhol (Xh), and Xmnl (Xm).
bp, Base pairs.
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[olele] .Ig—;.GCC .GGC.CGT.ATT.CCC.GCT.CTC.GCT ag GGG .GCA .CAG.GCG.CAG.GCA . TCG.GCC.CGG
120

CCA.CTC.CAA.GCC. TTC.GGT.GCG.CGG.GCG.CGT.CTG.GGA . TAC.GGG .CCC.GGG . AGG . CGC .CGC . CCT
CCG.TCC.GCC.CGG.TGC.CTC.TCA.GGA.ACA.GCG.AAC.CGG.AGA .GAG.CGC.CGG.AGA.GTT.. OGG C‘I‘C

AGT.GCG.GAG.CTC.GGC.GCC.GGG.GCC.CAT.GCC.CGT.GCG.CCC.CCG.CAG.GCC.GGC.GCC. A]’G GCC
Het-Ala

300
TCC.GGG.AGT.GTG.GCC.GAG.TGC.CTG.CAG.CAG.GAG.ACC.ACC.TGC.CCC.GTG. TGC.CTG.CAG. TAC
3Ser-Gly-Ser-Val-Ala-Glu-Cys-Leu-Gln-Gln-Gl n-Thr-Thr-&y:-Pro-VAl-Cys-Leu-Gl n-Tyr

360
TTC.GCA.GAG.CCC.ATG.ATG.CTC.GAC.TGC.GGC.CAT.AAC.ATC.TGT. TGC.GCG . TGC.CTC.GCC.CGC
23Pho-Al‘-Glu—Pro—‘{et-Hct-Lon-o\s —Gly-His-Asn-1le-Cys-Cys-Ala-Cys-Leu-Ala-Arg

420
TGC.TGG.GGC.ACG.GCA .GAG . ACT |AAC.GTG . TCG | TGC.CCG .CAG . TGC .CGG .GAG . ACC. TTC.CCG.CAG

43Cys-Trp-Gly-Thr-Ala-Glu-Thr{Asn-Val-Ser{Cys—Pro-Gln-Cys-Arg-Glu-Thr-Phe-Pro-Gln
e —

480
AGG.CAC.ATG.CGG.CCC.AAC.CGG.CAC.CTG.GCCJAAC.GTG.ACC|CAA.CTG.GTA .AAG.CAG.CTG.CGC
63Arg-His-Met-Arg-Pro~Asn-Arg-His-Leu-Ala{Asn-Val-Thri{Gln-Leu~Val-Lys-Gln-Leu-Arg

540
ACC.GAG.CGG.CCG.TCG.GGG .CCC.GGC .GGC .GAG . ATG.GGC.GTG . TGC.GAG . AAG .CAC.CGC.GAG.CCC
83Thr-Glu-Arg-Pro-Ser-Gly-Pro-Gly-Gly-Glu-Met-Gly-Val-Cys-Glu-Lys-His-Arg-Glu-Pro

600
CTG.AAG.CTG.TAC.TGC.GAG.GAG.GAC.CAG.ATG.CCC.ATC.TGC.GTG.GTG. TGC.GAC.CGC. TCC.CGC
103Leu-Lys-Leu-Tyr-Cys-Glu~Glu~Asp-Gln-Het-Pro-Ile-Cys-Val-Val-Cys-Asp—Arg-Ser—Arg

660
GAG.CAC.CGC.GGC.CAC.AGC.GTG.CTG.CCG.CTC.GAG.GAG.GCG.GTG.GAG.GGC. TTC.AAG.GAG.CAA
123Glu-His-Arg-Gly-His—Ser-Val-Leu-Pro-Leu-Glu-Glu-Ala-Val-Glu-Gly-Phe-Lys-Glu-Gln

720
ATC.CAG.AAC.CAG.CTC.GAC.CAT.TTA.AAA.AGA .GTG.AAA.GAT.TTA.AAG.AAG.AGA.CGT.CGG.GCC
14311e-Gln-Asn-Gln-Leu-Asp-His-Leu-Lys-Arg-Val-Lys—-Asp-Leu-Lys-Lys-Arg-Arg-Arg-Ala

CAG .GGG .GAA .CAG.GCA .CGA.GCT.GAA .CTC. TTG.AGC.CTA.ACC.CAG.ATG.GAG.AGG .GAG . AAG .ATT
16361n~Gly-Glu-Gln-Ala-Arg-Ala-Glu-Leu-Leu-Ser-Leu-Thr-Gln-Met-Glu-Arg-Glu-Lys-Ile

840
GTT.TGG.GAG.TTT.GAG.CAG.CTG. TAT.CAC.TCC.TTA.AAG.GAG.CAT.GAG.TAT.CGC.CTC.CTG.GCC
183Val-Trp—Glu-Phe-Glu-Gln-Leu-Tyr-His-Ser-Leu-Lys-Glu-H{s-Glu-Tyr-Arg-Leu-Leu-Ala

900
CGC.CTT.GAG.GAG.CTA.GAC.TTG.GCC.ATC.TAC.AAT.AGC.ATC.AAT.GGT.GCC.ATC.ACC.CAG.TTC
203Arg-Leu-Glu-Glu-Leu-Asp-Leu-Ala-Ile-Tyr-Asn-Ser-Ile-Asn-Gly-Ala-Ile-Thr-Gla-Phe

960
TCT.TGC{AA TCCJCAC.CTC.AGC.AGC.CTG.ATC.GCT.CAG.CTA .GAA.GAG.AAG.CAG.CAG.CAG
223Ser-Cys{as. rtHis-Leu-Ser-Ser-Leu-Ile-Ala-Gln-Leu-Glu-Glu-Lys-Gln-Gln—-Gln
1020

CCC.ACC.AGG.GAG.CTC.CTG.CAG.GAC.ATT.GGG.GAC.ACA.TTG.AGC.AGG.GCT.GAA .AGA .ATC.AGG
243Pro-Thr-Arg-Glu-Leu-Leu=Gln-Asp-Ile-Gly—-Asp-Thr-Leu-Ser-Arg-Ala-Glu-Arg-Ila-Arg

1080
ATT.CCT.GAA.CCT.TGG.ATC.ACA.CCT.CCA.GAT.TTG.CAA.GAG.AAA.ATG.CAC.ATT.TTT.GCC.CAA
26311 e-Pro~Glu-Pro-Trp-1 le-Thr-Pro-Pro-Asp~Leu-Gln-Glu-Lys-Ile-His-Ile-Phe-Ala-Gln

1140
AAA.TGT.CTA.TTC.TTG.ACG.GAG.AGT.CTA.AAG .CAG. TTC.ACA.GAA .AAA . ATG.CAG.TCA.GAT.ATG
283Lys~Cys-Leu-Phe-Leu-Thr-Glu-Ser-Leu-Lys-G In-Phe-Thr-Glu-Lys—Met-Gln-Ser-Asp-llet

200
GAG.AAA.ATC.CAA.GAA.TTA.AGA.GAG.GCT.CAG.TTA.TAC.TCA.GTG.GAC.GTG.ACT.CTG.GAC.CCA
303Glu-Lys~Ile-Gln-Glu-Leu-Arg~Glu~Ala-Gln-Leu-Tyr-Ser-Va 1-Asp-Val-Thr-Leu-Asp-Pro

260
GAC.ACG.GCC . TAC.CCC.AGC.CTG.ATC.CTC. TCT.GAT . AAT.CTG.CGG.CAA.GTG.CGG. TAC.AGT. TAC
323Asp-Thr-Ala-Tyr-Pro-Ser-Leu-1le-Leu-Ser-Asp-Asn-Leu-Arg-Gln-Val-Arg-Tyr-Ser-Tyr

1320
CTC.CAA.CAG.GAC.CTG.CCT.GAC.AAC.CCC.GAG.AGG. TTC.AAT.CTG. TTT.CCC. TGT.GTC. TTG.GGC
343 Leu-Gln=G1 n-Alp—Llu—Pro-.\sp-Asn-Pro-Gln—Ar.-Phe-Au\-Leu-Pht-Prc{)‘s—‘h 1-Leu-Gly

1380
TCT.CCA.TGC.TTC.ATC.GCC.GGG .AGA .CAT . TAT.TGG .GAG .GTA .GAG .GTG .GGA .GAT .AAA.GCC. AAG
363 Ser-Pro-Cys-Phe-Ile-Ala-Gly-Arg-H! s-Tyr—Trp-Glu-VAl-G).u-ul—cly-Asp-Lys-Aln-l.ys

1440
TGG.ACC.ATA.GGT.GTC.TGT.GAA .GAC.TCA.GTG.TGC . AGA . AAA .GGT.GGA .GTA .ACC. TCA.GCC.CCC
383Trp-Thr-!la—Gly-Vnl-ny-Glu-Asp—S-r-Vnl—Cys-Arl—l.y:-Gly—Gly-V-l—Thr-Scr-Ah-Pro

1500
CAG.AAT.GGA.TTC.TGG.GCA.GTG. TCT.TTG.TGG. TAT.GGG.AAA .GAA . TAT.TGG.GCT.CTT.ACC.TCC
403 Gh\-A-n-Gly-Pho-'l‘rp-o\1a-Vql-Snr-Lcu-'I'rp—‘l‘yr-G1y-l.ys-Glu-Tyr-Trp-All-Lnn-Thr-s-r

1560
CCA.ATG.ACT.GCC.CTA.CCC.CTG.CGG . ACC.CCG.CTC.CAG.CGG.GTG.GGG . ATT. TTC. TTG.GAC. TAT
423 Prn-ll.t-‘l’hr-lh-L-u—Pro-L-u-Ar'-Thr-PrvLou-Gln-.\n-v- 1-Gly-Ile-Phe-Leu-Asp-Tyr

1620
GAT.GCT.GGT.GAG.GTC.TCC.TTC. TAC|AA! CA|GAG.AGG.TGT.CAC.ACC.TTC.ACT.TTC.TCT
443 Asp=-Ala-Gly-Glu-Val-Ser-Phe-Tyr{a r{+Glu-Arg~Cys-His-Thr-Phe-Thr-Phe-Ser
1680

T.GCT.ACC.TTT.TGT.GGG.CCT.GTC.CGG.CCC . TAC. TTC.AGT.CTG.AGT . TAC. TCG.GGA .GGG .AAA
h63u1:-Al.-Thr-rh--Cy--cly-pro-v-1»Ar.—?ro-1yr-?h--ser-L.u—ser-Tyr-s.r-cly-cly«Lys

1740

AGT.GCA.GCT.CCT.CTG.ATC.ATC.TGC.CCC.ATG.AGT.GGG . ATA .GAT.GGG . TTT. TCT.GGC.CAT.GTT
kB}Sor—All-Al--Pro-Leu—lic-llo-Cy:—Pro-‘c!—S!r-Gly—!l--A:p-Gly-Phe—Scr-Gly-H(s-\al

GGG .AAT.CAT.GGT.CAT.TCC.ATG.GAG.ACC.TCC.CCT.TGA.GGA.GGT.
503Gly-Asn-His-Gly~Hls~-Sar-Het~Glu-Thr=Ser-Pro~*""*

FIG. 2. Nucleotide sequence of rfp cDNA. The nucleotide se-
quence and the deduced amino acid sequence are shown. Nucleo-
tides are numbered above the sequence, and amino acids are
numbered in the left-hand margin. Two in-frame stop codons
upstream of the putative initiation codon are indicated by the
asterisks. The potential finger domains are underlined by thick and
thin solid lines. A stretch of basic amino acids is indicated by the
stars. Four possible glycosylation sites are enclosed in boxes. An
arrow indicates the recombination site in the hybrid ret transforming
gene.
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detected another potential finger domain in rfp between
amino acids 115 and 127, consisting of the sequence Cys-
XX-Cys-XXXXX-His-XX-His (where X may be any amino
acid; Fig. 2 and 3B). This kind of Cys- and His-containing
sequence is conserved in a variety of nucleic acid-binding
proteins (1). The predicted rfp amino acid sequence also
includes a stretch of five basic amino acids (Lys-Lys-Arg-
Arg-Arg, amino acids 157 to 161). This sequence is similar to
the nuclear location signals of simian virus 40 large-T (9, 11)
and polyoma large-T (16) antigens (Fig. 3C). In particular,
the lysine residue conserved in both simian virus 40 and
polyoma signals is found at a corresponding position (Lys-
158) of rfp.

Miller et al. (13) proposed that the conserved Cys and His
residues of the consensus sequence of finger domains form a
metal binding core and that the sequences between these
residues make a finger tip which might interact with specific
nucleic acid sequences. The presence of finger domains and
a potential nuclear location signal thus suggests that the rfp
gene may encode a nuclear protein which binds nucleic
acids.

We have previously reported that the rfp gene is tran-
scribed as 2.4- and 3.4-kilobase (kb) RNAs in all human
tumor cell lines tested (22). To find out whether rodent cells
also express rfp, poly(A)* RNAs were prepared from mouse
and rat tumor cell lines and analyzed by Northern blotting.
As shown in Fig. 4A, a PstI fragment of the rfp cDNA clone
(designated ‘“A’’; Fig. 1) hybridized to a 2.4-kb transcript in
all five rodent tumor cell lines tested. Another cDNA frag-
ment (desngnated “B’’; Fig. 1) hybridized to the same
transcript in these cell hnes (data not shown).

To furthér investigate the expression of rfp in normal
mouse tissues, total RN As from 11 organs of adult mice were
examined with fragment A as a probe. They included thy-
mus, testis, spleen, heart, ovary, kidney, brain, muscle,
lymph node, lung, and liver. This probe detected rfp tran-
scripts only in testis RNA as a broad 2.2- to 2.8-kb band (Fig.
4B). To confirm this result, poly(A)* RNAs from testis,
kidney, and liver were hybridized with the same probe. Two

LQY AEPMMI|L Il DCG N ICC 37

RET PQRHMRPNR LANV 74
consensus e e - - ___ - -H
sequence

B ns[c]v v[c]o r s r E[E]r 6[]127

C rfp 156 Leu[Lys Lys Arg Arg‘_A_r_g_lAla 162
sv40 126 Pro|Lys Lys|Lys|Arg|Lys Val 132
Polyoma 280 Pro|Lys Lys|Ala|Arg Glu Asp 286
Polyoma 190 Ser ArgILys Arg|Pro ArﬂPro 196

FIG. 3. Detection of finger domains and a potential nuclear
location signal in the rfp gene. (A) The amino acid sequences of
tandemly repeated finger domains (amino acids 16 to 37 and 53 to 74)
in the rfp gene are aligned with the consensus sequence (13) of finger
proteins. Identical amino acids are enclosed in boxes. (B) Another
potential finger domain (amino acids 115 to 127) is shown. The Cys
and His residues which may form a metal-binding core are boxed.
(C) The homologous region of the rfp amino acid sequence is aligned
with those of the nuclear location signals of simian virus 40 (SV40)
large-T (9, 11) and polyoma large-T (16) antigens. Identical amino
acids are enclosed in boxes.
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distinct bands of 2.4 and 2.8 kb were detected in testis RNA
(Fig. 4C, lane 2), indicating that these two bands closely
migrated as a broad band in the total RNA. Although we
could not detect any transcript in the total RNAs from liver
and kidney, low levels of expression of the 2.4-kb transcript
were observed in poly(A)* RNAs of these tissues (Fig. 4C,
lanes 1 and 3). The level of rfp message in testis was
approximately 20-fold higher than that in liver or kidney. In
addition, the 2.4-kb transcript of rfp was highly expressed in
11.5-day mouse embryos (Fig. 4C, lane 4). The high levels of
rfp expression in a variety of tumor cell lines, mouse testis,
and embryos suggest the possibility that mitotically and
meiotically dividing cells contain high amounts of rfp
mRNA.

To investigate whether the rfp gene is expressed in sper-
matogenic cells of mouse testis, we fractionated them by the
gradient sedimentation method described by Chandley et al.
(3). Three major fractions were prepared. The predominant
cell types in the three fractions were pachytene sperma-
tocytes (meiotic prophase), round spermatids (early post-
meiotic cells), and residual bodies (cytoplasmic fraction
from elongating spermatids) and elongating spermatids. The
purity of these cell types was greater than 90%. Total RNAs

NOTES 1855
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FIG. 4. Northern blot analyses with the rfp cDNA probe. A 5-pg
portion of poly(A)* RNAs (A, C) and a 15-pg portion of total RNAs
(B) were analyzed by Northern blot hybridization with fragment A
of the rfp cDNA (Fig. 1). Poly(A)* RNAs were isolated from six
tumor cell lines (A) and 4 BALB/c mouse tissues (C), and total
RNAs were isolated from 11 BALB/c mouse tissues (B). Lanes in
panel A: 1, THP-1 human monocytic leukemia; 2, T9 rat gliosar-
coma; 3, EA285 rat glioma; 4, TR481 rat neurinoma; 5, M1 mouse
myeloblastic leukemia; 6, P388D1 mouse monocytic leukemia.
Lanes in panel B: 1, thymus; 2, testis; 3, spleen; 4, heart; S, ovary;
6, kidney; 7, brain; 8, muscle; 9, lymph node; 10, lung; 11, liver.
Lanes in panel C: 1, liver; 2, testis; 3, kidney; 4, 11.5-day embryos.

from cells of each fraction were probed with the rfp cDNA
fragment A. Although the probe hybridized to 2.4- and
2.8-kb transcripts in RNAs from the pachytene spermato-
cyte and round spermatid fractions, the level of the 2.8-kb
transcript in round spermatids was approximately four- to
fivefold higher than that in pachytene spermatocytes (Fig. 5).
The expression of both transcripts strikingly decreased in
residual bodies and elongating spermatids. When the same
filter was rehybridized with v-abl probe (20) as a control, a
4.7-kb testis-specific abl transcript was observed in fractions
enriched for round spermatids and residual bodies as previ-
ously described (15). A faint 4.7-kb band was also detected
in the pachytene spermatocyte fraction but may represent a
small amount of round spermatid contamination.

It is interesting that, like rfp, several genes including
B-actin (26), a-tubulin (5), protamine (10), and protoonco-
genes c-abl (15), int-1 (19), and c-mos (6) are expressed in a
differentiation-specific pattern in germ cells. The expression
pattern of the 2.8-kb rfp transcript is similar to those of

kb £ 123
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FIG. 5. Level of rfp transcript in spermatogenic cells of mouse
testis. Total RNAs (3 pg) from fractionated male germ cells of
6-week-old ICR mice were hybridized with fragment A (Fig. 1) or
v-abl probe (20). Lanes: T, total testis RNA; 1, pachytene spermato-
cyte RNA; 2, round spermatid RNA; 3, residual body and elongating
spermatid RNA.
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a-tubulin, int-1, and c-mos, which are expressed at maximal
levels in round spermatids. In contrast, the testis-specific
transcripts of c-abl, B-actin, and protamine are enriched in
residual bodies and elongating spermatids rather than in
round spermatids. Our results thus suggest that the rfp gene
product may function at early stages of the differentiation of
round spermatids to mature sperm cells.
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on this manuscript.
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