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ABSTRACT
We have isolated and sequenced cDNA clones encoding the

human Ul-70K snRNP protein, and have mapped this locus (UlAP1) to
human chromosome 19. The gene produces two size classes of RNA,
a major 1.7-kb RNA and a minor 3.9-kb RNA. The 1.7-kb species
appears to be the functional mRNA; the role of the 3.9-kb RNA,
which extends further in the 5' direction, is unclear. The
actual size of the hUl-70K protein is probably 52 kd, rather than
70 kd. The protein contains three regions similar to known
nucleic acid-binding proteins, and it binds RNA in an in vitro
assay. Comparison of the cDNA sequences indicates that there are
multiple subclasses of mRNA that arise by alternative pre-mRNA
splicing of at least four alternative exon segments. This
suggests that multiple forms of the hUl-70K protein may exist,
possibly with different functions in vivo.

INTRODUCTION

During processing of eukaryotic nuclear mRNA precursors

(pre-mRNAs) to mRNAs, the intervening sequences (IVSs) are

excised and the exons ligated. Pre-mRNA splicing takes place in

association with a large nuclear ribonucleoprotein (RNP) complex,

the spliceosome (reviewed in 1-4). The spliceosome contains

several different small nuclear ribonucleoprotein complexes

(snRNPs), each containing one or two discrete small nuclear RNAs

("U" snRNAs), several "core" proteins, and usually one or more

proteins specific to the individual snRNP species. The U1 snRNP

binds to 5' splice sites via base-pairing between the 5' end of

Ul snRNA and the 5' splice site consensus sequence, and also

interacts with U2 snRNP during splicing. Human Ul snRNP contains

at least three specific proteins: the 70-kd (hUl-70K), 34-kd

(hU1-A), and 22-kd (hU1-C) snRNP proteins (reviewed in 5). The

hUl-70K snRNP protein is the major antigen recognized by anti-

(U1)RNP sera from patients with autoimmune diseases.
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We describe here the isolation and analysis of cDNA clones

encoding the human U1-70K snRNP protein. Our results complement

those of Theissen et al (6), who have independently reported the

isolation and structure of cDNA clones encoding this protein. We

show that the hUl-70K protein is encoded by a single gene on

chromosome 19. We observe two classes of hybridizing mRNA, sized

approximately 1.7 and 3.9 kb. The 1.7-kb mRNA, which is colinear

with the 3' half of the 3.9-kb mRNA, appears to be the true mRNA,

encoding a protein of actual molecular weight 52 kd, rather than

70 kd. The hUl-70K snRNP protein contains three regions of

similarity to known nucleic acid-binding proteins, and 0-
galactosidase/hUl-70K fusion proteins bind RNA in an in vitro

assay. These data suggest that the hUl-70K snRNP protein binds

to Ul snRNA or pre-mRNA directly in vivo. Finally,
characterization of different cDNA and genomic clones

demonstrates that multiple mRNA subspecies result from

alternative splicing of the hUl-70K pre-mRNA. This suggests

that multiple forms of the hU1-70K protein may exist in vivo,
perhaps with different properties and functions.

MATERIALS AND METHODS

Isolation of hUl-70K snRNP Protein cDNA Clones

Human Agtll cDNA libraries were screened using a mouse

monoclonal antibody against the mouse Ul-70K snRNP protein (7) as

described (8). EcoR I cDNA fragments from immunologically

detected recombinants were tested for cross-hybridization by

Southern blotting (9). Subsequently, other cDNA and genomic

clones were isolated by hybridization.

Nucleotide Seauence Analyses
EcoR I cDNA fragments were subcloned in M13mpl8 and DNA

sequences were determined by the method of Sanger et al. (10).

Southern Blot Analyses

For mapping the human gene encoding the hUl-70K snRNP

protein, DNA (3 gg per lane) from normal human 721 fibroblasts

was first digested with various restriction enzymes and analyzed

essentially according to Southern (9) using the complete 1.7-kb

EcoR I cDNA fragment of clone FL1.7 as probe. For more detailed

mapping, replicate lanes of Pst I digests were probed with a 309-
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bp EcoR I-Xho I fragment (containing the 5' end of FL1.7) and the

527-bp EcoR I cDNA fragment of RNP3 (the mRNA 3' terminus). For

chromosomal mapping, DNA (10 gg per lane) from 17 rodent x human

somatic cell hybrid lines (11) and controls was digested with

Hind III and hybridized to the complete FL1.7 probe.

RNA Analyses
Total and poly(A)+ cytoplasmic RNA was prepared from

cultured human cells [HepG2 (hepatoma; 12), FEM XII (melanoma),

880 (lymphoblastoid), L144 (lung fibroblast), and HeLa (cervical

adenocarcinoma)] and analyzed by Northern blot hybridization (13)

using the complete FL1.7 probe.

In Vitro RNA-Binding Analyses

Agtll recombinant phage containing hUl-70K protein partial

cDNAs were plated in top agar containing 5 mM IPTG, plaques were

harvested, and the proteins were denatured in SDS and

electrophoresed in 7.5% SDS-polyacrylamide gels as described

(14). Proteins were electrophoretically transferred to

nitrocellulose (15) and the P-galactosidase/hUl-70K fusion

proteins were detected immunologically (8) using the mouse anti-

U1-70K protein monoclonal antibody (7). The amount of each

specific fusion protein applied to gels was normalized by prior

immunodetection using an anti-p-galactosidase monoclonal antibody

(Promega) and scanning densitometry. To assay RNA-binding, the

nitrocellulose-bound proteins were "decorated" (16,17) with

radiolabeled SP6 in vitro transcripts and autoradiographed.

Transcripts tested included human Ul snRNA (from pSP64Uic+),

capped poly(A)+ human 0-globin pre-mRNA (from pSP60), capped

poly(A)+ human $-globin mRNA (from pSP6$c), and a transcript of

prokaryotic plasmid (pSP64) sequences.

RESULTS

Isolation of human U1-70K snRNP protein cDNA clones

Several human cDNA libraries constructed in the expression

vector Agtll (8) were screened immunologically using a mouse

monoclonal antibody to the mouse U1-70K snRNP protein (7).

Screening of approximately 7 million independent recombinant

phage yielded five independent cross-hybridizing recombinants

(RNP3, liver; RNP6, placenta; RNP8, HeLa cell; RNP11 and RNP12,
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Figure 1. Southern hybridization analyses of the hUl-70K snRNP
protein gene. Human DNA was digested with Pst I and hybridized
to cDNA probes. Lanes: 1, 1.7-kb FL1.7 cDNA probe; 2, 309-bp
EcoR I-Xho I probe (5' end of FL1.7); 3, 527-bp RNP3 cDNA probe
(3' end of mRNA).

MOLT4 cell). Subsequently, FL1.7 was isolated from an HL60 cell

cDNA library by hybridization to RNP6, and RNPH1, RNPH2, and

RNPW1 were isolated from human liver cDNA libraries by

hybridization to a 309-bp EcoR I-Xho I fragment containing the 5'
end of FL1.7.

Chromosomal mapping of the human U1-70K protein gene
In Southern hybridization analyses of human 721 fibroblast

DNA, the complete 1.7-kb FL1.7 probe detected two Pst I

fragments, sized 4.1 and 2.6 kb (Figure 1, lane 1). Only the
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TABLE I. Correlation of human FL1.7 sequences with human
chromosomes in rodent x human somatic cell hybrids.

Human Chromosomes

Hybridization 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X

+/+ 4 1 3 5 2 5 2 5 3 1 3 4 4 7 6 5 3 6 9 4 5 7 2

-/- 7 7 2 5 5 5 5 5 6 5 5 5 5 2 4 6 8 4 8 5 4 4 1

+/- 5 8 5 3 7 4 6 3 5 8 4 5 4 2 3 4 6 3 0 5 2 1 1

t-/t 1 1 6 1 2 3 2 3 2 3 3 2 3 3 4 1 0 3 0 3 4 4 2

Discordant 6 9 11 4 9 7 8 6 7 11 7 7 7 5 7 5 6 6 0 8 6 5 3
hybrids

Informative 17 17 16 14 16 17 15 16 16 17 15 16 16 14 17 16 17 16 17 17 15 16 6
hybrids

The numbers of hybrids showing concordant (+/+ or -/-) and discordalnt (+/- or

-/+) segregation with FL1.7 sequences are given for each chromosome. Data on

rearranged chromosomes or chromosomes present in fewer than 10% of cells were
excluded.

4.1-kb Pst I fragment was detected when a 309-bp EcoR I-Xho I

fragment containing only the 5' end of the FL1.7 cDNA was used as

probe (lane 2). In contrast, only the 2.6-kb Pst I fragment was

detected when the 527-bp RNP3 EcoR I fragment (containing only

the 3' end of the mRNA) was used as probe (lane 3). Analysis of

genomic clones (unpublished data) indicates that Pst I fragments

corresponding to central portions of the cDNA are quite small,

and are apparently not detected in this experiment because they

bind inefficiently to nitrocellulose and contain only small

hybridizing exon segments. These results thus indicate that the

4.1- and 2.6-kb Pst I fragments derive from a single gene. In

addition, the complete 1.7-kb FL1.7 probe detected single large

fragments in both BamH I and EcoR V digests of human DNA (data

not shown), also suggesting that this is a single-copy gene.

To determine on which human chromosome the hUl-70K protein

gene is located, we performed Southern hybridization analyses of

DNA from 17 rodent x human somatic cell hybrid lines, using the

complete FL1.7 probe. The results of this experiment are

consistent with localization of this gene on human chromosome 19

(Table I). As shown in Figure 2, the complete FL1.7 probe
detected four fragments, sized 12.5, 8.4, 7.1, and 3.6 kb, in
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Figure 2. Southern hybridization of human x Chinese hamster
hybrid cell lines. DNAs were cleaved with Hind III and hybridized
to the complete FL1.7 probe. DNAs from a total of 17 hybrid cell
lines were analyzed. Lanes: 1, Chinese hamster 380-6 DNA; 2,
human DNA; 3-5, DNAs from human x Chinese hamster hybrid cell
lines lacking human chromosome 19; 6-7, DNAs from human x Chinese
hamster hybrid cell lines retaining human chromosome 19.

Hind III digests of normal human DNA (lane 2) and in DNAs of all

hybrid cells that retained human chromosome 19 (see for examples
Figure 2, lanes 6 and 7). These fragments were not detected in

Hind III digests of DNAs from hybrid cells that lacked human

chromosome 19 (see for examples Fig. 2, lanes 3-5). All other

human chromosomes were excluded by at least five discordant

hybrids. Four other fragments, sized 5.8, 5.4, 3.4, and 2.5 kb,

were derived from the hamster genome, as they were detected in

Hind III digests of Chinese hamster DNA (lane 1). Weakly
hybridizing fragments in both human (lane 2) and hamster (lane 1)
DNAs disappeared after more stringent washing of the filters

(data not shown), and probably represent related sequences in the

human and rodent genomes. These genomic mapping data (and also

those described above) are consistent with restriction maps of
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Figure 3. Blot hybridization analysis of RNAs from cultured human
cells. RNAs were hybridizided to the complete FL1.7 cDNA
probe. Lanes: 1, poly(A)+ HepG2; 2, poly(A)+ FEM XII; 3,
poly(A)+ 880; 4, poly(A)" L144; 5, poly(A)+ HeLa; 6, total HeLa.

genomic clones of this gene (our unpublished data).
Blot hybridization analyses of hUl-70K protein RNAs

To characterize the mRNAs encoded by the human Ul-70K

protein gene, we conducted blot hybridization analyses of

cytoplasmic poly(A)+ RNAs from a number of cultured human cell
lines, using the complete FL1.7 probe. As shown in Figure 3, we

detected two size classes of hybridizing RNA: a major one of
approximately 1.7 kb and a minor one of approximately 3.9 kb. As
discussed below, the 1.7-kb RNA is apparently the true mRNA

encoding the hUl-70K protein. HepG2 hepatoma (lane 1), 880
fibroblast (lane 3), L144 lymphoblastoid (lane 4), and HeLa (lane
5) cells contained both the major and minor RNA species.
However, we were unable to detect the 3.9-kb RNA in FEM XII

melanoma cells (lane 2). The proportions of the 1.7-kb and 3.9-kb
RNAs were similar in cytoplasmic (lane 5) and total cellular

(lane 6) poly(A)+ RNA from HeLa cells. The present sizing of the
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3.9-kb RNA is more accurate than the previous 3-kb estimate of

Thiessen et al. (6), and we could not replicate their observation

of virtually only the 3.9-kb RNA in HepG2 cells.

DNA sequence analyses of the hUl-70K protein cDNA clones

We determined partial or complete nucleotide sequences of a

number of independent hU1-70K snRNP protein cDNA clones. In

Figure 4 these sequences are compared with each other and also

with clones 70.1 and FL70K isolated by Thiessen et al. (6).

Clones RNP3, RNP6, RNP8, RNP11, and RNP12, isolated using the

monoclonal antibody, all include 3' portions of the mRNA. Clones

FL1.l, RNPH1, RNPH2, and RNPW1 are all approximately 1.7 kb in

size, and thus include virtually all of the 1.7-kb mRNA. As

discussed by Thiessen et al. (6), their clone FL7OK apparently

includes most of the 3.9-kb RNA. Clones FL1.7, RNPH1, RNPH2,

RNPW1, and Thiessen's clone 70.1 are all essentially colinear

with the 3' half of clone FL70K. The DNA sequences of all of the

cDNA clones are identical except for differences at nt 1055-1056

and 1863-1864, which apparently represent polymorphisms.

As shown in Figure 4, the various cDNA clones also differ by

the presence or absence of four different segments ofsequence.

Analysis of genomic clones encoding the human Ul-70K snRNP

protein shows that this gene, which is greater than 30 kb in

size, is interrupted by numerous IVSs (unpublished data), and

that the observed differences result from alternative pre-mRNA

splicing (Figure 5). First, the first 41 bases of RNPH1 are not

represented in FL7OK, possibly resulting from an alternative

splice in this region. Second, FL1.7 and probably RNP6 differ

from FL7OK, 70.1, and RNP8 by the inclusion of all or part of a

60-bp alternative exon (nt 1687-1756) between codons 335 and 336.

This exon contains an in-frame termination codon; therefore,

mRNAs containing it cannot encode a 70-kd protein. This segment

exists as a discrete exon in genomic DNA. Third, FL1.7 also

contains an additional 12 bases immediately downstream from the

60-bp alternative exon. This 12-bp alternative segment (nt 1757-

1768) begins with the sequence GTTGGT (similar to the 5' splice

site consensus sequence), and in genomic DNA this segment occurs

immediately 3' to the 60-bp alternative exon discussed above

(unpublished data). Thus, two different alternative 5' splice
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PL70K OCOAGACGAAGGTGCGCAGGCCGATGCCCGAGAGCGGGATGATGACCGTG0GACGAGCCAGCCGGCGATGAGGGTGAAGGCCACCCAGCGCCACTTGCC loo

FL70K CAGCGGCACCGCTTCTGGCGCGCGCCCTTGCCCTTGATG0CGACGACTTGTTGGCCGAGCGCACGAGCCAGCGCTGCA0CATCACCAGCGGCATGGTCA 200

FL70K CCOCCACCA00CACACGGCCACCGCCGCCATCAGTGATACGAGGCGTACCCAGCTTGTT00TGA0CTTGTAGAGATAGGTCGGCA0CACCAGGTGGCC 300

FL70K TTCCOGATCACCCAGCACCA0CACCAGGCCGAACACTTCAAAGCCGAAGAACACCA0CACOCCGGAGTAG0CCAGCOCC0G00T0ATCATC00CA0C 400

FL70K GACACGTTCAACGCCACCTGCAGCGGCOAACAsCCGGCCACoGCGOCCOCTTCTTCCACATCCGAACCCAGGCTGCGCAGGGCCGCCGAGGCATACAGOT 500

FL?0K AGACOTGCOOCACOTGOGTCAaGOCCOOCATOATOAnCATOCTOOTGAAGusTGATTTCCACGOOTCOCsCCCAACCGACOACCOACAOCAGOTT 600

I0I0 T I S 0 0
FL70K CTTOACCCACACC0T0TA0AA0CC0ACC041CCCCATC0AGACCAC0TA0CC0AA0CC0ATCACCA0T000C0AGAC0AAGAT0G0CACCATCA0T00C00 700

25
G0 S*N A A T R Q V 0 C A P S 0 R P S T R P S a T A I R A R P V A

FL70K GGGCGGATCGAACGCTGCGACCCGGCAGOTCGGCTGCOCACCATCAGGAAGGCCAAGCACTCGGCCGAGCGGCACGGCGATCAGGGCCAGGCCGGTCGCC *00

50
S P I D 3 * L A 3 V R V I 2 D 9 A I G I 2 * R R L D R R K * R N

FL70K AGCGTCAAGCCOATTOACGMGGaCCTGGCOGAAGTCCOGGTCATCGA^AoTOAAGCGATAGAA^TCOAAGOTG^ACCTCTTGACCWGOCCAAGAaCGC 900

75 100
R Q * A L I I D Q Q Q R Q R R E P 0 L P A A R P 0 R A A S S a I

FL7OK OCCOACAGGAAGCTTGATAGAAGATCAGCA0CAGCGGCAGCGAAGATGGCCAGGGCT0CCA0CA0CAC0ACCAG0CCGCGCGGCCAGTTCAOCCGGAAT 1000
RNPH1 GGOO

125
S S R Q a L L A R G T L N R L S * L V R 2 L S G R RaR Q T D V D

VL70K CGGCGaCGCAGCGCTC GCGOCACGTTaGTTOTOAGCAaGCOCTGGTwGC TAGCOGCGcACo TCGAcGAG^CoGGAC 1100
70.1 AGCOOCTTGOTOCOCTCOCTTAGCOOOCOACOGAATCAAOGAOACOTOGAC
FL1.7 SCGCTCGCTTAGCGOOCGACOGAATCAOACOSACOTOOAC
RKPN1 ACCCACCCCCTGCTCCA0TCOCTATCOGAaGCCGCGCGG(3TOOCTAGCAGCOGCCTGGTGCGCTCGCTTAWaaCOOCOAOAATCAGACOGACGTG"OC

P T P C 9 3 R T R R P R 0

150
A *p a T g a a a a V v v A g a L P Q P P R A a a Q T P a R * * A T R

70 .1 WMCCCOGATOOAACCaAACAGAGTOTTGSa. S AGOCSTGCCCOCCOCCGC§CCTOCGOCAaCTCOCGC
FLI.7 OCCCCCO^GATGOJAOGCCGAUOCAGAOTGTOTTGTTOCTWGGOCTGCCO¢ACAOCCOCCOSACCTCCOGA^CCAACWCWAOAC^GJiOaGCOCTACOC
RNPN1 OCCCCC0G"GTCGAA0CG"GCGAGTTGGTTCGOTTOGCTAGGCCOC^CACCGCCGCAGCCTCCOGACAGACGCCAGACOvGAGGCGCTACGC
RNllWl OCGCWCWAGCCOCCWGCGACCTCCGOACAGACOCCAGAGCOAGOA^aGCSCACWc

175 200
L 0 K N T Q 7 L P P N L L A L F A P R D P I P T L P P L 3 K L P 2

InI 25

70.1 GACTTOOCXAATOACCCAOTTCCTOCCGOCCAACCTTTcOOCCCTCTTTOCCCCCOTOCCCATCoCATACCTOCCAsCCCTQGAG"CTncOCoCAC
FLI.7 OACTTOGCAAGATOACCCAOTTCCTWCCaCCCAACCTTCTGOCCCTCTTTSCCCCCCGTOACCCTATTCCAT ACCTOCCACCCC SAGACOCCACA
RNRIIHGACTTGW"ATACCCaAcOcTTCCTOCCG=oAACCTTCT 1200 bp
RM1 ACTCAGAcTOACCCnAnOcrTTCCTOCCOCCCAACoCTTCTCCCTTOCsCCC 1400 bp
RNlPN2 TTCTGGCCCTCTTTGCCCCCCOTGACCCTATTCCATACCTOCCACoCCCT GAAGCTaCCoAC

225
3 K * * N Q P T C G I A P T I R 9 F 9 D P R D A P P P T 2 A 2 T 2

50
FL70K TaAAACACAATCAcCCTTATTGTGCATOCOCGTcsocoACATTCaAG^AOTTG^aACoCCTCGAGATOCCCCTCCTOCAACTCOTaCTGA,CCOGA 1400
70.1 TSAGACACCACAATCAACCTSTSATTaCTSATTGCOCCTACATTCGA(RAGTTTGAGOACCCTCGOAGATCCCCTCCTCCAACTCGTGCTGAAACCC"A
FL 1 7 TSAAACACCACAATCAACCTT^SATTGTCATTOCGCCGTAcATTCOAGA^GTTTAQOACCCTCSGATOACCCCTCCTCCAACTCTTAiCCCAv
RNlPS AaoCCoCTCAATOCCwCCTCTCCAcACCTCTAACCsCGA
RKlPs2 ToAAoA"CACCACACAACTTATTOTOOCATTOCOCCOTACATTCOAvAOTTTAaaACC...1 200 bp

250
2 K R R 9 9 I 5 R R Q Q * V 2 T 9 L K N N D P * N D P * A

FL70K "GAGOCOCATOGAAOAAAA^ACOAAAGCATTAOv GCOAASOGAGG"AC^OS ATOSGCTAAA4TGCCCTCACAATGA TCCCAATO 1500
70.1 GAvOOACOCA ASaaOCAAC^OUTOOCOOSSAAOOaCCCCATaATCCCAATO
FL1.7 GAOGACOCATSOOA"GOOAGACGOGGAJAOASTTGACGOCOACCACAGAGSOOvA(ACAAGCSSTAAA,TGSOOOACCCTCACAATOATCCCAATO
RKPO GAOOAOCOCATOGAaOGAAAAACaOOAAGATTOvOAGCOACCAOCAAG^AATOOAOCAGAGCTTASAOTOGOACCCTCACAATSOATCCCAATO

275 300
Q 0 D A f K T L 7 T A n V * T D T T 3 9 K L R R 2 F * V T a P I I

100 125
FL70K CTCAGOGTCTCAACTCTCTTscuoAT GOCG"sAGTcTATcOACAACATCAAoccca ATCanGAAATTAGTTACSo ACCTATCAA 1s00
70.1 CTCAMOGGATGCCTTCAAGACTCTCTTCGTGOCGATGTUiSS TATAACACAACAGAACCAAOCTCCOOAGh"OTTTOAGOTOTACOO^CCTATCAA
FL1.7 CTCAGOOO"aOACTCSSCAGACSCCTSCTTSOGWACSOAATTATOAACACAACAAATCC"AOTCCOO^JIAOGTTTO^OOSOTACO^CCTATCAA
RNlPs CTCAGWGoTGcesTcTcAATcTCTTcTOoGTAoAosoA TTATGACACAACAGATsCCAAOCTCCOGAQA"GTTT"GGsTGTCQavCCTATCAA

325
a I V T 9 K R S a * _ 11 a T A 7 I * T N* D N * S

ISO
LM70K AAGAATACACATOOTCTACAOTAAGCOMSAGOAAAaCCCOCTSO(CTATOCCTT^CATCGAGACOAACACGAGCavOACATOCACT -------------- 1700
70 .1 AAG"TASCACATgOTCTAcAi0TAAGCOOTCAGOAAA0CCCGTGG"OcATOCCTTCATCOAGAOSCO^CACsaC"AXCATOCACT- --------------

FLI.7 AAOAATAcCAT^OOTCTACAOTAA0C00TCAOGAvAACCCCOSaCTOTAOCCTTCATOOAOTACOAACACGAOC(A^OACATOCACTCCACCACOCAOCTO
RNPS AA"ATACACATSOSTCTACAGTAAWOOCAOAACCCGTOOCTSATCCTTCATC"GAOSCOAACACOAGCAOATGCASCT----------------

T T Q L

A T K N A D 0 R 9 I D 6 R 2
FL70K ----------------------------------------------------------CCWSTTAcAACACOCAOAATOA AAGA GATTSATOGCAGOA 1800
70. 1 ----------------------------------------------------------CCOC TTACAAACACOCA"TTGaCAOAA TTSOASOCAGOA
FL1.7 GCTTOCAOCTSAG^SCTACOCTCCCCTTACAACACCTC^AGTTATOOTTaaTATAAOOCCOCTTACAAACACOCA4ATOOCAOASATTATOOCA00A
RNP8 --------------------------- -- -- ------------------------ ----CCOCTTACAAACACOCA"TSGaCAAOAOASTTATGOCAGOA
RIIP0 CTTACAACACCTCAOTGTATO ------------CCGCTTACAAACACOCOASATOCAAGAAATTGATGaCAGO(A

A C S TM
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350 375
V L V D V K R T V K G W R P R R L G G G L G G T R R G G A D V

175 200
FL7OK GGGTCCTTGTGGACGTGGAGAGGGaCCGAACCGTGAGGGCTGGAGGCCCGGCGGCTAGGAGGAGGCCTCGGTGGTACCAGAAGAGGAGGGGCTGATGT 1900
70. 1 GGGTCCTTOTGGACGTGAGAGGGGCCGAACCGTGAAGGGCTGGAGGCCCCGGCGGCTAGGACCAGGCCTCGGTGGTACCAGAAGAGGAGCGGCTGATGT
FLI1. 7 GGGTCCTTGTGGACGTGGAGAGGGGCCGAACCGTGAAGGGCTGGAGGCCCCGGCGGCTAGGAGGAGGCC TCGGTGGTACCAGAAGAGGAGGGGCTGATGT
RNPO GGGTCCTTGTGGACGTGGAGAGGGGCCGAACCGTGAAGGGCTGGAGGCCCCGGCGGCTAGGAGGAGGCCTCGGTGGTACCAGAAGAGGAGGGGCTGATGT
RNP6 OGGTCCTTGTGGACGTGGAGAGGGGCCGAACCGTGAAGGGCTGGAGGCCCCGGCGGCTAGGAGGAGGCCTCGGTGGTACCAGAAAGGAGGGGCTGATGT
RNP12 AGGGCTGGAGGCCCCGGCGGCTAGGAGGAGGCCTCGGTGGTACCAGAAGAGGAGGGGCTGATGT

400
K I R K S G R D D T S R Y D K R P G P S P L P R R D R D R D R K R

2L25*L70K GAACATCCGGCATTCAGGCCGCGATGACACCTCCCGCTACGATGAGAGGCCCGGCCCCTcCCCGC TTCCGCACAGGGACCGGGACCGGGACCGTGAPGCGG 2000
70.1 GAACATCCOOCATTCAGGCCGCGATGACACCTCCCGCTACGATGAGAG ---------------------------3GACCGGGACCGGGACC0TGAGCGG
FLI .7 GAACATCCOGCATTCAGOCCGCGATGACACCTCCCGCTACGATGAGAG--------------------------- GGACCOGGACCGGACCGTGAGCGG
RUP8 GAACATCCGGCATTCAGGCCGCGATGACACCTCCCGCTACGATOAGAGcCCCGGcCCCCTCCCCGCTTCCGCACAGGGACCGGGACCGGGACCGTGAGCGG
RNP6 GAACATCCGGCATTCAGGCCGCGATGACACCTCCCOCTACGATGAGAGGCCCGGcCCCTcCCCGCTTCCGCACAGGGACCGGGACCGGGACCGTGAGCGG
RNP 12 GAACATCCGGCATTCAGGCCGCGATGACACCTCCCGCTACGATGAGAGGCCCGGCCCCTCCCCGC TTCCGCACAGGGACCGGGACCGGGACCGTGAGCGG

425
£R R R K KR R D K SR K KR R S R S R DR R R S K S R D ! I

VL7OK GAGCGCAGAGAGCGGAGCCGGGAGCGAGACMGGAGCGAGACGGCGACGCTCCCGCTCCCGGGACCGGCGGAGGCGCTCACGGAGTCGCGACAAGGAGG 2100
70.1 GAGCOCAGAGAGCOGAOCCGGGAGCGAGACAAGGAGCGAGAMCGGCOACGCTCCCGCTCCCGGGACCGGCGGAGGCGCTCACGGAGTCGCGACAAGGAGG
FLI .7 GAGCOCAGAGAGCGGAGCCGGGAGCGAGACAGGAGCGAGMCGGCGACGCTCCC0CTCCCGOGPCCGGCGGAGGCOCTCACGGAGTCGCGACAGGAGGREPS GAGCOCAGAGAGCGGAOCCGGOAGCGAGACAGGAGCGAGACGGCOACGCTCCCGCTCCCGGGACCGGCGGAGGCGCTCACGGAGTCGCGACAAGGAGG
RKP6 GAGCGCAGAGAGCOGAOCCGOGAGCGAGACkGGAGCGAGOACGGCGACGCTCCCGCTCCCGGGACCGGCGGAGGCGCTCACGGAGTCGCGACAAGGAGG
RKP12 GAGCGCAGAGAGCGGAGCCGGGAGCGAGACAAGGAGCGAGAACGGCGACGCTCCCGCTCCCGGGACCGGCGGAGGCGCTCACGGAGTCGCGACAAGGAGG

450 475
R K R S K D K D R D R K KR S S R S R K R A R KR K K K275 300

FL70K AGCGGAGOCOCTCCAGGOAGCGGAOCAAGOACAGOACCOGOACCGGOGCGGCGAAGCAGCCGGAGTCGGGAGCGGGCCCGGCGGGAGCGGGAGCGCM 2200
70 .1 AGCGGAGGCGCTCCAGGGAGCGGAGCAAGGACAAGGACCGGGACCOGAAGCGGCGAAGCAGCCGGAGTCGGGAGCGGGCCCGGCGGGAGCGGGAGCGCAA
FLI .7 AGCGGAGGCGCTCCAGGGAGCGGAGCAAGGACAAGGACCGGGACCGGAAGCGGCGMAGCAGCCGGAGTCGGGAGCGGGCCCGGCGGGAGCGGGAGCGCAA
RJIP8 AGCGGAGGCGCTCCAGGGAGCGGAGCAAGGACAAGGACCGGGACCGGAAGCGGCGAAGCAGCCGGAGTCGGGAGCGGGCCCGGCGGGAGCGGGAGCGCAA
RNP6 AGCGGAGOCOCTCCAGOGAGCGGAGCAAGGACAAGGACCGGOAccGGAGcGGcGGcAGccCGGAGTCGGGAGCGGGCCCGGCGoGAGCGOGAGCOCAA
RNP12 AGCGGAGGCGCTCCAGGGAGCGGAGCAAGGACAAGGACC GGA^CCGGAAGCGGCGAAGCAGCCGGAGTCGGGAGCGGGCCCGGCOGGGAGCGGGAGCGCAA
KKPOO~~~ ~ ~ ~ ~ ~ ~ ~ ~~~~O

! L _ GO OG D N A S A D AP P D D 0 P P G L G P D
32R

FL70K GOAaG(AGCTOCTGSGCGGCGGTGGCOACATGGCGGAGCCCTCCGAGGCGGGTGACGCGCCCCCTGATGATGGGCCTCCAGGGGAGCTCGGGCCTGACGGC 2300
70 .1 G"AGaAGCTGCGTGGCGGCGGTGGCGACATGGCOGAGCCCTCCGAGGCGGGTGACGCGCCCCCTGATGATGGGCCTCCAGGGGAGCTCGGGCCTGACGGC
FLl .7 GOAGAO^CTGCGTGGCGOCGGTGGCGACATGGCGGAGCCCTCCGAGGCOGOTGACGCGCCCCCTGATGATGGGCCTCCAGGGGAGCTCGGGCCTGACGGC
RIIP8 OGA^GAGCTGCGTGGCGGCGGTGGCGACATGGCGGAGCCCTCCGAGG3CGGGTGACGCGCCCCCTGATGATGGGCCTCCAGGGGAGCTCGGGCCTGACGGC
RJIPG G"OAGaCTGCGTGaGGCGaCOTGaCGACATGGCGA^GCCCTCCGAGGCGGGTGACGCGCCCCCTGATGATOGGCCTCCAGGGOGAGCTCGGGCCTGACGGC
RNP12 GGAGaAGCTGCGTGGCGGCGGTGGCGACATGGCGGAGCCCTCCGAGGCGGGTGACGCGCCCCCTGATGATGGGCCTCCAGGGGAGCTCGGGCCTGACGGC
RKP3 CCOAGOCGOOTGACOC3CCCCCTGATDATIGGCCTCCAGGOGAGCTCGGGCCTGACGGC

525
P D KP R KG R D R D R K R R K K* R K R K R RD K D RD R

400
FL70K CCTGACGGTCCAGAGGAAAAGGGCCGGGATCGTGACCGGGAGCGACGGCGGAGCCACCGGAGCGAGCGCGAGCGGCGCCGGGACCGGGATCGTGACCGTG 2400
70.1 CCTOACOOTCCAGAGOAAAAGOOCCOGOATCOTOACCOOGAOCOACOOCOOAOCCACCOGAGCOAGCGCGAGCGOCOCCGOGACCGGOATCGTGACCOTG
FL1 .7 CCTGACGGTCCA"GAGJAAAGGOCCGGGATCGTGACCGGGAGCGACGOCGGAGCCACCGGAGCGAGCGCGAGCGGCGCCGGGACCGGGATCGTGACCGTG
REPK CCTOACOOTCCAOAGOAAAAGOOCCOOOATCOTG
RJtP6 CCTGACGGTCCAGAGGAAAJUGGGCCGGGATCGTGACCGGGAGCGACGGCGGAGCCACCGGAGCGAGCGCGAGCGGCGCCGGGACCGGGATCGTGACCGTG
R"P12 CCToACaGTCCAG^AGAAAAGaGCCOGGATCTcOsACCOGaGACACOOCOGAGaCCACCGAGCaAGCOCGAGCGOCOCCOGaACCGGGATCGTGACCGTG
RXP3 CCTGACOGTCCAGAGMAvAAAGCCOGGATCGTGACCGGOAGCGACGOCGGAGCCACCGGAGCGAGCGCGAGCGGCGCCGGGACCGGGATCGTGACCGTG
REPO1 CGAGCGOCOCCOGGACCGOGATCGTGACCOTG
REPRl 1200 bp ..... OGAGCOAGCGCGAGCGOCOCCGGGACCOGGATCGTGACCGTG

5S0 575
R D R K R K R e R KS KGR R D AA R 0 e 6 0 0 Q D0 K L K G L

420 450
PL70K ACCGTGACCGCGAGCACAACGGGGGAGCGGGGCAGTGAGCGGGGCAGGGATGAGGCCCGAGGTGGGGGCGGTGGCCAGGACAACGGGCTGGAGGGTCT 2500
70.1 ACCOTOACCGCOAGCACAAACOO
FL1.7 ACCOTOACCGCGAGCACAAACGOOGOGAGCGGGDCADTOAGCGGOOCAGDGATDAGGCCCDAGDTOGGGGCGGTGGCCAGDACAACOGGCTGGAGGGTCT
RKP4 ACCOTOACCGCGAGCACAAACGGOGGGAGCGGOOCAGTGAGCGOOOCAGGOATOAGOCCCGAGGTGGOOGCGOTOOCCAGGACAACGGGCTGOAGOOTCT
RXP12 ACCOTGACCOGCAGCACAAACGOOGGGAGCOGGGCAOTGAGCOOGGCAGGOATGAGOCCCGAGGTOGGGGCOGTGOCCAGGACAACGOOCTOGAGGGTCT
REP3 ACCOTOACCOCGAGCACAAACGOGOOGAGCOGOGCAOTGAGCOGGOCAGOGATGAGGCCCGAGGTGOGGGCGOTOOCCAGOACAACOGGCTGGAGGGTCT
REPll ACCOTGACCGCOAGCACAAACOGGOGGAGCOGGOCAGTGAGCGOGOCAGGOATGAGOCCCGAGGTOGGGGCGGTGGCCAGGACAACOGGCTOGAGGGTCT
R"EPR ACCOTOACCOCGAGCACAAACGOGOGGAGCG000CAGTGAGCGGGGCAGOGATGAGGCCCOAGOTGOOGGCOGTOOCCAGGACAACGGGCTGGAGOGTCT
RNPH2 1200 bp.CGCGAGCACAAACOGGOOGAGCOGGOCAOTGAGCGGOOCAGGGATOAGGCCCGAGGTOGGGGCGGTGGCCAGOACAACoGGCTOGAGGOTCT

600
R D KR D R Y K S 1 0 0 D G Y L A P K K G Y L N *A A P R TM

475
FL70K GOOCAACOACAOCCGAGACATOTACATGOAGTCTOAGOOCOOCOACOOCTACCTGGCTCCGGAGAATGOGTATTTGATGGAGGCTGCGCCGGAGTGAAGA 2600
FLO .7 GOOCACOACAGCCOAGACATOTACATOGAOTCTGAGGGCGGCGACGGCTACCTGGCTCCOGAGAATGGGTATTTGATGGAGGCTGCOCCOGAGTGAGA
REP6 GOOCAACOACAOCCOAOACATOTACATGOAGTCTGAGOGCGGCGACOOCTACCTOOCTCCGGAGAATGGGTATTTGATOGAGGCTGCGCCGGAGTOAAGA
RIP12 OGGCAACOACAOCCOAGACATOTACATGOAGTCTOAGO
REP3 GOOCAACOACAOCCOAGACATOTACATOGAOTCTOAGOOCOOCOACGOCTACCTGOCTCCGGAGAATOGOTATTTGATGGAGOCTGCOCCGGAGTGAAGA
RNPO1 GOOCAACOACAOCCOAOACATOTACATGGAGTCTGAGOGCGGCGACGGCTACCTGGCTCCOGAGAATOGOTATTTGATGGAGGCTGCGCCOGAOTGAAGA
REPR1 GGGCAACOACAOCCDAGACATGTACATGOAGTCTGAGGGCGGCGACGGCTACCTGGCTCCGGAGAATOGGTATTTGATGGAGGCTGCG
REPR2 OGOCAACOACAOCCGAGACATOTACATGGAOTCTGAGGOCOGCGACGGCTACCTGGCTCCGGAGAATG0GTATTTG
KEPISO 1400 bp

FL70KGRTCRTCCTCTCCATCTOCTOTOTTTGOACOCOTTCCTGCCCAGCCCCTTOCTOTCATCCCCTCCCCCAACCTTGGCCACTTGAOTTToTCCTCCAAGGG 2700
L1.K7 GOTCOTCCTCTCCATTOCTOTCCCTTTGOACGCGTTCCTACCCAGCCCCTTCCTOTCATCCCCTCCCCCAACCTGGCCACTTGAGTTTTCCTCCAAGGG

RLP6G.TCGTCCTCTCCATCTCTOGTGTTTOGACGCGTTCCTACCCAGCCCCTTTCTGTCATCCCCTCCCCCAACCTTACCACTTGAGTTTGTCCTCCAAGAG
RP3 GAOTCOTCTCCATCTOCTOCTGCTTTGOACGCGTTCCTACCCAGCCCCTTGCTCTCATCCCCTCCCCCAACCTTGGTCCACTTGAGTTTTTCCTCCAAGG
RIIP1 GGTCGTCCTCTCCATCTGCTGTGTTTGGACGCOTTCCTGCCCAGCCCCTTGCTGTCATCCCCTCCCCCAACCTTGGCCACTTGAGTTTGTCCTCCAAGGG
RIIPW1 ..CCTCTCCATCTGCTGTGTTTGGACGCGTTCCTGCCCAGCCCCTTGCTGTCATCCCCTCCCCCAACCTTGGCCACTTGAGTTTGTCCTCCMGOG

FL70K TAGGTOTCTCATTTOTTCTGOCCCCTTOGATTTAAAAATAAAATTAATTTCCTGTTGATAGTGGGA
WL1.7 TAGGTOTCTCATTTOTTCTGGCCCCTTGOATTTAAAAATAAAATTAATTTCCTGTTGATAA AAAAAAAAAAAAAAA
REPR6 TAGOTOTCTCATTTOTTCTGGCCCCTTOGATTTAAAAATAAAATTAATTTCC
RNIP3 TAGGTGTCTCATTTGTTCTGGCCCCTTGGATTTAAAATAAATTAATTTCCTGTTAAA
RKP1 1 TAGGTGTCTCATTTGTTCT GGCCCCTTGGATTTAA AAATAAAA^TTAATTTCCTGTTAAAAAAAAAAAAAAAA
RUIIW TAGGTGTCTCATTTGTTCTGGCCCCTTGGATTTAAAAMTAAAATTAATTTCCTGTTGAAAAAAAAAAAAAA
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sites can be used when the downstream IVS is excised.

Alternatively, in other transcripts the 5' splice site of the

upstream IVS is ligated to the 3' splice site of the downstream

intervening sequence, completely eliminating this exon. Fourth,
a 27-bp alternative exon segment (nt 1949-1964; codons 399-407)
is included in FL70K, RNP6, RNP8, and RNP12, but is absent from

70.1 and FL1.7. This segment consists of a pyrimidine-rich tract

followed by an AG (the mammalian 3' splice site consensus

sequence), and sequence analysis of genomic clones demonstrates

that inclusion of this segment results from use of the upstream
of two alternative 3' splice sites of an 82- versus 109-base IVS

at this site.

There is also considerable heterogeneity of the sites of
mRNA polyadenylylation in the various cDNA clones. As shown in

Figure 4, at least four poly(A) addition sites are utilized
within a 10-base region downstream from a single AAUAAA sequence
near the mRNA 3' termini.

Immunologic mapping of the hUl-70K snRNP protein
Mapping studies of immunoreactive sites in the hUl-70K snRNP

protein using two different human anti-(Ul)RNP lupus sera were

inconclusive (data not shown). However, we were able to map the
epitopes that react with the monoclonal antibody to the mouse Ul-

70K protein. Clones RNP3, RNP6, RNPS, RNP11, and RNP12 were all
isolated using the mouse monoclonal antibody to the Ul-70K snRNP

protein, and immunoblots of proteins produced in E. coli
infected by these phage all demonstrated a single immuno-
reactive fusion protein (Figure 6B). However, as shown in Figure
6A, clones RNP8 and RNP11 do not overlap. Therefore, this
monoclonal antibody must recognize at least two epitopes in the
hUl-70K protein. To locate these epitopes, we compared the amino

Figure 4. Sequences of hUl-70K snRNP protein cDNA clones. DNA
sequences and deduced protein sequences are indicated. 100 bases
are presented per line; nucleotides are numbered at right.
Sequences of FL70K and 70.1 and proposed amino acid sequence are
from Thiessen et al. (6). Numbers above the amino acid sequence
refer to the 3.9-kb RNA; those below the amino acid sequence
refer to the 1.7-kb RNA. An asterisk indicates a multiply
polymorphic site in the putative amino acid sequence. Absent
regions are indicated by dashes. The "RNP" consensus sequence
(modified from refs. 22,31) and the arginine-rich regions PT1 and
PT2 are underlined. Italics indicate the poly(A) tails.
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3'

Figure 5. Alternative splicing patterns of the hUl-70K snRNP
protein pre-mRNA. The three patterns of alternative splicing
that we have observed involving the 3' portion of the mRNA are
indicated. An additional included/excluded exon segment near the
pre-mRNA 5' terminus may account for the difference between the
3.9-kb and 1.7-kb RNAs. Filled boxes, invariant exons; open
boxes, alternative exon segments. Splices are indicated. Exons
and IVSs are not to scale.

acid sequences of RNP8 and RNP11. The only identical segments

of 6 or more amino acids encoded by these clones are tracts of

alternating arginine and aspartic acid residues at amino acids

407-413 (RDRDRDR) and 542-552 (RDRDRDRDRDR). Shorter arginine-

aspartic acid tracts also occur at amino acids 461-46 (DRDR) and

524-528 (RDRDR). Incubation of the monoclonal antibody with a

synthetic oligopeptide containing this "RD" sequence motif

(RDRDRDRDRDR) abolished binding of the antibody to the rabbit Ul-

70K snRNP protein (data not shown), confirming the identification

of the "RD" motif as the antigenic epitope. The RD sequence

motif, which is probably highly charged and on the protein

surface, is presumably quite immunoreactive, as five of 13

independent mouse monoclonal antibodies against the mouse U1-70K
snRNP protein recognized this epitope (data not shown).

RNA-binding by the hU1-70K snRNP protein
To determine whether the hUl-70K snRNP protein binds RNA, we

first tested the ability of human snRNP proteins to bind RNAs in
vitro. Intact snRNPs were purified from HeLa cells by affinity
binding to a anti-"Sm" IgG-Sepharose column (18), and the

proteins were electrophoresed in 10% SDS-polyacrylamide gels,
transferred to nitrocellulose (15), and "decorated" with various
radiolabeled RNAs transcribed in vitro (16,17). We found that

the hUl-70K, hU1-A, hU-B, hU-B', hUl-C, hU-D, and hU-D' snRNP

proteins (but not control proteins) bind RNA quite strongly (data
not shown). However, the type of RNA bound in this in vitro assay

was not specific; these snRNP proteins all bound Ul snRNA, P-
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globin pre-mRNA, ,-globin mRNA, and a transcript of plasmid

sequences, although they did not bind single-stranded DNA.

To begin to localize the RNA-binding site(s) in the hUl-70K

snRNP protein, we assayed RNA-binding by Agtll 0-galactosi-
dase/hUl-70K fusion proteins produced in E. coli. As shown in

Figure 6A, fusion proteins produced by the five original RNP

recombinant phages contain different portions of the hUl-70K

polypeptide. The RNP3 and RNP11 proteins contain only the

carboxyl segment, including the PT2 arginine-rich region. The

RNP6 and RNP12 proteins contain both the PTI and PT2 arginine-

rich regions. The RNP8 protein contains the RNP consensus (plus

upstream sequences) and the PT1 region. As shown in Figure 6C,

the RNP6, RNP8, and RNP12 fusion proteins bound Ul snRNA in

vitro, but the RNP3 and RNP11 fusion proteins did not. However,

the type of RNA bound by the fusion proteins was not specific in

vitro; the RNP6, RNP8, and RNP12 proteins also bound pre-mRNA,

mRNA, and the plasmid transcript (data not shown).

DISCUSSION

We have isolated cDNA clones encoding portions of the human

U1-70K snRNP protein. This protein is encoded by a single gene

located on human chromosome 19, with no detectable pseudogenes.

We propose the designation UlAP1 for this locus. No other genes

encoding nucleic acid-binding proteins or proteins involved in

RNA metabolism have been previously mapped to chromosome 19 (19).

The human U1-70K snRNP protein cDNAs hybridize to two

poly(A)+ RNAs, sized approximately 1.7- and 3.9-kb, from cultured

human cells. The 1.7-kb mRNA is at least 40-fold more abundant

than the 3.9-kb species in all human cells assayed. The 1.7-kb

mRNA is colinear with the 3' half of the 3.9-kb RNA. Thus, the

two RNAs might be transcribed from alternative promoters, they
might be derived from a common pre-mRNA by alternative splicing,

the 1.7-kb RNA might be a stable degradation product of the 3.9-

kb RNA. or the 3.9-kb RNA might even be a splicing intermediate

that is further processed to the 1.7-kb RNA.

The hUl-70K protein migrates as a 70-kd polypeptide in

standard SDS-polyacrylamide gel electrophoresis systems. A 1.7-
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Figure 6. RNA-binding by $-galactosidase/hUl-70K snRNP fusion

proteins in vitro. A. Structures of the hUi-70K protein RNAs and

cDNAs. The 3.9-kb and 1.7-kb RNAs are illustrated. The protein
coding regions are filled and the 5' and 3' untranslated regions
are hatched. The RNP, PTl, and PT2 regions are Indicated. Solid

bars denote segments included in the various RNP cDNA clones.

B. Detection of the $-galactosidase/hUl-70K fusion proteins by
immuntoblotting with the mouse monoclonal antibody to the mouse

Ui-70K snRNP protein. Lanes 3, 6, 8, ii, and 12 denote lysates
of proteins produced by E. colil infected with the respective RNP

Agtii recombinant phage. Molecular size standards are indicated.

C. Binding of synthetic Ul snRNA by the fusion proteins. Lanes

are as in B.

kb mRNA cannot encode a 70-kd protein; therefore, Thiessen and

coworkers (6) suggested that the 3.9-kb minor RNA (represented In

part by FL7OK) is the full-length hUl-70K protein mRNA, encoding

a 613-amino acid 70-kd polypeptide. However, several points now

suggest that the hUi-70K protein is actually encoded by the 1.7-

kb RNA, and that the molecular size of the protein is only 52

kd. First, the Ul-70K mRNA of Kenopus laevis is only 1.85 kb in

size, and it is highly homologous to the human 1.7-kb hUl-70K RNA
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from the translational initiation codon (Met 177 according to the

numbers of ref. 6) through the carboxyl terminus; there is no

homology 5' to Met "177" (M. Etzerodt, pers. comm.). This

suggests that Met "177" is probably the translational initiation

codon of the human U1-70K protein as well. Second, the hUl-70K

snRNP protein seems likely to be ubiquitous; therefore, the low

abundance of the 3.9-kb RNA compared to the 1.7-kb RNA, and its

apparent absence from FEMXII cells (which contain abundant Ul-70K

protein), seem incongruous. Third, putative smaller protein(s)

apparently encoded by the much more abundant 1.7-kb RNA have not

been observed. These putative proteins would include the

epitopes recognized by the anti-Ul-70K monoclonal antibody;

however, this antibody detects no smaller proteins on immunoblots

of HeLa total, nuclear, or snRNP protein fractions (18;

unpublished data). Together, these data suggest that the hUl-70K
protein is encoded by the 1.7-kb mRNA, rather than by the 3.9-kb

RNA, and that the correct molecular size of the hUl-70K protein

is only 52 kd, rather than 70 kd.

If the human U1-70K protein is only 52 kd in actual

molecular weight, its retarded migration on SDS-polyacrylamide
gel electrophoresis might be the result of the unusual

distribution of highly charged regions within this protein (see
below; refs. 20-22). In addition, the hUl-70K protein is

phosphorylated (23), which can also lead to aberrant

electrophoretic migration (rev. in 24). The sequence of the

putative 52-kd protein is in agreement with the limited amino

acid sequence and overall amino acid composition of the hUl-70K

protein reported by Thiessen et al. (6). However, it has not

been possible to determine the (blocked) amino terminal sequence

of the hUl-70K protein (unpublished data and R. Ltihrmann, pers.

comm.) or to directly characterize the hUl-70K protein by in

vitro translation (our unpublished data; 25,26).
It is likely that the native hUl-70K snRNP protein binds Ul

snRNA or pre-mRNA In vivo, and the amino acid sequence of the

hUl-70K polypeptide contains three regions with homology to known

nucleic acid-binding proteins. Two of these regions, amino acids

407-486 (PT1; numbers according to ref. 6) and 524-569 (PT2), are

arginine-rich, and have considerable similarity (>50%) to
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protamines, chicken galline, and mammalian sperm histones (27),

at least some of which bind both DNA and RNA (28). Both PT1

and PT2 end with the sequence RGGGG, and include the alternating

arginine-aspartic acid tracts described above. Among other known

protein sequences, "RD" repeats occur only in the C. elegans v-

abl homologue (29) and the bovine myosin I heavy chain-like

protein (30), and these are quite short. As noted by Thiessen et

al. (6), a third region, from amino acids 266-362 (RNP), has

homology to the yeast (31,32) and human (33) poly(A)-binding

proteins, bovine (34) and rat (35) helix-destabilizing proteins,
the human hnRNP C proteins (22), hamster nucleolin (36), the

human A (W. van Venrooij, pers. comm.) and B'' (37) snRNP

proteins, and the Xenopus La protein (S. Clarkson, pers. comm.).

All of these nucleic acid-binding proteins include at least one

copy of the so-called "RNP" consensus sequence

GlyLysSerLAyGlyPheGlYpheVa,XPheXXGlu (modified from refs. 22,31).

This sequence may bind RNA in vitro (38), but is apparently not

required for function of the yeast poly(A)-binding protein (32).
The hUl-70K snRNP protein does bind RNA in vitro (16,17;

present study), although without specificity. In preliminary
studies to map the RNA-binding site(s), we found that fusion

proteins produced by phages RNP6, RNP8, and RNP12 bind RNA in

vitro, but those produced by phages RNP3 and RNP11 do not.

Therefore, sequences from the amino terminus through amino acid

361 (including the RNP consensus) and from amino acid 527 through
the carboxyl terminus (including the PT2 arginine-rich region)
are not necessary for RNA-binding in vitro. Furthermore, the

latter region is also not sufficient to bind RNA in vitro. We

cannot, however, conclude that sequences from amino acids 362-526

are either necessary or sufficient for RNA-binding. It may be

that sequences upstream from this region are sufficient, or that

sequences either upstream or downstream are necessary. RNA-

binding was not specific in vitro, probably because the protein

is denatured in this assay system. In the hUl-70K polypeptide,

the arginine-rich regions PT1 and PT1 are positively charged,

whereas the segments between the RNP consensus and PT1, between

PT1 and PT2, and from PT2 to the carboxyl terminus are negatively

charged. The RNP consensus, PT1, and PT2 might thus be charge-

10388



Nucleic Acids Research

associated in the native hUl-70K snRNP protein, comprising a

complex RNA-binding site specific for U1 snRNA, pre-mRNA, or mRNA

in vivo.

Finally, we also observed heterogeneity among hUl-70K

protein cDNAs (Figure 4) resulting from alternative patterns of

splicing of the hU1-70K protein pre-mRNA. As shown in Figure 5,
these include use of both alternative 5' and 3' splice sites, as

well as at least one complete included/excluded exon (our
unpublished data). The existence of these multiple hUl-70K

protein mRNAs suggests that multiple forms of the hUl-70K
protein, differing by small exon segments, may be produced in

vivo. Furthermore, because the included/excluded exon contains

an in-frame termination codon, mRNAs that include this exon would
encode relatively short proteins that do not contain the

arginine-rich segments PT1 and PT2 (and would thus not react with

the monoclonal antibody to the Ul-70K protein), but which do

include the RNP consensus region. It may be, therefore, that

these different hUl-70K-related polypeptides have different

functions in vivo.
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