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AIBSTCT
Signal recognition particle (SRP) consists of a 7SL RNA molecule and 6 protein subunits. We
have isolated and characterized cDNA clones from human liver which encode the 19kDa protein
subunit (SRP19). This subunit binds to the RNA directly and mediates binding of a second
polypeptide, the 54kDa subunit which is involved in signal sequence recognition. Amino acid
sequences deduced from the human cDNA sequence were identical to amino acid sequences of
tryptic peptides from canine pancreatic SRP19. In vitro transcription and translation of the
human cDNA resulted in a protein product the same size as canine SRP19 which could be
immunoprecipitated by an antiserum raised against canine SRP19. SRP19 synthesized in a
cell-free system specifically bound to 7SL RNA. The sequence of SRP19 is discussed with
respect to its binding to 7SL RNA.

IN1TRODUCTION
Secreted and membrane proteins contain signal sequences required for targeting to and
insertion into the membrane of the endoplasmic reticulum (ER). During this process the signal
sequence interacts with receptor molecules. The first cytosolic component which recognizes the
signal sequence is the signal recognition particle (SRP). It binds to the signal peptide when it
emerges from the ribosome (1-3) and causes pausing in elongation. Elongation continues when
SRP comes into contact with its receptor, the docking protein, which is located in the
membrane of the ER (4-5). The nascent polypeptide is translocated and the signal sequence
may or may not be cleaved by a signal peptidase.

SRP is a ribonucleoprotein particle which has a rod-like shape, 5-6nm wide and 23-

24nm long (6). It consists of a 7SL RNA of 300 nucleotides and six different protein subunits
of 72, 68, 54, 19, 14 and 9kDa (SRP72, SRP68, SRP54, SRP19, SRP14, SRP9). 7SL RNA
from a broad range of organisms has been isolated. While in some cases there is little homology
in primary sequence, the secondary structure is nevertheless highly conserved (7-11),

suggesting that these RNAs are parts of SRP analogues. 7SL RNA forms a central double stranded
rod which is flanked at one end by two small stem loop structures comprising the 3 and 5
terminal nucleotides and at the other end by two large stem loops. The nucleotides of the
smaller loops and most of the central rod structure show high homology to Alu-like sequences
found in the mammalian genome, while the sequences of the larger loops (referred to as S
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segment) are specific for 7SL RNA. Treatment of SRP with micrococcal nuclease separates the
particle into two subparticles; the S segment and a segment containing the Alu sequences (12).

The protein subunits of SRP can be released from the RNA molecule under non-

denaturing conditions. Four of the SRP proteins are released as heterodimers (SRP68/72 and

SRP9/14) and two as monomers (SRP19 and SRP54). The heterodimers and SRP19 bind to the

RNA molecule directly and binding of SRP54 occurs only if SRP19 is already bound to the 7SL

RNA (13). SRP9/14 is bound to the Alu segment, the other protein subunits to the S segment

(12). RNA footprinting analysis showed that SRP19 protects the two loop regions of the S

segment (14).
SRP has at least three distinct functions which can be associated with the protein

subunits: signal recognition, translational arrest and membrane targeting by interaction with

the docking protein. SRP54, when bound to SRP19, is involved in signal sequence recognition
(1-2, 15), SRP9/14 is required for translational arrest (16-17) and SRP68/72 for
protein translocation (15). The functions of the protein subunits have not been assigned to

specific polypeptides within each heterodimer.
SRP19 binds to the 7SL RNA, presumably undergoes a conformational change and then

mediates binding of SRP54 to the particle (13). SRP54 most likely does not bind directly to

the 7SL RNA but only via SRP19. This view is supported by the observation that addition of

SRP54 to reassembled SRP did not have an effect on the pattern of nuclease protection (14).
Here we describe the isolation and characterization of cDNA clones encoding SRP1 9.

MATERIALS AND METHODS

Restriction enzymes, other DNA modifying enzymes and tRNA from calf liver were from

Boehringer Mannheim. The capping reagent 7mG(5 )ppp(5')G was from Pharmacia. L-35S-
methionine and radiolabelled nucleotides were from Amersham; Entensify was from DuPont.

The vector pGEM2 and SP6 RNA polymerase were obtained from Promega. Radiolabelled protein

standards were from Amersham and RNA molecular weight markers were from BRL.
Protein sequencing
Canine SRP proteins were separated on preparative SDS polyacrylamide gels (10-15%) and

electroeluted (18). Purified SRP19 protein was digested with trypsin/TPCK, and tryptic
peptides were fractionated by reverse phase HPLC on a C-4 column. Individual peaks were

collected and sequenced on an ABI gas phase sequenator without further fractionation.
Screening and clone selection

A human liver cDNA library cloned into the expression vector pEX627 (19) was screened with
an antiserum against SRP19 (20). Identification of positive colonies was carried out

essentially as described (21).
In order to verify the authenticity of the selected clones anti SRP19 antibodies were

affinity purified on fusion proteins and tested for their binding to canine pancreatic SRP19.

Proteins from selected colonies were separated on 7% SDS polyacrylamide gels, blotted onto
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nitrocellulose filter, stained with Ponceau-S and the area containing the fusion protein was

cut out. Filter-bound protein was then used for affinity purification of anti-SRP19 antibodies.

Antibodies affinity purified on the fusion proteins were then tested for their ability to

recognize SRP19 in a Western blot analysis.
Affinity purification of antibodies

The anti SRP19 antibodies were affinity purified on SRP19 protein or fusion proteins blotted

onto nitrocellulose. Antibodies bound to the 19kDa protein were eluted with 0.2M glycine-HCI,
pH 2.8 at 0°C and the solution immediately neutralized with 1M Tris base. Affinity purified

antibodies were used in a Western blot analysis without further dilution.
Radiolabelled probes

cDNA fragments were isolated from agarose gels and radiolabelled by extension of sequences

randomly primed with oligonucleotides (22).
Screening of lambda gtl0 library

A radiolabelled Pstl-Hindlll fragment of the partial clone p19.8 selected by antibody screening
was used to screen a human liver cDNA library cloned into bacteriophage lambda NM1 149. This

library was kindly provided by C. Schneider. The cDNA library was plated out in Escherichia
coli Q358 cells. In total 8x105 plaques were screened. Plaques were blotted onto nitrocellulose
and probed using standard techniques (23). A positive plaque was identified (pl9i), the cDNA
was excised and subcloned into the EcoRI site of pGem2.
Sequencing of cDNAs

cDNA fragments of p19.8 were excised from pEX627, subcloned into M13 vectors (24) and

sequenced on both strands. Fragments of p19i (EcoRI-Xbal; Xbal-Hindlil; HindlIl-EcoRI; fig.

1A) were excised from pGem2 and sequenced in M13 vectors. To eliminate the formal

possibility that two Xbal sites or two HindlIl sites respectively should occur in close

proximity, these restriction sites were sequenced on the full-length p19i cDNA. In these cases,

sequencing reactions were primed using oligonucleotides corresponding to cDNA sequences

located upstream and downstream of these restriction sites. Sequencing reactions were carried

out in the presence of 35S-dATP using the Sequenase sequencing kit (United States
Biochemical) and following the recommendations of the manufacturers.
In vitro transcription and translation

A cDNA clone encoding full length SRP19 was constructed by ligating the EcoRI-Xbal fragment

of p19i to the Xbal-Pstl fragment of p19.8 (fig. 1A). This cDNA, designated pSRP19, was
inserted into the plasmid pGem2. For in vitro transcription the plasmid was linearized at a

Pvull site located 50bp downstream of the insert DNA. A transcript encoding the N-terminal
68 amino acids was generated by linearizing pSRP19 at the Xbal site in the middle of the coding
region. Plasmid DNA digested with Xbal was made blunt using T4 DNA polymerase as described
(25). The in vitro transcription reaction was carried out as described earlier (26), except
that SP6 polymerase was used instead of T7 polymerase. Transcripts were translated in wheat

germ lysate (27).
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1mmunopreciptation
SRP19 was immunoprecipitated from the cell-free translation mixture with an anti SRP19

polyclonal antiserum essentially as described (28). When denaturing conditions were

required, the translation mixture was adjusted to 0.5%SDS, heated at 950C for 5min and
subsequently cooled on ice. Prior to the addition of antiserum, the reaction mixture was

adjusted to 0.1% SDS with buffer (50mM Tris-HCI pH7.5, 150mM NaCI, 1% NP40, 4p1g/ml
phenylmethylsulfonyl fluoride). Washing was carried out as under native conditions.
RNA binding assay

SRP was isolated from canine pancreas as described by Walter and Blobel (13) and the
proteins were extracted with phenol (12). 7SL RNA was precipitated with ethanol and

dissolved in water.

In vitro transcript from pSRP19 was translated at 250C for 30min in a wheat germ

cell-free system. A 50l aliquot of the translation reaction was adjusted to 0.3M KOAc. 7SL
RNA (1lgg/assay), tRNA (1jg/assay) or water were added and incubation was continued at

250C for 30min. 1/10 of the reaction volume was removed to monitor for total protein
synthesis (T). Ribosomes and aggregated material were removed from the remainder by
centrifugation in a Beckman Airfuge at 20psi for 15min. An aliquot of the ribosomal pellet (P)
and the supernatant (S) were set aside and the remainder of the supernatant was applied to a

DEAE sepharose column (100-150gi bead volume) equilibrated with 0.3M KOAc, 100mM
Tris-HCI, pH 7.5. The column was washed with 4 column volumes of 0.3M KOAc, 100mM
Tris-HCI, pH7.5 and then eluted with 2M KOAc, 100mM Tris-HCI, pH 7.5. Fractions from the
flow through and from the washing steps were combined (F) and precipitated with 10% w/v
trichloroacetic acid (TCA) . The fractions of the eluate (E) were also precipitated with 10%

TCA. The samples were then analysed by polyacrylamide gel electrophoresis and

autoradiography.
SDS-polyacrylamide gelelectrophoresis

Proteins were separated on 10-15% Laemmli-type SDS polyacrylamide gels (29) and
radiolabelled bands were visualized using Entensify.
Northern Blot Analysis
Polyadenylated mRNA was isolated from a postribosomal supernatant of HeLa cells as described
(28). lOgg of Hela mRNA and SP6 transcript from 15ng of pSRP19 DNA linearized with Pvull

were separated on 1% agarose gels containing formaldehyde as described (25). RNA was
transferred to Genescreen filters and probed with radiolabelled full-length pSRP19 cDNA as
described (25).

RESULTS
Immunoisolation of an SRP19 specific cDNA clone

A human liver cDNA library (0.5x'106 clones) cloned into the expression vector pEX627
(19) was screened with an anti SRP19 antiserum. The library was kindly provided by K.

9434



Nucleic Acids Research

A
0 900

EcoRI Xbal Hindlll Pstl
IUT

5 'UT 3 'UT

bp

pSRP1 9

PstI Pstl
L p19.8

EcoRI EcoRI
' pl 9i

ATTATACACTAAGCCTAACTTCTGGTTCC TAG

B
EcoR I

AGTGAATTCCGGAAACTCAGAGCCGGGTTCCTCCCGGGTTTCTGCCGGGTTTCTCCCTGC
GGCTCCTGGGTTGTTGAGACTCTTGTGAAGATGGCTTGCGCTGCCGCGCGGTCCCCGGCC

MetAlaCysAlaAlaAlaArgSerProAla 10

GACCAGGACAGGTTTATTTGTATCTATCCTGCTTATTTAAATAATAAGAAGACCATCGCA
AspGlrnAspArgPheIleCysIleTyrProAlaTyrLeuAsnAsnLysLysThrl1eAla 30

GAGGGAAGGCGAATCCCCATAAGTAAGGCTGTTGAAAATCCTACAGCTACAGAGATTCAA
GluGlyArgArgIleProIleSerLysAlaValGluAsnProThrAlaThrGluIleGln 50

GATGTATGTTCAGCAGTTGGACTTAACGTATTTCTTGAGAAAAATAAAATGTACTCTAGA
AspValCysSerAlaValGlyLeuAsnValPheLeuGluLysAsnLysMetTyrSerArg 70

GAATGGAATCGTGATGTCCAATACAGAGGCAGAGTCCGGGTCCAGCTCAAACAGGAAGAT
GluTrpAsnArgAspValGlnTyrArgGlyArgValArgValGlnLeuLysGlnGluAsp 90

GGGAGCCTCTGCCTTGTACAGTTCCCATCACGTAAGTCAGTAATGTTGTATGCAGCAGAA
GlySerLeuCysLeuValGlnPheProSerArgLysSerValMetLeuTyrAlaAlaGlu 110

ATGATACCTAAACTAAAAACAAGGACACAAAAAACAGGAGGTGCTGACCAAAGTCTTCAA
MetIleProLysLeuLysThrArgThrGlnLysThrGlyGlyAlaAspGlnSerLeuGln 130

CAAGGAGAGGGAAGTAAAAAAGGGAAAGGAAAGAAAAAGAAGTAACCTAGTATCAGCATC
GlnGlyGluGlySerLysLysGlyLysGlyLysLysLysLysEnd 144

AAGTATGTGGTACTACTGTAAGAGACATGAATGGAGACTTCTAATTTGTATCGGAGGGAA
ACAGAAGCTTTTTGTTTGCATCATTrAACTGAACTGTGAACCCTTGTGCCTCTCATCTTT
ATCATCGGAGTTGACAGTGAAACAAATTTACATCAGAAGTTTGCATCTCGCGTATATGCC
GTATAAAAGAATTTTTTTGTCTTTCAATGCAGTTTTTTGGAAGAAAATATTTTTAAATGG
ACAATGGACTGTACAATAAGTTACTTGAAATAAGTTGTTTCAGATAAATTTCAATTAGAT
TTAAAATAAACATTATGTCCACCTTTTAAGTTAATGAAATAAAATTTGAAACTGAAAAAA

Fig.1A SRP19 cDNA clones. p19.8 is a partial clone immunoisolated from an expression
library of human liver cloned into the Pstl site of the plasmid vector pEX627. pl9i was
selected from a human liver cDNA library cloned into the EcoRI site of lambda phage NM1149
using p19.8 as a hybridization probe. Apart from additional 5'sequences, p19i contains an
insert of 32 bp not present in p19.8 (inserted sequence). This insert contains an inframe TAG
stop codon. pSRP1 9 was constructed by ligating the 5'sequences of p1 9i to the 3'sequences of
p19.8 at the unique Xbal site. The box in pSRP19 shows the coding region. UT indicates the
untranslated regions. The number of bases is shown on the top scale.
Fig.11B Nucleotide sequence and deduced amino acid sequence of pSRP19. Subclones of p19.8
and p19i were ligated into Ml 3 bacteriophage vectors and sequenced by dideoxy sequencing. The
5'EcoRl site is indicated. Amino acid sequences obtained from 5 tryptic peptides of canine
pancreas SRP1 9 are underlined.
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Fig.2A SRP19 polypeptides expressed from pSRP19. pSRP19 was ligated between the EcoRI
site and the Pstl site of the polylinker region of plasmid vector pGem2. For the generation of
full-length SRP19, the cDNA was linearized at the Pvull site prior to transcription and for the
expression of an N-terminal polypeptide (SRP19N), the cDNA was linearized at the unique
Xbal site. The open box in pSRP19 represents the coding region; SP6 and T7 the respective
promoters.
Fig2B Immunoprecipitation of SRP19. pSRP19 was transcribed from the SP6 promoter of
pGem2 and the transcripts were translated in a wheat germ cell free translation system in the
presence of 35S methionine and analysed on 10-15% SDS polyacrylamide gels. SRP19 protein
was expressed either as a full-length product (lanes 2-6) or as an N-terminal fragment,
containing only the N-terminal 68 amino acids (SRP19N, lanes 7-11). In vitro translation
products were synthesized in the absence (lane 1) or in the presence (lanes 2 and 7) of added
SRP19 mRNA. Lanes 3-4 and 8-9: products immunoprecipitated with rabbit anti SRP19
antiserum under native (lanes 3 and 8) or under denaturing (lanes 4 and 9) conditions. Lanes
5-6 and 10-11: products after immunoprecipitation with non immune serum under native
(lanes 5 and10) or under denaturing (lanes 6 and 11) conditions. Molecular weights in kDa
are indicated on the right.

Stanley. Six positive clones were found and these were further analysed: fusion proteins from
these clones were separated by polyacrylamide gel electrophoresis and tested by Western blot

analysis with affinity purified anti SRP19 antibodies. Antibodies affinity purified onto fusion
proteins from the selected colonies were tested for their ability to recognize authentic SRP19
protein. One clone (p19.8, fig.1A) remained positive throughout these tests and was sequenced.
It contained an open reading frame coding for 139 amino acid residues.

Five tryptic peptides of canine SRP19 were sequenced and compared with the amino acid
sequence deduced from p19.8. Although the peptides were from canine SRP19, identical
sequences were found in the selected human cDNA clone (see fig. 11B). This demonstrated that
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the selected clone coded for human SRP19 and that the determined sequences are identical in the

human and the canine protein.
Isolation of a full-length cDNA clone encoding SRP19

In order to obtain a full-length cDNA clone, a cDNA library from human liver was screened
with the radiolabelled 507bp Pstl-Hindlll fragment of the p19.8 cDNA. One positive clone
(pl9i, fig.1A) was selected and sequenced. At the 5' terminus, this cDNA contained 92bp more

than p19.8. It contained an ATG codon 12bp upstream of the 5 end of the p19.8 sequence which
is positioned in the same frame as the open reading frame of p19.8. The sequence of 80bp
upstream of this ATG does not contain ATG codons.

Apart from the additional 5 sequence, p19i contains a fragment of 32 bp which is not

present in p19.8. The sequence of this insert contains an inframe TAG stop codon (fig.1 A). Two
lines of evidence suggest that the insert in p19i is not part of the authentic pSRP19 mRNA:

firstly, expression of p19i results in a protein considerably smaller than SRP19 isolated from
canine pancreas (not shown). Secondly, protein analysis of SRP19 revealed peptide sequences

which are encoded by nucleotide sequences located downstream of the TAG codon (fig.1 B). It is
possible that p19i is a cDNA clone derived from an aberrantly spliced RNA. The occurrence of
aberrantly spliced mRNAs has been described previously, but their physiological role remains
unclear (30-32).
Exp2ression of SRP1 9 in vitro

To construct a cDNA clone encoding SRP1 9, 5 sequences of p1 9i were ligated to 3' sequences of

p19.8 at the unique Xbal site to produce a clone designated pSRP19 (fig.1A).
The pSRP19 cDNA was cloned into the plasmid vector pGem2. The resulting construct was

linearized at its unique Pvull site to allow in vitro transcription from the SP6 promoter, and

transcripts were translated in wheat germ lysate. The translation products were
immunoprecipitated with anti-SRP19 antibodies under native and denaturing conditions (fig.
2, lanes 3 and 4). Preimmune serum failed to precipitate SRP19 either under native or

denaturing conditions (fig.2, lanes 5 and 6).

pSRP19, linearized at the unique Xba I site in the middle of the coding region, produced
a shortened transcript which encoded the N-terminal 68 amino acids. Translation of this
truncated mRNA resulted in a protein of 7kDa (SRP19N) (fig.2, lane7). SRP19N could be
immunoprecipitated specifically with anti SRP19 antiserum. Incidentally, we noted that in

contrast to the full-length product, precipitation of SRP19N was more efficient under native
than under denaturing conditions (fig.2, lanes 8 and 9). No SRP19N was precipitated with

preimmune serum (fig. 2, lanes 10 and 11).
The size of SRP19 expressed from pSRP19 was compared to that from canine pancreas.

The major 35S-labelled translation product from pSRP19 showed identical electrophoretic
mobility as SRP19 from canine pancreas, visualized by silver staining (fig.3).
The protein expressed from pSRP19 specifically binds to SRP 7SL RNA
Chromatography on DEAE Sepharose is a step in the purification of SRP because of the high
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Fig.3 SRP19 from canine pancreas is of the same MW as SRP19 expressed from pSRP19.
mRNA derived from pSRP19 was translated in wheat germ lysate in the presence of 35S
methionine. 4pi of the translation reaction was separated on a 10-15% SDS polyacrylamide
gel and labelled proteins were visualized by autoradiography (lane3). Proteins from canine
pancreas SRP were separated on the same gel and visualized by silver staining (37) (lane 2).
Lanes 1 and 4: molecular weight markers; lane 1: visualized by silver staining; lane 4:
visualized by autoradiography.

affinity of the 7SL RNA to the DEAE resin. Purified SRP proteins do not bind to DEAE resin in

0.3 M KOAc (13). Therefore the binding of SRP19 protein to the 7SL RNA can be monitored by
retention of the RNA/SRP19 complex on DEAE sepharose and the flowthrough of free SRP19
protein.

Since SRP19 synthesized in a cell-free system might non-specifically aggregate, we

tested binding to 7SL RNA first in a cotranslational assay. Transcripts of pSRP19 were

translated in wheat germ lysate in the presence or absence of canine 7SL RNA. The reaction
mixture was adjusted to 0.3M KOAc and chromatographed on DEAE sepharose. After

centrifugation to remove aggregates and ribosomes we observed that even in the absence of 7SL
RNA a large proportion of SRP19 was non specifically retained by the resin. In order to apply

more stringent conditions in the binding reaction, we used a posttranslational test system:
SRP19 was expressed in wheat germ lysate, the reaction mixture was adjusted to 0.3M KOAc,
the ribosomes were removed by centrifugation and the supernatant was incubated either in the
absence of added RNA or in the presence of tRNA or 7SL RNA (fig. 4). In the absence of 7SL RNA
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Fig.4 RNA binding. SRP1 9 mRNA derived from in vitro transcription was translated in wheat
germ lysate and the radiolabelled protein was incubated either in the absence of canine
pancreas 7SL RNA (lanes 2-6), in the presence of tRNA (lanes 7-11) or in the presence of
7SL RNA (lanes 12-16). After incubation, ribosomes were separated from the reaction
mixture and the supernatant was applied to a DEAE sepharose column as described in materials
and methods. T total in vitro translation reaction; P ribosomal pellet after centrifugation; S
soluble proteins after centrifugation; F flow through from DEAE column in 0.3M KOAC; E eluate
from DEAE column (2M KOAc). Lane 1 shows an in vitro translation reaction in the absence of
added SRP19 mRNA. The molecular weights in kDa are indicated on the right.

a large proportion of labelled SRP19 cosedimented with the ribosomal fraction (fig. 4, lanes 3
and 8), whereas in the presence of 7SL RNA most of SRP19 was recovered in the supernatant
(fig.4, lane 14). It is not clear whether the sedimentation of SRP19 is caused by aggregation of
the protein or by an interaction with ribosomes in the absence of 7SL RNA: whichever is the
case, this effect could be inhibited specifically by the addition of 7SL RNA. In the absence of 7SL
RNA most SRP19 was collected in the flow through fraction of the DEAE sepharose column (fig.
4, lanes 5 and 10). In the presence of 7SL RNA, SRP19 was collected in the eluate fraction
(fig.4, lane 16), indicating that it was bound to 7SL RNA.
SRP19 mRNA from HeLa cells is of a similar size as the in vitro transcript derived from

pSRP1 9

In order to determine the size of the authentic SRP19 mRNA isolated from mammalian cells,
polyadenylated mRNA isolated from HeLa cells and mRNA derived from in vitro transcription of
pSRP19 was separated on agarose gels, blotted and probed with a radiolabelled probe of the
full-length pSRP19 cDNA (fig.5). Under stringent washing conditions (0.1xSSC, 0.1%SDS,
650C), a single band of 0.9kb was detected in HeLa mRNA. This is approximately the same size
as the mRNA transcribed from the SP6 promoter (fig.5, lanes 2 and 3). The comparison of the
in vitro transcript with the authentic mRNA demonstrates that pSRP19 encodes near full-
length SRP19 mRNA.

Under less stringent washing conditions (0.2xSSC, 0.1% SDS, 550C) an additional RNA
band could be identified in HeLa cells of about 5kb. This RNA species was not detected using a

radiolabelled probe missing large parts of the 3' untranslated region (EcoRI-HindlIl fragment,
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Fig. 5 Northern Blot Analysis. Polyadenylated mRNA from HeLa cells and RNA obtained from
in vitro transcription of pSRP19 were separated on 1% agarose/formaldehyde gels,
transferred to genescreen filters and probed with radiolabelled pSRP19 cDNA. Lane 1 and 2:
mRNA from HeLa cells; lane 3: in vitro transcription mixture. Lane 1: hybridization after
washing in 0.2xSSC, 0.1%SDS at 550C; lanes 2 and 3: hybridization after washing in O.1xSSC,
0.1% SDS at 650C. The washing steps were carried out for 1h each.

fig. 1A) indicating that the cross-hybridization was due to sequences within the 3' untranslated
region (data not shown).

DISCUSSION

In this report we describe the cloning and sequencing of the cDNA encoding human SRP19. The

authenticity of the cDNA was confirmed by the following criteria:
(i) an SRP19 cDNA clone was selected from an expression library using an anti-SRP19
antiserum. Antibodies affinity purified on the recombinant protein recognized the authentic
SRP19 protein (retro-blot analysis). Antibodies raised against SRP19 protein specifically
immunoprecipitated the protein expressed in vitro from the plasmid pSRP19.
(ii) amino acid sequences obtained from peptides of SRP19 were identical to amino acid

sequences deduced from the cDNA sequence.

(iii) SRP19 from canine pancreas is a basic protein (13). The protein encoded by pSRP19
contains 28 basic residues and 14 acidic residues, the positively charged residues being
clustered at the C-terminal tail of the molecule.
(iv) the protein expressed from pSRP19 is identical in size to SRP19 isolated from canine
pancreas
(v) the protein expressed from pSRP19 specifically binds to 7SL RNA from canine pancreas.

The sequences of the tryptic peptides from canine pancreatic SRP19 represent about one
third of the total SRP1 9 sequence. The same amino acids are found in the sequence deduced from
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the human cDNA sequence, indicating a high degree of homology between the human and the
canine protein.

When expressed in a wheat germ cell-free translation system, the protein encoded by
pSRP19 migrates at the same position in SDS-polyacrylamide gels as SRP19 protein isolated
from canine pancreas (fig.3). This provides evidence that pSRP19 encodes full-length SRP19
protein. SRP19 expressed from pSRP19 can be bound to 7SL RNA in vitro, showing that no
posttranslational modification which is not performed in the wheat germ cell-free expression
system, is required for specific RNA binding .

Since SRP19 is an RNA-binding protein it was interesting to compare it with other RNA
binding proteins characterized from different RNPs. A sequence comparison of proteins bound
to heterogeneous nuclear RNA (hnRNA), mRNA and pre-rRNA has revealed a consensus
sequence for RNA binding proteins; the motif is rich in aromatic residues which are preceded
by positively charged amino acids (33-34). This RNP consensus sequence may be directly
involved in RNA binding: in the case of single stranded nucleic acids it has been shown that
aromatic residues intercalate with the nucleotide bases (35) and the positively charged
residues might then interact electrostatically with the carbohydrate moiety of the RNA (34).
The RNP consensus sequence cannot be a prerequisite for RNA binding per se, since it is not
found in ribosomal proteins (34). We have not found a sequence in SRP19 which would
resemble the RNP consensus sequence and therefore the sequences of this protein which bind to
the RNA have to be determined experimentally. SRP19 contains a very basic C-terminal
domain of 7 lysine residues interrupted by 2 glycine residues. Due to the hydrophilic nature of
this domain, the C-terminal tail of the molecule is most probably exposed on the molecule. It is
possible that this positively charged domain interacts with the 7SL RNA.

It is conceivable that different types of RNA-protein interactions exist; for example

binding of a protein could occur to single stranded RNA, to double stranded RNA or to hairpin
structures. Each one of these interactions could require a different type of binding site within
the respective proteins. The RNA structure which is recognized by both the yeast mRNA-
poly(A) binding protein and hnRNP binding proteins appears to be single stranded RNA and the
recognition by the protein is sequence specific (36). RNA footprinting analysis demonstrated
that SRP19 binds to two distinct sites, corresponding to two loops located in the S segment of
the 7SL RNA (15). It is likely that in the folded molecule these ends are in proximity to each
other. In this case they could be recognized either by a single or by two separate protein
domains. The cDNA is now amenable to site specific mutations and the binding assay allows a
subsequent functional analysis in order to define sequences required for RNA binding.

ACWEDGEMENTS
We thank K. Stanley and C. Schneider for providing cDNA libraries, I. Mattaj for helpful
discussions, G. Banting, N. Flint, J. Lipp and K. Stanley for critical reading of the manuscript.
K.L. was supported by an EMBO long term fellowship.

9441



Nucleic Acids Research

+Present address: Laboratory of Molecular Biology, National Cancer Institute, NIH, Bethesda, MD
20892, USA

REFERENCES
1. Krieg U., Walter P. and Johnson A., (1986) Proc. Natl. Acad. Sci. USA, 83, 8604-8608.
2. Kurzchalia T., Wiedmann M., Girshovich A., Bochkareva E., Bielka H. and Rapoport T.,

(1986) Nature, 320, 634-636.
3. Walter P., Ibrahimi I. and Blobel G., (1981) J. Cell Biol., 91, 545-550.
4. Gilmore R., Blobel G. and Walter P., (1982) J. Cell. Biol., 95, 463-469.
5. Meyer D., Krause E. and Dobberstein B., (1982) Nature, 297, 647-650.
6. Andrews D., Walter P. and Ottensmeyer P., (1987) EMBO J., 6, 3471-3477.
7. Brennwald P., Liao X., Holm K., Porter G. and Wise J., (1988) J. Mol. Cell Biol., 8,

15 80-1 590.
8. Gundelfinger E., Di Carlo M., Zopf D. and Melli M., (1984) EMBO J., 3, 2325-2332.
9. Poritz M., Siegel V., Hansen W. and Walter P., (1988) Proc. Natl. Acad. Sci. USA in press
1 0. Ribes V., Dehoux P. and Tollervey D., (1988) EMBO J., 7, 231-237.
11. Zwieb C., (1985) Nucl. Acids Res., 13, 6105-6124.
12. Gundelfinger E., Krause E., Melli M. and Dobberstein B., (1983) Nucleic Acids Res., 11,

73 63-7374.
13. Walter P. and Blobel G., (1983) Cell, 34, 525-533.
14. Siegel V. and Walter P., (1988) Proc. Natl. Acad. Sci. USA, 85, 1801-1805.
1 5. Siegel V. and Walter P., (1988) Cell, 52, 39-49.
16. Siegel V. and Walter P., (1985) J. Cell Biol., 100, 1913-1921.
1 7. Siegel V.and Walter P., (1986) Nature, 320, 81-84.
18. Hunkapiller M., Lujan E., Ostrander F. and Hood L., (1983) Methods Enzymol., 91,

227-236
19. Stanley K. and Herz J., (1987) EMBO J., 6, 1951-1957.
20. Scoulica E., Krause E., Meese K. and Dobberstein B., (1987) Eur. J. Biochem. , 163,

519-528.
21. Stanley K., (1983) Nucleic Acids Res., 11, 4077-4092.
22. Feinberg A. and Vogelstein B., (1983) Anal. Biochem. , 132, 6-13.
23. Benton W. and Davis R., (1977) Science, 196, 180-182.
24. Messing J. and Vieira J., (1982) Gene, 19, 269-276.
25. Maniatis T., Fritsch E. and Sambrook J., (1982) Molecular cloning. A laboratory

manual. Cold Spring Harbor Laboratory.
26. Lingelbach K. and Dobberstein B., (1988) Nucleic Acids Res., 16, 3405-3414.
27. Stueber D., Ibrahimi I., Cutler D., Dobberstein B. and Bujard H., (1984) EMBO J., 3,

31 43-31 48.
28. Dobberstein B., Garoff H., Warren G. and Robinson P. (1979) Cell, 17, 759-769
29. Laemmli U.K. , (1970) Nature, 227, 680-685.
30. Jacobs K., Shoemaker C., Rudersdorf R., Neill S., Kaufman R., Mufson A., Seehra J.,

Jones S., Hewick R., Fritsch E., Kawakita M., Shimizu T. and Miyake T., (1985) Nature,
31 3, 806-810.

31. Kawasaki E., Ladner M., Wang A., Van Arsdell J., Warren M., Coyne M., Schweickart V.,
Lee M., Wilson K., Boosman A., Stanley R., Ralph P. and Mark D., (1985) Science, 230,
291 -296.

32. Lauffer L., Garcia P., Harkins R., Coussens L., Ullrich A. and Walter P., (1985) Nature,
31 8, 334-338.

33. Adam S., Nakagawa T., Swanson M., Woodruff T. and Dreyfuss G., (1986) Mol. Cell. Biol.,
6, 2932-2943.

34. Swanson M., Nakagawa T., LeVan K. and Dreyfuss G., (1987) Mol. Cell. Biol., 7, 1731-
1739.

35. Chase J. and Williams K. (1986) Annu. Rev. Biochem., 55, 103-136.
36. Swanson M. and Dreyfuss G., (1988) Mol. Cell. Biol., 8, 2237-2241
37. Ansorge W., (1985) J. Biochem. Biophys. Methods, 11, 13-20.

9442


