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of this structure may allow the identification of regions responsible for
different steps of the process.

As a first approach to the study of the SRP function we have cleaved the
RNA moiety of the ribonucleoprctein, using micrococcal nuclease to produce
discrete subparticles which can be separately analyzed.

The results show that under the conditions used the RNA molecule within

the SRP is highly resistant to nuclease digestion and the few nicks introd

generate discrete RNA fragments which are associated with different poly-

peptides. The 7SL RNA sequence may be described as a central § sequence
inserted about two thirds from the 5' end of an Alu monomer sequence (.
The central S fragment of the 7SL RNA is bound to the four largest poly-
peptides while the 5' and 3" Alu ends of the molecule are bound to the 14
and 9 K proteins. Furthermore the introduction of a single nick between the
5' flanking sequence and the $ fragment of the 7SL RNA causes no loss of

function and no disruption of the particle.

MATERIALS AND METHODS

In vitro translation, membrane translocation and processing of nascent
polypeptides, gel electrophoresis of proteins and isolation of rough
microsomes from dog pancreas were previously described (5,10).

SRP purification and digestion with micrococcal nuclease

SRP isolated from the rough microsomes of dog pancreas by washing in
0.5 M KC1 was purified by chromatography on w-aminopentyl agarose followed
by sucrose density gradient centrifugation (5,11,2). The digestion with
micrococcal nuclease (Staphylococcus aureus nuclease, Boehringer) was carried
out in a buffer containing 20 mM HEPES, pH 7.5, 2 mM Mg(Ac)z, 1 mM CaClz,
1 mM dithiothreitol and KAc 120-500 mM, at the temperature and for the time
indicated. At the end of the incubation the nuclease was inactivated by
addition of EGTA to 2 mM.

RNA extraction and fractionation

RNA was extracted from the SRP with phenol-chloroform and ethanol
precipitated. Polyacrylamide-urea gels were according to Maniatis et al. (12).
Polyacrylamide gel electrophoresis was according to Maniatis et al. (13).

The RNA fragments used for sequencing were obtained by digestion of the
nuclease treated SRP 30 min at 37°C with ! mg/ml proteinase K (Merck)
followed by three phenol-chloroform, three chloroform extractions and alcohol
precipitation.

The RNA was dephosphorylated using calf intestine alkaline phosphatase
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in a 207 sequencing gel. Only rhe RNA fragments giving one major digestion

product werc used for sequencing. In this way, we detected 2-3 different 3'

ends for each fragment after cleavage with micrococcal nuclease (16).
RNA sequence analysis
Enzymatic sequencing of the RNA was carried out according to Donis-Keller

et al. (15), with a kit from PL biochemicals and analysed on 10Z and 20%

sequencing gels. Mapping for ade e and guanine was sufficient to identify

the fragments by comparison with the known 7SL RNA sequences (1,4)
240

RESULTS

Digestion of the SRP with micrococcal nuclease

Walter and Blobel {(3) have shown that the digestion of the SRP with
micrococcal nuclease inactivates the particle. We have analyzed the degrad-
ation products of the particle after micrococcal nuclease digestion and
related the RNA damage to the loss of the SRP function

Figurg I shows the effect of micrococcal nuclease digestion of SRP at
potassium acetate concentrations ranging from 0.12 - 0.5 M. Under all these

conditions similar RNA

fragments are produced, but the slower migrating
component (band 1) is visible only at the higher salt concentrations. At
lower salt only the faster migrating fragments (bands 2-4) can be detected.
This suggests that the amount of enzyme necessary for the digestion is much
lower in 0.12 M potassium acetate where probably the micrococcal nuclease is
more active. However, earlier experiments showed that at lower salt, the

SRP particle loses activity rapidly but is stable at higher potassium acetate
concentrations (figure 1, lower inset). Subsequent experiments were done
therefore at 0.4 M salt. Digestion under the same conditions of pure 7SL RNA
produces complete degradation of the RNA (not shown). This suggests that
bound polypeptides are responsible for the observed protection of the RNA.

Figure 2 shows that the cleavage of 7SL RNA occurs in steps. The first
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Figure 1. Digestion of the SRP at different salt
concentration. SRP (lapgp unit/ml) was iacubated
with and without 1500 units/ml of micrococcal
nuclease for 60' at 30°9C, at the salt concentra-
tions indicated above the slots. The first two
samples on the left are without enzyme. An ali-
quot of each sample was extracted with phenol-
chloroform, and the RNA was electrophoresed in

a 67 polyacrylamide-urea gel and stained with
ethidium bromide. The RNA bands are numbered
from 1-4. The position of 7SL is indicated. An
aliquot of each sample was added to an in vitro
translation system to test the capacity to re-—
constitute translocation of the light chain of
IgG across salt washed membranes {RMg) (5). The
products of translation were electrophoresed in
a SDS-polyacrylamide gel (17). The densitometric
analysis of the autoradiography of the gel is
shown in the histogram (lower inset). The ordi-
nate indicates the percentage conversion of
pre~light into light chain. Under the same ex~
perimental conditions untreated SRP gives 80%
processing (not shown). The alignment of the
bars corresponds to the salt concentrations used
for SRP digestion.

mM Kac §§§§§‘3

nick produces the RA fragments 1 and 3 {lanes 2-8). Further & t
the RNA occurs under stronger conditions of digestion (lames 9 and 10). Under
these conditions fragments 1 and 3 are further cut to produce fragments 7,4

is also

and 5 (not visible in fig.2). The initial size of fragment 3
reduced by stronger digestion. The observed pattern of degradation is highly
reproducible. When encugh RNA is electrophoresed or the RNA fragments ave
jsotopically labelled, it is possible to detect minor RNA bands in addition to
the major digestion products {(fig.3a). This indicatesthe existence of rare
cutting sites of the micrococcal nuclease in the SRP.

In order to relate the breakdown of the RNA to the function of the par-

e digested SRP to promote

ticle we have tested the capacity of the nucl
translocation of the light chain of IgG across membranes washed with salt
(RMg) (5). Tt is clear that aftrer introduction of the first RNA cut the parti-
cle does not lose activity (Fig.2, lanes 2-8; fig.l, lower insets). However,
stronger digestion of the SRP produces loss of function both at the level of

translation and translocation (Fig.2, lanes 9,10 and fig.1).
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Walter and Blobel (3) have partially segquenced dog 7SL RNA and shown its

extreme similarity to human and rat 7SL RNAzs (1,4), The availability of such

7
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Figure 3. RNA sequence analysis of the 3' terminal portion of fragments 3

this position (4), but T-A transversion as compared with human 7SL RNA
sequence.

described in Materials and Methods. Figure 3 shows the labelling pattern

and 4. The labelled RNA was obtained from SRP (1 Azgp unit/ml) digested 30 min,
at 37°C with 10,000 units/ml micrococcal nuclease in 0.4 M KAc and electro—
phoresed in a 6% polyacrylamide-urea gel. a: ethidium bromide staining (A)
and autoradiography (B) of the gel from which the RNA was eluted. b, ¢ and d:
sequencing gels of fragments: 3 (20% gel), 4 (10% gel) and & (207 gel). The
corresponding nucleotides are shown on the side of the sequencing ladder and
numbered according to the sequence of Ullu et al. (1). XC = xylene cyanole,
BPB = bromophenol blue. T! and U2 indicate the respective ribonucleases. Og :
partial alkaline hydrolysis. -ENZ = untreated RNA. * jdentical to the rat in

sequences has simplified the identification of the RNA fragments obtained by
micrococcal nuclease digestion of the SRP. RNA isolated from nuclease digested

SRP was 3' end labelled and electrophoresed in a 6% acrylamide-urea gel, as
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Figure 4. Alignment of the sequenced RNA fragments with the human 7SL RNA
sequence. a: Y = pyrimidines. N = unidentified nucleotide. Where indicated,
the sequence for all four bases was determined. The arrows indicate the 3'
end of each fragment. The dotted line spans the region of cleavage of
micrococcal nuclease. b: schematic representation of the dog RNA fragments,
numbered from 1 to 5 according to size as in figure 3. The number of
nucleotides for each fragment are given. The position of &lu and S sequences
within the 7SL RNA are indicated above. *v* -

(¥ane B) compared with the ethidium bromide staining (lane A) of the RNA frag-
ments. Although bands 4 and 5 are only barely visible in the film negative,
the corresponding RNAs are efficiently labelled by 32P—pCp. We decided to se-
quence these five RNA bands, which represent major products of digestion . We
did not attempt to purify the very small RNA bands due to the large number of

overlapping different RNA fragments present in this region. Since micrococcal
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Figure 6. Denaturing and non—denatgring gels of RNA from nuclease treated
SRP. SRP digested for 30 min at 30 C with 2000 units/ml micrococcal nuclgase
was centrifuged in a sucrose density gradient and fractionated, as described
in figure 5. Aliquots of the RNA extracted from each fraction were elgctro~
phoresed in a 6% polyacrylamide-urea gel (a) and in a 10% polyacrylamide gel

(b).

uniform peak in the approximate position of 11S. The analysis of the proteins
and RNA of each gradient fraction shows the same composition throughout the
peak (figure 5a and b, fractions 8 and 9). Centrifugation of SRP digested with
2000 units/ml micrococcal nuclease gives essentially the same result (figure
6a). Although the RNA is cleaved, the SRP migrates in the same position of

the gradient as the intact particle (fractions 8 and 9) suggesting that RNA
and proteins are still part of the same complex.

A different picture is observed when SRP digested with 10000 units/ml
micrococcal nuclease is centrifuged (figure 5¢ and d). The sedimentation
profile is broader than in the control experiment and at least two separate
components can be visualized. One sedimenting faster and containing the RNA
fragment 2 with the 72, 68, 54 and 19 K proteins (fraction 7). The second,
slower sedimenting, contains fragments 3, 4 and 5 together with the 14 and 9 K

proteins (fractions 5 and 6). Although it is clear that proteins are protect-—
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ing these smaller RNA fram

cannot deduce which prorei

ns are
associated to which fragment and whether we are dealing with one or more
subparticles.

Thus multiple nicks of the RNA scem

isrupt the SRP,

first eavage which separates the 3 from the rest of the

molecule does not these

conditions the particle may be t

ion or

hydrogen bonding between the 5

BRNA or

Both,

If hydrogen bonding is respoc ctrophoresis in a

non-denaturing gel of the 7SL red particle should show a

single band migrating in the instead of the two bands

normally found in polyacrylamide-urea gels. The experiment of figure 6b shows

that this is the case. After micro

ccal nuclease digestion of the SRP, the
extracted RNA gives only one visible band on polyacrylamide gel which
corresponds to the position of 7SL RNA. After stronger digestion, the RNA
pattern in a non-denaturing gel shows several bands smaller than 7SL RNA

indicating that the fragments are no longer all held together (not shown).

DISCUSSION
A striking feature of the SRP is its very high resistance to micrococcal
nuclease digestion. Since this enzyme digests readily free nucleic acids

single or double stranded (I8), the protection of the RNA molecule wirhin the

SRP must be due to the polypeptides which are shielding the RNA and 1

miting
the access of the nuclease onro the molecule.
The cleavage of the molecule which occurs in subsequent steps suggests

the existence of more and less accessible The

sites.

irst nick at the 5' end

does not alter the function nor the integrity of the SRP, suggesting that the

two RNA fragments may be held in place by the presence of protein(s) and, or,
hydrogen bonding. The possibility of base pairing within the RNA molecule is
shown by the experiment of figure 6. In agreement with this observation,
inspection of the sequence shows that the 5' and 3' Alu flanking sequences of
7SL RNA could base pair with each other forming a stable duplex.

The introduction of several nicks in the RNA is concomitant with the
disruption of the particle and results inthe loss of SRP function. We do not
know whether it is the RNA damage or the loss of integrity of the SRP or
both that result in a loss of function.

The inactive subparticles obtained from nuclease digestion give some

indication of the distribution of the proteins on the RNA chain. Four poly~

7
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