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La proteins are conserved, abundant and predomin-
antly nuclear phosphoproteins which bind to the 3-U
termini of newly synthesized RNA polymerase Il
transcripts. The human La protein has been implicated
in the synthesis, termination and release of such tran-
scripts. Here we examine the potential transcriptional
properties of La in Xenopus laevisusing a homologous
tRNA gene as template. Immunodepletion of La from
cell-free extracts leads to the formation of tRNA pre-
cursors lacking 3-U residues. This shortening can be
uncoupled from RNA polymerase lll transcription,
indicating that it results from nuclease degradation
rather than incomplete synthesis. Extracts containing
<1% of the normal La protein content synthesize
tRNA precursors just as well as complete extracts,
with no change in termination efficiency, and the
vast majority of these full-length transcripts are not
associated with the template or with residual La pro-
tein. Hence, Xenopus La seems not to function as
an initiation, termination or release factor for RNA
polymerase lll. Consistent with the recently discovered
role of La in yeast tRNA maturation in vivo, recombin-
ant XenopusLa prevents 3-exonucleolytic degradation
of tRNA precursors in vitro. A conserved RNA
chaperone function may best explain the abundance
of La in eukaryotic nuclei.

Keywords nuclease/RNA chaperone/transcription/tRNA
gene/tRNA processing

Introduction

The existence of eukaryotic La proteins was first realize
because the 47 kDa human version is a frequent auto-

antigen in systemic lupus erythematosus andgi&jn’s

syndrome patients (Mattioli and Reichlin, 1974; Alspaug
and Tan, 1975). Since the cloning of human La (Chambers
et al, 1988), homologues have been found in other

mammals (Charet al., 1989; Topferet al, 1993), frogs

(Scherlyet al, 1993), insects and yeasts (Yoo and Wolin,

1994; Lin-Marg and Clarkson, 1995; Van Hoet al,

1997). Itis now clear that La proteins are highly conserved,

Despite these indications of their importance, La proteins
are not needed for yeast viability (Yoo and Wolin, 1994;
Lin-Marq and Clarkson, 1995; van Hoet al, 1997).

La proteins are RNA-binding proteins, showing a prefer-
ence for RNAs with 3terminal U residues (Stefano,
1984). This is a characteristic feature of most nascent
transcripts produced by RNA polymerase Il (pol 111,
suggesting that La may be involved in pol lll transcription
termination. Indeed, evidence has been presented over the
years that human La may function as a pol lll termination,
release and even initiation factor (Gottlieb and Steitz,
1989a,b; Maraieet al, 1994; Maraia, 1996; Fast al,
1997; Goodieret al,, 1997). Other reports suggest, how-
ever, that accurate transcription termination and transcript
release can occur with purified vertebrate pol 11l without
the need for additional proteins (Cozzaredti al,, 1983;
Watsonet al, 1984; Campbell and Setzer, 1992), and
there is no evidence to suggest that yeast La proteins have
functions in pol Il transcription (Yoo and Wolin, 1997).

Every pol Il transcription unit requires TFIIIB, most
require TFIIIC, and 5S RNA genes also need a third factor,
TFIIA, for accurate and efficient initiation (reviewed in
White, 1994). For efficient termination, an accessory factor
might be needed by those pol Il transcription units with
an intrinsically weak terminator. FoX.laevis5S RNA
genes, an efficient termination site comprises a stretch of
four or more T residues embedded in G—C-rich DNA in
the non-coding DNA strand (Bogenhagen and Brown,
1981). These two features are not found at the end of
every pol lll gene, however, even ¥ilaevis For example,
termination efficiency is increased rather than decreased
by a mutation that makes the sequences surrounding the
T cluster behind &.laevistRNAYS gene more A-T-rich
(Mazabrauckt al, 1987). A second exception is provided
by aX.laevistRNAPP¢gene. Its natural terminator is a T4
stretch with three G—C base pairs (bp) on each side, yet,
as shown below, significant read-through occurs from this
site in vitro.

d We have used this tRN&R® gene as a paradigm of
poorly terminating pol Ill transcription units to determine
whether X.laevis La protein increases the efficiency of

h termination and/or transcript release at its T4 site in

homologous cell-free extracts. Our results provide no
evidence for such activities, or for a pol Il transcription
initiation function, but they are consistent wikilaevis

La having a chaperone function in tRNA processing
comparable with that recently described for the yeast La
homologues (van Horet al,, 1997; Yoo and Wolin, 1997).

mostly nuclear phosphoproteins. They are also abundant,
being present at <210’ copies per mammalian cell; they Results

are particularly abundant iXXenopus laevioocytes, in
which they accumulate to >8L0" copies. The extent of

Reagents

this stockpiling during oogenesis strongly suggests that The cloned tRNAM gene used here is normally found
La has a crucial function during early embryogenesis. together with seven other tRNA genes on a tandemly
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Fig. 1. Schematic diagram of th¥.laevistRNAP"®gene and its pol Il
transcripts. Transcription initiation (arrowed) occurs 7 nt upstream of
the mature tRNA coding region (boxed) and terminates within T4 or
T15 tracts. The lengths of the primary transcripts P1 and P2 and their
processing products are shown to the right.

repeated 3.18 kb fragment XflaevisDNA (Mdiller et al,
1987). In homologous S-100 extracts (Weilal,, 1979),

pol Ill initiates transcription from this gene with a pppA
located seven nucleotides (nt) upstream of the mature
tRNAPhesequence. Most of the primary transcripts termin-
ate with three or four U residues within a downstream T4
tract (P2; Figures 1 and 2B). Read-through products stop
within a T15 tract, the natural terminator of Xalaevis
tRNAD" gene (Gouilloud and Clarkson, 1986), which was
placed further downstream to act as a ‘fail-safe’ terminator
(P1; Figures 1 and 2B). The %eaders of these primary
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transcripts are removed by RNase P to yield processing Fig. 2. Transcription of the tRNR" gene in S-100 extracts

intermediates (P1la and P2a); these in turn are cleaved b)f;

a 3 endonuclease to yield’ 3railers (P4 and P5) and,
after 3-CCA addition, the mature-length tRNAE (P3).

All experiments made use of S-100 extracts from which
the La protein had been progressively removed by immuno-
depletion. For this approach, rabbit polyclonal antibodies
were raised against recombinaXtaevisLa protein that
had been expressediischerichia coland partially purified

by heparin—Sepharose chromatography. The anti-La anti-
bodies were mixed with protein A-Sepharose beads; the

beads were washed with transcription buffer, incubated with
extract, and the immobilized antigen—antibody complexes
were removed by centrifugation. The partially depleted
extracts were routinely subjected to at least two further
rounds of immunodepletion.

As revealed by immunoblotting, most of the La protein
is removed from S-100 extracts by two rounds of anti-La
immunodepletion, whereas two rounds of treatment with
pre-immune serum have little effect (Figure 2A, compare
a-La2, P12 and NT). A third round of immunodepletion
(a-La3) reduces La levels even further. From immunoblots
of diluted extracts (for example Figure 5A), we estimate
that 1-3% of the original La protein remains after three
rounds of immunodepletion. Additional rounds of
immunodepletion remove some, but not all, of the remain-
der (data not shown).

tRNAPhe precursors are more heterogeneous in
length in La-depleted extracts

rogressively immunodepleted of La proteiA) (Western blot analysis

f the extracts probed with a polyclonal anti-La antibody. S-100
extracts were not treated (NT) or subjected to one, two or three rounds
of depletion with immobilized anti-La antibodyi{Lal, 2, 3) or pre-
immune serum (PI1, 2, 3)Bj Transcription and processing products
of the tRNAPMe gene durig a 2 hincubation at 20°C with the

indicated extracts. Reactions contained®fP]GTP and either no
additional La protein (=) or 500 ng of recombinatiaevisLa (+).
Transcripts were purified and resolved on a 12% denaturing
polyacrylamide gel. Arrows indicate the tRNA precursors and mature
tRNA shown schematically in Figure 1. The bracket indicates the 3
trailer P4 containing three or four-8) residues. The star indicates Px,
the pol llI transcript found in La-depleted extracts without
supplementary La protein.

Although most noticeable with La-depleted extracts, this
effect also occurs with mock-depleted extracts (Figure
2B, compare lanes c, g and k) and is due to the dilution
of the extract that occurs at each round of depletion,
which in turn reduces transcriptional ability. This effect
can be overcome by concentrating the depleted extracts
(see below).

Addition of an excess of recombinant La protein to the
extracts stabilizes the transcripts and/or slows down RNA
processing, in particular '3processing. This is also a
general effect, as shown by the increased levels of the 5
processed precursor Pla and reduced levels of mature
tRNAP" P3, in untreated as well as depleted extracts
(Figure 2B, compare lanes a and b, c and d, e and f). In
apparent contradiction with this, thé 8ailer RNAs P4
are also more prominent in La-supplemented extracts.

These immunodepleted and mock-depleted extracts areThese 3 trailers are fully immunoprecipitable by anti-La

able to transcribe the tRNA® gene template but both

guantitative and qualitative differences are evident when
compared with untreated S-100 extracts. First, there is
an inverse relationship between the number of pol Ili
transcripts and the number of rounds of depletion.
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antibodies (data not shown). Together, these results suggest
that bound La protein inhibits the degradation of these
processing products.

The major effect specific to La immunodepletion is that
the tRNAP"® precursors are more heterogeneous in length
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than normal. Some are longer and some are normal length, A B
while others are shorter. Although some transcripts longer -
than P1 are also evident in untreated and mock-depleted & s b
extracts, those found in La-depleted extracts are more - " - “
heterogeneous in length and represent a more substantia @ ‘ 'a. @ &
fraction of the precursors (Figure 2B, compare lanes a, 20‘:& #. =
c and e); their formation is prevented by addition of 1
recombinant La protein to the extracts (Figure 2B, lanes , 2
b, d and f). Transcripts longer and shorter than P2 are t
seen most clearly after two rounds of immunodepletion;
they are not found in the corresponding La-supplemented =1 &le
extract, which instead generates the normal P1 and P2 C 8. 4
tRNAPhe precursors and '5 processing intermediates o=
(Figure 2B, compare lanes i and j). c=a

The P1 precursors made in untreated extracts terminate c~o
within a T15 tract; most of them possess UUgJiat rcccoae  ae =t
their 3-terminus, the remainder having three or five U . § ouaaaT UL g,
residues (data not shown). Thus, in principle, the RNAs
longer than P1 could result from pol Il transcription
extending further into the T15 tract. The P2 precursors rmuda
terminate within a T4 tract and have UY|yor UUUUgy Ry oih ce
at their 3-terminus (see below). Any extension of these : 11l g
RNAs by pol Il would imply transcription beyond the Goaftif a0
T4 tract into G—C-rich DNA. We consider it more likely D=2
that the transcripts longer than P2 represent pol Il primary g=c
transcripts that are extended by another polymerase. Suct ¢
elongated, labelled RNAs are found when unlabelled P2 G,
precursor is incubated with La-depleted extract in the Fig. 3. Sequence of the tRNA®gene P2 and Px transcripts
presence O.f q_BZP]UTP but not .{1_32P]GTP .(data not (A, B) RNase T1 fingerprints of the P2 and Px transcripts,
shown). This may indicate addition of U residues to the respectively, labelled withof-3PJUTP. Arrowed numbers indicate the
3'-terminal (U)UUW by a poly U polymerase (Andrews  direction of the first and second dimensions. Thee3minal spots 24

and Baltimore, 1986). These longer transcripts have not gndf_ZS, CQUlé)g)agld CUIUl;LbH,d rfisr}e?]tivglgy are missing from th_eh
i ; x fingerprint. overleaf model of the P2 primary transcript wit

been mvestlgated further. the potential hairpin in its ‘3trailer. The arrow indicates the likely 3

Ph ) . end of the Px transcript found in La-depleted extracts.

A truncated tRNA"™ ¢ precursor is made in

La-depleted extracts
The most prominent shorter transcript found in La-depleted stream of a promoter for T7 RNA polymerase (T7 pol)
extracts is a novel RNA with an electrophoretic mobility and inserted an A4 tract after the T4 termination signal
intermediate between that of the P2 primary transcript and for the pol lll-generated P2 primary transcripts. After
its 5' processed product P2a (Figure 2B, Px, lane i). To digestion with the restriction enzym®ral (cut site
examine this RNA in more detail, we incubated the TTT!AAA), T7 pol synthesizes a transcript that mimics
tRNAPhe gene template in a La-depleted extract in the the P2 tRNA"® precursor in that the 'Sleader of 14 nt
presence ofd-32P]JUTP, gel purified the Px transcript and starts with a triphosphorylated purine and thet@iler
then compared its RNase T1 fingerprint with that of the contains the potential hairpin followed by a stretch of
P2 precursor. Apart from changes in some sub-molar spotsU residues. We then followed the fate of this T7P2
that may be due to post-transcriptional modification or RNA, labelled with f-32P]GTP, after incubation in S-100
contaminating RNAs, the major difference is the absence extracts that had been through three rounds of anti-La
of two spots (24 and 25) from the Px fingerprint (Figure immunodepletion or mock-depletion.
3). These correspond to CUYYand CUUUW,y, respect- In both kinds of extracts, as with genuine pol llI
ively, which are normally found at the’ 2nd of the P2 transcripts, processing of T7P2 RNA by RNase P precedes
tRNAPMe precursor, at the base of a potential stem—loop 3’ processing. Thus, the Hrocessed precursor P2a is the
structure (Figure 3C). This analysis cannot distinguish only processing intermediate to appear (Figure 4). Again,
between the presence or absence of the C residue but a spats with pol Il transcription reactions, addition of recom-
corresponding to Cgl is absent from the Px fingerprint, binant La protein stabilizes the transcripts and/or inhibits
indicating that all 3-U residues are missing. The question their 3 processing. Most importantly, the T7P2 RNAs
naturally arises as to whether these shorter transcripts aremigrate more rapidly after incubation in La-depleted
the result of incomplete transcription by pol Ill, or of extracts. Initially these RNAs are quite heterogeneous in
nucleolytic attack on the fully synthesized P2 precursor. length, but with longer incubation they are converted to
a discrete T7Px transcript or processed to the mature

Formation of the truncated tRNAP"® precursor is tRNAPhe P3. Length heterogeneity and T7Px formation
separable from pol lll transcription are completely suppressed by addition of recombinant La
To try to distinguish between these possibilities, we to the La-depleted extracts (Figure 4B).

inserted theX.laevistRNAP"® gene into a plasmid down- These results demonstrate that Px RNA can be formed
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Fig. 4. Stability of a synthetic tRNA"® precursor in mock-depleted

and La-depleted extracts {B) RNA mimicking the tRNANe

precursor P2 was synthesized by T7pol and incubated at 20°C for the
indicated times with S-100 extracts that had undergone three rounds of
depletion with pre-immune serum or immobilized anti-La antibody,
respectively. Reactions contained either no additional La protein () or
500 ng of recombinanX.laevisLa (+). RNAs were purified and

resolved on a 12% denaturing polyacrylamide gel. The star indicates
T7Px, the T7pol transcript found in the La-depleted extract without
supplementary La protein.

in La-depleted extracts in the absence of any transcrip-
tion. They strongly suggest that the lack dft8rminal

U residues from this truncated precursor is the result of
nucleolytic degradation of the full-length precursor. The
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Fig. 5. Transcription of the tRNB"®gene under single- and multiple-
round conditions in mock-depleted and La-depleted extracts.

(A) Western blot analysis of the extracts probed with a polyclonal
anti-La antibody. S-100 extracts were not treated (NT) or subjected to
five rounds of depletion with immobilized pre-immune serum (PI) or
anti-La antibody ¢-La) then concentrated by ultrafiltration. The
equivalents of 10%, 5% and 1% of non-treated S-100 extract were
loaded on the same gel, together with 50 ng of recombiXaatvis

La protein. B, C) Transcription products of the tRNA€gene during
the indicated times at 20°C with mock-depleted and La-depleted
extracts, respectively. Reactions containeé?fP]GTP and either

300 pg/ml heparin ¢ Heparin) or no heparin (— Heparin), and either
no additional La protein (La —) or 500 ng of recombinantaevisLa
protein (La+). Aliquots of the 5 min reactions were also
immunoprecipitated with fresh anti-La antibody (IRP. Transcripts

Iength heterogeneity seen at ea”y incubation times further were purified and resolved on a 12% denaturing polyacrylamide gel.

suggests that this nuclease is'ee3onuclease. We suggest

that its action is retarded when it encounters the base oftranscription (Kassavetiget al, 1989). Several factors

the putative stem—loop (Figure 3C), thereby accounting
for the Px transcript. Consistent with this interpretation,
Px is not detected as a discrete RNA if the tRN®Zgene

template is modified by a trinucleotide substitution that

disrupts base-pairing in the putative stem (data not shown).

We conclude that there is no necessity to invoke a role
for the X.laevis La protein in the synthesis of the
3'-terminal U residues of pol Il transcripts. More posit-
ively, this protein is able to protect U-ending RNAs from
3’-exonucleolytic attack.

La-depleted extracts perform multiple rounds of

pol lll transcription

To determine if X.laevis La has a transcript release
function, we examined the efficiency of pol Il transcrip-

were varied in preliminary experiments to optimize this
approach. In the final protocol, the S-100 extracts were
stabilized by addition of bovine serum albumin (BSA) to
0.1 mg/ml, endogenous NTPs were severely depleted by
centrifugation through Sephadex G-50 spin columns and
extracts were subjected to five rounds of anti-La immuno-
depletion or mock-depletion and then concentrated
~2.5-fold by centrifugation through ultrafiltration units to
regain the original protein concentration. This protocol
removes>99% of the La protein originally present in the
S-100 extract (Figure 5A).

In other preliminary experiments, the concentration of
the DNA template was varied to find the point at which
pol Il transcription reached a plateau; this was achieved
at ~4 nM. Keeping the total DNA concentration constant

tion in La-depleted extracts in the presence and absenceat this level, decreasing amounts of the template were

of heparin to distinguish single from multiple rounds of
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the maximum number of template molecules in productive round and multiple-round conditions. Few, if any, of the
pol 1l transcription. A combination of 10 ng template transcripts made in depleted extracts under multiple-round
(3.34 fmol) and 200 ng pBR327 (94 fmol) generated the conditions are associated with La. This strongly suggests
same number of tRNA® gene transcripts as 300 ng that the residual La protein in such extracts is not func-
template (100 fmol) in 2%l reactions (data not shown). tioning to strip nascent transcripts from their template.
The DNA template was also modified by inverting the
T-A base pair located 1 bp upstream of the mature Nascent pol lll transcripts are released from
tRNAPPe coding sequence. With this template, the first template DNA in La-depleted extracts
UMP to be incorporated into the primary transcript is at To test the latter suggestion more directly, we incubated
position 15. Thus, in principle, pol Il reactions done in La-depleted and mock-depleted extracts with a DNA
the presence of ATP, CTP and-f?P]GTP, but not UTP,  template immobilized on magnetic streptavidin beads and
should generate labelled 14 nt stalled transcripts. In then asked if the newly synthesized pol Il transcripts are
practice, we always detected some longer products, per-associated with the template. For the experiment shown
haps because of incomplete removal of the endogenousin Figure 6, extracts were again subjected to five rounds of
NTPs or the presence of a cytidine deaminase in the anti-Laimmunodepletion or mock-depletion, concentrated,
extracts. Formation of these longer products could be and incubated with the immobilized template and 0.2 mM
prevented by including '3dUTP in the reactions. These ATP for 3 h. The preinitiation complexes were then either
conditions generated ~1 fmol of-Blocked 15 nt RNAs, rinsed or not with transcription buffer (which contains
which is very similar to the number of precursors made 70 mM KCI). After 1 h of transcription in the presence
in the presence of heparin (see below). of [a-32P]GTP, newly synthesized RNAs contained in the
In the experiment shown in Figure 5, preinitiation total reactions, supernatants and attached to the beads
complexes were allowed to assembler #® h in the were analysed on a denaturing gel. Aliquots of the
presence of 0.2 mM ATP (Bieket al, 1985). CTP, UTP, supernatant fractions were also challenged with anti-La
[a-32P]GTP and additional ATP were then added in the antibodies before RNA extraction.
presence or absence of 3Q@/ml heparin and in the In both mock-depleted and La-depleted extracts con-
presence or absence of recombinant La protein. Thetaining <1% of the normal La protein content, the vast
RNAs made in 0.5, 2 and 5 min were recovered for gel majority of the transcripts are found in the supernatant
electrophoresis and phosphorimager analysis. Aliquots of fraction, i.e. released from the template, irrespective of
the 5 min reactions were also challenged with anti-La whether or not the preinitiation complexes are rinsed
antibodies before RNA extraction. (Figure 6, compare lanes a, b and d; e, fand h; i, jand |,
In the presence of heparin, comparable numbers of P1m, n and p). Most of the precursors made from unrinsed
and P2 RNAs are synthesized in La-depleted and mock- preinitiation complexes in mock-depleted extracts are
depleted extracts (1.13 and 1.07 fmol, respectively). Most immunoprecipitable with anti-La antibodies (Figure 6,
of this synthesis occurs within 0.5 min and is complete lanes b and c) whereas this is true of only a minor fraction
within 2 min (Figure 5, lanes a and b). These results of precursors made in the comparable La-depleted extract
indicate that transcription is limited to a single round and (Figure 6, lanes j and k). Rinsing the preinitiation com-
that 33-35% of the DNA template is committed. In plexes made in La-depleted extracts abolishes this minor
contrast with the RNAs made in the mock-depleted extract, fraction without affecting the efficiency of transcript
none of the precursors made in the La-depleted extract isrelease (Figure 6, lanes m, n and o). Itis interesting to note
immunoprecipitable by anti-La antibodies (Figure 5, lanes that some mature tRNA is found under these conditions but
c and d). The presence of recombinant La protein has not after rinsing the preinitiation complexes from mock-
no effect on transcript levels but precursors are now depleted extracts (Figure 6, compare lanes m and n with
immunoprecipitable from both extracts (lanes c—f). lanes e and f). This is consistent with the earlier observation
In the absence of heparin, transcripts accumulate in a(Figures 2 and 4) that processing is more rapid in the
time-dependent manner in both kinds of extract (Figure absence of La. More importantly, these results provide no
5, lanes g—i). After 5 min, the La-depleted extract contains evidence thakX.laevisLa functions as a pol Il transcript
29 fmol of P1 and P2 RNA; the corresponding value for release factor.
the mock-depleted extract is 30 fmol. Since heparin
inhibits reinitiation, these transcript levels imply that each - .
committed DNA template undergoes ~25—§8 rounds of Discussion
transcription in 5 min. Many of the RNAs made in the La and pol lll transcription
mock-depleted extract are immunoprecipitable by anti-La The preferential binding of human La td-8 residues
antibodies, whereas only a very minor fraction of the (Stefano, 1984), the hallmark of most nascent pol Ili
precursors made in the La-depleted extract appears to bdranscripts, was an early indicator that this protein may
immunoprecipitable, and even this may be a gel artefact be involved in pol lll transcription termination. Subsequent
(Figure 5B, lanes i and j). As with the single-round work with human cell-free extracts has lent support to
conditions, transcription efficiency is unaffected by the that idea and has resulted in some specific proposals,
presence of recombinant La, but most newly synthesized namely that La not only binds to the'-8 residues of
RNAs are now immunoprecipitable when challenged with nascent pol Ill transcripts but is also required for their
anti-La antibodies (Figure 5B, lanes i-l). synthesis (Gottlieb and Steitz, 1989a) and for the sub-
These results demonstrate tallaeviscell-free extracts ~ sequent release of the transcripts from the DNA template
containing <1% of the normal La protein content are (Gottlieb and Steitz, 1989b; Maraiet al., 1994). Most
capable of efficient pol Ill transcription under both single- recently, human La has been invoked as a pol Il initiation
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Fig. 6. Transcription of the tRNA"™ gene immobilized on magnetic streptavidin beads in mock-depleted and La-depleted extracts. S-100 extracts
were subjected to five rounds of depletion with immobilized pre-immune serum (PI) or anti-La antdoddy é&nd then were concentrated by
ultrafiltration. The La-depleted extract contain€d % of the normal content of La protein (as Figure 5A, data not shown). Preinitiation complexes
were either rinsed or not with transcription bufferRR, —R) and pol Il transcription was allowed to proceed foh at20°C in the presence of

[a-32P]GTP. Transcripts found in the total reaction (T), supernatant (S) and pellet (P) were recovered. A fourth aliquot was immunoprecipitated with
fresh anti-La antibody (Im). Transcripts were purified and resolved on a 12% denaturing polyacrylamide gel.

factor (Maraia, 1996) whose activity depends on a particu- and they question such proposed roles for La in other

lar residue, Ser366, being dephosphorylated (Egal., vertebrates.
1997) and on the integrity of a nearby basic region of the In vitro studies also provide no evidence for La func-
protein (Goodiert al., 1997). tioning as a pol Il transcription factor iBaccharomyces

Our interest in theX.laevisLa protein also stemmed cerevisiae(Kassavetiset al, 1995; Dieci and Sentenac,
from the hope that it would function as a pol lll termination  1996). In particular, in the presence of TFIIIB and TFIIIC,
factor, but the experiments reported here provide no limiting quantities of pol Ill preferentially reinitiate on
support for that view. Progressive immunodepletion of La tRNA gene templates that have already undergone tran-
from X.laevisS-100 extracts reduces pol lll transcriptional scription (Dieci and Sentenac, 1996). This facilitated
activity (Figure 2). This effect is not due to the loss of recycling pathway also generates multiple-round tran-
La, however, but rather to the inevitable dilution of the scripts of the yeast U6 gene; the template in this case
extracts that occurs at each round of immunodepletion, requires only recombinant TFIIIB and highly purified
which can be overcome by concentrating the extracts. A pol lll. If an accessory factor were needed for each
pol Il transcript lacking 3-U residues is found in La- transcript made, and not just for each template used, it
depleted extracts (Figures 2 and 3), but theJ3esidues should be present in substantial amounts in the polymerase
of a presynthesized T7pol transcript are also missing after fraction, yet highly purified yeast pol Il preparations
incubation in La-depleted extracts (Figure 4). This strongly show little sign of even sub-stoichiometric amounts of
suggests that the’ 3runcated pol Il transcript results additional polypeptides (Huet al., 1996). More specific
from nucleolytic degradation of the primary transcript to La, there is no difference in pol Ill activity between
rather than incomplete synthesis on a stalled transcription extracts ofS.cerevisiaatrains carrying wild-type or chro-
complex. Extracts containing1% of the normal content  mosomally disrupted La genes (Yoo and Wolin, 1997).
of La protein sustain very efficient levels of pol 1l As noted earlier, La is not needed for viability in either
transcription, under both single- and multiple-round condi- S.cerevisia®r Schizosaccharomyces pombe no essen-
tions (Figure 5), with the vast majority of these full-length tial pol Il gene can depend on La for its expression in
tRNA precursors being released from the template without either yeast species. I15.cerevisiag efficient pol Il
being associated with La (Figure 6). Similarly, HeLa termination requires longer T tracts than are found in
extracts depleted of La are competent for transcription of vertebrates (Allison and Hall, 1985), perhaps eliminating
the adenovirus VAI RNA gene and the resulting transcripts the need for an accessory termination factor.
are not precipitable with anti-La antibodies (Francoeur  The yeast La homologues are significantly shorter than
and Mathews, 1982). In addition, bo¥laevisand calf human La; the three proteins are most related at their
thymus pol Il seem capable of accurate and efficient N-termini and the yeast proteins may be missing some
termination, polymerase recycling and transcript release C-terminal residues implicated in transcription in the
in the absence of other proteins (Cozzaretlial., 1983; human protein (aligned in Van Horet al, 1997). The
Watsonret al,, 1984; Campbell and Setzer, 1992). Together, frog and human La sequences are much more related. In
these results provide no evidence for La functioning as a fact there are two distinct forms of La iX.laevis
pol Il initiation, termination or release factor X.laevis the result of an ancient whole genome duplication and
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subsequent sequence drift (Bisketeal, 1977). The two Bona fide and synthetic tRNA precursors are subject to
frog proteins are 90% identical (95% similar) and more 3'-exonuclease attack in La-depletétllaevis extracts
than 61% identical#74% similar) to human La (Scherly  (Figures 2—4). Addition of recombinant La prevents this
et al, 1993). BothX.laevisLa proteins contain a serine  exonucleolytic degradation of the precursors while stabiliz-
at position 366 (and also one at 367) corresponding to theing the endonucleolytically cut 3railers (Figure 2). Over-
phosphorylated residue in the human protein (Easal, expression of La inS.pombeappears to stabilize pol llI
1997). Given this high degree of relatedness, it is difficult transcripts and/or slow the rate of their processing (Van
to reconcile the disparate pol Il transcription results Hornet al, 1997). The same effects are séewitro with
obtained with the frog and human La proteins. Contributing an excess of recombinarX.laevis La, independent of
factors could include the different DNA templates, extracts pol Il transcription (Figures 2 and 4).
and experimental protocols used. We emphasize that the In conclusion, the one function that appears to be
tRNAPhe gene used here does not possess an intrinsicallyshared between yeast, frog and human La proteins is an
strong termination site, that perhaps has no need of ainvolvement in tRNA processing. Since La binding is not
factor required at less efficient sites. On the contrary, this restricted to tRNA precursors, it may well be involved in
gene was chosen because significant read-through occurshe protection or maturation of other RNA species. A
beyond its T4 termination site (Figure 2). Read-through conserved RNA chaperone function may best explain the
at this site is neither increased by La depletion nor high nuclear abundance of these enigmatic proteins.
decreased by addition of recombinant, presumably unphos-
phorylated La protein (Figures 2, 5 and 6). .
Hence, despite their sequence similarities, frog and Materials and methods
human La proteins seem to have distinctly different puyrification of recombinant LaB1
properties with respect to pol Il transcription. Altern- Full-length X.laevis LaB1 cDNA (Scherlyet al, 1993) was cloned
atively, they may have similar properties and the residual behind theAp promoter in the heat-inducible vector CBA (gift of

: N : B.Allet) and transfected intcE.coli HB101 cells. 100 ml L-broth
0 -
<1% La protein remaining in La depleté@laewsextracts containing 5ug/ml tetracycline was inoculated with a single colony and

may be sufficient for a transcripti_qnal funCtion(S).- We  was shaken overnight at 28°C, then mixed with 300 ml L-broth and
cannot exclude the latter possibility but the primary shaken for 3 h at 42°C. Cells were harvested and sonicated on ice
pol 1l transcripts made in La-depleteX.laevis extracts several times in phosphate-buffered saline (PBS), then in PBS containing
are released from the DNA template without being associ- 6 M urea. The extract was progressively diluted with 25 mM Tns_—HCI

. . . pH 8, 3 MM MgC), 0.1 mM EDTA, 0.5 mM DTT (B buffer) containing
ated with La_‘ (Flgures_ 5 and 6)' This strongly suggests 0.1 M KCI, until the urea concentration was.1 M. It was then loaded
that the residual La in these extracts does not have &on a 1.5 ml CL4B heparin-Sepharose column (Pharmacia). The column
transcript release function. Moreover, #1% of the was rinsed with 0.1 M KCI in B buffer and then step-eluted with
normal La Content |S Suff|c|ent for a transcrlonnal func_ inCreaSing concentrations of KCI in B buffer. FuII-Iength La protein
: : : (49 kDa) was eluted at 0.4 M KCI, together with two proteolytic
tion(s), the _remamder is presumably needed for another, fragments of ~42 and ~39 kDa (Figure 5A).
even more iImportant purpose.

Immunodepletion

La and other functions Polyclonal rabbit antibodies were raised against recombinant La protein
Other functions have indeed been ascribed to the Lain the heparin—Sepharose 0.4 M KClI fraction and purified on protein

; : : e . A—Sepharose columns (Bio-Rad). S-100 extracts (‘&fel., 1979) were
protein. ForX.laevisLa, these include retaining certain prepared from aX.laeviskidney cell line as described (Koslat al,

p9| Il transcripts in the nUC_|e'g|5 (Boe|e_rH al, 1995; 1980). 0.1 ml of packed protein A—agarose beads (Boehringer Mannheim)
Simonset al,, 1996) and mediating RNA import from the  was suspended in 0.4 ml of 30 mM HEPES pH 7.9, 3 mM MgClI

cytoplasm to the nucleus (Grimmt al, 1997). Human 140 mM KCI (S buffer), and the suspension was mixed gently with

; ; ; ; ot 0.1 ml pre-immune serum or anti-La 1gG by end-over-end rotation for
La has been implicated in regulating the activation of at leas 2 h at4°C. The beads were centrifuged for 3-4 s at 14 00

interferon-indutl:i_ble. proteil_ﬂ kinase PKR (Xiaet al, and then washed three times with 1 ml S buffer. 0.4 ml S-100 extracts

1994), the stabilization of histone mRNAs (McLaretral,, containing 0.1 mg/ml BSA was gently mixed with 0.1 ml antibody-

1997) and in internal translation initiation of poliovirus coupled beads for 20 min at 4°C as above. This step was repeated two

(reviewed in Belsham and Sonenberg, 1996) and hepatitisto four times and the extracts were then transferred to UFCMC
. . . . ' . ultrafiltration units (Millipore) and centrifuged at 20@0for 1-1.5 h at

C virus (Ali and Siddiqui, 1997): Evidence is acqumulatlng 2°C 10 achieve an -2 5-fold concentration.

that human and frog La proteins may have similar roles

in the translation of some cellular MRNAs (McBratney and Immunoprecipitation

Sarnow, 1996; Peeé&t al., 1996; Pellizzonket al., 1996)_ Antibodies_ were coupled to protein A—agarose as described above in
Few of these functions readily account for the high ??1 mg" T(;'S‘HC' pH.&dl5°. ?M NaCl, 0.1% NP-40 (NE”SOdbUﬁer)- §

. . . . e beads were mixed with transcription reactions by end-over-en

concentration of La in GUkaryOtlc, nuclei. Recently’ how- rotation for 1 h at 4°C, and then washed three times with NET150

ever, La has been found to be involved in yeast tRNA puffer. Bead-associated RNAs were purified by phenol extraction and

maturationin vivo. In both S.cerevisiaeand S.pombe resolved on 12% denaturing polyacrylamide gels.

binding of La to many tRNA precursors is needed for ]

the correct endonucleolytic removal of theit Bailer ~ mmunoblotting . .

Van Horet al. 1997: Yoo and Wolin 1997) Proteins were resolved on 12.5% polyacrylamlde—S_DS_geIs and then
sequences ( " ! ’ : transferred to nylon membranes (Boehringer Mannheim) in 25 mM Tris,
In the absence of La, these precursors are degraded by 292 mM glycine, 20% methanol in a Mini Trans-Blot electrophoretic
3’-exonuclease(s) (Yoo and Wolin, 1997) whereas the transfer cell (Bio-Rad) for 16 h at 30 V and 4°C. Membranes were
normal processing pattern can be re-establish&diombe ~ scaked for 1.5 h in 2% blocking recf’l‘g(eT’gS()Boﬁh””.ger paananein) n

: . : ) ris— pH 7.5, 0. al , then incubated for
cells genetlcally depleted of La by mtroducmg the hur_nan with anti-La serum diluted to 1/250 with TBS containing 0.1% Tween
or yeast La cDNAs (Van Horet al, 1997). The experi- 0. Biots were washed, then incubated for 0.5 h with an alkaline

ments reported here are consistent with these results.phosphatase-conjugated anti-rabbit antibody (Promega) diluted to 1/10
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000 in the same buffer. The nylon sheets were incubated for 1 min with ~ sequences oim vivo and in vitro expression of the yeasSUP-40
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