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Flant cytoplasmic tyrosine tRNA was pseudouridylated at three different positions:
35, 39 and 55. These pseudouridines were introduced by three different ENZymMes —
pseudouridine synthases. Variants of the Arabidopsis thaliana pre-tRNAm Were con-
structed that allow to monitor specifically pseudouridylation at different nucleotide
positions. Using such RNAs to assay pseudouridine synthesis we have prepared an ex-
tract from Lupinus luteus cv. Ventus seeds containing activities of at least W35 and
W55 synthases. This is the first report describing the preparation of the lupin seed ex-
tract that specifically modifies plant pre-tRNA™" transcribed by T7 RNA polymerase.
U35 is converted to 'F35 only in an intron-dependent manner, while pseudouridyla-
tion of US5 is insensitive to the presence or absence of an intron.

RNA maturation is a complex multistep pro-
cess in which the primary transcript of a gene
serves as a substrate for a large number of dif-
ferent enzymes. Cytoplasmic mature transfer
RNA appears as a product of different enzyme
activities that are involved in the maturation
of pretRNA 5'- and 3'-ends, splicing and nu-
cleoside modifications. While maturation of
the 5'- and 3'-ends takes place in the nucleus
[1] and the splicing occurs at the nuclear enve-

lope [2], nucleoside modifications are intro-
duced in different compartments of the cell: in
the nucleus, in the cytoplasm and in organ-
elles [3]. Sewveral modified nucleosides in
tRNA molecules are introduced only at de-
fined steps of the tRNA maturation pathway.
Some of them appear only before intron exci-
sion (in the nucleus) [4, 5], other only after in-
tron removal (in the cytoplasm or in the or-
ganelles) [6]. There are, however, also some
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modified nucleosides the appearance of which
is insensitive to the presence or absence of an
intron [7]. Their introduction can occur in the
nucleus (e.g. yeast Nzﬂﬂdimethylguanusine
[3]) or in the eytoplasm (queuosine [3]). An ex-
ample of a modified nucleoside that is intro-
duced at the stage of intron-containing tRNA
precursor is pseudouridine, found in the mid-
dle of the GWA (or QWA) anticodon at posi-
tion 35 in all eukaryotic cytoplasmic tyrosine
tRNAs studied so far [4]. An example of a
modified nucleoside that is introduced only af-
ter intron excision is W32 in yeast cytoplas-
mic tRNAY®¥ (CAA) [7). Pseudouridine 55 in
the TWC arm is an example of a modified nu-
cleoside introduced into different pretRNAs
in yeast and vertebrates in a manner insensi-
tive to the presence of an intron [8]. While
data that describe the tRNA maturation pro-
cess involving nucleoside modification in
yeast and vertebrates accumulate, the analo-
gous processes that take place in plants re-
main almost unknown. A major handicap for
studying plant tRNA maturation are the diffi-
culties with the preparation of homologous in
vitro transcription system. Last year the
group of Sugiura reporied the preparation of
the first in vitro polymerase III plant-specific
nuclear extract from tobacco cultured cells
[9]. However, T7T RNA polymerase in vitro
transcription assay could serve as a powerful
tool since it can preduce large amounts of a
plant tRNA precursor that can be used in fur-
ther observations on the maturation process
[10]. A cell-free pretRNA processing and
splicing system from wheat germ has been es-
tablished [11].

Here we describe the preparation of a lupin
seed extract that specifically modifies plant
pretRNATY" transcribed by T7 RNA poly-
merase, giving pretRNATY" molecules almost
fully pseudouridylated at the 35th and the
55th position. To our knowledge, this is the
first report describing the preparation of such
extract from lupin seeds. Furthermore, pseu-
douridylation that takes place in the middle

position of the plant 1:||1*\!5-1.;IELI’*LF!l:T':'rr anticodon is

introduced only at the stage of an intron-
containing precursor while the conversion of
U55 to W55 in the TWC arm is insensitive to
the presence or absence of an intron, as de-
scribed in the case of yeast and vertebrates.

MATERIALS AND METHODS

Enzymes and reagents

RNase T2 was obtained from Calbiochem or
Sigma, Ia—?’?P]NTPs (spec. act. 29.6 TBq/
mmol), [a-*’S]dATP (spec. act. > 37 TBq/
mmol) and [5-*HIUTP (spec. act. 492 Gbq/
mmol) were from Amersham (U.K.), T7 DNA
polymerase sequencing kit from Pharmacia,
and Muta-gene site-directed mutagenesis kit
from Bio-Rad. T7 RNA transcription was car-
ried out using a T7 RNA transcription kit
from Promega. Restriction enzymes, Tag
DNA polymerase and all other enzymes were
from Boehringer Mannheim. Other reagents
were from USB. Yellow lupin seeds cv.Ventus
were obtained from the Plant Breeding Sta-
tion in Wierzonka (Poland).

Preparation of yellow lupin S-23 extracts

Extract I. Extract [ was prepared according
to Stange & Beier [11] with some modifica-
tions: 10 g of yellow lupin seed meal was
ground with 10 g of sea sand in a precooled
mortar until a fine powder was obtained. Then
30 ml of extraction buffer (10 mM Tris/ace-
tate, pH 7.6, 3 mM Mg(0Ac)s, 50 mM KOAc, 1
mM dithiothreitol (DTT)) was added stepwise
and grinding was continued at 4°C until a
smooth paste was obtained. The extract was
centrifuged twice for 10 min at 23000 Xg and
the precipitate discarded. The supernatant
(crude extract) was fractionated with strepto-
mycin sulfate. The supernatant was brought
to 3% saturation by adding 20% stock of strep-
tomycin sulfate and mixed for 30 min. The
mixture was centrifuged at 13000 X g for 15
min, The supernatant was collected and the
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precipitate discarded. Glycerol was added to
the collected supernatant to a concentration
of 10% (v/v). Then the supernatant fraction
was dialysed for 2 h against 100 volumes of a
buffer containing 20 mM Tris/HCI, pH 8.0,
150 mM NaCl, 0.1 mM EDTA, 5 mM 2-
mercaptoethanol, 10% glycerol. All the opera-
tions were carried out at 4°C.

Extract II. Extract II was prepared accord-
ing to Guranowski & Pawelkiewicz [12] with
some modifications: 10 g of yellow lupin seed
meal was ground with 10 g of sea sand in a
pre-cooled mortar until a fine powder was ob-
tained. Then 30 ml of extraction buffer (10
mM potassium phosphate buffer, pH 6.8, con-
taining 1 mM 2-mercaptoethanol, 0.1 mM
EDTA and 10% (v/v) glycerol) was added step-
wise and grinding was continued at 4°C until a
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smooth paste was obtained. The extract was
centrifuged twice for 10 min at 23000 X g and
the precipitate discarded. Then the super-
natant fraction was dialysed for 20 h against
100 volumes of extraction buffer. The di-
alysate was clarified by low speed centrifuga-
tion and the supernatant, designated the S-23
extract, was stored at 4°C. All the operations
were carried out at 4°C.

Construction of Arabidopsis thaliana tRNATY
gene derivatives

The A. thaliana tRNA™" gene pATY2T7 con-
taining a 12 bp intron was mutagenized using
the method of Kunkel et al. [13]. The muta-
tions were always confirmed by DNA sequenc-
ing according to Hattorl & Sakaki [14]. Two
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Figurel. Cloverleaf structures of unmodified A. thaliana tRNA™" and its primary, intron-containing

transcript.

{A) A thaliana unmodified t.ELT.*Ul:Ij"T+ Pseudouridylated positions in the mature tRNA are marked. (B) Pre-tRNATFr
containing an intron. Long arrow shows the variant of pmtma"'-‘” in which C40 has been substituted by U40.

Short arrows point to the splicing-sites and the intron is shown in bold letters. The pre-t-RNRm

variant deprived of

the intron represents the cloverleaf structure identical with the structure shown in (A).
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mutants of tRNA™" gene were constructed:
PATY2T7U40 — in which C40 was replaced by
U40, and pATY2T7AI — in which a 12 nt long
intron was deleted (Fig. 1). Both mutants and
the wild type A. thaliana tRNA™Y" gene were
inserted under T7 RNA polymerase promoter
and terminated by BstNI restriction site using
the PCR technique as described in [10].

T7 RNA transcription of pre-tRNATT
substrates using [5->HIUTP, [¢-*2P]ATP,
[«-*2PIUTP or [¢->2PICTP

Plasmids carrying the tRNA™" gene or its
variants were digested with Mval (an isoschi-
zomer of BstNI) before transcription.

PHIRNA transeription

Transcription was performed in 20 mM
Tris/HCI, pH 7.8, 20 mM MgCls, 40 mM NaCl,
4 mM spermidine, 10 mM DTT, 2 mM each
ATP, CTP, GTP, 1.5 mM UTP, 40 nM linear-
ized plasmid, 500 units/ml T7 RNA po-
lymerase, and 200 uCi/ml of [BSH]UTP at
37°C for 8-10 h.

[**PIRNA transcription

tRNATY" labelled with [¢->*P]ATP: tran-
scription was performed in the T7 RNA po-
lymerase buffer, 10 mM DTT, 1 unit/ul Rna-
sin, 660 uM each CTP, GTP, UTP, 44.4 uM
ATP, 0.1 ug/ul linearized plasmid, 2.5 uCi/ml
of [@-*?P]JATP and 1 unit/ul T7 RNA po-
lymerase at 37°C for 1.5 h.

tRNATY" labelled with [¢->*PIUTP: tran-
scription was performed in the T7 RNA po-
lymerase buffer, 10 mM DTT, 1 unit/u] Rna-
sin, 0.5 mM each ATP, CTP, GTP, 120 uM
UTP, 0.1 ug/ul linearized plasmid, 5 4Ci/ml
of [@*2P]UTP and 1 unit/ul T7 RNA po-
lymerase at 37°C for 1.5 h.

tRNAT" labelled with [¢->*P]CTP: tran-
scription was performed in the T7 RNA po-
lymerase buffer, 10 mM DTT, 1 unit/ul Rna-
sin, 0.5 mM each ATP, GTP, UTP, 12uM CTP,

1998

0.1 ug/pul linearized plasmid, 2.5 uCi/ml of [a-
32PJCTP and 1 unit/ul T7 RNA polymerase at
37°C for 1.5 h.

All RNA samples were purified by phe-
nol/chloroform extraction, ethanol precipita-

tion and were further purified on 10%
PAGE/8 M urea.

In vitro psendouridine formation assay

Reactions with [EEH]U th]t*Tﬁth"""T were car-
ried out in 80 ul reaction mixture containing
50 mM Tris/HCI, pH 7.8, 10 mM NH4Cl, 5
mM DTT, 10 mM MgCls, 10-15 pmol of [5-
3H]U tRNATY” transecripts and 20 ul of 5-23
extract. Incubation was at 37°C for 1.5 h. Re-
actions were stopped by addition of 95 ul of re-
action mixtures to 1.0 ml of 12% active char-
coal suspended in 0.1 M HCl. Samples were
stirred and allowed to stand at room tempera-
ture for 5 min, then centrifuged to remove the
charcoal; the supernatant was passed through
a Millex-Gp filter assembly (0.22 tym). Usually
a 0.5 ml sample was counted [15]. One unit of
activity is the amount of enzyme catalysing
the release of 1 pmol of H to the supernatant
in 30 min at 37°C.

In vitro pseudouridine formation assay for
¥2p Jabelled pre-tRNAs was carried out as de-
scribed above for [5-°HJU tRNATYF, 92p.
labelled RNA products were purified by phe-
nol/chloroform extraction, ethanol precipita-
tion and further purified on 10% PAGE/8 M

urea.

Quantification of pseudouridine in the 3°P-
labelled tRINA samples

32pJabelled (100000 c.p.m.) RNAs, obtained
as described above, were digested with 0.5
units of RNase T2 for at least 5h at 37°C in 10
il of 5 mM ammonium acetate, pH 4.6. The la-
belled nucleotides were identified by two-
dimensional chromatographic analysis on cel-
lulose thin-layer plates as described by Gros-
jean et al, [6]. The efficiency of pseudouridine
modification was measured by cutting out the
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labelled spots from the TLC plates and count-
ing the radioactivity by the liquid scintillation
techniques. Taking into account the amount
of label in each of the nucleotide spots (AMP,
UMP, GMP, CMP and/or WMP) and knowing
the relative number of labelled nucleotides
per RNA substrate, the number of moles of
each or both pseudouridines per mole of pre-
tRNA was calculated.

RESULTS

Synthesis of unmodified tRNATT variants

The biosynthesis of W takes place at the
polynucleotide level and involves an intramol-
ecular rearrangement of uridine. Examina-
tion of the structure of ¥ suggests that it is
chemically formed from U by cleavage of the
carbon-nitrogen glycosyl bond, followed by
rotation of the uracil base and then reattach-
ment at C° to yield W. Plant cytoplasmice tyro-
sine tRNA is pseudouridylated at three differ-
ent positions: 35, 39 and 55 (Fig. 1). The pseu-
douridines are introduced most probably by
three different enzymes — pseudouridine syn-
thases. Variants of the tRNA substrate were
constructed that allowed us to monitor specifi-
cally pseudouridylation at different nucleo-
tide positions (Fig. 1). Using such RNAs to as-
say pseudouridine synthesis, enzymes produc-
ing this nucleoside could be identified and pu-
rified from Lupinus luteus extract. The wild
type tyrosine tRNA containing an intron
should be pseudouridylated at three positions:
in the middle position of the anticodon (35th

position) [16], at the 55th position in the T®C
arm and, possibly, at the 39th position [3].
The mutant tRNA&'y' molecule derived from
pATY2T7U40 template should contain W35,
W55 and possibly W39. The mutant of
tRNATYT molecule without an intron should be
modified at two positions: 39th and 55th.
Whether W39 is introduced also at the stage
of the intron-containing molecule remains un-
clear [3]. These calculations were based on the
previous structural studies carried out in our
laboratory and by others (for review see [3]).

Pseudouridylation of tRNA™T variants us-
ing lupin S-23 extracts

Yellow lupin seed S-23 extracts were pre-
pared to test the activities of pseudouridine
synthases as described in Materials and Meth-
ods. We tested two different protocols for
plant extract preparation from seeds. Our at-
tempts to prepare extracts containing active
pseudouridine synthases from lupin seedlings
were unsuccessful. Most probably the level of
proteases, despite the large amounts of differ-
ent protease-inhibitors used, was too high.

Usually extracts from yellow lupin seeds con-
tained 10-15 mg of protein/ml as measured
using the Bradford technique. Preliminary
tests for W conversion using wild type pre-
tRNAT" labelled with [5-°HJUTP as a sub-
strate were carried out and the amount of trit-
ium released was calculated. When the differ-
ent RNA substrates were incubated with a lu-
pin seed extract they all released tritium (Ta-
ble 1).

Table 1. Plasmids and corresponding RNA transcripts

- Nucleosides altered in

Potential sites of W Release of tritium from

tRNATY gene formation RNA lgg:?::ﬂ_::& lupin
pATY2T7 none, wild type U35, U39(?)", U5 .
pATYZTTAI intron deleted U3ag, Uss
pATY2TTU40 C40 - U40 U556 U35, U3a(n* +

*The asterisk poi:%g to the discrepancies that exist for formation of W59 which was found to be negatively intron-dependent
for tobacco tRNA " [11) and intron-insensitive in several other cases [3).
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The finding that these RNAs release tritium
indicates that they may be used to monitor
specifically pseudouridylations at particular
positions. The specific activity of pseu-
douridine synthases was measured using [5-
EH]U-pre-tRNATF " containing an intron giving
0.6 units/ul of extract. Although it was not
known at the time whether we monitor W35,
W39 or W55 formation, subsequent analysis
proved that the isolated extracts contained
only W35 and W55 pseudouridine synthase ac-
tivities. All reactions were carried out using
Extract | and Extract II. Both exhibited trit-
ium release activity. For further experiments
we decided to use Extract I because of simpli-
city of its preparation.

Identification of pseudouridylated posi-
tions in pre-tRNATY" transcripts

The formation of W35 can be followed by la-
belling the synthesised pretRNA™" contain-
ing an intron with [a-**P]ATP and subsequent
hydrolysis by KENase T2. The labelled phos-
phate is transferred from the 5 positions of
the adenosines to the 3" positions of the near-
est neighbour. Under these conditions W35 is
labelled, but not the other two pseudouridines
present at positions 39 and 55 in plant
tRNA ™Y which are followed by a cytidine. The
formation of W55 and W39 can be followed by
labelling the synthesised pre tRNATY" with [a-
*2PICTP. Since both: U55 and U39 will be visi-
ble after RNase T2 digestion, a mutant of the
intron-containing tRNADYT molecule was con-
structed, in which C40 that immediately fol-
lows U39 to be pseudouridylated, was

1998

changed to U40. In this case labelling of pre-
tRNADT with [a->2PICTP will visualise W55
while labelling with [a->?PJUTP-¥39. The pre-
tRNATY™ without an intron labelled with [a-
32PJCTP should show us the presence of W55
and ¥39.

32p.labelled pretRNAs were incubated in lu-
pin seed Extract | under conditions described
in Materials and Methods. Table 2 shows the
results of identification of pseudouridylated
positions in different pr+|3—1'.Rl'*m:r]rrr
and efficiency of the reactions.

Pseudouridine 35 is introduced efficiently
into the wild-type pretRNAﬁT containing an
intron, while its introduction is inhibited in
the case of an intron-less pre-t.RNAﬁr sub-
strate (Fig. 2). Although it was long known,
that in the case of yeast, vertebrates and in-
sects, the conversion of U35 to W35 absolutely
requires the presence of an intron in the pre-
tRNATY", here for the first time, it is shown
clearl%,y that this is also true for plant pre-
tRNA"Y" and plant pseudouridine 35 syn-
thase.

Analysis of pre4RNADT mutant C40-U40
labelled with UTP revealed no pseudouridine
at the 39th position (not shown). Further-
more, the same molecule when labelled with
[@-32P]CTP was fully modified (100% effi-
ciency) at the 55th position (Fig. 3A). In the
cagse of wild type intron-containing pre-
tRNATYT Jabelled with [a-*2P]CTP we never
obtained the efficiency of pseudouridylation
higher than 1 mole of W per one mole of pre-
tRNATYT suggesting that there is no W39 syn-

substrates

Table 2. Efficiency of pseudouridine 35 and 55 modification in lupin seed Extract I

Nucleosides altered

Y mole/mole

Plasmid in tRNADT a Labelling Sites of W formation pretRN ATy
pATY2T7 none, wild type [ PIATP W85 0.8
pATY2T7 none, wild type [a-**PICTP W55 1.0
pATY2TTAI intron deleted [« **PIATP w35 0.0
pATY2TTAI intron deleted [a-*2P)CTP W55 1.0
pATY2T7U40 C40-140 [a**PICTP W55 1.0
pATY2TTU40 C40->U40 [->*PIUTP W39 0.0




Vol. 45 _ _ Pseudouridine 35 and 55 synthases 751
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Figure 2. Pseudouridine 35 synthesis in vellow lupin Extract L.

Plasmid DNA of pATY2T7 and pATY2TTAI were transcribed using T7 DNA polymerase and [r:zvazP]ATP. The tran-
scripts were incubated for 1.5 h with yellow lupin Extract [, purified on 8% PAGE/8 M urea and analysed for the
presence of W35 after RNase T2 digestion by two-dimensional chromatography on cellulose thin-layer plates as de-
scribed in Materials and Methods. (A) Autoradiogram of cellulose TLC plate obtained after chromatography of
RNase T2 hydrolysate of intron-containing pre-tRNﬁP}T. The efficiency of W35 formation was 0.8 mole of pseu-
douridine per one mole of pra—tRN.&“r. (B) Autoradiogram of cellulose TLC plate obtained after chromatography
of RNase T2 hydrolysate of intron-less pre—t.RNﬂwr, The lack of the intron inhibited W35 formation.

A B

Figure 3. Peeudouridine 55 synthesis in vellow lupin Extract 1.

Plasmid DNA of pATYZ2T7U40 and pATY2TTAI were transcribed using T7 DNA polymerase and [-:x-MP]CTP. The
transcripts were incubated for 1.5 h with yellow lupin Extract I, purified on 8% PAGE/8 M urea and analysed for
the presence of W55 after RNase T2 digestion by two-dimensional chromatography on cellulose thin-layer plates as
described in Materials and Methods. (A) Autoradiogram of cellulose TLC plate oblained after chromatography of
RNase T2 hydrolysate of intron-containing pretRNA 7 U40. The efficiency of W55 formation was 1.0 mole of pseu-
douridine per one mole of pre-tHNAm. (B} Autoradiogram of cellulose TLC plate obtained after chromatography of
RNase T2 hydrolysate of intron-less pre—tRNAm. The efficiency of pseudouridine 55 formation was 1.0 mole of W
per one mole of pr&tRNﬁm.
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Figure 4. Kinetics of W35 and W55 formation in
A. thaliana prn-tﬂﬂﬁm and its mutants.

About 2 pmole of appropriate 2p Jabelled pr&tRNﬁ.iw
transcripts was incubated with lupin Extract I for the
time indicated, and analysed for the relative amount of
pseudouridine residues at positions 35 and 55. l, Wild
type pre—tﬂﬂﬁm containing an intron, labelled with [c-
*PJATP — visualisation of W35; %, pretRNA™" con-
taining an intron, U40 labelled with [a->*P]CTP — visu-
alisation of W55; @, prelRNATF without an intron, la-
belled with [a-"*PJCTP — visualisation of W55.

thase activity in the lupin extract. As de-
scribed above, analysis of the pretRNATY
U40 containing an intron labelled with [a-
32P|CTP revealed full modification of U55 to
W55 (Table 2, Fig. 2). The same results were
obtained when pr&tRNATFT without an in-
tron, labelled with [¢->’PICTP was analysed
(Fig. 3B). Our experiments show that the in-
troduetion of this modified nucleoside in lupin
extract is insensitive to the presence or ab-
sence of an intron.

Kinetic data for W35 and W55 formation are
shown in Fig. 4.

DISCUSSION

Our results show the presence in lupin ex-
tract of at least two enzymatic activities re-
sponsible for the pseudouridylation of U35
and U55 in plant pre-tRNATﬂ. We were not
able to detect W39 synihase activity in either
the lupin extracts (data for lupin Extract II are
not shown). There are discrepancies in the lit-

erature concerning the substrate require-
ments for formation of W39, which was found
to be negatively intron-dependent in the case
of tobacco pre—tRNﬁT:"" [11] and intron-
insensitive in several other cases [3]. Since we
did not observe the presence of W39 in pre-
tRNATYT containing an intron, there are three
possibilities to explain this phenomenon: (i)
lupin pseudouridine synthase 39 is negatively-
dependent on the presence of an intron, as it
has been reported in the case of tobacco W39
synthase, (ii) conversion of C40 to U40 inhib-
ited the reaction, (iii) there is no W39 syn-
thase activity in the lupin seeds extract. We
did not observe W39 in the intron-containing
precursor but it is not present, either, in the
intron-less molecule (conclusions are drawn
from the fact that both molecules were pseu-
douridylated only up to one mole of W per
mole of pre-tRNA and the mutant molecule of
pre-tRNA Y U40 was not pseudouridylated at
all when labelled with [**P]UT, and exhibited
one mole of pseudouridine 55 when labelled
with [*?P]CTP). It seems to us unlikely that
the transition of C40 to U40 would inhibit
pseudouridylation at the uridine 39: this posi-
tion in different tRNAs is frequently pseu-
douridylated regardless of the nucleotide se-
quence environment [17]. We think that no
P39 synthase is present in the lupin Extract I.

U35 is converted to W35 only in an intron-
dependent manner, while pseudouridylation
of US55 is insensitive to the presence or ab-
sence of an intron. It is unlikely that the two
pseudouridines are introduced by the same
enzyme. Pseudouridine synthase 35 requires
the presence of an intron and a specific nu-
cleotide sequence surrounding U35 to be
modified [16]. Pseudouridine synthase 55 is
an enzyme that modifies all cytoplasmic
tRNAs at the conservative U55 in the TWC
arm, in a structural environment completely
different from that for U35 [16,17]. The idea
of more than one pseudouridine synthase act-
ing on both sites is supported by the results
obtained by Samuelsson & Olsson [18]. Using
different mutants of yeast tRNAGY they have
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shown that pseudouridine activities corre-
sponding to positions 13, 32 and 55 in these
tRNA substrates could all be separated chro-
matographically, indicating that there is a
separate enzyme for each of these sites. Both
W35 and W55 synthases seem to be present in
the nucleus. W35 synthase requires the pres-
ence of an intron for its activity. Intron re-
moval takes place at the nuclear envelope bef-
ore mature tRNA ™" leaves the nucleus. Pseu-
douridylation has to occur before splicing,
also in the nucleus. The activity of W55 syn-
thase is insensitive to the presence of an in-
tron. Since it acts on substrates containing in-
trons, it is possible that it is present also in the
nucleus. The last idea is supported by the fact
that yeast pre tRNA™Y", when injected into the
Xenopus laevis oocyte nucleus, is fully pseu-
douridylated at the stage of an intron-
containing precursor [19].

The preparation of the lupin extract exhibit-
ing the activity of both W35 and W55 synthase
is the first step in the purification and isola-
tion of the two enzymes and their genes.
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