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ABSTRACT

The removal of introns from pre-messenger RNA is
mediated by the spliceosome, a large complex
composed of many proteins and five small nuclear
RNAs (snRNAs). Of the snRNAs, the U6 and U2 snRNAs
are the most conserved in sequence, as they interact
extensively with each other and also with the intron, in
several base pairings that are necessary for splicing.
We have isolated and sequenced the genes encoding
both U6 and U2 snRNAs from the intracellularly
parasitic microsporidian Nosema locustae . Both
genes are expressed. Both RNAs can be folded into
secondary structures typical of other known U6 and U2
snRNAs. In addition, the N.locustae U6 and U2 snRNAs
have the potential to base pair in the functional
intermolecular interactions that have been characterized

by extensive analyses in yeast and mammalian systems.
These results indicate that the  N.locustae U6 and U2
snRNAs may be functional components of an active
spliceosome, even though introns have not yet been
found in microsporidian genes.

INTRODUCTION

DDBJ/EMBL/GenBank accession nos AF053588, AF053589

Of the snRNA components of the spliceosome, U6 and U2
show the highest degree of sequence conservd)iontiere U6
is by far the most highly conserved in sequence, as it base pairs
extensively with U4, and also with U2 and the intron itde)(

All known U6 snRNA sequences also contain the conserved U6
intramolecular helix, which further constrains the sequence (

By comparison, the U2 snRNA sequence is less conserved. In
addition to the regions of pairing with U6, U2 snRNAs (with the
exception of those from thns-splicing trypanosomes) contain
the conserved GUAGUA which pairs with the intron branch site,
along with several nucleotides in regions of conserved secondary
structure, such as those recognized by protéjns (

In 1996, DiMaria and co-workers described a highly unusual
U2 snRNA homolog from the microsporidian paragégimorpha
necatrix(9). This RNA reportedly had no Sm binding site and no
conventional tri-methyl guanosine cap structure at'ienf. In
addition, the secondary structure they proposed showed many
unusual features, including the absence and alteration of otherwise
highly conserved structures and the introduction of unique
stem-loops.

The relatively odd nature of this snRNA left its role in splicing
in some doubt and added to an already lengthy list of uniquely odd
features that characterizes the microsporidia. As eukaryotic
intracellular parasites, microsporidia survive outside a host cell as
hardy spores surrounded by a thick layer of chitin and protein.
Spores infect a host cell by an unusual mechanism: an organelle

The removal of intervening sequences, or introns, from RNAnown as the polar tube everts from its tightly wound position

involves two transesterification reactions mediated by thwithin the spore to pierce the host’s cell membrane and allow the
spliceosome. An extremely large ribonucleoprotein complegarasite to inject itself into the host. Microsporidia appear to lack
(comparable in size to the bacterial ribosome), the spliceosomesigch typical eukaryotic features as mitochondria, stacked Golgi,
composed of many proteins and five small nuclear RNAperoxisomes and 80S ribosomes (microsporidian ribosomes are
(snRNAs): U1, U2, U4, U5 and UB)( Each of these RNAs 70S) (L0). Another unigue feature is the tiny size of microsporidian
associates with its own group of specific proteins, along with trgenomes. At the extreme, the 2.9 Mb genontgoéphalitozoon
common core Sm proteins, to form a small nuclear ribonucleauniculiis the smallest known nuclear genome, smaller than the
protein (sSnNRNP) complex. The U1 snRNP complex recognizegenomes of many bacteridalj. Other microsporidia possess
the B splice site, while the U2 complex interacts with the introrygenomes on the order of 5-6 Mb, still extremely small by
branch point, aiding in presenting the nucleophilic adenosine. Udykaryotic standards, and thus posing interesting questions with
U5 and U6 enter as a tri-snRNP to complete assembly of thespect to genome organization and the possible reduction or loss
spliceosome, and hence, allow the two transesterification reactiasfsnon-coding regionsl(,12).

to proceed. The enzymatic activity responsible for the reactionsNo introns have been found in microsporidian genomes, but
of splicing is generally attributed to the RNA, due to the similaritffewer than 25 microsporidian gene sequences have so far been
of the chemical reactions involved in splicing both spliceosomakported. For microsporidia and other protists with few sequenced
and autocatalytic Group Il introns. However, a substantigenes, the presence of potentially functional components of the
catalytic role for the proteinaceous component of the spliceosorapliceosome may provide the best, albeit indirect, evidence for the
cannot be ruled out. These possibilities, along with a comprehensivecurrence of splicing. Given the unusual structure proposed for
review of the interactions within the spliceosome, are presentége V.necatrixU2 snRNA, we chose to search for genes for that
in Nilsen @) and Staley and Guthrig)( snRNA and its partner, U6 snRNA, in a second parasitic
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microsporidian,Nosema locustaeBoth snRNA genes were DNA subcloning and sequencing

found, both are expressed and both RNAs can form t . . . -
enomic clones were digested with restriction endonucleases,

otted and probed to identify independent clones and appropriate
restriction fragments for subcloning. Two independent U6
genomic clones and four independent U2 genomic clones were
MATERIALS AND METHODS selected for further analysis. In all cases subclones were

constructed in pBlueScript SK+. Each subclone was sequenced
Sequences reported here have been deposited in GenBank withboth strands by automated LiCor sequencing employing the
accession nos AF053588 and AF053589. M13 —20 and M13 Reverse primers.

intramolecular and intermolecular secondary structures typic
for these RNAs in organisms known to have splicing.

: . . . Northern blot analysis
Nucleic acid extraction and preparation

Approximately 1ug N.locustaeRNA was separated on a 6%

Washed\.locustaespores were obtained from L.Meatrril of the polyacrylamide gel and blotted overnight by alkaline transfer
M&R Durango Biocontrol Company (Colorado), and nucleicwith 5 mM NaOH. Exact match forward and reverse direction
acid was extracted as follows. PCR primers were designed to amplify internal regions of the

) ) . predictedN.locustael6 and U2 coding regions and radioactive
DNA extraction and preparatiorApproximately 18° spores  probes were created by amplifying that region from the appropriate
were pelleted and resuspended inf@traction buffer (SOMM  genomic subclone in a standard PCR reaction in the presence of
Tris—HCI, pH 7.5, 50 mM EDTA, 3% SDS and 1% 2-mercapt0ta_32p]dc'|'p (35 Cyc|es of 1 min at 92, 1 min at 50C, 1 min
ethanol). Spores were subsequently ground with a mortar agél 72C). Primer sequences were as follows: U6ampF,
pestle in liquid nitrogen untill75% of the spores were broken, as5. TTAGTTTGGAACAACACTGAG-3; UampR, 5CACCTC-
determined by light microscopy. After resuspending the grounfiCAAAGAAAGATG-3'; U2ampF, 5AGCCCTCCACCTCTC-
spores in 1 ml extraction buffer, proteinase K was added to a finfhAGC-3'; U2ampR, 5CCAGCATATTCTAGCTCCAAG-3.
concentration of 200g/ml and incubated for 1 h at30. DNA | abelling efficiency was verified by hybridizing each probe to a
was then ethanol precipitated following standard sequentiglot containing sample plasmid DNA and then used in the
phenol and chloroform extractions. To remove polysaccharideserthern hybridization. Blots were hybridized overnight £t&5
DNA was purified by CTAB extractioril(). in Church’s buffer (0.36 M N&iPQy, 0.14 M NabPQy, 1 mM

. S . EDTA and 7% SDS) and washed m3SC and 0.5% SDS, once
RNA extractionNucleic acid material was released fildtfocustae at room temperature and once at®5

spores as described above. Following sequential phenol and
chloroform extractions, RNA was selectively precipitated with LiCl
X ' RESULTS
(2 M final concentration).
The N.locustaeU6 snRNA gene sequence

Genomic library construction and screening Screening of theN.locustaegenomic library with the probe
designed to a highly conserved region of U6 produced several
A N.locustaegenomic library was constructed with the Predigestegositive signals and subsequent independent genomic clones. Of
Zap Expres8anHI/CIAP Vector Cloning Kit and the Gigapack these, two were chosen for further analysis. Restriction digestion
[l Plus Kit (both from Stratagene) using 6—10 kb DNA fragmentand Southern hybridization with the U6 probe allowBa0 bp
generated frorBawBA partial digests of Ag N.locustaggenomic  subclones to be generated containing the DNA sequence of
DNA. Size selection was achieved by agarose gel isolatidnterest. Sequencing of the subclones revealed a single sequence
(Prep-A-Gene; Bio-Rad). corresponding to a clear homolog of the U6 snRNA gene, sharing
The genomic library was screened for the U6 snRNA gene witlxtensive identity with others. Thé-énd of the molecule was
a 36 nt oligomer probe that was designed to match a highlissigned based on secondary structure predictions (discussed
conserved region of U6, U6-36{BCAGGGGCCATGCTAATC-  below) and confirmed by primer extension (results not shown).
TTCTCTGTATAATTCCAA-3). The probe was labelled by The 3-end assignment is based upon length estimation from
incubating 2 pmol oligomer with 20 U terminal deoxynucleotidyl-northern blot analysis (discussed below).
transferase (TdT; Promega) in the presencerGPP]JdATP for Figurel shows théN.locustadJ6 gene sequence aligned with
30 min at 37C. Hybridization took place overnight at®Din  known homologs from selected taxa to emphasize overall
4x SSC, 1% SDS, 0.5% instant skimmed milk powder andonservation, particularly in the central region or ‘catalytic core’
50 pg/ml poly(A). Prior to autoradiography, membranes weref the molecule. One striking exception is nucleotide T34, a
washed in 8 SSC and 0.5% SDS twice for 5 min at roomunique base otherwise conserved as an A at that position in almost
temperature and three times for 15 min &t@0 all other taxa. In fact, this nucleotide is part of the so-called
The genomic library was screened for the U2 snRNA genphylogenetically invariant’ ACAAGA heptad (nucleotide in
using a 15 nt oligomer designed to hybridize to the highlyguestion underlined) and its functional significance has been
conserved branch point recognition site of U2, U2-L18AG-  shown by mutational analyses in both mammalian and yeast
ATACTACACTTG-3) (14). The probe was labelled biailing  systems15-18).
as described above. Overnight hybridization took place’d 37 U6 snRNA genes are transcribed by RNA polymerase . All
in 5x SSC, 5 mM EDTA, 1% SDS and 0.5% instant skimmedhave been found to have upstream promoter elements that consist
milk powder. Washes obESSC and 0.5% SDS were 15 min longof distal, proximal and TA-rich sequence elemef&20). An
and repeated twice: first at room temperature, followed BZ32 intragenic A block element and a downstream B block element
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e 5 -
Nosema T TATGGGCACACCTGEGETCCGATGATGCCATTTCTGCAAGCGTACCTACAACGACTT Nosema CATGCACATATTCTACACAGCTACTGAATCCCGARATARACCGCAAT
- . a
TCTGCTGCARCACGAGTGCAAAGCAACTAAAATAAAATTTGTACAGAAAACAACCCCT ATTTACATCAAAAGGAGTGATATAATCCCARATTCAAGCCCTCCACT
Nosema CACTTTGCTCGCTATTAGT T TCCAACAACACTCAG TAGCAT iy iy
Saccharomyces e raman o STTTOGRACRACACTGAGAAGRTTRGCATAGCCCCTACS Noserma TCTCAAAGCTCATAGCTTTGATCAA-GTGTAGTATCTGTTCTTGTCA
Arabidopsis CTTCGGG . ACATC. G . A . 2A . o Vairimorpha ..., ... T.ATCG. .. ........ R, A...G
Homo T.G.CAGCACATATAC.A.AA. ... ... c. Saccharomyces CTCTTTGC. .TT.G....A...... SLelaiaa T...
Caenorhabditis C.GA--GAACATATAC.A.AA. ... ..... Arabidopsis .TCTCGGC..TT.G...AA...... e A...
Trypanosoma TTC--GG.GACAT.C.CA.AC.G.A. . TTC Homo ...-CGGC..TT.G...AA...... B A ..
Entamoeba TTC.G.G.ARATC.C. .A.BA......... TR Caenorhabditis .. .TCGGCT.AT..... AR...... Ao A..G
! 5 - Trypanosoma CTA.GG.A..TT.G.ACAA.G-..CT.CA..TCT...CGG. .AT.T.
Nosema CAAGGACGGCATCTTTCTT-TGAGAGGTGTGCTGGGCTCGCCCAGCTTTT 50 2 .
Saccharontyces T T.A-.C.G..T.ACAA....A.T.AT.TC.T.TTTPTTTTA.C Nosema GTGTGACAGCTGACARACTAGCTCCTTGGAGC - TAGAATATGCTGGT
Arabidopsis ..., T.A..CGCA.AAATC....AA..GT.CAAAT.T .
Homo T A oo e a e T CATAT.TTT Vairimorpha CT.A...A..... ---T..T.CG.AA....-~..T....CTTA.AA
Caenorhabditis ......T.A..CGCARA. .—C:T: A( :"[‘:CAAA’;’;‘TT Saccharomyces soeoB.. B.... - TGACCTCAA. GA.GCTCATT. CCT. TTAAT.
Trypanosoma . .... CT.A-TGTCAATC . TC. . . . .A.A.AGCTTTT Arabidopsis ..T.A.T.T....T.TGTGG..CATCG-.CC.AC.CG....TRACTC
Entamoeba  ...... T.A..CGC.CA.A-C....A..TAAARA.TT.TT Homo - -T.A.T.T....T.CGTCCT. .ATCC~...GAC.AT....TAAATG
Caenorhabditis TAT.A..CTAC.GT.T..ACT.GAA.--...TG..AT.A.G.T.ATA
wige o Trypanosoma .CTAAGATCAA.TT.TTAA.CTGTTC . TATCAGAGT . . CTCCTGATA
Nosema GTGCTAACATTCTTTTTTACTTCGTAACGCAACCACTATGCACAGAGCTCCAGCTTTT
w08 e
Nosema GTGTGTGTGGATGC TTTGACAGGCTTGCTTGTAGGGGCCATGCACAC
) . . . s s
Figure 1. Alignment of a selection of U6 snRNA gene homologs with the ACCAGGCAGACTCCCGGAAGTTOTTCCGTCCEGAGCTGCACTTTTTA
N.locustadU6 snRNA coding sequence. Numbering of nucleotides is shown for g0 o
theN.locustaesequence, with the predictédsBrt site labelled as +1 (see Materials TTTARGACAATCATAGAGTGCTACTTCCAGCARATCTGGTGTCCTTC
: . L . wap g
and Methods). Nucleotides matching thosél ddcustaeare indicated with dots (;AAAGATAAAATATGTAGTTGA(;CAACAAACGCTGTTTACTTACTTG

(.) and gaps introduced into the alignment are shown as hyphens (-). Upstream and

downstream regions of ti&locustaesequence are also shown.
Figure 2. Alignment of the conserved-Begions of a selection of U2 shnRNA
gene homologs with that bf.locustaeNumbering and symbols shown are the

have been characterized in yeast, but appear to be absent fr e as those in Figure 1. Flankirigdid 3-regions of theN.locustaeU2
other well-studied (i.e. mostly vertebrate) U6 gens).( éﬁggNA sequence are also presented.

Examining the upstream sequence oNHecustadJ6 homolog

reveals a prominent TA-rich element, TAAAATAAAA, found at Us
—22 to —31 (Figl), which is consistent in both sequence and N
position with those previously identified. A possible A block

element is the highly conserved AGATTAGCATGG found at

position +39 to +50 (Fidl), identical in sequence to that recently

predicted folEntamoeba histolytic1). Although the proximal

sequence element (PSE) should be included in the sequence

examined (generally found at approximately —45), it could not be

identified, possibly because the PSE does not always have a high

degree of phylogenetic conservati@i,@3). The presence of the

distal sequence element (located at approximately —200 to —300)

and the downstream B block element (located at approximately

+250) were not addressed in this study, as they are not expected to

be included in the examined clones.

Moy siaw T
iotal RN tanddard Uz

350

Fi ]

The N.locustaeU2 snRNA gene sequence - 116

The sequence of the U2 snRNA gene does not show the same
degree of overall conserv_ation as U6. However, a_short reg_ion fI e 3. Exoression of thal | nd U2 ShRNA genes indi
the mOIG.CUI.e corresponding to that which recognizes the intro grl;hgri hytr))rigiszsagonoagf:\ellys?g.ufitgﬁé?eii;ﬂtgm(focustag?estwag I(’:l?rgec?nby
branch site is extremely well conserved and can be used as a prePgy, polyacrylamide gel, blotted and probed with U6- and U2-specific
(14). Screening of thé&l.locustaegenomic library with such a [a-32P]dCTP labelled probes (see Materials and Methods).

probe (U2-L15) produced many signals and subsequent genomic

clones that were analyzed by restriction digestion and Southern

blotting. Four different, independent clones were then selected feecondary structure. This predictédbbundary (Fig2) gains
further subcloning and sequencing. Sequencing both strands ofadditional support from its close similarity (within 1 nt) to that of
clones revealed a single sequence with a high degree of sequethee sister microsporidia¥.necatrix (9). The 3-end of the
conservation in the region surrounding and including the brand¥.locustaeU2 snRNA (+188) (Fig2) is estimated based on a
point recognition sequence, suggesting that this was a true Wfugh size calculation from the northern analysis.

homolog. Additional evidence for this suggestion comes from the U2 snRNAs characteristically have an Sm binding site [general
greater degree of overall similarity to the microsporidiarconsensus RR(Q)gRR]. Such a possible site in tNelocustae
V.necatrixU2 homolog compared with others. The conservedJ2 sequence is located between nt 105 and 114 with the sequence
5'-region of theN.locustadJ2 sequence is aligned with that from GAUGCUUUGA (Fig.2). This position of the site with respect
V.necatrixand other representative taxa in FigirBrediction of  to the predicted secondary structure ofNtlecustadJ2 snRNA

the N.locustaeU2 snRNA 5 boundary is based upon theis discussed later. U2 snRNA genes characterized to date also
consensus position of the start site relative to the conservldve an upstream TA-rich box, necessary for transcription of the
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Figure 4. Secondary structure models for tiidocustad)2 snRNA and the consensus U2 snRNM. The predictedN.locustaesecondary structure was generated
by the mfold software package and further folded by eye. Stem—loops are labelled based upon their corresponding streatarseisas U2 foldind) U2
consensus secondary structure redrawn from Guthrie and Patterson (8) and based on an alignment of 12 U2 snRNA homologe:|éodiaiés are indicated in
upper case, while those identical in all sequences except one are shown in lower case.

gene by RNA polymerase Il. The TATAA element at —20 to —246econdary structure modelling
of theN.locustaesequence (Fi@) is a predicted TATA box. ]

Both the U6 and U2 snRNA gene sequencéé.lotustaeare  Conservation of the secondary structure of both U6 and U2 snRNAs,
clearly homologous to typical spliceosomal SnRNAs, rather tha@$ Well as the conserved conformation of their intermolecular
to those involved in AT-AC intron splicing4). interaction with one another, is thought to reflect their catalytic
significance in the spliceosomgg). Computer-assisted free energy
minimalization using the mfold server (http:/Aww.ibc.wustl.
edulZzuker/rna/form1l.cgi ), followed by additional folding by eye,
generated the secondary structure forNHecustaeU2 homolog
shown in FigureA. This structure is quite similar to that predicted
for characterized functional U2s. When compared with the
To determine whether these snRNA genes are expressed ‘tgnsensus’ structure shown in Figdig, support for the positions
N.locustae northern blot analysis was carried out using probesf stem—loops |, lla, Ilb, 1ll and IV with respect to the branch point
generated by PCR amplification of internal regions of the tweecognition region and the Sm binding site is evident. In addition,
genes. As shown in FiguB both RNA species are expressed.N.locustaestem—loop | is supported by the first two conserved C-G
The N.locustaeU6 snRNA length is estimated as 110-115 ntand U-A pairings at the base along with the C-G and G-C pairings
consistent with other U6 snRNAs. When the degree of migratidoelow the loop. Likewise, stem-loop lla shares the conserved
of the V.necatrixU2 was calculated from the northern analysispairings along the stem and has a characteristic sized loop, while
shown by DiMariaet al (9) and compared with thélocustad)2  stem—loop lIb contains the conserved C-G pair nearest the loop.
in this study, it was found that both migrate with RNA species divVhile an alternative structure for therégion of U2 snRNA has
[(1180-185 nt in length. This indicates that Muocustaeand  been suggested¥), we could not find evidence for such a potential
V.necatrixU2 snRNAs are very similar in length, assuming thapairing inN.locustae The 3-portion of the structure is less similar
such closely related microsporidia share the same cap structuiresequence, but does maintain the typical stem-loops. The predicted

The N.locustaeU6 and U2 snRNAs are expressed
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Figure 5. The potential intermolecular interactions betweerNthecustaeJ6 and U2 snRNAs. Helices la, Ib and Il are assigned based on homologous functional
pairings characterized in other organisms. The conserved U6 intramolecular helistand-toop, along with the potential interaction of U2 snRNA with a canonical
intron branch site, are also shown.

Sm binding site gains support by its proximity to a stem—loop thate stem lengths and loop sizes are different from those of mammals
although shorter in stem length, shares the same loop sequencarasyeast. Thi.locustaestem—loop 1V is considerably shorter, but
stem—loop ll, and is labelled as such in Figdwe Canonical does contain the highly conserved YGCA sequence. This particular
stem—loop IV contains a YGCA sequence, a probable conservebtif is found not only in yeast and human U2 stem-loop IV, but
protein binding motif Z6). The UGCA in the large, 12 nt loop of also in the U1 stem—loop I8). Both of these loops are known to
theN.locustadJ2 secondary structure is identical and, along with theéind members of the U1A-UZBprotein family £6,29), so such a
size of the loop, lends credence to this being a true stem—loop Ivhotif in theN.locustadoop not only supports this structure, but also

Taken alone, the conservation of fidocustaeU2 snRNA  suggests that such a splicing protein factor could be present and
structure would imply that it could function in pre-mRNA functioning in N.locustae The proposed stem-loop Ill has the
splicing. Additional evidence is provided by examining thecharacteristic loop sequence CUUG, but the stem length is much
potential intermolecular interactions betweenNhecustaeU2  reduced compared with others. This alteration is probably not
and U6 snRNAs. Extensive mutational analyses have be&mctionally significant, however, since stem-loop Il can be
carried out in yeast and mammalian systems, providing removed from yeast without abolishing splicing activii))( The
framework of functional pairings between the two snRNAosition of the Sm binding site of thelocustadJ2 also supports
against which thil.locustaénteractions can be comparddlf).  the placement of this stem—loop.
The predicted folding of thB.locustaeU6 and U2 snRNAs is  In sequence, thd.locustadJ2 snRNA is most like that of the
depicted in Figuré. related microsporidiax.necatrix This similarity is most striking

The conservation of both tielocustadJ6 and U2 sequences at the 5-end of the RNAs, with identical nucleotide sequences in
allows them to form the characteristic helix la and helix Ib. Othe regions proposed here to interact with U6. Downstream of this
more functional significance is the formation of a strong helix liregion, however, the similarity between the two sequences is
The length and position of tiilocustaehelix Il are consistent much less, although thénecatrixU2 can fold similarly to the
with that found in mammals and yea&%,28), however, the structure presented here. [We favour this alternative folding,
sequences in this region are not conserved among snRNAs.imgluding a putative Sm binding site, which is described (not
fact, the sequences co-vary to maintain pairing, so identifyingrawn) by DiMarizet al (9).]
such an interaction indicates its functional value. Assuming that th8l.locustadJ2 functions in the spliceosome,

Aside from its interaction with U2, U6 also forms a typicalwe predicted that we should also find a U6 snRNA which could
intramolecular helix between helix I and helix T).(This helix  pair with it. This prediction was accurablocustagoossesses a
is evident in the foldedll.locustaeU6 and is conserved in both clear U6 snRNA homolog that is highly conserved in sequence.
structure and many of the conserved nucleotides, including theOne exception to this conservation is U34, an A in other U6
5-most G and C and theé-@iost A within the loop. The'5 snRNAs and part of the highly conserved (often called ‘phylo-

stem—loop of U6 snRNAs is also present. genetically invariant’) ACA&AGA sequence, where position 34 is
underlined. Due to the conserved nature and supposed functional
DISCUSSION significance of this sequence, it has been the target of considerable

mutagenesis, both vitro andin vivg, in yeast, as well as in human
We have characterized two integral spliceosomal snRNA&ell lines. Inin vivostudies the A. U mutation is lethal in both yeast
components, U6 and U2, from the microsporidisdtocustae  and human cell systemd§18). Thein vitro studies generally
Although the U2 snRNA is highly conserved in thereégion  support this conclusion, although the mutant phenotypes do display
surrounding the branch point recognition sequence (GUAGUA), theariable degrees of splicing (50-100%),(7). In yeast it has been
3-region of the RNA is less well conserved and is not readilproposed that the ACA of the conserved heptad interacts with a
alignable with others. Nevertheless, the region can be folded into ti&U at the 5splice site located 1 nt downstream of the canonical
characteristic stem—loops Il and IV of known U2 snRNAs, althougleU (31,32). As no introns have been characterized in the
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microsporidia, it could be hypothesized that a currently undidaboratory facilities. Thanks are due to L.Mearril for providing
covered intron contains a trinucleotide other than UGU (for examphd.locustae spores. We thank J.Logsdon and P.Keeling for
AGU) that will satisfy the pairing. It is noteworthy that the intronicproviding comments on the manuscript and M.Schnare for his
UGU sequence is not highly conserved outside yeast, raising timput throughout the course of this study. This work was
possibility that this region of the sSnRNA has a different or possiblgupported by an operating grant from the Medical Research
redundant function, not clearly understood. Council of Canada. N.M.F. is the recipient of post-graduate

Both the U6 and the U2 snRNA genes Mfocustacare  scholarships from the Natural Sciences and Engineering Research
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