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Abstract

The maturation of eukaryotic messenger RNA (mRNA) involves a number of
processes including alterations of the 5’ and 3’ termini of the pre-mRNA, as well as the
removal of intervening sequences or "introns". The mRNA in the trematode S. mansoni
undergo both "cis" (intramolecular) and "trans” (intermolecular) splicing. This splicing
is thought to be catalyzed by a macromolecular splicing complex, the spliceosome. The
spliceosome is made up of a number of small nuclear ribonucleoprotein particles
(snRNP’s). Each snRNP consists of one or more small nuclear RNA’s (snRNA) as well
as protein cofactors. The snRNA’s are believed to be responsible for the catalysis and
recognition (by base pairing) of "target" consensus sites present on transcripts to be
spliced. There has been no mechanism identified that targets a specific message in S.
mansoni to be trans-spliced. It is possible that the snRNA’s in S. mansoni may play a
role in the regulation of trans-splicing. Degenerate oligonucleotide probes for the Ul,
U2, U4 and U6 snRNA’s were designed based upon published data. These probes were
used to screen a genomic library and perform Northern and Southern blots. Positive
clones were isolated, mapped, and subcloned into a sequéncing vector. Putative snRNA’s
were identified for the U2, U4 and U6 snRNA’s from these data. The sequence and
possible secondary structure of the snRNA’s were compared to the snRNA’s from other
species. The snRNA’s of S. mansoni shared many features with the snRNA’s of other
organisms including transcript length, possible genomic organization, and secondary

structure. However, areas of divergence were also noted, and the role that these areas

of divergence may play in selection of a transcript to be trans-spliced was discussed.
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Introduction

The maturation of eukaryotic messenger RNA (mRNA) involves a number of
processes including alterations of the 5/ and 3’ termini of the pre-mRNA, as well as the
removal of intervening sequences or "introns". The removal of introns is a complex
process resulting from the intramolecular or "cis" splicing of introns along a single
transcript. The removal of introns is thought to be catalysed by a macromolecular
splicing complex, or spliceosome'. All of the necessary cofactors involved in the

formation, and catalytic activity of the spliceosome have yet to be determined?®.

Trans-Splicing

Until 1985 it was thought that all splicing reactions in eukaryotic cells occurred
via a cis splicing mechanism®. However, the study of the Variable Surface Glycoprotein
genes (VSG’s) of Trypanosoma brucei revealed that all of the mRNA for these VSG
genes contained an identical 39 nucleotide (n.t.) sequence at their 5’ ends*. Further
characterisation showed that these "leader" sequences were not encoded contiguously
with the genomic copies of these genes. It was found that these leader sequences were
encoded at the 5’ end of a small non-polyadenylylated RNA (the Spliced Leader RNA
or SL-RNA), transcribed from a multicopy, tandemly repeated array removed from the
genomic locus of the VSG genes®. It was later found that all 7. brucei mRNA’s
contained this sequence at their 5’ ends®; thus it appeared that T. brucei mRNA’s are the

product of two independently transcribed RNA molecules spliced together by a "trans”
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or intermolecular reaction. If trans-splicing is mechanistically similar to cis-splicing then
specific predictions about the end products of such a reaction could be made. The
predicted end products of a trans-splicing reaction are shown in figure #1. The presence
of these predicted products has been shown in every trypanosome species so far
examined, suggesting that all trypanosomes carry out trans-splicing reactions’. The 39
n.t. spliced leader found at the 5’ end of trypanosome mRNA is conserved in all species
so far examined. However, the SL-RNA’s are considerably more divergent, although the
predicted secondary structure is remarkably conserved®. Trypanosomes are also unusual
in a number of other respects. They contain no intervening sequences (introns) in their
pre-mRNA, thus they do not carry out any form of cis-splicing reactions’. Polycistronic
pre-mRNA transcripts have also been detected, which is unusual for a eukaryotic
organism as a highly modified 5’ cap structure is usually required for the translation of
mRNA transcripts. In trypanosomes this cap structure would be absent on any "internal”
message in such a polycistronic transcript. Trans-splicing may serve as a mechanism to
“mature” and cap the ends of the pre-mRNA regions in these polycistronic transcripts by
trans-splicing the capped 39 n.t. SL to the 5’ ends of each distinct coding region
maturing the polycistronic transcript into a number of monocistronic, capped mRNA’s',
Trypanosomes have also been shown to transcribe some pre-mRNA by RNA Polymerase
III, which is mainly involved in the transcription of ribosomal RNA and is not usually
known to cap its transcripts''. Trans-splicing may play a role in maturing the 5’ ends
of these transcripts as well. Another unusual RNA processing event in trypanosomes is

the finding that some mitochondrial RNAs are not directly encoded within the genome



(A) Cis-splicing (B) Trans-splicing

5' Exon

Recipient RNA

lariat "Y' structure

2'-3" debranching 2'-3' debranching
activity activity

Figure 1: Comparison of End Products of Cis and Trans-Splicing Reactions

In a cis-splicing reaction (A) the intron to be removed forms a characteristic "lariat"
structure, which if treated with a de-branching enzyme produces a single product. If
trans-splicing is mechanistically similar, (B) then instead of the "lariat" structure one -
would expect a "Y" shaped structure, that if treated with a debranching enzyme, would
produce two intron end products.
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instead the encoded pre-mitochondrial RNA is subject to modification (RNA editing) by
independently transcribed, non-polyadenylylated RNA’s called guide RNA’s (gRNA’s).
The apparent function of the gRNA’s are to insert or occasionally delete uridine residues
within the coding regions of pre-mRNA transcripts'?.

Trans splicing was subsequently detected in the nematode Caenorhabditus elegans
during the characterisation of the actin genes. It was found that three of the four actin
genes had an identical 22 n.t. sequence at their 5’ end that was not encoded contiguously
with the rest of the genes. This 22 n.t. sequence was found to be encoded at the 5’ end
of a 100 n.t. non-polyadenylylated transcript originating from a coding region within the
tandemly repeated 5S ribosomal RNA array, but transcribed in the opposite direction®.
Thus it appeared that the 22 n.t. sequence was acting similar to the leader sequence
found in trypanosomes, and was trans-spliced to certain actin gene pre-mRNA’s. This
finding was considerably more interesting than the situation in trypanosomes as C.
elegans appeared to utilize both cis and trans splicing, in some cases even within the
same transcript™. Further characterisation confirmed the presence of the predicted trans-
splicing intermediates and showed that the nematode SL sequence was present on 10-15%
of all C. elegans messages”. The SL sequence in nematodes appears to be 100%
conserved among all the nematodes so far examined'. This high degree of conservation
(compared to the relatively lower degree of conservation found in the trypanosomes) may
be due to its role as an internal promoter element for its own transcription'’. The SL-
RNA, and its genomic organisation have not been conserved, although the predicted

secondary structure has been remarkably conserved'®. In the nematodes Ascaris
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lumbricoides var sum and Brugia malayi the SL gene is linked to the 5S ribosomal repeat
like in C. elegans, but transcription occurs in the same direction as the 5S rRNA', not
opposite as is the case for the C. elegans SL. Further evidence for the differences in
trans-splicing between trypanosomes and nematodes is the identification of a second SL
sequence found in C. elegans. This second SL-RNA does not appear to be conserved
outside the genus, and is not linked to the 5S ribosomal locus?®®. Recent evidence
suggests that nematodes may also produce some polycistronic transcripts (similar to
trypanosomes) and that these "internal" polycistronic transcripts receive the second SL
sequence®. The mechanism for this selection and the precise role played by trans-

splicing in the maturation of nematode mRNA are still unknown.

The Identification of Trans-Splicing in Schistosoma mansoni

During the characterisation of the mRNA’s encoding the 3-hydroxy-3-
methylglutaryl coenzyme A reductase (HMGCoA) genes from S. mansoni it was found
that the first exon was not encoded contiguously with the other exons in the genome.
Southern blot analysis showed that exon I was transcribed from a multicopy repeat unit,
while the other exons were single copy. Exon I was shown to be 36 n.t. in length and
was encoded by a 90 n.t. non-polyadenylylated transcript. Further examination of other
mRNA in S. mansoni showed that a small number also contained a spliced leader
sequence at their 5’ ends?®. These features were suggestive of the intermolecular or trans-
splicing phenomena identified in trypanosomes and would very closely resemble the

situation in nematodes where transcripts can undergo both cis and trans-splicing. It was
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therefore apparent that trematodes such as S. mansoni may undergo both cis and trans-
splicing in a manner similar to nematodes. Unlike nematodes, the trematode SL does not
appear to be conserved either within the trematode phylum, or even within the family of
schistosomes®, however the predicted secondary structure of the SL-RNAs are highly
conserved. This evidence suggested that trans splicing occurred in trematodes as well as
nematodes and trypanosomes, and considerably broadened the range of organisms in

which trans-splicing occurs.

The Spliceosome and its Role in Catalysis of Splicing Reactions

Chemically it has been determined that pre-mRNA’s are spliced by a two step
trans-esterification reaction pathway. The first trans-esterification reaction involves a
nucleophilic attack on the 5’ phosphate of the intron by a 2’ hydroxyl group on an
adenine residue in what is known as the branch point acceptor sequence. This reaction
produces two splicing intermediates, the released 5’ exon, and the 3’ exon and intron in
a lariat formation (See figure #2) in which the 5" end of the intron is covalently linked
to the 2’ hydroxyl on an adenine residue upstream of the splice acceptor site within an
imperfect consensus sequence of (PyNCUGAC). The second transesterification reaction
involves an attack by the 3’ hydroxyl of the released exon on the 5’ phosphate of the 3’
exon. This joins the two exons, and releases the intron in a characteristic lariat form that,

if treated by a debranching enzyme, produces a single product®.
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Exon 1jp

Exon 2

+

OH
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Figure 2: Chemical Intermediates In The Cis-Splicing Reaction

Splicing occurs in a two step trans-esterification reaction; first (A) the 5’ end of the
intron to be removed is brought into close association with a 2’ hydroxyl group on an
adenine residue in the branch point accepter sequence. The hydroxyl group “attacks" the
5’ phosphate causing the first trans-esterification reaction that releases the 3 hydroxyl
group of the first exon, leaving the intron in a characteristic "lariat" structure. Next (B)
the free 3’ hydroxyl group is brought into association with 5’ phosphate of exon #2, the
second trans-esterification reaction occurs, joining the two exons and releasing the intron

(©).
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Small Nuclear Ribonucleoproteins (snRNP’s) and Their Role in Splicing

The splicing reaction in eukaryotic organisms is believed to be catalysed by a
large macromolecular complex (the spliceosome) which consists of a number of small
nuclear ribonucleoproteins (sSnRNP’s) and a number of accessory proteins. The snRNP’s
that form the intact spliceosome consist of one or more small nuclear RNA’s (snRNA’Ss),
a group of "core" proteins common to all of the snRNP particles, as well as snRNP
specific protein factors (as an example the mammalian snRNP’s involved in splicing are
summarised in Table#1). The core group of proteins appear to be mainly structural in
function while the snRNP specific proteins have been suggested to have a number of
properties such as RNA binding, RNA helicase, and protein-protein interaction
properties. At least four snRNP particles have been identified as being necessary for the
formation of the intact spliceosome in most eukaryotic organisms. Each particle is
designated according to its constituent sSnRNA (ie. Ul snRNP is named according to the
presence of the Ul snRNA), these particles are Ul snRNP, U2 snRNP, U5 snRNP and
U4/6 snRNP. There are a number of features common to the snRNA’s present in the
snRNP particles. Each of the snRNA’s involved, with the exception of U6 (which is
found complexed with U4 snRNA in the U4/U6 snRNP) contains a binding site for a
common set of snRNP structural proteins (The "Core" or Sm proteins). This site is
referred to as the Sm binding site and is highly conserved among the U snRNA’s; the
consensus being PuAU;,NUGPu. The core proteins that recognise this site are
precipitable by the human, autoimmune, anti-Sm class of antibodies, first identified in

patients with systemic lupus erythematosus®. The second feature common to each



snRNP snRNA Proteins Notes
Ul Ul "core" Sequence
3 other snRNP | complementary to 5’
specific splice site
U2 U2 "core" Sequence
2 other snRNP | complementary to BPA
specific site
us U5 "core" Necessary for active
2 other snRNP | spliceosome
specific
U4/U6 U4 “core"” Negative regulator of
3 other snRNP | U6 snRNA function,
specific binds U6 snRNA
U6 3 other snRNP | Active component of
specific spliceosome

Table #1: Mammalian Small Nuclear Ribonucleotide Particles (snRNP’s) Involved in
Formation of an Intact Spliceosome




10
snRNA (except U6) is the presence of a highly modified (2,2,7) trimethylguanosine cap

structure at their 5’ ends; important in completing a nuclear localisation signal necessary
for the transport of the snRNP particle back into the nucleus after assembly in the
cytoplasm®. Like pre-mRNA’s, the snRNA’s are transcribed by RNA polymerase 1I,

with the exception of the U6 snRNA which is transcribed by RNA polymerase IT17,

The spliceosome is believed to function as a framework around which the splicing
reaction takes place in a manner analogous to the group II self-splicing introns carried
out by mitochondrial RNA?, The snRNA’s are believed to be the active catalytic
subunits that carry out the trans-esterification reactions based upon sequence recognition
of conserved sequences on the target transcript to be spliced and the alignment of specific
snRNA’s. The snRNA’s that form the spliceosome can be functionally viewed as a
fragmented group II intron that are brought together by the spliceosomal components to
catalyze the splicing reaction. The majority of pre-mRNA splicing substrates have a
common set of conserved sequence elements necessary for the splicing reaction to take
place. These include; a 5’ splice donor site, a 3’ splice accepter site, and a branch point
recognition sequence flanked by a polypyrimidine tract (See figure #3). The snRNA’s are
believed to mediate the recognition and assembly of the intact spliceosome around these
points.

Each snRNP particle is believed to play a specific role in the stepwise formation
of the intact spliceosomal complex (See figure #3). The first step in the formation of the

spliceosome is the binding of the U1 snRNP to the 5’ splice donor site of the pre-mRNA,
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Figure 3: Model for the Involvement of snRNP’s in the Catalysis of a Cis-Splicing
Reaction

In a cis-splicing reaction, the first event is the recognition of the 5’ splice site by
the Ul snRNA forming the "commitment complex" (CC). The U2 snRNA then
recognises the branch point region (A), which is followed by the incorporation of the
U4/5/6 complex (Bl). Shortly after the formation of the intact spliceosome the U4
snRNA dissassociates from the U6 snRNA which catalyzes the two trans-esterification
reactions (B1+C1) that join the two exons, releasing the snRNP’s and the lariat-intron,
which is then degraded. The snRNP’s are recycled to catalise another splicing reaction.
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this binding occurs in the absence of other snRNP particles or ATP hydrolysis®. This
binding is reversible, and binding of the Ul snRNP to the pre-mRNA forms what is
termed the "commitment complex" or CC. Based on sequence comparisons it was
predicted that the Ul snRNA binds to the 5’ splice site by sequence complementarity®.
The necessity of base pairing between the Ul snRNA and the 5’ splice site was
confirmed by mutation studies in both mammalian and yeast systems®'. The selection of
a particular splice site has been shown to be a complex process, not only involving the
Ul snRNA, but involving a number of different factors. A large number of cell specific
and non cell specific protein cofactors have been identified as being important in 5’ splice
site selection®®>. Also important in splice site selection is the context or relative
positioning of elements of the pre-mRNA itself, the selection of alternatively spliced
products has been shown to be dependent on intramolecular base pairing of pre-mRNA
regions surrounding the 5’ and 3’ splice sites®. Of all the factors involved in 5’ splice
site recognition, the importance of the Ul snRNA remains a constant. Recent reports
have strengthened the argument for the role of the Ul snRNA by showing the importance
of sequence complementarity between the 5’ splice donor site and the Ul snRNA. It was
shown that mutations that increase the base pairing between the Ul snRNA and the 5’
splice site in the yeast S. cerevisiae can bypass the need for cell specific accessory
proteins needed for proper splicing of certain mRNA’s*. This evidence suggests that the
Ul snRNA is one of the main recognition signals responsible for 5’ splice site selection.
Other factors, such as accessory proteins or sequence context may play a role by

influencing the efficiency of this recognition. The role of the Ul snRNA is therefore
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believed to insure the proper recognition of the 5 splice site, and thereby facilitate the
positioning of the rest of the spliceosomal complex components.

Structurally the Ul snRNA has been most closely studied in mammalian systems.
The snRNA is generally around 164 n.t. in length and contains four stem loop structures,
stem-loops I, II and IIT are 5’ of the Sm site, while stem-loop IV flanks then Sm site at
the 3’ end (for a model please see figure #4)*. It appears that only the 5’ end of the Ul
snRNA that interacts with the 5’ splice donor site has been identified as absolutely
necessary for the formation of an intact spliceosome. The only other region identified as
important is Stem-loop II which has been identified as important in interaction of the Ul
snRNA with the so called core (or Sm proteins) or snRNP specific protein factors®.

The next step in the formation of the intact spliceosome is the binding of the U2
snRNP to the branch point acceptor sequence (BPA) of the pre-mRNA. This step is ATP
dependent, and irreversibly commits the pre-mRNA to the splicing pathway®’. The
binding of the Ul snRNP and subsequent binding of the U2 snRNP forms the pre-
spliceosomal complex. In this step, base pairing between the U2 snRNA and the branch
point acceptor sequence of the pre-mRNA 1is necessary for assembly of the
spliceosome®. Recognition of the BPA sequence in the pre-mRNA by the U2 snRNP
has been shown to be dependent on a number of factors, including one or more accessory
proteins®, and possibly the presence of the Ul snRNA*. The sequence context of the
branch point acceptor and the adjacent polypyrimidine regions may also play an
important role in recognition. One hypothesis for the necessity of the Ul snRNP being

present before the binding of the U2 snRNP is that this may serve as a mechanism for



15

atuo
A G
c. U
e UUCG
cG GC
CcG C cG
UA GC
oA DI T
ua AT
C GC
AU &
B GC e
cuc A CG AUAAUUUGUGGUA G
2 CeeaudPecu® Ccccoe Peuge = GGUAGT
c CCUAU_CGG GGGAC GACG
G
Gyo? TRALC o® Ucc
cG
TA AUU
oG CAU
A A ApppGme3
o
oA
fele]
GC
oA
G o
G G
A A
A

Figure 4: Proposed Secondary Structure Model of The Human Ul snRNA



16

the juxtaposition of the 5’ and 3’ splice sites. The precise roles played by either the Ul
or U2 snRNP in the positioning of the 5’ and 3’ splice sites has been investigated in a
number of recent reports. Mutational studies of the yeast Schizosaccharomyces pombe
suggests that the Ul snRNA base pairs with both the 5’ and 3’ splice sites of the intron,
and that this interaction is necessary for splicing®’. However in the yeast Saccharomyces
cerevisiae no important interactions between the Ul snRNA and the 3’ splice site were
found”. The full range of interactions between the Ul and U2 snRNP’s and their
association with the 5’ and 3’ splice sites has yet to be fully delineated. In any case, the
alignment of the two splice sites is likely to be a complex process possibly involving
other protein or snRNP components. If this alignment is indeed mediated by the U1 and
U2 snRNP’s, as the data suggests for the two yeast species, then this suggests that there
may be a number of alternate mechanisms for the alignment of these splice sites.

The U2 snRNA has been well characterised in mammalian systems. The U2
snRNA is generally around 188 n.t. and contains four stem loop structures, stem-loops
Iand II are 5’ of the Sm site, while stem-loops III and IV flank the Sm site at the 3’ end
(for a model please see figure #5)*. Besides the Sm site necessary for the attachment of
the "core" structural proteins, a number of regions have been identified as important for
the U2 snRNA’s function. These include: The 5’ end of the U2 snRNA that interacts
with the branch point acceptor region, Stem-loop IV which has been identified as
interacting with U2 snRNP specific proteins* and Stem-loop II which has been identified

as important in assembly of the complete spliceosomal complex®,
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After the binding of the U2 snRNP to the BPA region, the next step in the

formation of an intact spliceosome is the incorporation of a multi-snRNP structure made
up of the US snRNP and the U4/U6 snRNP. The incorporation of this multi-snRNP
structure forms the intact spliceosomal complex which catalyzes the removal of the
intervening intron. The spliceosome does not remain intact for long, soon after the

binding of the U4/U5/U6 complex there is a loss of the U4 snRNA prior to, or
simultaneously with the cleavage of the 5 splice site and formation of the intron-
lariat. Initial reports suggested that the U4/U5/U6 complex contacts only the Ul
and/or the U2 snRNP’s and not the pre-mRNA*". However recent investigation has
identified a number of potential interactions, among the snRNA’s themselves and
including interactions with the pre-mRNA. These RNA-RNA interactions play critical
roles in the accuracy and efficiency of the splicing process. Not all of these interactions
are permanent, or even established at the same time. Rather these interactions may be
established, modified, disrupted and displaced a number of times during the splicing
process. The recently proposed model for the US snRNP’s actions during the splicing
process gives an example of such RNA-RNA interactions. For a number of years no
clearly defined role for the US snRNP had been identified. Recent evidence has shown
that the U5 snRNA is involved in a number of base-pairing interactions mainly involving
the 5’ and 3’ splice sites of the pre-mRNA*. This finding suggests a role for the U5
snRNA during the splicing process; likely as a factor involved in the juxtaposition of the
5" and 3’ splice sites. One problem with these findings was that the U5 snRNA was

shown to interact with a region of the 5’ splice site previously identified as being
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involved in base pairing with the Ul snRNA. Recent reports have shown that the base
pairing of the Ul snRNA with this region becomes disrupted sometime during the
splicing process®. This disruption suggests a mechanism for the interaction of the 5’
splice site with both the Ul and U5 snRNA’s during the splicing process. The interaction
of the U5 snRNA at the 5’ splice site has been shown by cross-linking studies to be
maintained prior to, and throughout the splicing reaction while the interaction with the
3’ splice acceptor site only occurs during the formation of the intron-lariat®. It is still
unknown what precise role the U5 snRNA plays in the splicing process, but as the above
evidence suggests, the US snRNA may be responsible for the alignment of the 5’ and 3’
splice sites. The U5 snRNA along with other sSnRNA’s may also play a role in splice site
selection. Mutational analyses of conserved U5 sequences have shown that mutations in
these sequences can result in the use of cryptic 5’ splice donor sites’’. Further
characterisation of the structure and role of the U5 snRNA/snRNP will provide further
information about its possible role in the splicing process.

The potential roles of the U4/U6 snRNP in the splicing reaction have been fairly
well established. It has long been hypothesized that the U6 snRNA is highly involved in
the formation of the active catalytic core of the spliceosome. The U4 snRNA has been
thought to act as a negative regulator of the U6 snRNA’s activity’ and play a role in
the assembly of the U4/U5/U6 multi-snRNP particle with the rest of the spliceosome®,
The role of the U4 snRNA as a negative regulator has been supported by studies showing
that the U4 apparently is lost, or disassociates from the intact spliceosome, just prior to

the first splicing step™. The role of U6 as a main part of the catalytic element is
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supported by a number of findings. The first finding is that the U6 snRNA is the most

highly conserved of all of the eukaryotic snRNA’s*. Further evidence comes from
mutational studies showing that single point mutations of the U6 snRNA can inhibit
splicing or even alter splice site specificity®®. The intimate involvement of the U6
snRNA in catalysing the splicing reaction has been demonstrated by studies of
reconstituted splicing systems in trypanosomes showing that mutations of the U6 snRNA
can induce some startling changes in the splicing reaction. These mutations led to the
inappropriate positioning of the 5’ splice site in relation to the U6 snRNA and resulted
in the use of the U6 snRNA as a surrogate splicing substrate’’. Thus, interference in
the normal function of the U6 snRNA changed its role from a catalytic element to its use
as a substrate for the splicing reaction. This finding provides a strong argument for the
importance of the U6 snRNA in the splicing reaction. Additional evidence of the U6
snRNA’s involvement comes from the identification of interactions between the U6
snRNA and the 5’ splice site by cross-linking studies®®. More speculative evidence
comes from the studies showing that the yeast S. pombe U6 snRNA contains an
intron®. One interpretation of this finding is that an abortive or "reverse" splicing
reaction caused an intron to be spliced into the U6 snRNA. This would be followed by
some sort of reverse transcription event, and re-insertion of this altered U6 element by
homologous recombination back into the genome®.

Recently a similar mRNA-type intron was found in the U2 snRNA gene from the
yeast Rhodotorula hasegawae. This suggests that the reverse splicing explanation for the

U6 snRNA may be wrong, and that there may be some other explanation for the presence
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of introns in these two snRNA genes. One possible explanation is that these genes
contained introns at some ancestral level, and these introns were removed over time in
all but a few cases. There are other explanations, but one of the most intriguing is that
the R. hasegawae U2 snRNA also obtained its intron through a reverse splicing event.
If this explanation is true, then one would expect to find the U2 snRNA in close
proximity to the U6 snRNA, the 5’ splice site and the catalytic centre of the
spliceosome®. A novel base pairing model has been proposed that would bring both the
U2 and U6 snRNA’s into close association with the 5’ splice site. Other studies
confirmed that the U2 snRNA and the U6 snRNA do indeed interact via base pairing®,
and it has been proposed that this interaction may trigger a series of conformational
rearrangements necessary for the catalytic activity of the spliceosome®.

A further speculative point that may suggest an active role by the U6 snRNA
comes from mutational analysis indicating that the 3’ end of the snRNA is absolutely
necessary for splicing activity®®. Recent findings have shown that the U6 snRNA
population in a cell undergoes modifications of its 3 termini, which no other sSnRNA
appears to undergo. This modification consists of the addition of uridine monophosphate
groups and the formation of 2', 3’ cyclic phosphate groups at the 3’ ends of U6
snRNA’s®. The role of these additions and modifications is unknown, they may play
a role in the assembly or recognition of the U6 snRNA by the U4/U6 snRNP
components, or they may play some sort of role in the splicing activity of the
spliceosome. It is thought that these modifications may play more of a role in the splicing

activity of U6 snRNA as the modifications have been shown to occur mainly in the intact



22

spliceosome. However, other explanations for these modifications may exist.

The U4 and U6 snRNA’s have been best characterised in mammalian systems.
The U4 snRNA was found to have a size of 142 n.t. while the U6 snRNA has been
found to be about 107 n.t. long. The U4 snRNA has three stem loop structures all near
the 3’ end of the molecule. Stem loop I and II are 5’ of the Sm site while stem loop III
lies just 3" of this site. The U6 snRNA, which as mentioned lacks an Sm site, contains
3 stem loops (for a model please see figure #6)%.

Physically the U4 and U6 snRNA’s are found in an extensive base paired
arrangement. Besides these well characterised intermolecular U4/U6 base pairing regions
a number of regions specific to each snRNA have been shown to be important in their
function. In addition to the Sm binding region the U4 snRNA has a number of regions
identified as important by mutational analysis. One region identified is the loop sequence
of stem-loop I, that has been shown to be important in interactions with U4 snRNP
specific protein factors necessary for spliceosome stability. Another non-base paired
(folded) region that has been identified as important in splicing activity is Stem loop II
and the regions surrounding it™. The U6 snRNA has also had a number of regions
identified as important by mutational studies. These studies have shown that Stem-loops
IT and III appear to be important in assembly of a functional U4/U5/U6 snRNP®, It is
not surprising that these structural regions have been identified as important considering
the number of secondary structure changes, and interactions that the U6 snRNA appears

to go through as a main catalytic element.
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A simplified outline of the role of each snRNA during the splicing reaction would
be as follows: Ul snRNA recognises sequences at the 5 and possibly the 3’ end of the
intron and forms the commitment complex. U2 snRNA recognises the branch point
region and a stable ATP-dependent complex is formed. The U4/U5/U6 tri-snRNP enters
with an initial involvement of the U5 snRNA with the 5’ and 3’ exonic sequences
followed by a series of conformational changes; Ul’s binding to the pré mRNA is
destabilised; US’s binding changes from the 5’ exon to the 5’ end of the intron; the
U4/U6 base pairing is destabilised; and a U2/U6/5" splice site complex forms. Splicing
then begins, and the two-step trans-esterification reaction occurs rapidly, possibly with
further conformational changes. This results in the joining of the 5 and 3 exons and the
release of the intron in a characteristic lariat structure. For a model of such a reaction,

again, please see figure #3

Trans-Splicing is Mechanistically Similar to Cis-Splicing Reactions.

The characterisation of the cis-splicing pathway in mammalian and yeast systems
has provided a well defined model of the splicing reaction and some of the protein and
snRNA factors that help catalyze this reaction. The presence of a number of conserved
elements in both the SL-RNA and the splice acceptor RNA, as well as the similarities
of cis and trans splicing substrates have suggested that trans-splicing is mechanistically
similar to cis-splicing. All organisms that carry out trans-splicing reactions have
sequences similar to conserved regions identified as important in cis-splicing. These

regions include the 5 splice donor site (present on the SL-RNA instead of the 5 exon),
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and the branch point acceptor sequence and the 3’ splice acceptor site on the target pre-
mRNA®. The examination of the predicted secondary structures of SL-RNA’s from
trematodes has shown a remarkable similarity between these SL-RNA’s and the SL-
RNA’s of trypanosomes. Each SL-RNA contains three stem-loops with the 5' splice site
adjacent to the 5' most loop. This secondary structure has been conserved in all of the
trypanosomes and nematodes examined, and is reminiscent of the structure 6f group II
self splicing introns™. The finding that nematode SL-RNA’s contain both a 2,2,7-
trimethylguanosine cap and an Sm binding site consensus sequence (both present on U
snRNA’s) suggest that the nematode SL-RNA may be acting as an snRNP during the
trans-splicing process’’. Indeed it was found that the SL-RNA in C. elegans does exist
as a small nuclear ribonucleoprotein (SL-RNP) and acts analogous to a snRNP in the
'trans-splicing reaction”. The SL-RNA may participate in the splicing reaction in a
manner similar to the Ul snRNA by aligning the SL-RNP particle in the spliceosome and
obviating the need for the Ul snRNP in a trans-splicing reaction by autoactivating the
5’ splice site in a manner similar to group II self splicing introns. If this model for the
role of a SL-RNA is true then an apparent problem is the absence of a TMG cap and Sm
site on the SL-RNA of trypanosomes. This argument was countered by the finding that
SL-RNA can be found in the form of an snRNP in Trypanisoma brucei”. Closer
examination of the trypanosome SL-RNA does reveal a modified 7-methylguanosine cap
structure™, and the presence of a degenerate Sm site conserved between the
trypanosome SL-RNA and any trypanosome U snRNA’s. The finding of analogs of the

U2, U4 and U6 snRNA’s in T. brucei supports the similarity in mechanisms between cis
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and trans-splicing™. More interesting however, was the finding that trans-splicing can
be abolished by the destruction of the U2, U4 and U6 snRNA’s in permeabilised
trypanosomes’®. The proposed model for trans-splicing therefore has the SL-RNA acting
in two roles; firstly the SL-RNA acts similarly to the Ul snRNA, aligning the substrates,
and possibly autoactivating the 5’ splice site, and secondly the SL-RNA is consumed as
a substrate in the reaction (see figure #7). The SL-RNA could therefore be viewed as a
fusion of an exon with a small nuclear RNA. In agreement with this model is the
apparent absence of Ul snRNA’s in any trypanosome species so far examined; since
trypanosomes only carry out trans-splicing there would be no need for a Ul snRNA.

One argument against the trans-splicing model being similar to the cis-splicing
model is the apparent absence of a US snRNA in trypanosomes. However, a small RNA
“has been recently identified that interacts with the 5 splice site on trypanosome SL-
RNA’s in a manner similar to the interaction between U5 snRNA’s and the 5° splice sites
in other organisms. This small RNA has a secondary structure strongly resembling
structural motifs identified as being important in the interaction of U5 snRNA’s with the
5' splice site”. The identification of this potential US analog would complete the
snRNA requirements in trypanosomes if trans-splicing functions similarly to cis-splicing
with the SL-RNA replacing the Ul snRNA.

Characterisation of the snRNA requirements in nematodes have strongly supported
the model proposed; substrates that undergo cis splicing were found to require all §
snRNA’s (U1,U02,U5,U4/U6), while substrates that undergo trans-splicing were shown

not to require the UL snRNA™, The model of the SL RNA acting independently of the



27
U1 snRNA has been further supported by the findings that constructs containing SL-RNA

sequences linked to an exon can be efficiently spliced in the absence of the Ul
snRNA”. Thus the presence of the SL sequences on the constructs obviated the need
for a Ul snRNA or snRNP particle. If the SL-RNA behaves as an exon linked to a
SnRNA then the SL-RNA would be expected to have base pairing interactions with
spliceosomal components similar to the interactions shown by both the Ul snRNA, and
the 5" splice site. One example of these interactions is an experiment showing that a
region of the SL-RNA of trypanosomes does indeed interact with the U6 snRNA (similar
in the interaction between the 5’ splice site and the U6 snRNA in cis-splicing)®®. One
final observation that supports the similarity in function between the cis and trans splicing
systems is the finding that the introduction of a SL-RNA transcript into a mammalian cell
line results in the production of trans-spliced products®. This demonstrates the
functional conservation that must exist in the splicing machinery between cis and trans-

splicing systems. For a model of this proposed activity please see figure #7.
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Figure 7: Model For The Involvement of snRNP’s in the Catalysis of a Trans-Splicing
Reaction

In a trans-splicing reaction, the SL-RNA acts as the Ul snRNA during the
formation of the spliceosome by entering the reaction as a SLRNP (A1). The U2 snRNA
acts similar to the cis-splicing system by recognition of the branch point region (A2),
which is followed by the incorporation of the U4/6 complex and possibly the U5 snRNP,
or a U5 like structure (B1). Shortly after the formation of the intact spliceosome the U4
snRNA dissassociates from the U6 snRNA which catalyzes the two trans-esterification
reactions (B1+Cl). These reactions join the SL and the target exon, releasing the
snRNP’s and the lariat-intron, which is then degraded. The snRNP’s are recycled to
catalyze another splicing reaction with the exception of the SL-RNP which is consumed
in the reaction.



30

Control and Regulation of Trans-splicing

In all organisms that undergo trans-splicing there have yet to be any sequence
requirements or control elements identified as being responsible for regulating this
process. Trypanosomes would not appear to need a selection or control mechanism to
target pre-mRNA transcripts to be trans-spliced since all trypanosome messages are trans-
spliced. Trypanosomes appear to use trans-splicing as a mechanism to cap and mature
the 5 ends of their pre-mRNA for subsequent translation. However, the regulation of the
temporal order of trans-splicing appears to be tightly regulated with other RNA
processing events. It has been reported that trans-splicing and polyadenylylation of pre-
mRNA is an ordered, tightly coupled process and interference with trans-splicing inhibits
polyadenylylation®”. While there is no apparent need for a control mechanism to
determine which transcripts are trans-spliced there would appear to be a need to regulate
the timing of trans-splicing. Specific sequence elements, or other factors that may
regulate this process have yet to be identified in this organism.

The nematodes are considerably more interesting as they contain pre-mRNA that
becomes both cis and trans-spliced, sometimes within the same transcript. Therefore,
nematodes would appear to need some sort of mechanism to target what transcripts are
to become trans-spliced. Nematodes are also interesting in that one species, C. elegans,
contains two SL sequences (SL-1 and SL-2). The mechanism that selects for cis or trans-
splicing, or even selection between the two SL’s is still not completely understood.
Studies have shown that the trans-splicing system may be a "default" mechanism where

a pre-mRNA splice acceptor site is targeted for trans-splicing if it lacks a 5’ splice donor
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upstream of its location. This would result in any transcript without an intron at its 5
end (an “"outron") being targeted for trans-splicing®. This finding was supported by an
experiment showing that the insertion of an exon and 5’ splice donor site to such an
“outron" converted it from a trans-spliced to a cis-spliced gene*. The question of what
mechanism selects between the SL-1 and SL-2 spliced leader sequences in C. elegans
may be answered by reports indicating some transcripts in C. elegans may be
polycistronic. The report suggests that SL-2 is trans-spliced to the downstream gene of
two co-transcribed genes orientated in the same direction (or the second pre-mRNA in
a polycistronic transcript)*. Thus any polycistronic transcript would receive SL-2 by
trans-splicing, while any transcript without a 5’ splice donor would receive a SL-1
spliced leader. The molecular mechanism of recognition and selection of either of these
two genomic arrangements still has not been elucidated.

Whatever mechanisms have been proposed for the regulation and control of trans-
splicing in trypanosomes and nematodes, there is evidence that regulation of trans-
splicing in trematodes (ie. S. mansoni) may be different. The first evidence comes from
a comparison of the SL-RNA’s of schistosomes, trypanosomes and nematodes. SL-RNA’s
usually contain the consensus Sm binding site necessary for binding of the snRNP “core"
or Sm proteins flanked by two stem-loop structures. This arrangement is highly
conserved among the SL-RNA’s so far studied. However the schistosome SL-RNA is
structurally quite different as it is missing one stem loop structure®. This indicates the
possibility of a modified group of core proteins that would bind to this region and may

have an effect on the regulation of splicing. The second piece of evidence comes from
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the identification of alternative trans-splicing in certain schistosome mRNA’s¥, That is,
the SL-RNA is trans-spliced to either the 5’ most exon, or trans-spliced to an interior,
downstream exon. This which would invalidate the nematode "default" mechanism for
schistosomes as the model does not account for splicing to an "interior" or downstream
exon (ie. an exon that contains a 5’ splice donor site upstream). The nematode model
could still hold true if this S. mansoni gene contained a transcription start signal within
the first exon, thus producing two "outron" transcripts. However, there has been no
evidence to suggest the possibility of alternate transcription start sites in any trematode
species. Thus it would appear that the regulation and control of trans-splicing in
schistosomes is different than models proposed for the trypanosomes or the nematodes.
The absence of clear consensus sequence elements that would identify a transcript as a
target for trans-splicing suggest that the control and regulation of trans-splicing in
schistosomes may occur at the level of essential cofactors such as the snRNA’s or SL-
RNA'’s that form the intact spliceosome. Therefore characterisation of these elements
may lead to an understanding of a possible mechanism for the control and regulation of
trans-splicing. Of all the factors possibly involved, the snRNA’s involvement in
recognition and formation of an intact spliceosome is absolute. Therefore in order to
understand the possible mechanism for the regulation of trans-splicing in schistosomes
it would first be necessary to characterise the snRNA’s involved. The goal of this
research was to clone and characterize both by sequence analysis and determination of
secondary structure the Ul, U2, U4 and U6 snRNA’s of S. mansoni in order to provide

an understanding of possible mechanisms for the control and regulation of trans-splicing.
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Materials and Methods

Common molecular cloning techniques (restriction enzyme digestions, ligation
reactions, etc.) were carried out as indicated in Sambrook et al. (unless otherwise
indicated)®. Also, unless otherwise indicated chemical reagents were purchased from
Sigma Chemicals (St. Louis, Mo.). The formulae for various solutions used are given

in appendix 1.

A) Electroelution of DNA Fragments from Agarose Gels

Electroelution of DNA fragments from agarose gels was carried out using a
unidirectional electroeluter (Model UEA) as recommended by the supplier of the device
(International Biotechnologies, Inc. NewHaven, CN) with slight modiﬁcations.v Briefly;
The device was set up with 0.5X TBE used as running buffer, while a 100 uL salt
cushion of 3M NaOAC with 0.01% bromophenol blue was placed in the "V" shaped
trap. Gel fragments were excised from agarose gels with razor blades. The fragments
were placed in the electro-elution chamber and eluted for 15 to 30 minutes at 100 Volts.
Migration of the ethidium bromide stained DNA fragments from the gel into the salt trap
was visualized with a hand-held UV light (Ultra-Violet Products Inc., San Gabriel Ca.).
When the majority of the DNA band had left the gel fragment the salt cushion was
removed and a phenol/chloroform extraction was performed on the solution. The DNA

was ethanol precipitated (as per standard protocol) and resuspended in T10E1.
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B) Construction of an S. mansoni Genomic Library in Lambda FIX II™

Thirty pg of S. mansoni (egg), genomic DNA (isolated as previously described®”)
was partially digested with Sau 3A restriction endonuclease and resolved on a 0.8%
agarose gel (0.5X TBE). High molecular weight DNA (>4 Kb) was cut from the gel and
electroeluted (as described above). The first two nucleotides of the Sau 3A site (CTAG)
were end-filled using the Klenow fragment of DNA Polymerase I (GIBCO/BRL,
Burlington Ont.) and dGTP and dATP as per standard protocol. The reaction was
inactivated by phenol/chloroform extraction and the DNA recovered by ethanol
precipitation.

The end-filled DNA was then ligated into pre-digested Xho-1 Lambda FIX II™
vector arms (Stratagene, La Jolla CA) using T4 DNA ligase (USB Cleveland, Ohio)
under standard reaction conditions. After the reaction was complete, the ligation products
were packaged using Gigapack™ II Gold packaging extract (Stratagene, La Jolla, CA).
Packaged bacteriophage were serially diluted and plated onto a host bacterial strain (as
described below) to titer the phage produced. The titer of the packaged phage was then

compared to a positive control.

C) Design of Conseﬁsus Oligonucleotides Ul, U2, U4 and U6 snRNA Gene Probes

Consensus sequences were generated for the U1, U2, U4 and U6 snRNA’s based
on the analysis of previously published snRNA sequences using the MICROGENIE
software package (Beckman Instruments, Mississauga, Ont.). These consensus sequences

were constructed at an 80% homology level and were used to design complementary
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oligonucleotide probes that would recognize the consensus sequence. If a base location
had less than the 80% homology necessary to designate a consensus nucleotide, a
degenerate mixture of bases most representative of the bases present was used to best
represent that nucleotide location in the oligonucleotide probe. The following figures (#8,
#9, #10, and #11) indicate the alignment and snRNA’s used to design the screening
probes. The probes and their estimated melting temperatures (Tm’s) are as indicated in
table #2. Tm’s were calculated using the following formula
Tm = 69.3 + 0.41(%G+C) - 650/L
Where %G+C is the percent of G+C in the oligonucleotide and L is the length of the

oligonucleotide. The formula was derived from Sambrook et al.®
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TATGAATGGACCGACCCCCAA <-- Ul Probe (3¢ to 5¢)

CONSENSUs i AUACUUACCUGGC NGGGGNGANACCNUGAUCACGAARGGNGGUUUC CCCAG GGCGAG
C. elegans 1 AaACUUACCUGGCUgGGGGUUANUUCGCGAUCACaRAAGGCGGaalC CCCAU GGUUAG
C. saccharophila 1  AUACUUACCUGUC CGGCCuUGCgACCUCGAgGCAaGAAGGGGGEUcUa gguAG uGCuuG
D. melanogaster 1 gAUACUUACCUGGCgUuaGaGguuaACCgUGAUCACGAAGGCGE UUC CuCcGgaGuGAG
Human 1 gRUACUUACCUGGC aGGGGaGAUACCAUGAUCACGARGGUGGUUUU CCCAG GGCGAG
MHouse 1 AUACUUACCUGGC aGGGGaGAUACCaUGAUCACGARAGGUGGUUTU CCCAG GGCGAG
P. polycephal 1 ACCUGGC cGGGGgaRguCggUGAUCARGACGGCcGagUC CCuAGuUGgGga
Rat . 1 gAUACUUACCUGGC a GGGaGAUACCaUGAUCACGARGGUGUUUUCUCUCCagGGCGUG
X. laevis 1 ACCaUGAUCACGAAGGUGG UUCUCCCAG GGCGAG
CONSENSUS 57 GCUUANCCAUU GCRACUNCGGNUNNGNGCUGACCNCUGCGAUUNNC CCAARUGCGGG
C. elegans 58 GCcUACCCAUU GCACTuuuGgUgcGgGCUGACCugUGuGgcagut uCghglugaGa

C. saccharophila 57 wuaccucgCcUU  GuACU auGeUugG GgU AgCgCUGuGugeggg gCARgUcCucG
D. melanogaster 59 GCUUggCCAUU GCACCUCGGCU  GaGuUGACCUCUGCGAUUauu CCuAAUGuUGaa

Human $8 GCUUAuCCAUU GCACUCCGGaU GuGCUGACCCCUGCGAUTUCC CCARAUGUGGE
Mouse 57 GCUUAUCCAUU GCACUcCGGaU GuGCUGACCCCUGCGAUUucC CCARAUGCGGG
P. polycephalum 52 acCcUcuCC U GCACU uGagagGgGeClU cCuuClUauGAUUg C € .UuCGGG
Rat 59 GucUAuCCAUUgagGCgCacuccglggauGCUGACCCCUGCGAUUUCCUCCARAUGCGGG
X. laavis 35 GCUcAgCCARUU GCRCUCCGG  cCGUGCUGACCCCUGCGAUU uCcCCARAUGCGGG
CONSENSUS 113. UAACUCGACUGCAUAAUUUGUGGUA GNNGGGGANNGCGU UCGCGCNNUCCCGNN

C. elegans 114 UucgcCaRCaGCuUAAUUUUUGCgU aucGGGG cuGCGU gCGCGCggeCCuGaaaagu

C. saccharophila 110 Uua CaRCgGaAUARUUUCUGGCAgGccGUUGcacGCGe UuGCGCgucCuCGgcaa
D. melanogaster 113 UAACUCGugcGugUAAUUUUUGGUA GCecGGGaAugGCGU UCGCGCeqUCCCta

Human 112 aAACUCGACUGCAUAAUUUGUGGUA GUgGGGGACUGCGU UCGCGCUuUCCCeug
House 111 aAACUCGACUGCAUAAUUUGUGGUA GugGGGGACUGCGU UCGCGCucUCCCoug
P. polycephalum 98 UAACUCaACgGCAUAAUUUGUGaUAgcguGGGGuchCngUCGCGCCcUgCauu
Rat 118 aRACUCGACUGCAUARUUUGUGGUAQUgCGGGGgacugulicgCGCut cUCuce
X. laevis 89 aRAgUCGACUGCAUAAUUUCUGGUA GugGGGGACUGCGU UCGCGCuulCcCCcugu
CONSENSUS : 167 gggucuauauguaacaccuagcecgauguucuuuuacgauauuugggagauuuga
C. elegans 171 gggucuauvauguaacaccuagecgauguucuuuuacgauauuugggagauuuga

C. saccharophila
D. melanogaster
Human

MHouse

P. polycephalum
Rat

X. laevis

Figure 8: Ul snRNA Sequences used in Construction of Ul snRNA Probe

Nucleotides in agreement with the consensus sequence are in capital letters, while those
not in agreement are in lower case. Underlined sequences indicate the regions used to
design the oligonucleotide probes. The oligonucleotide probe is noted above these
underlined regions.
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U2 Probe (3¢ to §5¢)—-> TTAGTTITCACATCATAGACAA
CONSENSUS 1 AUCGCUUC UCGGCUUAUUUAGCUARGAUC AAGUGUAGUAUCUGUUCUUAUCAGNNUA
C. elegans 1 AUCGCUUCUUCGGCUUA UUAGCUAAGAUCARAGUGUAGUAUCUGUUCUUAUCquaulUA

Human 1 UCagUUuaauauClUgAlUacguCcucuAUCcghGgachaUAUaluaaalggauuuuugg
L. enriettiil AUauCUUC UCGGCUUUUUUAGCUAAGAUC AuGUuUAuaAaCUGUUCUUAUCnnagUA
Rat 1 QAUCGCUUC UCGGCcU UUUQGCUAAGAUC ARGUGUAGUAUCUGUUCUUAUCAGUUUA

T. bruceif 1 AUauCUUC UCGGC UAUUUAGCUAAGAUC AAGUuauuaRaCUGUUCUUAUCAGagUA

CONSENSUS 58 AUCUCUGAUACGGNCUCUNANGCGNG NNANNNANAUUANAUGNAUUUUUCGNNUCUAG
C. elegans 59 AcCUacGgUAuacaCUCgaAuGaGuG uaAuaahggUUAUAUG AUUUUUgGaacCUAG

Human §8 AaCUagGAguuGGaaUagghA GCuuG cuccguccAcUccAcGeAlUcgacCuggUaluG
L. enriettiiS8 AcucCUGAUAC -
Rat 58 AUaUCUGAUACGUCCUCU AucCGaGgacAa uAuAUUAAAUGGAUUUUU GgaaCUaGg

T. bruceii 57 AUCCCUGAUACGGGC CUuugGCccaagghucaAaAclU guUGccUgUccCGegUucuuc

CONSENSUS 116 CG GGNNCUNNGNGCUUGCUCCGNCNNCNNCNGGNNN ’
C. elegans 116 gG aagaClcgGgGCUUGCUCCGaCuuCccaatigucguccuggeguugeacugeugecy

Human 116 cCa GuacCUccagGaacGgUgCacCa
L. enriettii
Rat 11s aGuuGgaalagGaGCUUGCUCCGuCcaCucCactGcaucgaccugguanugcaguaccuce

»+- T. bruceil 115 CGgGGuuCcacuuGuecGgaCgtagegCgatgGuege

CONSENSUS

C. elegans 175 ggcucggeccagu
Human

L. enriettii

Rat 175 aggaacggqugcacca
T. bruceii

Figure 9: U2 snRNA’s Used in Construction of U2 Probe

Nucleotides in agreement with the consensus sequence are in capital letters, while those
not in agreement are in lower case. Underlined sequences indicate the regions used to
design the oligonucleotide probes. The oligonucleotide probe is noted above these
underlined regions.
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AATARCG
CONSENSUS 1 NAGCUUUGCGCAGUGGCAGUAUCGUAGCCAAUG AGGUUUAUCCGAGGCGCGAUUATUGC
C. elegans 1 AGCUUUGCGCu aUAaCGUgaCCAAUG AGGCUUugCCGAGGUGCGUUUAUUGC
Chicken 1 nAGCUUUGCGCAGUGGCAGUAUCGUAGCCAAUG AGGUUaAUCCGAGGCGCGAUUAUUGC
D. melanogaster 1 AGCUUaGCGCAGUGGCARUACCGUAACCRAUG AaGccUccCuGAGGUGCGGUUATUGC
Human 1 nAGCUUUGCGCAGUGGCAGUAUCGUAGCCAAUG AGGUUUAUCCGAGGCGCGAUUAUUGC
Housge 1 gAGCUUUGCGCAGUGGCAGUAUCGUAGCCAAUG AGGUUUAUCCGAGGCGCGAUUAUUGC
P. polycephalum 1 cgaaaUlauvaguGauuggccAcCGeAGuggAUGuAGuaccAluacAaGucuagcghcacu
Rat 1 gAaCUUU GCAGUGGCAGUAUCGUAGCCAAUG AGGUUUAUCCGAGGCGCGAUUAUUGC
T. bruceii 1 aAGCcUUGCGCA GGgRG GU GugARcGcRaGalUeclUC AGGuGauugUuccaC

ATTAACTTTTGARR <~— U4(2) Probe (3¢ to 5°)
CONSENSUS 60 VAAUUGAARACUUUUCCCAAUAC CCCGCCGUGACGACUUGNAAUAUAGUCGGCAUUGGC
C. elegans 59 UggUUGAAAACUUUUCCCAAUug CCCGCgalGuc cCcUGaARCAUGGgUGGCATacGC
Chicken 60 UAAUUGAAAACUUUUCCCRAUAC CCCGCCGUGACGACUUGCARURUAGUCGGCAUUGGC
D. melanogaster 59 UAQUUGAAAACUUUaaCCAA cC CaCGCCaulG gGACgQUGaAAUAccGUCcaCuacGGC
Human 60 UAAUUGAAAACUUUUCCCAAUAC CCCGCCGUGACGACUUGCAAUAUAGUCGGCAUUGGC
House 60 URAUUGARAACUUUUCCCAAUAC CCCGCCaUGACGACUUGaARUAUAGUCGGCAUUGGC
P. polycephalum 61 UgAUacggAuaUgUgCuaARaAC CaaGCgcaahaGocucUGcAug ‘
Rat 58 UAAUUGAAAACUUUUCCCAAUAC CCCGCCGUGACGACUUGAARUAUAGUCGGCAUUGGC
T. bruceii $2 UAgUgCAAUACUaUauCCggUACUCCuuCgGgGAaagullGeuAccchccacGggligGGa
AAAACTTGCAGAGAT CCTCCG <-- U4 probe (3¢ to 5¢)

CONSENSUS 119 AAUUUCUGACAGUCUCUACGIAGACUG
C. elegans 117 AAUUUUUGAacGCeCUCUA GGAGgCaGaa
Chicken 118 AAUUUUUGACAGUCUCUACGGAGACUGY
D. melanogaster 116 AAUUUUUGgaAGCcCcuUACGagGgCUaa
Human 119 AAUUUUDUGACAGUCUCUACGGAGACUG
Mouse 119 AAUUUUUGACAGUCUCUACGGAGACUG
P. polycephalum
Rat 117 ARUUUUU GUCUCUACGGRGACUG
T. bruceii 112

Figure 10: U4 snRNA Sequences Used in Construction of U4 Probe

Nucleotides in agreement with the consensus sequence are in capital letters, while those
not in agreement are in lower case. Underlined sequences indicate the regions used to
design the oligonucleotide probes. The oligonucleotide probe is noted above these
underlined regions.
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CONSENSUS 1 GU GCUUCGGNRGCR CAUAUACUARAAUUGGAACGAUACAGAGAAGA UUAGCA
C. elegans 1 GU uClUCcG RGaR CAUAUACUAARAUUGGAACaAUACAGAGAAGA UUAGCA
Human U6 (3¢ End)

House 1  GUgcucGCUUCGGCRGCA CAUAUACUAARAUUGGAACGAUACAGAGAAGAUUUARGCR
P. polycephalum 1 UUuuGuAuCA CAUAUACUARRA UGG CGcU AGceGAuuhagecGge
Rat 1 nGUgccuGCUUCGGCAGCA CAUAUACUAARAAUUGGAACGAUACAGAGRAGAR UUAGCA
T. bruceii 1 gG agecCUUCGGggaCAucCAcAaRCUggARaUucAAC ACAgAGAGARAGA UUAGCA

U6 Probe (3¢ to §57) —=> TTAAGCACTTCGCAAGGTTTA -

Congensus 53 UGGCCCCUG CGCAAGGAUGACACGCAAAUUCGUGARGCGUUCCAUAUUUUU

C. elegans 52 UGGCCCCUG CGCRAGGAUGACACGCARRUUCGUGAAGCGUUCCA&AUUUUU
Human U6 (3¢ End) 1 CUG CGCARGGAUGACACGCARAUUCGUGAAgCGUUCCAUAUUUUU
House 58 UGGCCCCUG CGCAAGGAUGACACGCAAAUUCGUGAAGCGUUCCAUAUUUUU

P. polycephalum 45 c¢GGuugCUc aGuAccG UGAgACGCucgagCGaageGuulgCgululuulguasas
Rat 58 UGGCCCCUG CGCAAGGAUGACACGCRAAUUCGUGAAGCGUUCCAUAUUUU
T. bruceii 57 cucuCCCUG CGCAAGGCUGAugucahRucUUCGaGAgaualUagCulul

Figure 11: U6 snRNA Sequences Used in Construction of U6 Probe

Nucleotides in agreement with the consensus sequence are in capital letters, while those
not in agreement are in lower case. Underlined sequences indicate the regions used to
design the oligonucleotide probes. The oligonucleotide probe is noted above these
underlined regions.
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Table #2 snRNA Oligonucleotide Probes

Sequence
Probe complementary to
Name Sequence of snRNA Probe oligonucletotide Tm
probe
Ul AACCCCAGCCAGGTAAGTAT nucleotides 1-20 60°C
of the Ul snRNA
U2 AACAGATACTACACTTTGATT nucleotides 27-46 " .| 54°C
of U2 snRNA
U4 GCCTCCTAGAGAC(G/T)TTCAAAA nucleotides 119- 60°C
140 of U4 snRNA
U4(2) | AAAGTTTTCAA(C/T)(C/T)AGCAATAA | nucleotides 52-72 | 48°C
of U4 snRNA
[8[6) ATTTGGAACGCTTCACGAATT nucleotides 78-98 | 58°C
of U6 snRNA
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D) Bacteriophage plating

An overnight culture of the host bacterial strain (SRB) in NZY, was used to
inoculate a 50 ml solution of NZY supplemented with sterile MgS0, and maltose to a
final concentration of 10 mM and 0.2% respectively. The culture was grown at 37°C
with shaking (200 rpm) to mid-log phase (OD4,= 1.0 ODU) and pelleted at 2000 rpm
for 10 minutes. The cells were resuspended to a final ODg,, of 0.5 with sterile 10 mM
MgSO0,.

From 1 x 10% to 5 x 10 plaque forming units (PFU’s) of diluted bacteriophage
(in SM phage dilution buffer) were added to 200 ul of the host bacteria and adsorbed at
37°C for 15-20 minutes. 3 ml of melted (but cooled to 48°C) NZY top agar was then
added, mixed and poured onto a dry, prewarmed NZY agar plate and incubated overnight

at 37°C.

E) Amplification of Bacteriophage Libraries

Bacteriophage plating was performed using 50 OOO PFU of recombinant
bacteriophage and 600 ul of host cells prepared as above. The phage were absorbed onto
the host cells for 15 minutes at 37°C, then 6.5 ml of melted top agar was added. The
phage/bacteria mixture was poured onto a dry, prewarmed 150 mm NZY agar plate and
incubated for 6-8 hours (until plaques were readily visable and nearly confluent). The
plates were overlaid with 10 ml of SM buffer and stored at 4°C overnight with gentle
shaking. In the morning the bacteriophage suspension was recovered and pooled in a test

tube, 2 ml of SM was used to wash the plates, and was then pooled with the
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bacteriophage suspension in the test tube. Chloroform was added to 5% of total volume
and incubated with shaking at room temperature for 15 minutes. Cell debris was removed
by centrifugation for 5 minutes at 2000 rpm, and the supernatant was transferred to a

sterile tube and titered (as described above) generally producing 10'°-10" PFU/ml.

F) Plaque Screening of Bacteriophage Libraries

1) Screening

The screening of genomic libraries was performed using a procedure modified
from the instructions provided by the manufacturer of Colony/Plaque Screen™
Hybridisation Transfer Membrane (NEN DuPont Boston MA.). From 5 000 - 10 000
PFU’s of bacteriophage were plated onto the appropriate host strain (SRB) on a 150 mM
NZY agar plate as described above, but with a slight modification. Top agarose (instead
of top agar) was used to suspend the bacteria/phage mixture before plating to reduce non-
specific background. The plated phage were incubated overnight then cooled at 4°C for
2-3 hours. A single 150 mM Colony/Plaque Screen™ disk was overlaid onto the plaques
formed in the agarose top layer. The disk was labelled with orientation markers and left
for 2-3 minutes and gently removed. A second disk was then placed on top and left for
5 minutes. The disks were placed in a pool of 0.5 N NaOH x 2 for 2 minutes each and
neutralized in a pool of 1.0 M Tris-HCI (pH 7.5) x 2 for 2 minutes each. The disks were
baked for 2 hours at 80°C under vacuum. The disks were ready for hybridisation (as
described below) and subsequent identification of positive clones. Positives were

identified by the presence of duplicate radioactive signals on both plaque lifts.
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ii) Plaque purification
Once a positive plaque was identified it was "plugged" out of the plate using a
sterile Pasteur pipette and resuspended in 1 ml of SM buffer. This resuspension of phage
was titered and replated on 82 mM plates at a lower dilution then that used for screening
(approximately 200-1000 PFU’s). Screening was repeated (as above) until a readily
recognizable well isolated clone was identified. A positive clone was further "plugged"

and re-plated until all of the resulting plaques on the lawn were positive.

G) Northern and Southern Transfer of Nucleic Acids

1) Northern Transfer of RNA

The northern transfer method used is a variation on the capillary transfer method
first described by Southern et. al.®. Briefly, 6 ug of S. mansoni egg, non-
polyadenylylated (A(-)) RNA (isolated as previously described®’) in DEPC treated H,0
was heated at 95°C for 3 minutes in 10X northern gel-loading buffer. The RNA was
resolved on a vertical 7M urea, 8% (19:1) bis-acrylamide gel. The samples were loaded
onto the gel and run for 6-8 hours at 50 mAmps and 1500 volts. The gel was
disassembled, leaving the gel on the bottom plate. The gel was overlaid by a single sheet
of Genescreen Plus® hybridisation transfer membrane (NEN DuPont, Boston, Ma),
followed by 4 sheets of filter paper. The entire overlay was weighed down and directly
transferred for 12-16 hours. The hybridisation membrane was UV crosslinked for 3

minutes, then baked at 80°C for 2 hours.
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i1) Southern Transfer of DNA

Southern transfer was carried out as follows: 2 ug of S. mansoni (egg) DNA
mixed with 10X Gel loading buffer dyes was loaded onto a 0.8-2% agarose gel (0.5X
TBE) and resolved for 2-16 hours. The DNA was nicked by UV irradiation for 10-15
minutes. After UV treatment, the gel was washed 3 X 20 minutes in 0.5N NaOH/1.5M
NaCl, rinsed briefly in distilled H,0, and washed twice more for 20 minutes éach in 0.5
M Tris (pH 7.5)/1.5 M NaCl and rinsed in distilled H,0. The transfer was performed in
10X SSC as follows: A glass plate was suspended over a glass dish containing 10X SSC.
A filter paper wick was draped over the plate into the 10X SSC, 3 layers of filter paper
(slightly larger than the gel) were placed over the wick. The agarose gel was placed on
top of the filter paper layer. Genesceen Plus® hybridisation membrane was placed
directly over the gel, with three layers of filter paper laid on top of the transfer
membrane. The whole overlay was then topped with a stack of absorbent towels with a
weight placed on top of them. Capillary transfer was allowed to take place for 16-72

hours.

H) Hybridisation of Probes to Northern and Southern Blots or Plaque Lifts
Hybridisation of end-labelled oligonucleotide probes to target DNA or RNA was
carried out in the following manner. The oligonucleotide was 5’ end-labelled using T4
Polynucleotide Kinase (USB Cleveland, Ohio) under the following reaction conditions
100 ng of oligonucleotide, 5-10 ul of 10 mCi/ml 4**P-ATP, 5.3 units of T4 Kinase and

the appropriate buffer were incubated for 1 hour at 37° C. The reaction was then diluted
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to 1 ng/ul in T10EL and spun through a Sephadex G-50 (Pharmacia) column for two

minutes in a clinical table top centrifuge to remove unincorporated *?P-ATP. The
specific activity was determined by adding 1 ul of the reaction to 5 ml scintillation
cocktail (Ecolume, ICN) and counted on a scintillation counter (LS 500CE, Beckman).
Average specific activities were in the range of 2 x 10® to 1 x 10° counts per minute per
pg of oligonucleotide. The hybridisation membrane was first pre-hybridised in a low
stringency hybridisation solution (Low Hybridisation Solution) for 30 minutes at a
restrictive temperature (basically the Tm of the probe -5°C). The hybridisation
temperatures used are as follows; U1-54°C, U2-50°C U4(2)-45° and U6-53°C. Labelled
probes were added at a concentration between 2-5 x 10° CPM per ml of Low
Hybridisation Solution and incubated overnight at the restrictive temperature. After
hybridisation the blot was washed once for 10 minutes followed by two 30 minute washes
in 2X SSC/0.1% SDS at the restrictive temperature. The blot was exposed to X-Ray Film
(Kodak X-O-matARS5) and placed between two intensifying screens (NEN DuPont) at -

80°C for 6-72 hours.

D Isolation of Bacteriophage DNA

1)Large scale preparation of bacteriophage lambda

Standard methods for recovery of large amounts of bacteriophagé (Sambrook et.
al.**) were generally used with slight modifications. A 5 ml culture of NZYCM was
inoculated from a single colony of SRB and grown overnight at 37°C on a rotary shaker

(200 rpm/minute). One ml of this culture was used to further inoculate a 500 ml culture
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of NZYCM which was grown at 37°C (with shaking) to mid-log phase (ODgp= 0.5),

10" PFU of bacteriophage was added and further incubated until lysis of the bacteria
occurred (3-4 hours). Ten ml of chloroform was added to the flask and incubated a
further 10 minutes with shaking lysing the bacterial culture. The flask was stored
overnight at 4°C. The cultures were warmed to room temperature and 500 ug of
pancreatic DNAse and RNAse (Sigma Chemicals, St. Louis Mo.) added and allowed to
incubate at room temperature for 30 minutes. NaCl was added to a final concentration
of IM (29.2 g) and allowed to dissolve. The solution was cooled on ice for 1 hour.
Debris was isolated by centrifugation at 11 000 X g for 10 minutes at 4°C. PEG 8000
(Sigma) was added to the recovered supernatant at a final concentration of 10%(w/v) and
allowed to dissolve for 1 hour with slow stirring. The solution was cooled on ice for 1
hour to allow bacteriophage particles to precipitate. The particles are recovered by
centrifugation at 11 000 x g for 10 minutes at 4°C. The supernatant was removed and
the pellet resuspended in 8 ml of SM. The PEG 8000 was removed by a v:v
phenol/chloroform extraction. The aqueous phase was recovered, and CsCl added (0.5
g per ml), giving a final density of 1.05 g/ml. This solution was layered onto the top
layer of a discontinuous CsCl step gradient. The step gradient was prepared by layering
10 ml each of 3 different densities of CsCl in SM (1.7 g/ml, 1.5 g/ml, 1.45 g/ml). The
step gradient was centrifuged at 22 000 rpm for 2 hours in an SW 28 swinging bucket
rotor (Beckman Instruments). Four to five ml of bacteriophage particles were recovered

from the 1.45/1.5 g/ml interface.
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ii) Extraction of Bacteriophage Lambda DNA

The recovered phage was placed in Spectrapor 4 dialysis membrane (Spectrum
Medical Instruments Inc. Los Angeles CA.) and dialysed twice for 1 hour each against
4 L of 2 10 mM NaCl, 50 mM Tris, 10 mM MgCl, solution. The dialysed solution was
transferred to a centrifuge tube, and EDTA was added to a final concentration of 20 mM.
Proteinase K was added at 50 ug/ml followed by SDS to a final concentration of 0.5%
(w/v). The solution was incubated at 65°C for 1 hour and gently extracted using V:V
phenol/chloroform. The aqueous phase was dialysed overnight at 4°C against 4 litres of
TI10El. The DNA was precipitated by EtOH precipitation and quantified by

spectrophometric analysis yielding between 100-1500 ug of bacteriophage DNA.

J) Mapping and Subcloning of Lambda Phage Inserts

i) Mapping of Lambda Phage Inserts

The quality of the bacteriophage DNA was assessed by restriction enzyme
digestion and agarose gel electrophoresis. The DNA was judged to be of good quality
if intact bands were observed, and an insert of the appropriate size could be liberated by
restriction enzyme digestion. Once the DNA was judged suitable, 5-8 ug of phage DNA
was digested with 10 units of the restriction enzyme Not I for 1 hour, removing the
recombinant insert. Once this digestion was complete 3-5 units of either Nde I, Eco RV,
or Hinc II restriction enzymes were added to the reaction and an aliquot immediately
removed and transferred to a 0.5 M EDTA solution, effectively stopping the digestion.

Samples were taken in this manner at times of 1,3,5,10,15, and 60 minutes, producing
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a set of partial digestions. The resulting digestions were resolved on a 1% agarose gel
(0.5X TBE) and transferred to a support matrix as described. The Southern blots were
probed by radiolabelled T3 oligo (as described) and exposed to X-ray film. The Southern
blot was stripped of the T3 probe (30 minutes at 95°C in 1% SDS, 0.1% SSC) and re-
probed with the T7 oligo. The T7 probe was then stripped (as above) and the blot re-
probed using the specific screening oligonucleotide.

i) Subcloning of Lambda Phage Inserts

Once the restriction map was determined, inserts suitable for subcloning were
identified based upon the size of fragment, and the compatability of the digested ends
relative to the multiple cloning site of the vectors used. From 5-8 ug of phage DNA was
digested by the appropriate restriction enzymes. The digestion was resolved on an
agarose gel, and the appropriately sized fragments isolated and eluted as described.
Eluted DNA was ligated into either pBluescript, or pBluescribe (Stratagene). From 50-
150 ng of recovered insert DNA was mixed with 50 ng of Calf Intestinal Phosphatase
(CIP) (Boehringer Mannheim) treated plasmid and incubated with T4 DNA Ligase (USB)

under standard reaction conditions, either at 16°C overnight or at 4°C for 72 hours.

K) Transformation of Competent Escherichia coli
1) Heat-Shock transformation of DHS5«
a) Preparation of Competent Cells
A 5 ml overnight culture of SOC was inoculated from a single colony of

DH5« and grown overnight at 37°C with shaking. One ml of this overnight was used to
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inoculate a 100 ml culture of SOC which was grown for 2-3 hours with shaking to an
ODy, of approximatly 0.46. The culture was incubated on ice for 5 minutes, pelleted for
10 minutes at 3K rpm, and the supernatant poured off. Pellets were resuspended
immediately in 33 ml FSB and centrifuged for 5 minutes at 1.5K rpm. The supernatant
was discarded and the pellet resuspended immediately in 8 ml FSB. The cells were
centrifuged for 5 minutes at 1.5 K rpm, and the supernatant discarded. A 280 ul aliquot
of DMSO was added and the cells placed on ice for 5 minutes. A further 280 ul of
DMSO added, and placed on ice for 10 more minutes. Six hundred ul aliquots of the cell

suspension were flash-frozen in a dry ice/ethanol bath.

b) Transformation of DHS5« by Heat Shock.

One pul of a ligation reaction (generally 5 ng) was added to 20 ul of
competent cells (previously thawed on ice) and incubated on ice for 30 minutes. The cells
were heat shocked by placing them at 42°C for 60 seconds, and placed back on ice.
Eighty uL of SOC media was added and incubated for 1 hour at 37°C with shaking.
From 10-100 ul of the transformation was plated on selective media (LB-AMP) and
incubated overnight at 37°C. The selective media also contained 5 mg IPTG and 1 mg

X-gal per plate. White transformants were selected for further evaluation.

i1) Electroporation of DHS«
a) Preparation of Competent Cells

A 5 ml culture of LB was inoculated from a single colony of DH5« and



50

grown overnight at 37°C with shaking. One ml of this culture was used to inoculate a
1L culture of LB which was grown with shaking to an ODgy= 0.5 - 0.7. The culture
flask was chilled on ice for 15-30 minutes and centrifuged at 4000 x g for 15 minutes.
The media was poured off, the culture resuspended in 1 L of 10% Glycerol and
centrifuged again (as above). The cells were resuspended in 500 ml of 10% glycerol,
centrifuged again, resuspended in 30 ml of 10% glycerol, spun down a final time and

resuspended in 4-6 ml of 10% glycerol. The cells were frozen in aliquots on dry ice.

b) Electroporation of competent cells

Electroporation was performed in a Gene Pulser™ device (Bio-Rad
Richmond CA..). Fourty ul of cells and 1-2 ul of DNA (5-10 ug) were mixed in a sterile,
chilled 0.1 cM cuvette. The cells were pulsed at 2.5 kV, with a resistance of 200 ohms.
The charging voltage was 1.8 kV, with a direct field strength of 12.25 kV/cM and a
pulse length of 4-5 mSec. The cuvette was removed from the chamber and the cells
resuspended in 1 ml of SOC media. The cells were transferred to a sterile test tube and

incubated at 37°C for 1 hour. Ten to twenty ul of cells were plated on selective media.

L) Boiled Preps for Plasmid Preparation
A5 ml culture of BHI-Amp or LB-Amp was inoculated from a single colony and
grown overnight at 37°C with shaking. A 1.5 ml aliquot of the culture was centrifuged

at 12 000 rpm for 1 minute, the supernatant removed and the pelleted bacteria
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resuspended in 350 ul of Boiled Prep Buffer (BPB). Twenty-five ul of freshly prepared

lysozyme (10 mg/ml in BPB) was added, vortexed, and incubated at room temperature
for 1 minute. The tube was placed at 95°C for 1 minute, and centrifuged at 12 000 rpm
for 15 minutes. The resulting slimey, insoluble pellet was removed with a sterile
toothpick. 200 ul of 7.5 M NH,OAc, and 600 ul of isopropanol were added and
incubated for 15 minutes at room temperature. The mixture was centrifuged for 15
minutes at 12 000 rpm, the supernatant discarded, and the pellet allowed to air dry. The

pellet was resuspended in 50 ul of T10E1L containing 10 ug/ul of RNAse A.

M) Small Scale Purification of Plasmid DNA for Sequencing

A 5 ml culture of BHI-Amp or LB-Amp was inoculated from a single colony and
grown overnight at 37°C with shaking. A 1.5 ml aliquot of the culture was spun down
at 12 000 rpm for 2 minutes and the supernatant removed, leaving the pellet as dry as
possible. The pellet was resuspended in 100 ul ice cold plasmid preparation solution I,
mixed by inversion and incubated for 5 minutes at room temperature. Two hundred ul
of plasmid preparation solution II was added, gently mixed and incubated on ice for 5
minutes. Finally, 150 ul of plasmid preparation solution III was added, mixed and
incubated on ice for 5 minutes. The mixture was centrifuged for 5 minutes at 12 000
rpm, the supernatant transferred to a new tube, and centrifuged again for 5 minutes at
12 000 rpm. The supernatant was transferred to a new tube, RNAse A added to a final
concentration of 20 ug/ml and incubated for 20 minutes at 37°C. After RNAse A

treatment the solution was extracted using v:v phenol/chloroform and precipitated by the
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addition of 2-2.5 volumes of 100% EtOH followed by freezing on dry ice. The solution

was centrifuged at 12 000 rpm for 15 minutes, the supernatant removed and the pellet
allowed to air dry. The pellet was resuspended in 50 ul T10E1 and 30 ul of a
20%PEG/2.5M NaCl solution added. This was placed on ice for 20 minutes, centrifuged
for 10 minutes, and the supernatant removed. The pellet was rinsed in 70% EtOH,
frozen, centrifuged and air-dried. The pellet was resuspended in 20 ul H,0 yielding

between 9-15 ug of DNA suitable for sequencing.

N) Large Scale Preparation of Plasmid DNA

A 5 ml culture of BHI-Amp or LB-Amp was inoculated from a single colony and
grown overnight at 37°C with shaking. One ml of this culture was used to inoculate 500
ml broth culture of BHI-Amp which was grown at 37°C with shaking to an ODgq, of 0.6
to 0.8. Chloramphenicol was added to a final concentration of 25 ug/ml and incubated
overnight. The culture was centrifuged for 20 minutes at 4000 rpm, the supernatant
removed, and the pellet resuspended in 10 ml plasmid preparation solution I containing
lysozyme (5 mg/ml). This was incubated for 5 minutes at room temperature. Ten ml of
plasmid preparation solution II was added, gently mixed, and placed on ice for 10
minutes. Finally, 7.5 ml of plasmid preparation solution III was added, gently mixed
again, and incubated on ice for a further 10 minutes. The solution was centrifuged at 15
000 rpm for 30 minutes at 4°C and the supernatant transferred to another tube. Thirteen
and a half ml of isopropyl alcohol was added and incubated at room temperature for 15

minutes. The solution was centrifuged at 12 500 rpm for 30 minutes at room temperature
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and the supernatant removed. The pellet was resuspended in 8 ml T10E1, to which 8.4
grams of CsCl, 500 u! of ethidium bromide, and 250 ul of 10% sarkosyl was added. The
mixture was then heat sealed in a 15 ml Beckman ultracentrifuge tube and centrifuged
at 50 000 rpm for 18-24 hours on a Beckman L8-70M model ultracentrifuge. The
plasmid band was extracted and brought up to 5 ml volume with sterile H;0. An equal
volume of isoamyl alcohol was added, mixed, and the organic layer removed and
discarded. This was repeated until both phases were clear and all the ethidium bromide
was removed from the aqueous phase. Two volumes of 100% EtOH were added and
precipitated at -20°C for 30 minutes. The DNA was recovered by centrifugation at 8 000
rpm for 15 minutes. The DNA pellet was resuspended in 500 ul of TI0E1 and a final

EtOH precipitation was done to remove any excess salt.

O) Sequencing Reactions/Acrylamide Gel Preparation

The sequencing of plasmid DNA was carried out following the instructions of the
Sequenase™ kit (USB Cleveland Ohio) with slight modifications, briefly the reactions
were carried out as follows.

1) Denaturing Supercoiled Plasmid

Alkali denaturation of 3-4 ug of plasmid was performed in 0.2 N NaOH for 5
minutes at room temperature. The reaction was neutralized/precipitated with 1/10 volume
2M NH,OAc and 2 volumes of 100% EtOH. The reaction was frozen on dry ice,
centrifuged at 12 000 rpm for 15 minutes, the supernatant discarded, and the pellet

washed with 70% EtOH.
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i1) Sequenase™ reactions

The denatured DNA was resuspended in the presence of 1 picomole of primer,
2 pl of Sequenase buffer, and 7 ul of H,0. The primer/template mixture was incubated
at 65°C for 15 minutes and cooled to room temperature for 15 minutes. The annealed
primer/template was labelled by the addition of 1 ul 0.1 M DTT, 2 ul (1/10 dilution)
labelling mix, 0.5 ul of &S dATP (10 uCi/ul), and 2 ul (1/8 dilution: 1.6 units final)
Sequenase™ V2.0. The reaction was mixed and incubated for 5 minutes at room
temperature. 3.5 ul of this labelling reaction was transferred to 2.5 ul of each of the four
ddNTP termination tubes (ddCTP, ddTTP, ddATP, ddGTP) at 8 uMolar ddNTP/ 80 uM
dNTP, mixed, and the reaction allowed to proceed for 5 minutes at 37°C. The reaction
was stopped by the addition of 4 ul of stop solution. Each of the four ddNTP termination
reactions was heat denatured for 3 minutes at 95°C before resolution on an acrylamide

gel.

ili) Acrylamide Gel Electrophoresis

The reactions were resolved on a combination of 4% and 8% 7M urea, 19:1 bis-
acrylamide gels. Each reaction usually allowed one 8% run along with a 4% double run,
allowing the reading of sequence 500-600 bp away from the primer. Gel’s were prepared

as described below:
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8% Acrylamide 4% Acrylamide

Urea 63 grams 63 grams

10X TBE 7.5 ml 7.5 ml
40% Acrylamide Stock 30 ml 15 ml

H,0 60 ml 75 ml

The gel preparation was mixed by stirring for approximately 30 minutes to allow the urea
to dissolve. Then, 1.5 ml of 10% Ammonium persulfate (APS) and 75 ul of TEMED
was added to the gel preparation and poured between the cleaned and taped IBI vertical
electrophoresis plates (International Biotech Inc. New Haven CN.). The gel was allowed
to polymerize from 1 to 16 hours before the gel apparatus was set up. An 8% gel was
usually run at 30-50 mAmps for 3-4 hours. A 4% double run gel was run at 30-50
mAmps for 3-4 hours, the samples re-loaded into empty lanes and run for an additional
3-4 hours. The gel was disassembled and fixed for 30 minutes in 5% acetic acid/7%
methanol, followed by rehydration for 30 minutes in ddH,0. The gel was lifted from the
plate by absorption to a sheet of filter paper and vacuum dried at 80°C for 1 hour. The

dried gel was exposed to X-ray film overnight at room temperature.

P) Sequence Analysis of Subcloned Fragments
Sequence data obtained was entered using the MICROGENIE sonic digitiser and
analyzed using the MICROGENIE software package provided with the instrument.

Analysis of the data usually consisted of merging sequence data obtained from a single
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primer, and merging of opposite strands. Sequence data was also screened against

possible contaminant organisms (lambda phage DNA, plasmid DNA, etc.).

Q) Secondary Structure Analysis of Putative snRNA’s

Secondary structure analysis of putative snRNA’s were carried out using the
computer program PC-Fold. This computer program uses the mathematical free energy
calculations of Zuker et al®. in designating potential secondary structures of both DNA
and RNA. The putative snRNA’s were analyzed using this program and by comparison

with the previously published secondary structures of snRNA’s from other organisms.

R) Polymerase Chain Reactions

Reaction conditions for PCR were as follows: from between 10-100 ng of S.
mansoni (egg) DNA was used as a template in the following final concentration of
cocktail reagents. 1 X PCR buffer : (1 mM Tris-Cl, 50 mM KCI, 1.5 mM MgCl,, 0.001
% (w/v) gelatin), 0.2 mM deoxynucleotide triphosphate, 0.5 uM of primers, and 2.5
units AmpliTaq DNA polymerase (Perkin Elmer Cetus) in a final volume of 100 ul. The
entire mixture was overlaid with mineral oil, and placed in a Model 7200 thermal cycler
(Perkin Elmer Cetus). The amplification protocol for the thermal cycler was as follows:
30 cycles of denaturing at 94°C for 1 minute, annealing at 45°C for 1 minute, and

extension at 72°C for 1 minute, followed by a final extension at 72°C for 7 minutes.
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S) Primer Extension Reactions

1) Labelling of Primers

Radiolabelling of 100 ng of primer was completed as described for hybridisation
reactions, with the following changes; the final kinase reaction was resuspended in a 20
uL volume (5 ng/ml rather than 1 ng/ml), and the reaction was not run through a spun
column (unincorporated 4**P-ATP was not removed).

if) RNA Sequencing technique

Five ng (1 pl) of the oligonucleotide primer was mixed with 10 ug of total RNA
in an annealing buffer (250 mM KCl, 10 mM Tris-HCI (pH 8.3)) in a total volume of
12 ul. The mixture was heated at 80°C for 3 minutes then incubated at a restrictive
temperature (Tm - 5°C) of the oligonucleotide; 48°C for U2-probe, 43°C for U4(2)-
probe, and 53° for U6-probe. Two pl of the annealed primer-template combination was
added to 4 separate termination reaction tubes that contained 3.3 ul of reverse
transcription buffer (24 mM Tris-Hcl (pH 8.3), 16 mM MgCl, 8 mM dithiothreitol, 0.4
mM dNTP’s, 100 pg/ml actinomycin D, and 5 units AMV Reverse Transcriptase
Superscript (Gibco-BRL)), and 1 ul each of four ddNTP’s (ddCTP, ddTTP, ddATP,
ddGTP) at 1 mMolar. The reaction was incubated for 45°C for 45 minutes. The reaction
was stopped by the addition of 2 ul of stop solution (100% formamide with 0.3%
bromophenol blue and 0.03% xylene cyanol). The reaction mixture was then heated for

3 minutes at 95°C and loaded on a polyacrylamide sequencing gel (as described).
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Results

Cloning and Characterisation of the Ul snRNA

Evaluation of Ul-probe for Screening a Library

To assess the usefulness of the Ul-Probe in screening the S. mansoni genomic
library (constructed as described earlier) a set of northern and southern analyses were

'

performed using this oligonucleotide. As can be seen in figure #12 the Ul-probe clearly
recognised a single band of 172 nucleotides in length in the Northern blot of S. mansoni
A(-) RNA. This demonstrated that the probe was recognizing a single transcript of non-
polyadenylylated (A-) RNA of 172 nucleotides in length. The size of the RNA fragment
recognized fell within the size range of Ul snRNA’s already identified®. In figure #13
the Ul-probe oligonucleotide was used to probe a Southern blot of genomic S. mansoni
DNA digested to completion with the restriction endonucleases; Bam H1, Eco R1, Sau
3A and Sma 1. Digestion was estimated to be complete as a vast excess of restriction
endonuclease was used, as well digestion was allowed to take place for an extended
period of time (overnight). The probe clearly recognized multiple bands with varying
intensities. This suggested that the DNA sequence reéognised by the Ul-probe existed
in multiple copies in the genome. Therefore the Ul-probe was used to screen the

genomic library for DNA fragments containing Ul or Ul-like snRNA genes.
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Figure 12: PAGE Northern Analysis of snRNA Probes

6 pg of A(-) RNA was resolved on an acrylamide gel, transferred and probed with the
indicated screening oligonucleotides. Molecular weight markers are indicated on the left
for the Ul and U2 probes, and on the right for U4, U5 and U6 probes.
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Figure 13: Southern Analysis of Ul and U2 Oligonucleotide Probes

2 pg of DNA was digested to completion with restriction enzymes; Lane A: Bam H1,
Lane B: Eco R1, Lane C: Sau 3A, Lane D: Sma 1. The DNA was resolved on an
agarose gel, and transferred. The blot was then probed with the indicted oligonucleotide

probe. Numbers at left are Molecular weight markers.
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Screening a Genomic Library for Ul snRNA clones

With the utility of the probe established by the Northern and Southern analyses,
the genomic library was screened. Approximately 600 000 plaque forming units (PFU’s)
of recombinant lambda phage were screened using the Ul-Probe. Four positive clones
were identified and purified. They were labelled as Ulcl, Ulc2, Ulc3, and Ulc4. These
bacteriophage clones were amplified, grown in large scale, and the recombinant phage

DNA extracted and purified as described.

Mapping of Ul Genomic Clones

The insert of the Ulcl clone was initially characterised by restriction enzyme
digestion and agarose gel electrophoresis. The insert was found to be 14 KB in length.
Restriction enzyme mapping of this insert was carried out as described. The insert DNA
within the multiple cloning site of the Fix II vector was removed from the bacteriophage
arms by a complete Not-1 restriction endonuclease digestion. This digestion resulted in
the release of the insert DNA flanked at its 5’ and 3’ ends by the characterised T3 and
T7 bacteriophage promoter binding regions. The 5’ and 3’ regions could be readily
identified by oligonucleotide probes complementary to either the T3 or T7 promoter sites
(T3 or T7 probe). A series of incomplete digestions by different restriction enzymes
(Hinc II, Eco RV and Nde I) produced a nested group of fragments of various lengths.
Resolution on an agarose gel, followed by southern transfer, and subsequent é;obing by
the T3 or the T7 probe demonstrated the size of each fragment containing the T3 or T7

region. Since these T3 and T7 regions were located at the 5* and 3’ ends of the released
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insert, the location of specific restriction enzyme sites from either end of the insert were
identified. Based upon the sizes of the incompletely digested restriction enzyme fragments
a complete restriction enzyme map of the insert was generated. The predicted result was
the presence of larger fragments at the shorter digestion times (with fewer cuts, more
chance of obtaining larger fragments) with the smallest fragments being present at the
longer digestion times (longer time to cut, more sites digested, producirig shorter
fragments). Southern blots of these digests were used to pinpoint the possible location
of potential SNRNA genes by stripping them and probing with the snRNA probe. By
comparing bands recognised by the snRNA probes with bands identified by the T3 or T7
mapping of restriction enzyme sites, the location of the snRNA gene from the T3 or from
the T7 end was determined. The map of Ulcl is presented in figure #14. This map was
used to identify regions suitable for subcloning and sequencing. Two different sized
fragments were targeted for subcloning; a 0.5 Kb Hinc II fragment, and a 1.9 Kb Hinc
II/Not 1 fragment. These fragments were isolated by agarose gel electrophoresis and
subcloned into the sequencing vector pBluescript SK+. The sequencing vector
pBluescript SK+ contains a multiple cloning site inserted into a (3-galactosidase gene
which allows for blue/white colour selection of any recombinant plasmids. Any bacterial
colonies containing inserts were selected and the recombinant plasmids tested for the
presence of the expected insert by restriction enzyme digestion, followed by agarose gel

electrophoresis.
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Figure 14: Restriction Map of Clone Ulcl Lambda Phage Insert (14 Kb)

The restriction map of Ulcl is indicated above, the letters indicate the specific restriction
enzyme sites, while the dark box indicates the region of the insert recognised by the Ul-
Probe. Regions targeted for subcloning are indicated by the arrows (not to scale).
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Inserts of the expected size were then sequenced. However, after repeated
ligations it proved difficult to obtain fragments of the expected size. Some of the
aberrantly sized fragments were sequenced and these data suggested that an unexplainable
recombination event was occurring. The positive clones often contained elements of the
lambda phage arms along with the expected S. mansoni insert DNA. The reason for this
recombination was unclear, as the host E. coli strain was recombination deficient in the
standard E. coli recombination mechanisms. Due to time constraints, further
characterisation of Ul clones was abandoned so that more attention could be placed on

the characterisation of the other snRNA’s of interest.

Cloning and Characterisation of the U2 snRNA

Evaluation of U2-probe for Screening a Library

To assess the utility of the U2-Probe for screening the S. mansoni genomic library
a set of Northern and Southern analyses were performed. As indicated in figure #12, the
U2-probe recognized a single band of 212 nucleotides in the Northern blot of S. mansoni
A(-) RNA. This indicates that the probe recognized a single non-polyadenylylated
transcript of 212 nucleotides in length. The size of the RNA fragment recognized was
within the range of U2 snRNA’s already described®. In figure #13 the U2-probe
oligonucleotide was used to probe a Southern blot of genomic S. mansoni DNA digested
to completion with the restriction endonucleases Bam H1, Eco R1, Sau 3A and Sma 1.
The probe recognises multiple bands with varying intensities. Similar to the results from

the Ul-probe discussed earlier the data suggests that the fragment recognised exists in
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multicopy, and that the product recognised may exist in some sort of repeat motif
(described in discussion). These data suggested that the U2-probe recognised the U2
snRNA, as well as genomic copies of either the U2 snRNA gene or U2 snRNA

pseudogenes and was therefore useful for screening the S. mansoni genomic library.

Screening a Genomic Library for U2 snRNA Clones

With the utility the U2-probe established by the Northern and Southern analysis,
screening of the constructed genomic library was completed. Approximately 200 000
plaque forming units (PFU’s) of recombinant lambda phage were screened (as described)
using the U2-Probe. Six positive clones were identified and purified. They were labelled
as U2cl to U2c6. These clones were amplified, grown in large scale, and recombinant

phage DNA extracted and purified as described.

Mapping of U2 Genomic Clones

The insert of the U2-3 clone was characterised by restriction enzyme digestion
and agarose gel electrophoresis. The insert was found to be 13 KB in length. Restriction
enzyme mapping of this insert was carried out as described for the Ul genomic clones.
The map of U2c3 is presented in figure #15. This map was used to identify fragments
suitable for subcloning and sequencing. Two sizes of fragments were targeted for
subcloning a 1 KB Xho I fragment, and a 0.7 KB Nde I fragment. These fragments were

isolated and subcloned into the sequencing vector pBluescribe SK+. Recombinant
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plasmids were identified by colour selection and the presence of the expected sized insert

confirmed by restriction enzyme digestion.

Sequence Analysis and Identification of a Putative U2 snRNA

The clones resulting from the ligation of the inserts into pBS were sequenced
using the T3 or T7 oligonucleotides as primers. The resulting sequences were analyzed
using the software described and used to generate a complete sequence of the insert. (See
Figures #16 and #17. These sequences were then used to identify regions corresponding
to the U2-Probe oligonucleotide. The sequence of the putative U2 snRNA (pU2 snRNA)
was determined based upon the following; i)the predicted size of the U2 snRNA from the
northern analysis data, ii)the location recognised by the U2 screening oligonucleotide
which could be determined by the published U2 sequence data and iii)the primer

extension sequence of the 5/ end of the U2 snRNA.
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Figure 15: Restriction Map of Clone U2c3 Lambda Phage Insert (13 Kb)

The restriction map of U2¢3 is indicated above, the letters indicate the specific restriction
enzyme sites, while the dark box indicates the region of the insert recognised by the U2-
Probe. Regions targeted for subcloning are indicated by the arrows (not to scale).
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10 20 30 40 50 60
TATGAAGCAR CACGTATTTG TGAATTGAGG TGAAGTGAAG TGARATAAAT TGTATATIGT
70 80 S0 100 110 120
ATTTGGTGAG ATTGIGATTG TTIGTGTCGAR TAGATTGAAT TGATGTIGAT GTATGAACTG
130 140 1s0 160 170 180
ITTGATIGAT GGAGAGACGG AAGGACTARG GGACGGACTA GTGICIGTIG AAGATGAAIF
190 200 210 220 230;-;;'J 240
GTATATATTG ATTGGTGTIGC AAGGCAACTG TATTGTTTGA TTAATGGGCC AATCCTCGAG
250 260 270 280 290 300
GCRATGCAAT ACGAGGCCGA CCCGTGGACG GTTGAGCARG CTCACAGCAC CCGTCTGGAG
310 320 330 340 350 360
GIGAARAATA CAGGTAATTT CATTGGTCTC AGTTTAGAGA CCGTTGCAGA AATTACACTG
370 380 380 400 410 420
CARRGHKACAY ATACTACACH TGATGITAGC TCAGAGCAGC GAGAAGCGAC AAGCATGTAC
430 440 450 460 470 480

CGACCRARAC CCACACAAAT GCATCACTCC GATACATTGC ACTCACTIGCA TCATTTCGAR

490 500 510 520 530 540
GCATCACTCA GTCACARACAC TATGCATTCA CATCACCCRA CATCGCACCA ATTCATCCGC

550 560 570 580 590 600
CITCTTTCAT CACTCCACAC TATACRAATC ACTTGCCACA TCTAACTCAA TATGCAABRAT

610 620 630 640 650 660
AGCAAARTCA CITCARCICT ACTACACATG AACARRCACGC CTTATACTAC TTAATTCAAR

670 680 €90 700 710 720
ATACAGCGAC TTATTGCATT ATCACCCACA ACATCGCATC TATCCAAACG TCICTCAGTG

730 740
TACACGCAGA CACGTACATA

Figure 16: Nucleotide Sequence of U2c¢3 0.7 Kb Nde I Fragment

Underlined regions are sequence complementary to the pU2-snRNA. The region is
complementary to nucleotides 212 to 1 of the pU2 snRNA. Boxed regions correspond to
the sequence of the screening oligonucleotide, while sequence in italics (385-410) is
complementary to the primer extension sequence data.
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10

20

30

40

50

60

ICGAGGCAAT GCAATACGAG GCCGACCCGT GGACGGTTGA GCARGCTCAC AGCACCCGTC

70

80

90

100

110

120

IGGAGGTGAR ARATACAGGT AATTTCATTG GTCTCAGTTT AGAGACCGTT GCAGARATTA

130

140

150

160

170

180

CACTGCARAG [BECHECATH ACACATGA TTAGCTCAGA GCAGCGAGAA GCGACAACGA

190
TGTACCGACC

250
TTGCRAGCAT

310
ATCCGCCTTC

370
CARATAGCAA

430
TTCARATACH

490
GTIGTACACGC

550
ACACRACCAT

610
CRACTAACRA

670
TATGAACACC

730
CATAGAATCG

790
ATAAATTGTA

850
GTTGATGTAT

910
CIGTTGAAGA

970
TGGGCCAATC

200

210

220

230+

240

ARARCCCACA CAAATGCATC ACTGATCATA CATTGCACTC ACTGCATCAT

260
CACTCRGTCA

320
ITTCATCACT

380
ATCACTTCAA

440
GCGACITATT

500
AGACACGTAC

560
TATCACTACC

620
CACATGTAGC

680
AACAGAACAC

740
TGCGCRTATG

800
TATTGTATIT

. 860
GAACTGTTTG

920
TGAATTGTAT

TCGA

270
CAACACTATG

330

280

290

300

CATTCACATC ACCCAACATC GCACCARTTC

340

350

360

CCACACTATA CAAATCACIT GCCACATCTA ACTCARTATG

390

400

410

420

CICTACTACA CATGARACRAC ACGATCCTITA TACTACTTAA

450

460

470

480

GCATTATCAC CACACATCGC ATCTATCARA TCGTCICICA

510
ATATGCTICAC

* 8§70
GATAACRATG

. 630
ACTCITACARC

690
CGACACGATA

750
ADGCAACACG

810
GGTIGAGATTG

870
ATTGATGGAG

930
ATATTGATTG

520

530

540

AAGTCATTGA CICACTCTCA CCTACACATA

580
CCACAACCAR

€40
TATCAATACC

700
GCGATGACAR

760
TATTTGTGAR

820
TGATTGTTGT

880
AGACGGARRGG

940
GTGTIGARGG

590
TTAGRACACC

650
AATACCACCA

710
GIGTTCAGTG

770
TTGAGGTGAR

830
GTCGAATAGA

850
ACTARGGGAC

S50
CAACTGTATT

600
ACARRRAGCA

660
ACACCATGAC

720
ITCARTTGCA

780
GTGAARGTGRR

840
TTGAATTGAT

S00
GGACTAGTGT

960
GTTTGATTARA

Figure 17: Nucleotide Sequence of U2c3 1 Kb Xho I Fragment

Underlined regions are complementary to the pU2-snRNA. The first region is
complementary to nucleotides 174 to 1 of the pU2 snRNA, while the second region is
complementary to nucleotides 212 to 174 of the pU2. Boxed regions correspond to the
sequence of the screening oligonucleotide, while sequence in italics (151-175) is
complementary to the primer extension sequence data.
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Primer Extension Analysis of U2-probe

In an attempt to generate some preliminary data it was decided to perform primer
extension sequencing using the U2-probe screening oligonucleotide as a primer. The
primer extension analysis using the U2-Probe was expected to produce sequence for the
first 26 or 27 nucleotides of the U2 snRNA at the 5’ end, based upon the binding
position of the U2-probe (27-46). Readable sequence was generated for the first 25
nucleotides. These data validated the sequence data from the two subclones (See Figures
#16 and #17) and also confirmed the sequence of the 5’ end of the pU2 snRNA. An

example of such sequence data is presented in figure # 18.

Secondary Structure Analysis of pU2 snRNA
The secondary structure and possible folding patterns of the pU2 snRNA was

determined by comparison to previously published U2 snRNA folding patterns, as well
as computer assisted modelling based on the method of Zucker®®. As can be seen in
Figure #19 the pU2 snRNA could be folded with a number of stem-loop structures. The
overall shape of this folded pU2 is strongly suggestive of the folding pattern of U2
snRNA’s from other species. In addition to this structural analysis the sequence of the
U2 snRNA was compared to published sequences of the U2 snRNA’s from other species

(See Figure #20).
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U2 Primer U6 Primer

147

123
110

90
Molecular

Sizes in
Nucleotides 76

34

CTAG 1 CTAG 23

Figure 18: Primer Extension Sequencing Using The U2 and U6 Oligonucleotide
Probes.

Primer extension sequencing for the U2 Primer is indicated on the left, and on the right
for the U6 Primer. CTAG indicate the presence of the specific ddNTP’s in the reaction
mix. (1) and (2) are the labelled U2 and U6 probe respectively. (3) is a primer extension
reaction using the U6 probe without ddNTP’s in the mix.



72

(A)

pPU2snRNA

10 20 30 40 50 60
GUCGCUUCUC GCUGCUCUGA GCUAAGAUCA UGUGUAGUAU CUGUUCUUUG CAGUGUAAUU

70 80 S0 100 110 120
UCUGCAACGG UCUCUARACU GAGACCARUG ARAUUACCUG UAUUUUUCAC CUCCAGACGG

130 140 1580 160 170 180
GUGCUGUGAG CUUGCUCAAC CGUCCACGGG UCGGCCUCGU AUUGCAUUGC CUCGAGGAUU

190 200 210
GGCCCAUUAA UCARACAAUA CAGUUGCCUU CA
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Figure 19: Nucleotide Sequence and Potential Secondary Structure of Putative S.
mansoni U2 snRNA

(A) Shows the sequence for the pU2 snRNA. Bold sequence is confirmed by primer
extension analysis, while underlined sequence is the putative Sm site. (B) Shows the
predicted secondary structure of the pU2 snRNA.
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PU2sSnRNA 1
CONSENSUS 1
C. elegans 1
Human 1
L. enriettiil
Rat 1
T. bruceii 1
PU2snRNA 57
CONSENSUS 58
C. elegans 59
Human 59
L. enriettiiss
Rat 58
T. bruceii 57
pU2snRNA 117
CONSENSUS 116
C. elegans 116
Human 116
L. enriettii
Rat 11s
T. bruceii 115
pU2snRNA 176
CONSENSUS

C. elegans 175
Human

L. enriettii
Rat 175
T. bruceii

UCGCUUC UCGcugcucUgAGCUAAGAUC AuGUGUAGUAUCUGUUCUUugCAGugUA
AUCGCUUC UCGGCUUAUUUAGCUAAGAUC AAGUGUAGUAUCUGUUCUUAUCAGNNUA
AUCGCUUCUUCGGCUUA UUAGCUAAGAUCaAAGUGUAGUAUCUGUUCUUAUCguaulUA

UCagUUuaauauCUghUacguCcucuAUCcgAGgacAaUAlaluaaalggauuuuugg
AUauCUUC UCGGCUUWUUUAGCUAAGAUC AuGUuUUAUaAaCUGUUCUUAUCnnagUA

gAUCGCUUC UCGGCcU UUUQGCUAAGAUC AAGUGUAGUAUCUGUUCUUAUCAGUUUA
AUauCUUC UCGGC UAUUUAGCUAAGAUC AAGUuauuaAaCUGUUCUUAUCAGagUA

AUuUCUGCcaACGGuCUCUanacuGagaccAaugAaAUUACCUGUATTUUUCacCcUCCAGA
AUCUCUGAUACGGNCUCUNANGCGNG NNANNNANAUUANAUGNAUUUUUCGNNUCUAG
AcCUacGgUAuacaCUCgahuGaGuG uaiuaahAggUUAuUAUG AUUUUUgGaacCUAG
AaClUagGAguuGGaalaggA GCuuG cuccguccAcUccAcGeAUcgacCugglaluG
AcucCUGAUAC o

AUaUCUGAUACGucCUCU AucCGaGgachAa uAuAUUAaRUGQAUUUUU GgaaCUAGQ
AUCCCUGAUACGGGC CUuugGCccaagghucadaAcl gulGceeUgUccCGeglucuuc

CG GGugCUguGaGCUUGCUCaacCguCcalgGfucggccucguauugcauugccucgayg
CG GGNNCUNNGNGCUUGCUCCGNCNNCNNCNGGNNN

gG aagaClcgGgGCUUGCUCCGaCuuCeccaatGégucguccuggeguugcacugcugecqg
Ca GuacCUccagGaacGgUgCacCa

aGuuGgaalagGaGCUUGCUCCGuCcaCucCacGcaucgaccugguauugcaguaccuce
CGgGGuuCcacuuGuecGgaCgGagegCgaCgGucge

ga uu ggcccauuaauncaasacaauacaguugccuucaa

ggouc ggeccagu

aggaacggugcacca

Figure 20: Sequence Comparison of pU2 snRNA and Published snRNA’s

A comparison of the pU2 snRNA (Top) with previously published U2 snRNA’s.
Sequences in agreement with the pU2 are in upper case, while sequences in disagreement
are in lower case.
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Preliminary Evaluation of Genomic Organisation of U2 snRNA Genes

Based on data obtained from the sequence analysis of the 1 Kb XAo I fragment
it was determined that this fragment contained the sequence of two portions of pU2-
snRNA’s. Based upon this, and the suggestive evidence from the Southern analysis of the
U2-probe (described in discussion) that the U2-snRNA gene may be encoded in repeat
units, it was determined that the U2 snRNA gene may be present in multiple-copies
in the S. mansoni genome. Based on the sequence data of the 1 Kb Xho I fragment it was
thought that this repeat unit was in a head to tail array. Knowing the sequence of the pU2
snRNA and the surrounding area, oligonucleotide primers were designed to amplify a
complete U2 snRNA gene repeat unit. Primer U2-3'
(AGAATTCTGTTGAAGGCAACTGTATTGTTTG) was complementary to the 3’ end
of the pU2-snRNA, primer U2-5' (AGGATCCAATCAATATATACAATTCATC)
corresponded to the sequence on the opposite strand, just downstream of the 3’ end of
the U2 snRNA. Using these two primers in a PCR reaction permitted the amplification
of a region of genomic S. mansoni that corresponded to an entire U2 snRNA gene, if the
genomic organisation was a head-to-tail tandom array. Preliminary PCR was attempted
using these primers along with T3 and T7 primers to better characterize the genomic
inserts in the bacteriophage vector. The resulting PCR products were slightly anomalous
in that the 5’ primer in combination with the T3 primer gave the same sized product as
the 3" primer and the T7 primer. This was unexpected as the resulting products should
have been quite different in size (based on the genomic map the 5'/T7 product should be

smaller than the 3'/T3 product. This led to the testing of the individual primers in the
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PCR reaction. The use of either the U2-3’ primer, or the U2-5' primer alone led to the
generation of a 700 bp PCR product (see figure #21). The only explanation for this
finding is that the U2 snRNA genes do exist in a repeat organisation, but rather than a
head to tail array, these repeat units exist in some sort of head to head type of array
being encoded on opposite strands. For a diagram of expected PCR products see figure

#22.
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(1(2)(3) (4)(5)(6) Mw

<-- 700 bp

Figure 21: Genomic Organisation PCR of U2 snRNA

PCR reactions were performed as described. Lanes (1-3) are negative controls without
template DNA (H,0) using the U2-5' oligonucleotide, U2-3 oligonucleotide. or U2-5'
oligonucleotide and U2-3’ oligonucleotide together. Lanes (4-6) are the same
oligonucleotide combinations with genomic S. mansoni DNA as template. MW are
molecular weight markers (1 Kb Ladder(Gibco)).
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Figure 22: Predicticted End Results of pU2 snRNA PCR

(A) represents the expected products from the pU2 snRNA PCR if genomic organisation
of the pU2 snRNA is in a head to tail repeat. The PCR product would include an entire
repeat unit, as well one would expect a “ladder" of multiple repeat units being amplified
(1). (B) represents the expected end products using the bacteriophage vector (plus insert)
as template using the T3 and the 5’ primer (1), or T7 and the 3’ primer. The expected
results were not obtained and this led to the testing of the 3’ primer or the 5’ primer
alone as amplification primers. The result was PCR product using a single primer. (C)
represents the head to head genomic arrangement that is one possible explanation for how
PCR product could be generated by either the 3 (1), or 5’ (2) primer.
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Cloning and Characterisation of the U4 snRNA

Evaluation of Ud-probe for Screening a Library

To assess the utility of the U4-Probe for screening the S. mansoni genomic library
a set of Northern and Southern analyses were performed. Initial screening using the U4-
probe was unable to detect any S. mansoni DNA or RNA. It was established that the U4-
probe was not suitable for screening a library, and a second probe was designed (U4(2)-
probe). As indicated in Figure #12, this probe clearly recognized a single band of 142
nucleotides in length in the Northern blot of S. mansoni A(-) RNA. This indicated that
the U4(2) probe recognized a single non-polyadenylylated transcript of 142 nucleotides
in length. The size of the RNA fragment recognized was within the range of U4
SnRNA’s already described®. Figure #23 shows the U4(2) oligonucleotide used to probe
a Southern blot of genomic S. mansoni DNA digested to completion with the restriction
endonucleases Sal 1, Eco R1, and Sau 3A. The probe recognised multiple bands with
varying intensities. Similar to the U2-probe, the fragments recognised existed in multiple
copies, and these multiple copies may exist in some sort of repeat motif. These data
suggested that the probe recognised the U4 snRNA, as well as genomic copies of either
the U4 snRNA gene or U4 snRNA pseudogenes and wass therefore judged useful for

screening the genomic library.

Screening a Genomic Library for U4 snRNA Clones
With the utility of the probe established by the Northern and Southern analyses,

screening of the genomic library was completed. Approximately 400 000 plaque forming
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units (PFU’s) of recombinant lambda phage were screened using the U4(2) probe. Four
positive clones were identified and purified. They were labelled as U4cl to U4c4. These
clones were amplified, grown in large scale, and recombinant phage DNA extracted and

purified as previously described.

Mapping of U4 Genomic Clones

The insert of the U4¢3 clone was characterised by agarose gel electrophoresis.
The insert was 15 KB in length. Restriction enzyme mapping of this insert was carried
out as previously described. The map of U4c3 can be seen in figure #24. This map was
used to identify a region suitable for subcloning and sequencing. A single 0.7 Kb Sau 3A
fragment was targeted for subcloning. This fragment was isolated and subcloned into the
sequencing vector pBluescribe SK+. Recombinant plasmids containing the insert of

interest were isolated as described.

Sequence Analysis and Identification of a Putative U4 snRNA

The clones resulting from the ligation of the inserts into pBluescript SK+ were
sequenced as described using the T3 or T7 oligonucleotides as primers (see figure #25).
The sequence of this insert was used to identify regions corresponding to the U4-Probe
oligonucleotide. Knowing the predicted size of the U4 snRNA from the northern analysis
data, and knowing the sequence recognized by the U4-probe, the sequence of a putative

U4 snRNA was determined (figure #26).
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Figure 23: Southern Analysis of U4 probe

2 ugrams of DNA was digested to completion with restriction enzymes, Lane A: Sal 1,
Lane B: Eco R1, Lane C: Sau 3A. The DNA was resolved on an agarose gel and

transferred. The blot was then probed with the U4(2) oligonucleotide probe. Numbers
at left are MW markers.
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Figure 24: Restriction Map of U4c3 Lambda Phage Insert (15 Kb)

The restriction map of U4c3 is indicated above, the letters indicate the specific restriction
enzyme sites, while the dark box indicates the region of the insert recognised by the
U4(2)-Probe. Regions targeted for subcloning are indicated by the arrows (not to scale).
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10 20 30 40 S0 60
GATCIGIGTA TGGTGTTGTG ACAGAGACTG AGAGACAGTA TAATTGTGGG TCGTAGAARGT
70 80 . S0 100 110 120
GTGCGTGTGT CGGTGTIGTGA GTGTGCGAGC GAGCTAGGTA GCTAGCTAGT CAGCCAGCGA
130 140 i1s0 160 ‘170 180
CGAACATCIG TATTGTGTAA ATTGGGCCAG ATACGGCTAG AAARATTGCA TCCGACAAC?
1s0 200 210 220 230.. " " 240
ATATTTCACG CCATCGGTGC GGGGTATTGG GRGTAG CTAGCAA T CGCGCC
250 260 270 280 230 300
ICAGATAAAC TTCATTGGCT ACGGTACCGC CACTGGCCAR AGTCAACCAG ACARGCCCAA
310 320 330 340 350 360
TCARACACGTA GCCACCACAC CACTCTAACT AAATCTTCAC ACATCCATTT GCACATCAAR
370 380 390 400 410 420
CACTGACACA TACACAAACA CCACACTGRA CAGCACCATT CCACARACAC ACACACACCC
430 440 450 460 470 480
AACATCAACA TACACACCAA AATCARCATT ATCARACCGCA TCAACACCGA ACAACACTGC
490 500 510 520 530 540
TCAGCAACAC TITCCATTCC GTTCACATCA ACCAATCATA CTACTTATAC ACACATTICTC
550 560 570 580 590 600
AGTCGACTCA TGAACARATC GAACATTTCA ACCARARCAA CAACAACAAC AACAACAACA
610 620 630 640 650 660
ACAACAATGA TGATGATGAT GATGATGATG BRAGRAGGAGGA GGAGGAGGAG GAGGATTGTA
670 680 690 700 710 720
ATGACARAAA ACAACARCAR CAACARACAAC ARCRACTGCA TGACAGCGAT GCGAARACAR
730 740
ACACCCACAC ARCARAGGAA GTCATGATC

Figure 25: Nucleotide Sequence of U4c3 0.7 Kb Sau 3A Fragment

Underlined regions are sequences complementary to the pU4 snRNA. The region is
complementary to nucleotides 142 to 1 of the pU4 snRNA. Boxed regions correspond to
the sequence of the screening oligonucleotide.
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pU4snRNA

10 20 30 40 S0 60
GACUUUGGCC AGUGGCGGUA CCGUAGCCAA UGAAGUUUAU CUGAGGCGCG GUUAUUGCUA

70 80 SO 100 110 120
GUUGARRACU ACUCCCAAUA CCCCGCACCG AUGGCGUGAA AUAUCGUUGU CGGAUGCRRU

130 140
UUUUCUAGCC GUAUCUGGCC Ca

Figure 26: Nucleotide Sequence of Putative S. mansoni U4 snRNA

Underlined sequence represents the putative Sm site.
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Secondary Structure Analysis of pU4 snRNA

As the U4 snRNA is most commonly found complexed with the U6 snRNA the
secondary structure and possible folding patterns of the pU4 snRNA were determined in

conjunction with the pU6 snRNA (discussed below).

Cloning and Characterisation of the U6 snRNA

Evaluation of U6-probe for Screening a Library

To assess the utility of the U6-Probe for screening the S. mansoni genomic library
a set of Northern and Southern analyses were performed. As indicated in Figure #12 the
probe clearly recognized a single band of 104 nucleotides in the Northern blot of S.
mansoni A(-) RNA. This indicated that the U6 probe recognized a single non-
polyadenylylated transcript of 104 nucleotides in length. The size of the RNA fragment
recognized was within the range of U6 snRNA’s already described®. Figure #27
indicates the U6-probe oligonucleotide used in a Southern blot of genomic S. mansoni
DNA digested to completion with the restriction endonucleases; Sal 1, Eco R1 and Sau

3A. The probe recognized multiple bands with varying intensities.
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12 Kb

0.5 Kb

Figure 27: Southern analysis of U6 Probe

2 ugrams of DNA was digested to completion with the restriction enzymes; Lane A: Sal
1, Lane B: Eco R1, Lane C: Sau 3A. The DNA was resolved on an agarose gel and
transferred. The blot was then probed with the indicated oligonucleotide probe. Numbers
at left are Molecular weight markers.
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Similar to the data from other snRNA'’s, these data suggested that the sequences
recognised existed in multicopy, and that these sequences may exist in some sort of
repeat motif. These data also suggested that the U6-probe recognised the U6 snRNA, as
well as genomic copies of either the U6 snRNA gene or U6 snRNA psuedogenes and was

therefore useful for screening the genomic library.

Screening a Genomic Library for U6 snRNA clones

With the utility of the probe established by the Northern and Southern analyses
screening of the constructed genomic library was completed. Approximately 300 000
plaque forming units (PFU’s) of recombinant lambda phage were screened using the U6-
Probe. Six positive clones were identified and purified. They were labelled as Uécl to
U6c6. These clones were amplified, grown in large scale, and recombinant phage DNA

extracted and purified as previously described.

Mapping of U6 Genomic Clones

The insert of the U6c3 clone was characterised by agarose gel electrophoresis.
The insert was 13 KB in length. Restriction enzyme mapping of this insert was carried
out as previously described. The map of U6c4 is presented in figure #28. This map was
used to identify regions suitable for subcloning and sequencing. A single 1.4 Kb Hinc
Il/Not 1 fragment was targeted for subcloning. This fragment was isolated and subcloned
into the sequencing vector pBluescribe SK+. Recombinant plasmids were isolated as

already described.
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Figure 28: Restriction Map of U6¢c3 Lambda Phage Insert (13 Kb)

The restriction map of U6c3 is indicated above, the letters indicate the specific restriction
enzyme sites, while the dark box indicates the region of the insert recognised by the U6-
Probe. Regions targeted for subcloning are indicated by the arrows (not to scale).



88
Sequence Analysis and Identification of a Putative U6 snRNA

Clones resulting from the ligation of the 1.4 Kb Hinc II/Not 1 insert into
pBluescribe were sequenced as describe above using the T3 or T7 oligonucleotides as
primers (see figure #29). The sequence of this insert was used to identify regions
corresponding to the U6-Probe oligonucleotide. Knowing the predicted size of the U6
snRNA from the northern analysis data, and knowing the location recognised by the U6-

probe, the sequence of a putative U6 snRNA was determined.

Primer Extension Analysis of U6-probe

In an attempt to generate some preliminary data it was decided to perform primer
extension sequencing using the U6-probe oligonucleotide as a primer. The primer
extension analysis using the U6-Probe was expected to produce sequence for the first 77-
78 nucleotides of the U6 snRNA at the 5' end, based upon the binding position of the
U6-probe. However due to numerous enzyme "crashes" readable sequence was only
generated for the first 22 nucleotides at the 5’ end of the U6 molecule (indicated in figure
#18). Again this extension sequence data validated the U6 subclone (figure #29), and

confirmed the sequence of the 5’ end of the pU6 snRNA (figure #30).
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i0
ATCGTGTAGC

70
CAGCATCACA

130

20
TCACTCGTGG

80
CTGAGTGGTT

140

30

40

SO

60

TGTATCAGGG AGGATGGAGA GTGAGTGAAC TCIGTGGCAT

90

100

110

120

GTGGTGACAG GGAGTGTGGA TTTGGGAGAT GAGAATGGAG

150

160

170

iso

TGTGGAANAT ATGGAACCCT TCACGEE?ET CCGTGTCATC CTTACCACCA GGGGCCATGC

1s0
JARTCTTCTC

250
CACATCACTA

310
TACATCTCAC

370
CATGRCTCCC

430
ATCTACARAT

490
TITTITITAGC

550
ACACAGGTIC

610
CAGAGAGGGT

670
TTCTCAGGTA

730
AATAGGCNGA

790
ATTTTTTTAG

850
TGGGCCARAGC

910
CCATTCATGC

970
GGARGAGGTA

1030
CACATTCCAC

200
TGTRTCGTTC

260
TCTCACTATC

320
ATTGTITTTC

380
ANCRCARRAT

440
CAATCACIGC

500
CCCRAGCCGT

560
ATTGGATCARA

620
AGTGARCTAA

680
TGTACCGTIT

740
ATTCGRARGTG

800
GGGGGTTIGTIT

860
CARGACARCT

820
AGNCCGAGAG

980
ARGCCCTTICC

1040
CNCTGAGAGA

210

220

230..

) 240

CAATTTTAGT ATATGTACCG CCGAAGCAGT ACGGGTTTCG

270
AGTCCATACA

330
TCTACATCAG

390
ACRRCRRCCC

450
CCTCACCCAC

510
TCGACGTCCA

570
CGGTGTGGGC

630
TGCATANATA

690
CATCCACITT

750
GGCAGCCGTC

810
GGGACTACGC

870
TARAGATATT

S30
ATTTTTTTAA

8390
CGAGTRACAC

1050

280
TGTGGTTTGT

340
NTCCAGTCAG

400
CCTGCACCAT

460
TTCTATTIGCA

520
ATCARNCATA

580
CATAACCANA

640
TACCATCATT

700
LAACCGGCGGC

760
AATTTTACCT

820
ATAACCCTTG

880
GGCGGRATAT

540
CTATARACCG

1000
ARARTCARCAG

1060

290
CTCGCACACA

350
CATACACACA

410
CATCRACACA

470
GTAGGGTNGC

530
CARATTANCA

590
ARRATTCATAG

650
CACTCCTACC

710
AGATGTITTA

770
CTGGGGTAGA

830
ARAAGATTATC

830
CARAGCGCGA

S50
CTGATGGARG

i01io0
CATAADTARAC

1070

300
CACTCATGTG

360
CATCAATTTIG

420
CAATTTCRGA

480
CACCCACATC

540
ATCATATAAC

600
CAGTTTICGCT

660
ACTAGAGGGA

720
ARTGAGTCCC

780
TAATGGITTIC

840
CARTCCGCCT

900
TCCATCGAGT

960
CGTTTATGCG

1020
CCCGCTCITA

1080

GGGCATCACA TTAAACCACR CCTATGGTGT ATGCATTTAT

Figure 29A: Nucleotide Sequence of U6¢c3 1.4 Kb Hinc II/Not I Fragment
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1090 1100 1110 1120 1130 1140
TTGCATACAT TCAATCAATT GTTATCTAAG GAAATACTTA CATATGGTTC GIGCARACAR

1150 1160 1170 1180 1190 1200
ACGCAACGAG GCTCTTCGRAA TCGAGAGTGC GTTGCTTAAC GCAATCCCAR TGCTTGGARAC

1210 1220 1230 1240 1250 1260
TGAGRRGACA ACGGAAGCTIG TGGGCGTTGA TAAGTCGCAG ATCATCTGGT GGAAGAGGGA

1270 1280 1290 | . 1300 1310 1320
CIGGATTCCRA ARARGTTCTCA ATGCTGCTTC CTGTTCATGA ATGGGGGGTC GCTGAGGARG

1330
CICGAATGCC GG

Figure 29: Nucleotide Sequence of U6c3 1.4 Kb Hinc II/Not 1 fragment

Underlined regions are sequence complementary to the pU6 snRNA. The region is
complementary to nucleotides 104 to 1 of the pU6 snRNA. Boxed regions correspond to
the sequence of the screening oligonucleotide, while regions in italics (208-229) are
complementary to the primer extension sequence data.
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Secondary Structure Analysis of pU6 snRNA

The secondary structure and possible folding patterns of the pU4/pU6 snRNA
complex was determined by comparison to previously published U6-snRNA folding
patterns, as well as computer assisted modelling based on the method of Zucker®. As can
be seen in figure #30 the pU4 snRNA could be folded with a number of stem-loop
structures. The overall shape of this folded pU4 is strongly suggestive of the folding
pattern of U4-snRNA’s from other species. In addition to this structural analysis the
sequence of the U4-snRNA was compared to published sequences of the U4-snRNA’s
from other species. As also can be seen in figure #30 the pU6 snRNA could also be
folded with a number of stem-loop structures. The overall shape of this folded pU®6 is
strongly suggestive of the folding pattern of U6 snRNA’s from other species. In addition
to this structural analysis the sequence of the U4 and U6 snRNA’s were compared to

published sequences of the U4 and U6 snRNA’s from other species (figure #31 and #32).
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Figure 30: Nucleotide Sequence of pU6 snRNA and Potential Secondary Structure of
pU4 and pU6 snRNA’s

(A) Shows the sequence for the pU6 snRNA. Boxed sequence is confirmed by primer
extension analysis, while underlined sequence is the putative Sm site. (B) Shows the
predicted secondary structure of the pU4/6 snRNA’s.



93

PU4snRNA
CONSENSUS

C. elegans
Chicken

D. melanogaster
Human

House

P. polycephalum
Rat

T. bruceii

pU4snRNA
CONSENSUS

C. elegans
Chicken

D. melanogaster
Human

Mouse

P. polycephalum
Rat

T. bruceii

pULSnRNA
CONSENSUS

C. elegans
Chicken

D. melanogaster
Human

Housge

P. polycephalum
Rat

T. bruceii

b e ot e ot e

118
119
117
iis
116
11s
119

117
112

gA CUUUGgCCAGUGGCGGUACCGUAGCCANUG RaGUUUAUCUGAGGCGCGgUUAUTGE
NAGCUUUGCGCAGUGGCAGUAUCGUAGCCAAUG AGGUUUAUCCGAGGCGCGAUUAUUGE
AGCUUUGCGCUGGGGCgaUAaCGUgaCCRAUG AGGCUUUgCCGAGGUGCGUUUATUGE
NAGCUUUGCGCAGUGGCAGUAUCGUAGCCAAUG AGGUUaAUCCGRAGGCGCGAUUATUGE
AGCUUaGCGCAGUGGCAaUARCCGUAACCARUG AaGecUccCuGAGGUGCGgUUATUGT
NAGCUUUGCGCAGUGGCAGUAUCGUAGCCAAUG AGGUUUAUCCGAGGCGCGAUUAUUGE
gAGCUUUGCGCAGUGGCAGUAUCGUAGCCARUG AGGUUUAUCCGAGGCGCGAUUATUGE
cgaaaUUauaguGauuggccAcCGcAGuggAUGuAGuaccAUuacAaGucuagchcacu
gRaClUUU GCAGUGGCAGUAUCGUAGCCAAUG AGGUUUAUCCGAGGCGCGAUUAUUGC
aAGCcUUGCGCA  GGgAG GU GugARcGechaGalUccUC AGGuGauugUuccaC

UAGUUGARARCURCUCCCARUARC CCCGCaccGAuGgCgUGaAAUAUcGUpGungauGC
UAAUUGARARCUUUUCCCARUAC CCCGCCGUGACGACUUGNAARUAUAGUCGGCAUUGGC
UggUUGARARCUUUUCCCAAUUG CCCGCgalGuc cCcUGaAACAUgGguGGTAUacGC
UAAUUGARAACUUUUCCCARUAC CCCGCCGUGACGACUUGCARUAUAGUCGGCAUUGGC
UAGUUGARAACUUUaaCCAA cC CaCGCCaUG gGACgUGaAAUACCGUCcaCuacGGe
UAAUUGARRACUUUUCCCARUAC CCCGCCGUGACGACUUGCAAUAUAGUCGGCAUUGGC
UARUUGAAARCUUUUCCCARUAC CCCGCCaUGACGACUUGaRAUAUAGUCGGCAUUGGC
UgAUacggAualgUgCuadAaiC CaaGCgcaahaGeucUGcAug

UAAUUGARAACUUUUCCCAAUAC CCCGCCGUGACGACUUGaRAAUAUAGUCGGCAUUGGE
UAgUgcaAuACUaUauCngUACuCCuuCgGgGAaaguUUGcuAcccAccachgUgGGa

ARUUUUTU cuAGcCguauCuGgecta
ARUUUUUGACAGUCUCUACGGAGACUG
AAUUUUUGAACGCCUCUA GGAGgCaGaa
ARUUUUUGACAGUCUCUACGGAGACUGY
AAUUUUUGgaRGCcCCcuUACGagGgClaa
AARUUUUUGACAGUCUCUACGGAGACUG
AAUUUUUGACAGUCUCUACGGAGACUG

AAUUUUU GUCUCUACGGAGACUG

Figure 31: Sequence Alignments of pU4 snRNA and Published U4 snRNA’s

A comparison of the pU4 snRNA (Top) with previously published' U4_ snRNA’s.
Sequences in agreement with the pU4 are in upper case, while sequences in disagreement
are in lower case.
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cu GCUUCGGCcgGUA CAUAUACUAAAAUUGGARCGAUACAGAGAAGA UUAGCA
GU GCUUCGGNAGCA CAUAUACUAARRUUGGAACGAUACAGAGAAGA UUAGCA
GU uClUUCcG AGaA CAUAUACUAARRUUGGARCaRAUACAGAGAAGA UUAGCA

GUgCUcGCUUCGGCAGCA CAUAUACUAARAUUGGAACGAUACAGAGAAGAUUUAGCA

UUUUGUAUCA CAUAUACUARAA UGG CGcU AGCGRuuRagccGge
nGUgccuGCUUCGGCAGCA CAUAUACUAARAUUGGAACGAUACAGAGAAGA UUAGCA
gG agccCUUCGGggaCAucCACAaACUgghAaUucARC ACAGAGAGAAGA UUAGCA

UGGCCCCUGGUgGUARGGAUGACACCGAARAUCGUGAAGGGUUCCAUAUUTUT

UGGCCcCcuG
UGGCCCCUG

CcuUG
UGGCCCCUG
cGGuugCUc
UGGCCCCUG
cucucCCccuG

CGCAAGGAUGACACGCARAUUCGUGARGCGUUCCAUAUUUUY
CGCAAGGAUGACACGCAARUUCGUGAAGCGUUCCAaRUTUTY
CGCARGGAUGACACGCAAAUUCGUGARGCGUUCCAUAUTUTUUU
CGCAAGGAUGACACGCARAUUCGUGAAGCGUUCCAUAUUUUT
aGuhccG UGAgACGCucgagCGaagcGuulgCqulullUlUUguaaa
CGCAAGGAUGACACGCAARUUCGUGRAGCGUUCCAUATUUY
CGCAAGGCUGAugucaAucUUCGaGRganalUagCuliul

Figure 32: Sequence Alignments of pU6 snRNA and Published U6 snRNA’s

A comparison of the pU6 snRNA (Top) with previously published U§ snRNA’s.
Sequences in agreement with the pU®6 are in upper case, while sequences in disagreement

are in lower case.
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Discussion

Identification of Ul, U2, U4 and U6 snRNA’s in S. mansoni

The cloning and characterisation of the Ul, U2, U4 and U6 snRNA’s were
carried out to help understand the mechanism by which certain transcripts are selected
for trahs—splicing, as well as to further understand spliceosome formation and function
in S. mansoni. Based upon the current ideas for the roles of these snRNA’s in splice site
selection, an understanding of the snRNA’s from S. mansoni may provide some
understanding of the splice site selection process in a trans-splicing reaction.
Oligonucleotide probes were constructed based upon published sequences of snRNA’s
from other species and upon conserved areas of the molecules believed to be important
in their function. To insure that these oligonucleotides did indeed recognise potential
snRNA transcripts, as well as potential sSnRNA genes, a series of Northern and Southern
analysis were performed. These results clearly indicated two things; one, that a single
non-polyadenylylated A(-) transcript was recognised by each specific oligonucleotide
probe, and the size of the recognised fragments was similar to the size of the snRNA’s
from other species, secondly, it was obvious that multiple genomic copies of this
transcript were detected in restricted S. mansoni DNA. This provides strongly suggestive
evidence that these probes recognised the S. mansoni analogs of the U1, U2, U4 and U6
snRNA’s. The data also provided some information about the possible genomic
organisation of these snRNA genes. The recognition of multiple bands in the Southern

analysis suggested that these sSnRNA genes exist in the S. mansoni genome in multiple
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copies. This is in agreement with findings on the snRNA’s from other species. For
example, the snRNA’s in Xenopus and Psammechinus have been shown to be encoded
by multiple copies of snRNA genes in multicopy repeat arrays arranged in a head to head
or head to tail array. However, the human genome contains multiple copies of its
snRNA’s genes randomly scattered through the genome®. The banding pattern of the
restricted S. mansoni DNA fragments recognized by the oligonucleotide probes (the
Southern blot data) also provided some suggestive evidence about the potential genomic
organisation of these snRNA genes. Certain bands recognized by the U2 probe for
example, appear to be more intense than other fragments within the same digest. This
suggested the possibility that the sequence elements recognised may exist in some sort
of repetitive motif. For example, the Sau 3A digest shows a very intense band at about
1 Kb in length (a larger number of Sau 3A restriction fragments of that specific size
being recognized) while the other bands in the Eco R1 and Sma 1 digests are less intense
and in a "smearing" pattern (a fewer number of different sized fragments being
recognized). If the sequence recognised by the probe was present in the genome as some
sort of multi-copy repeat unit, and if there was a Sau 3A site within this repeat unit, then
this binding pattern would be predicted on a Southern blot of genomic DNA. Other
snRNA genes have been shown to exist in multiple copies in other eukaryotic organisms,
and in a number of cases these multiple copies have been shown to be in repeat unit
arrays”. This possible organization was noted especially for the U2, U4, and U6
snRNA’s. The identification of two partial pU2 snRNA sequences in the 1.0 Kb Xho-1

fragment was suggestive of this type of genomic organisation. These two partial
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sequences seemed to be copies of two pU2 snRNA genes encoded in a head-to-tail array
on the same DNA strand. This led to the attempt to PCR amplify a complete "repeat”
unit using primers that would recognise the snRNA and adjacent regions. Final results
however suggested an alternative genomic arrangement. PCR amplification was attempted
using single primers to investigate this possibility. The presence of the resulting products
from a single primer suggested that the pU2 snRNA gene lay not in a head to tail array,
but in a head to head array, encoded on opposing strands. This is the only possible
explanation (barring experimental error) of how one could obtain PCR product with a
single primer. This finding did not agree with the sequence data from the Xho I fragment
(which had two pU2 snRNA genes in a head-to-tail array on the same DNA strand). One
possible explanation is that the Xho 1 fragment did not accurately reflect the most
prevalent genomic organisation in this organism. A number of other organisms that
encode genes in repeat arrays have been shown to also encode the same genes outside
of these repeat arrays (so-called “orphon" genes)’. Another explanation is that this
fragment may encode a U2 snRNA and some sort of U2 snRNA pseudogene, or even
two U2 snRNA psuedogenes. In any case the PCR data suggests that at least some
portion of the U2 snRNA or U2 pseudogenes are organised in a head to head array; it
is possible that some of the U2 snRNA genes (or pseudogenes) do not follow this
configuration. As there is little data about the transcription of S. mansoni genes it is
uncertain as to which type of organisation would be preferentially used by the actively

transcribed genes, if any.
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One possibility that was considered during the cloning of these snRNA’s was that
the oligonucleotide probes used may recognise non-transcribed snRNA genes (ie. sSnRNA
pseudogenes). This potential problem was to be addressed after the sequencing of any
snRNA’s was complete. There is no guarantee that any clones identified are actually
transcribed to produce functional snRNA’s. Further evidence would have to be presented
to clearly indicate that an RNA transcript would have sequence identical to the putative
snRNA genes already identified. This work would involve generation of primers
complementary to the 3’ ends of any snRNA’s sequenced. These primers would be used
in primer-extension sequencing as already described. The preliminary primer extension
data were able to confirm the sequence of the 5’ end of the pU2 and pU6 snRNA’s. Full
length primer extension data may be able to be generated by 3’ primers and would
generate sequence directly from RNA transcripts. This would not be proof that these
putative snRNA genes are expressed, but it would give suggestive evidence that these (or
similar) snRNA genes may be expressed. The main focus of this project was to generate
the sequence of the S. mansoni snRNA’s, this goal would be obtained by full length
primer extension data. To definitively prove that a certain gene is expressed a much more

detailed investigation of S. mansoni transcription factors would have to be undertaken.

Subcloning of the Ul, U2, U4 and U6 snRNA’s
A clone for each snRNA was characterised by restriction endonuclease mapping
to identify restriction fragments suitable for subcloning into a sequencing vector. This

subcloning was performed for the U2, U4 and U6 snRNA’s, however the Ul snRNA
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could not be readily subcloned. Any positive colonies recovered during the subcloning
process were recombinants containing both S. mansoni and Lambda bacteriophage DNA.
The most likely explanation for this finding was that some sort of recombination event
occurred sometime during subcloning or library construction. The rearrangement most
likely occurred during the subcloning process for a number of reasons. The first reason
is that restriction digests of positive lambda phage clones were always able to liberate an
intact S. mansoni insert suggesting that no rearrangement of S. mansoni and phage DNA
was occurring during the phage growth, or phage DNA isolation. Further evidence that
this arrangement occurred during subcloning lies in the fact that the E. coli host strain
used (DH5¢) during the subcloning process is not deficient in the same recombination
mechanisms that the E. coli SRB strain (used for phage growth and screening) is. It is
not unreasonable to assume that DNA crossover or some other sort of mechanism may
have accounted for these events during the subcloning process. These problems have been
observed in the cloning of other eukaryotic genes. The presence of repeated sequence
elements (such as AT rich regions) or possible sequence homologies between S. mansoni
and lambda phage could be responsible for these recombination events. Recombination
events due to repeated or related sequence elements or some other mechanism has led to
the identification of "unclonable elements" in some eukaryotic organisms®. However,

further investigation into these rearrangements in our cloning system was not pursued.
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Identification and Sequence Analysis of pU2, pU4 and pU6 snRNA’s

The subcloned fragments of genomic DNA were sequenced and the putative
snRNA’s identified based upon; the size of the S. mansoni snRNA’s (northern data), the
identification of the site that the sSnRNA probe would recognise on a consensus snRNA,
and the primer extension data for the 5’ end of the U2 and U6 snRNA’s. Repeated
attempts at obtaining primer extension sequence data from the Ul and U4(2) probe
oligonucleotide were unsuccessful. This may be due to incomplete recognition of the U4
snRNA by the degenerate U4(2)-probe and the inability of the reverse transcriptase
enzyme to generate extension product if the primer is improperly annealled. The failure
of the Ul probe to be extended is probably due to the design of the Ul probe. The
sequence used to generate the Ul probe is at the very 5’ end of the Ul consensus
molecule, and therefore would not be able to generate primer extension product. In any
case it was possible to identify putative snRNA’s for the U2, U4 and U6 snRNA’s. The
sequence of the pU2 snRNA showed a degree of homology to published U2 snRNA’s
ranging from 64-71 percent. In addition, the probable secondary structure of the pU2
snRNA is highly conserved compared to other U2 snRNA’s. Among the regions of high
conservation were a number of regions identified as being important in the intact
spliceosome. These areas of high conservation include the majority of the 5’ end of the
molecule (containing stem-loops I and II) which contain sequences thought to be
important in recognising the branch point acceptor region. The pU2 snRNA contained
sequence perfectly complementary to the highly conserved branch point acceptor

consensus sequence. This region that has been shown to be necessary for the recognition
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of the intron to be removed and formation of the intact spliceosome in a number of
organisms. Another region of the pU2 snRNA that was shown to be conserved was the
sequence surrounding the Sm site (necessary for the attachment of the "core" proteins).
The identification of these points are all suggestive evidence that we have identified the
U2 analog in S. mansoni, and this putative U2 may function similarly to the U2 from
other species. Areas of divergence were also noted, which mainly include unpaired
"loop" regions of stem-loop structures, and regions near the 3’ end of the molecule. One
area of divergence that was notable, however, was the apparent Sm site of the pU2
snRNA. This site differs from the highly conserved Sm site of other eukaryotic
organisms by having an Sm sequence of PyAUUUUUCPu, rather than the highly
conserved consensus of PuAU,; NUGPu. What role this modified Sm site may play in
the formation of a spliceosome is uncertain, as is the effect of areas of sequence
divergence of the pU2 snRNA. Sequence analysis of the pU4 snRNA showed sequence
homology of between 72-81% to published U4 snRNA’s with considerable homology
shown throughout the snRNA. The secondary structure of the pU4 snRNA was also
highly conserved compared to published structural data. There were areas of sequence
divergence, with the main areas being regions paired with the U6 snRNA as well as
unpaired "loop" sections. Again the pU4 snRNA had a modified Sm consensus sequence
of PUAUUUUUCPy compared to the highly conserved consensus of PuAU,; NAGPu.
Sequence analysis of the pU6 snRNA showed sequence homology of between 80-91%
to published U6 snRNA’s with homology shown throughout the pU6 snRNA. This high

degree of homology is not surprising considering the postulated role of the U6 snRNA
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as a catalytic element. Regions believed to be important in the U6 snRNA’s function
were all present in the pU6 snRNA including regions important in interacting with the
splice sites, such as the poly Uridine region at the 3’ end. The secondary structure of the
pU6 snRNA was also highly conserved compared to published structural data. There
were no great areas of sequence divergence noted. But some of the more notable were
regions involved in base pairing with the pU4 snRNA (which in most cases were
complemented by comparable changes in the pU4 snRNA), as well as potential "loop"

structures.

Potential Mechanisms for snRNA Control of Selection of Trans-Splicing

As was discussed above it is apparent that there is a relatively high degree of
homology between the snRNA’s from S. mansoni and the snRNA’s of other organisms
that carry out either cis splicing, trans-splicing or both. This is not surprising as it has
been shown that formation of the spliceosome (either a cis or trans spliceosome) is a
highly conserved process among almost all eukaryotes that carry out mRNA processing
reactions. The high degree of conservation was found in organisms ranging from the
simplest yeasts to higher order eukaryotes such as mammals. It is not surprising
therefore, that trematodes (ie S. mansoni) would therefore share a great number of
similarities in their RNA-processing machinery with evolutionarily related organisms
such as the nematodes, or even share certain characteristics with the more advanced
eukaryotes. Therefore a relatively high degree of conservation of parts of the splicing

machinery is to be expected, this degree of conservation helps to suggest that indeed the
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true analogs of the S. mansoni snRNA’s have been identified. This degree of
conservation is especially necessary if the organism in question carries out "normal" cis-
splicing as well as the more rare trans-splicing.

Divergent sequence elements were noted in these snRNA’s compared to the
consensus sequences generated. These differences may be simply due to the evolutionary
distance between S. mansoni and the organisms used to generate the consensus, or these
changes may have an effect on the control and regulation used to select a transcript to
be trans-spliced. An examination of the specific roles played by the putative snRNA’s
studied above may provide more of an answer as to their possible involvement in
targeting a specific transcript to be either cis or trans spliced.

It would have been perhaps most interesting to generate the sequence of an S.
mansoni Ul snRNA as its primary role in formation of a spliceosome appears to be
identification of the 5’ splice site on a transcript to be spliced. This may have provided
insight into a mechanism to select a trans-spliced target transcript. It could be speculated
that the sequence of the Sm site on the S. mansoni Ul snRNA may suggest a mechanism
for selection of a cis-spliced product. It is not unreasonable to assume that the Ul snRNA
may have a similar consensus sequence to the modified SM consensus found on the pU2
and pU6 snRNA’s. If the Ul Sm site differed significantly from the SM consensus found
on the SL-RNA then this sequence may indicate a different or modified set of “core" or
accessory proteins that bind to each particle. A "Ul-core" could be responsible for
recognising a cis-spliced transcript, while the "core" proteins that form around the SL-

RNA might select a transcript for trans-splicing. This proposed mechanism is supported
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by an examination of the sequence of the SL RNA’s of different schistosome species.
The consensus Sm site of different schistosome species contains a cytosine residue in the
middle of the poly-uridine sequence. This cytosine may help play a role in the selection
of a trans-splice site. This selection may be mediated by the altered splice leader Sm site
directly, or more likely be mediated by an altered set of "core" or even SL-specific or
Ul-specific accessory proteins. This is pure speculation however, and the mechanism for
selection may lie within the other snRNA’s that form the intact spliceosome or with some
as yet unknown mechanism.

The U2 snRNA is thought to be involved in the proper alignment of the two
splice sites in a target transcript. The regulation of such splice site alignment may allow
for some manner of control or regulation of which transcripts are targeted for trans-
splicing. The differences between consensus U2 snRNA’s and the S. mansoni pU2
snRNA lie mainly in exposed "loop" structures as well as in the slightly longer 3’ end
of this molecule. If the pU2 snRNA is responsible for the determination of whether a
transcript is cis or trans-spliced, then these areas may play a role in such determination.
If such a mechanism of control exists, it is unknown whether this recognition of a
specific trans-spliced target would be mediated through the snRNA directly, or through
some sort of accessory proteins.

Of the snRNA’s that have been examined perhaps the least likely involved in
selection of cis and trans spliced transcripts would be the U4/U6 snRNA’s. The role of
the U4 snRNA is believed to be that of a negative regulator for the activity of the U6

snRNA, as well as acting as the framework around which the U6 snRNA enters the
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spliceosome. It is therefore unlikely that this snRNA plays much of a role in the selection
process, as the function of the U4 snRNA would not be different in a either a cis or
trans-spliceosome. There were not many significant differences between the pU4 snRNA
and other snRNA’s, but there were some differences noted. What effect these differences
may have is still unknown. Of any snRNA the U6 snRNA is least likely to involved in
selection of a trans-spliced transcript. This snRNA is believed to be the catalytic subunit
necessary for both cis and-trans splicing and is highly conserved in all eukaryotes. This
high degree of conservation was also found in the pU6 snRNA from S. mansoni, and it
is therefore unlikely that the S. mansoni pU6 snRNA would play any role in splice site

selection.

The changes noted in the putative S. mansoni snRNA’s are mainly due to
sequence differences with snRNA consensus sequences. This sort of sequence divergence
has been noted in other organisms, even those that do not carry out trans-splicing
reactions. Thus it is impossible to judge from this data what the effects or roles that this
sequence divergence may play. The high degree of secondary structure homology
suggests that these snRNA’s behave very similarly to their counterparts in other
organisms. One potentially important difference in the S. mansoni snRNA’s is their
altered Sm binding site. This alteration from the highly conserved consensus Sm site was
observed in both putative snRNA’s expected to carry this site (pU2 and pU4 snRNA’s).
Additionally this modified Sm site was noted in a cloned S. mansoni U5 snRNA

(unpublished data). It is likely that these changes may be conserved among the S.
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mansoni snRNA’s, and may have an effect on the “core" structural proteins that bind to
this site. It is unknown whether or not these potentially modified proteins would have any

effect on the regulation of trans-splicing.

Conclusion and Further Directions

The goal of this work was to gain an understanding of the control and regulation
of trans-splicing in a preliminary manner by first characterising the components involved
in the catalysis of the splicing reaction. The most important components of either cis or
trans-splicing are the small nuclear ribonucleotide particles (snRNP’s) that form the
spliceosomal complex. One of the most important components of these snRNP’s are the
snRNA’s that are the active portion of these multimeric molecules. The cloning and
characterisation of three putative snRNA’s (U2,U4 and U6) from S. mansoni was carried
out to see if there were any obvious differences between these sSnRNA’s and the snRNA’s
of other organisms that may allow for the control and regulation of what mRNA in S.
mansoni are trans-spliced. An examination of both the sequence and the potential
secondary structure of these snRNA’s revealed a degree of conservation with other
snRNA’s, as well as a number of differences. The degree of conservation suggests that
these snRNA’s do function similarly to their counterparts in other organisms. The
differences noted in these snRNA’s may or may not play any role in the selection of
trans-splice sites. If these changes do play a role in splice site selection it is probable that
any selection would be mediated by some sort of accessory protein intermediate that

would perhaps bind to these altered regions and be able to differentiate between a cis and
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trans-spliced substrate. To truly judge if these sequence changes do play a role in
selection, it would be necessary to have some sort of In Vitro splicing system for S.
mansoni to test what effects these sequence differences may have. The development of
such a system is paramount to test any hypothesis that may arise from any sequence
comparison gained from this work. With the basic understanding of an S. mansoni
splicing system one could continue to further characterise other aspects of this splicing
pathway such as the large amount of accessory proteins that are not only involved in
splicing activity, but may also play a role in the trans-splicing selection process. While
the work presented in this thesis did not directly answer whether or not the snRNA’s of
S. mansoni play a role in the control of selection of trans-splicing it provides the basis
upon which other work could be done to answer this question. It would be clearly
impossible to make any sort of hypothesis about the control and regulation of the splicing
process in S. mansoni, without the basic understanding of the components of this splicing

system.
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Appendix
A) Media Used
i) NZY Medium and Plates
in 900 ml add:
5 grams NaCl
2 grams MgSO,*7H,0
5 grams Yeast Extract
10 grams NZ Amine (Casein hydrolysate)
Adjust pH to 7.5 with SM NaOH, bring up volume to
1 litre and autoclave
If necessary add 100mg of Ampicillin (100 ug/ml)
For NZY Plates 15 g/l of Agar is added
For NZY Top-Agar 7.5 g/l of Agarose is Added
i) NZYCM Medium
in 900 ml add:
5 grams NaCl
2 grams MgSO,*7H,0
1 gram Casamino acids
S grams Yeast Extract
10 grams NZ Amine (Casein hydrolysate)
Adjust pH to 7.0 with SM NaOH, bring volume up to

1 litre and autoclave
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iif) SOC Medium
in 900 ml add:
0.5 grams NaCl
5 grams Yeast Extract
20 grams BactoTryptone
10 ml of 0.2 M KClI
Adjust pH to 7.0 with SM NaOH, bring up volume to
1 litre and autoclave
Add 5 ml of sterile 2M MgCl,

Add 10 ml of sterile 2M Glucose

iv) Luria-Bertani Medium (LB) and Plates
in 900 ml add:
5 grams NaCl
10 grams Yeast Extract
10 grams BactoTryptone
Adjust pH to 7.0 with SM NaOH, bring up volume to
1 litre and autoclave
If necessary add 100mg of Ampicillin (100 ug/ml)
For LB Plates 15 g/l of Agar is added

For LB Top-Agar 7.5 g/l of Agarose is Added
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v) Brain Heart Infusion Medium
in 1 litre add:
38 grams BHI Powder and Autoclave

If necessary add 100mg of Ampicillin (100ug/ml)

B) Solutions Used
i) 10X Tris-Borate EDTA Buffer
to 900 ml H,O add:
121.1 grams Tris Base
61.8 grams Boric Acid
3.72 grams Na,EDTA
Adjust volume to 1 liter and filter sterilize

final pH should be 8.3

i1) SM Phage Dilution Buffer
to 900 ml H,O add:
5.8 grams NaCl
2.0 grams MgSO,*7H,0
50 ml of 1M Tris-HCI, pH 7.5
5 ml of 2% Gelatin

Adjust volume to 1 liter and autoclave
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iif) 10X Northern Dyes
to 9 ml DEPC treated H,O add:
25 milligrams of bromophenol blue (0.25 %)
25 milligrams of xylene cyanol (0.25%)
1.5 grams Ficoll (Type 400 Pharmacia)

bring up to 10 ml final volume

iv) 10X SSC
to 900 ml H,O add:
175.3 grams NaCl
88.2 grams of Sodium Citrate
Adjust pH to 7.0 with SM NaOH, bring up volume to

1 litre and autoclave

v) 10X Ficoll Dyes
to 9 ml H,0O add:
25 milligrams of bromophenol blue (0.25%)
25 milligrams of xylene cyanol (0.25 %)
1.5 grams Ficoll (Type 400 Pharmacia)

bring up to 10 ml final volume
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vi) Low Hybridisation Solution
for 10 ml add the following:

0.1 grams Bovine Serum Albumin

1.5 ml of H,0

5 ml of 1M NaPQ, - Made as follows
134 grams Na,HPO,-7H,0
4 ml H;PO,(Phosphoric Acid)
H,0 to 1 Liter

20 uL of 0.5 M EDTA (pH 8.0)

3.5 ml of 20% SDS

vii) 10 mM Tris 1 mM EDTA (T10E1l)
to 988 ml H,O add:
10 ml of 1M Tris*Cl (pH 8.0)

2 ml of 0.5 M EDTA (pH 8.0)
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vii) FSB
to 400 ml H,O add:

0.49 grams KOAc

6.05 grams RbCl

4.45 grams MnCl,*H,0

0.40 grams HaCoCl,

0.74 grams CaCl,*H,0

50 ml of glycerol

Adjust pH to 6.4 with dilute HCI bring up volume to

1 litre and filter sterilize

ix) Boiled Preparation Buffer (BPB)
to 262.5 ml sterile H,0O add:
200 ml sterile 20% Sucrose (8% final)
2.5 ml 10% Triton X-100 (0.5% final)
25 ml sterile 1M EDTA pH 8.0 (50 mM final)
10 ml sterile 1 M Tris-HCI1 pH 8.0 (10 mM final)
x) Plasmid Preparation Solution I
to 93 ml H,O add:
2.5 ml sterile 2M Glucose (50 mM final)
5 ml sterile 2M Tris-HCI ph 8.0 (25 mM final)

2.0 ml 0.5 M EDTA pH 8.0 (10 mM final)
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xi) Plasmid Preparation Solution II
to 95 ml H,O add:
0.8 grams NaOH (0.2 M final)

5 ml 20% SDS (1% final)

xii) Plasmid Preparation Solution IIT
to 28.5 ml H,0 add:
60 ml 5 M KOAc

11.5 ml glacial Acetic Acid

C) Description of Bacterial Strains and Cloning Vectors

1) Bacterial Strains

Name Phenotype
E. coli DH5-¢" F, endAl, hsdR17(r,-, m,+), supE44, thi-1,\
recAl, gyrA96, relAl, a(argF-laczya)Ul169,

$80dlacZaM15

E. coli SRB sbeC, rec], uvrC::Tn5(kan"), supE44, lac, gyrA96
rel Al, thi-1, end Al, mcrA, D(merC hsdRMSmrr)171,

[F’ proAB, lacl"Z aM15]

Source
Gibco/BRL

Burlington,Ont.

Stratagene

LaJolla, CA
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ii) Description of cloning vectors

Lambda FIX™ Y1 Vector

o 28855888 L& o
n e ®8825682 N S
41,900 bp . 83 deeRgste sy g=sl z
oo I Sort=gom ~N&Y aNGe =
E2 S5 R3233%8R o3 ITRe ]
‘:l‘ 3 x 2 w v 171 «@ gg B asnaac &
A J ggg (AlaLdd) —blo—e  (KHS4) (alnS)

a) Lambda FIX™ II Bacteriophage Vector

Source: Stratagene, La Jolla, CA °
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Nael 130

Rovorns Privac T3 Prinec A Priemas
FARCAGCTATGACCATYG Y FATTAACCCICACTAALG Y P €aat $YCTAGAACTAGTGGATC Y
€Y T3 Cramom l— . Sesl SxXt ot § B k- 1] Soet BonHt Smal et Goo it
t 2 muacrnmwrc«nameamﬁmcmmmwc 4 t s ACTAGTGGA’ CAGG
T OC'H‘YG‘XWTW«YMM‘WYWTTMTTMG&T!TWYC(lﬂmf“ﬂl TCT 1 ¢ SACGTOCYTAA
St — ey
1]
GV Hd® Cll Sall et 3:‘(‘ Cont
AATICGATATCAAGCTTATCGA ' COAGOGLGG y ATAGT:
GCTATAGTTCGAATAGCT, T CCCCCO —M’\: H X1 "”‘¢H%Pﬁt“mm¢m g
—t TT Cromuier
FOCTATGOCAGCTCGALS § T CATATCACTCAGCATAA S T TGACCLACA \Yas
S Prirnec TT Criner WQCMW

b) pBluescript SK(+/-)© Phagemid

Source: Stratagene, La Jolla, CA
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Nael 365
013204
Sspt 3021 Nde [ 184
Sspt 255
Xmat 2816
Sspl 667
Scal 2697
Naet 565
Pwsl 2587
Pvul 737
Pyl 766
Pyt 1148
Beverse Primer T3 Primec
S AACAGCTATGACCATG Y SATTAACCCTCACTARAGY e
“ET T3 Promase m— Hed® Sohl estl ‘S::(' at
GGAAACAGCTATGACCATGATTACGCCAAGET CGAAMTTAKCCCTCACT, AAAGGGARACAAAAGCTTGCATGCCTGCAGGT:
3' OCTTTGICGATMTTGGTACYM‘IGCGGY'KCOAGCTTTMT!GGGAGTGATI’YCCCTI’GTTTTCGMCGY CGTCCAGCTGAGA

SeaGelacionkien  ammmi

Xmat
Sﬂul
Koni  Sacl(  Eoo®

GGATOCCCGGGTACCGAGCYCGAATYOGCCCTATAOTGAGTOGTATTACMTTCACTGGCOGI cq ITYTAC
YCTOCTAGGGGCCC& GGC?CG&GCTTMGCGGGATA?CACTCAGCATAATGTYAAGYWGCA :

——t TT Promotkec

T GATATCACTCAGCATAA S 3 TGACCGGCAGCARAATG S
T7 Pricvac 413 <20 Pricvver

¢) pBluescribe® Plasmid .

Source: Stratagene, La Jolla, CA




RNA
mRNA
premRNA
VSG

n.t.

SL
SL-RNA
gRNA
HMG CoA
snRNP
SnRNA
SL-RNP
ATP

uv

mg

kg

ng

1

ml

mM
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D) Abbreviations Used

Ribonucleic Acid

Messenger RNA

Unprocessed mRNA

Variable Surface Glycoproteins
Nucleotide

Spliced Leader

Spliced Leader RNA

Guide RNA
3-hydroxy-3-methylglutaryl coenzyme A reductase
Small Nuclear Ribonucleotide Particles
Small Nuclear RNA

Spliced Leader Ribonucleotide Particle
Adenosine Triphosphate

Ultra-violet Light

Milligram

Microgram

Nanogram

Litre

Millilitre

Microlitre

Millimolar



ODU

PFU

mCi

°C
mAmps
PCR

Tm
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Optical Density Unit

Plaque Forming Unit
Revolutions per minute
Millicurie

Degrees Celsius

MilliAmps

Polymeraise Chain Reaction
Annealing Temperature of DNA

Molecular Weight
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