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1. Project Goals:

A. To determine the mechanism of tRNA intron processing in the
halophilic archaebacteria.

B. Characterize and compare the enzyme(s) responsible for the removal of
5'-flanking sequences from halophilic and sulfur-dependent tRNA gene
transcripts.

C. Examine the structure and distribution of tRNA introns in the
halophilic archaebacteria.

2. Accomplishments:

A. Intron processing mechanism

We have succeeded in our primary objective of determining the nature
of the reaction occurring with in vitro synthesized intron containing
tRNATrp precursor and extracts from Halobacterium volcanii. The initial
observation that both endonuclease and ligase activities were present in
crude extracts has been verified. However, the majority of activity
observed in the extract was due to endonuclease; only 2-5% of the cleaved
products were religated to give "mature" tRNAs. We have analyzed the
endonuclease reaction in some detail.

The endonuclease has been partially purified from H. volcanii by
polyethylene glycol precipitation of high speed supernants followed by
chromatography on DEAE Sephacel and hydroxylapatite. This scheme has led
to an approximate 100 fold purification and removes all RNAase P and
other ribonuclease activities (see below). Using a combination of direct
RNA sequence analysis and the analysis of terminal oligonucleotides, it
was established that this endonuclease accurately cleaved the in vitro
generated substrate at the expected processing sites (Figure IJTF
analysis of the biochemical requirements of the reaction indicated that
this enzyme required 20mM Mg2+ ions or 1mM spermidine for maximum
activity. In contrast TE its predicted 'natural" environment, the enzyme
did not require monovalent ions. The enzyme was inhibited by KCl
concentrations greater than 50mM in the standard assay. Attempts to
purify activity from extracts prepared in high salt (2M KCI) and assaying
under high salt conditions have not been successful.

An important part of this analysis is to determine the relationship
of the H. volcanii tRNA intron endonuclease to its eukaryotic counter-
part. There are two aspects of this relationship which we are examining,
substrate recognition and the chemistry of the reaction. The eukaryotic
endonuclease is capable of cleaving a number of precursors all having
different primary sequences but similar "mature" tRNA structures. It is
this observation and that the eukaryotic enzyme is inhibited by mature
tRNA which suggested that the enzyme recognizes the "mature" tRNA
structures rather than primary or intron sequences. We anticipated that
the H. volcanii enzyme would behave similarly. However, when the H.
volcanii enzyme was presented with mature tRNA from yeast as a
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competitive inhibitor no inhibition was observed (Figure 2). The enzyme
was also unable to process the intron-containing yeast tRNAPhe precursor
(Figure 3). To further examine the substrate requirements of the enzyme
a number of altered substrates were prepared. An analysis of intron and
exon deletions indicates the H. volcanii enzyme does not require the
ability of the substrate to form "mature" tRNA-like structures. It also
does not have an absolute requirement for extended base pairing of the
anticodon region since the intron sequences involved in this interaction
can also be removed without affecting the endonucleolytic cleavage of the
substrate. It would appear that the H. volcanii enzyme is specific for
the tRNATrp precursor RNA, possibly recognizing primary sequence at or
near the splice site. If this is true, it would represent a departure
from the current proposals that a single enzyme processes all tRNA
precursors and may provide some insight into the origin of these enzymes.

The chemistry of the yeast and HeLa cell tRNA intron endonucleases
have been examined in some detail. The most revealing property of the
reaction is the fate of the phosphate group at the splice junction. In
both cases the a phosphate at the exon 1 -intron and intron-exon 2
boundaries are transferred to the 3' end of exon 1 or excised intron in
the form of a 2',3' cyclic phosphate leaving 5' hydroxyls on the intron
and exon 2. In the yeast mechanism, the 2',3' cyclic phosphate is
subsequently opened to a 2' phosphate whereas in the HeLa all reaction
the 2',3' phosphate remains intact.

An analysis of the 3' terminal oligonucleotide from the excised
tRNATrp intron and the 5' end of the released exon 2 indicate a transfer
of phosphate from the splice site to the 3' terminal nucleotide of the
intron. Preliminary analysis suggests that this phosphate is present on
the 3' hydroxyl, no 2' or 2',3' cyclic derivatives have been detected.
This is consistent with the nuclear tRNA splicing mechanisms but does not
provide us with the means to distinguish between the yeast or HeLa
mechanisms. We cannot exclude the possibility that a contaminating
phosphatase hydrolyzes a 2',3' cyclic phosphate intermediate. We have
also been unable to detect a kinase activity in our preparations which
could phosphorylate the 5' hydroxyl of the released second exon, which is
an intermediate step in the yeast splicing mechanism. The status of the
3' end of the first exon when released by the endonuclease has not been
examined in detail. The ability to label the 5' termini of the excised
intron by polynucleotide kinase and y32P ATP would strongly suggest that
a phosphate transfer has occurred as observed for the intron-exon 2
boundary.

The accuracy and the chemistry of the endonuclease appears to be F)
similar to those of the yeast and HeLa cell enzymes. In contrast, the Li
archaebacterial enzyme appears not to have a requirement of "mature" tRNA ...........
structures and may be specific for the tRNATrp precursor.

Utilizing the products of the endonuclease reaction, exon 1 and exon
2, we have begun to search for a tRNA ligase activity. To date, our
analysis has shown that ligation does not occur in the partially purified I ,
endonuclease preparation either in the presence or absence of ATP. A .
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separate purification scheme for ligase, using both low and high salt

conditions is being examined.

B. Ribonuclease P activity

Preliminary experiments using the intron containing H. volcanii
tRNATrp indicated that an enzymatic activity capable of removing the 5'
leader sequence was present in crude extracts. The specificity of
cleavage when compared to other nucleases (S1 and RNAase A) suggested
that this activity was analogous to RNAase P. Using the
intron-containing tRNATrp substrate, we devised a purification scheme to
separate the intron endonuclease and RNAase P activities. RNAase P was
partially purified by polyethylene glycol precipitation, DEAE
chromatography and glycerol gradient fractionation. To simplify the
assay, and to analyze the activity on a non intron-containing substrate,
we have prepared a second substrate. The H. volcanii tRNAVaI clone which
we have characterized previously was cloned into the T7 expression vector
such that it would produce a runoff transcript containing a small 5'
leader sequence. When this tRNA precursor was used as substrate two
discrete products were generated (Figure 4). The sizes of the products
were consistent with a single endonucleolytic cleavage at the 5'-terminus
of the mature tRNA. We are currently evaluating the accuracy of the
reaction.

The eubacterial RNAase P enzymes that have been characterized are
ribonucleoprotein complexes containing a small protein and a RNA of
approximately 300 nucleotides. An interesting property of this enzyme is
that the RNA is the enzymatic component. Consequently we are
investigating the possibility that the H. volcanii enzyme also has an
enzymatically active RNA component. In our analysis we have observed
several small RNAs associated with the activity. We have not been able
to demonstrate a requirement for RNA by pretreatment of the enzyme with
micrococcal nuclease since EGTA, which is required to inactivate the
enzyme, also inactivates the RNAase P activity. Subsequent to our work,
we have learned that Dr. Altman's laboratory at Yale has partially
purified this same enzyme and shown a requirement for RNA. We have now
begun a collaboration with Dr. Altman to try and complement an E. coli
RNAase P temperature sensitive lethal mutant with cloned fragments from
H. volcanii, Thermoplasma and Methanothermus fervidus to identify the RNA
component. We remain in contact with Dr. Altman's laboratory who has now
informed us that a H. volcanii protein can function in a reconstitution
assay using E. coli RNAase P RNA. We are continuing our characterization
of the RNA components of this activity.

We are also beginning our analysis of Thermoplasma RNAase P activity.
Methods have been established in our laboratory to culture Thermoelasma
both on a small scale (1-1000 ml) and in the fermentor (20 1). Although
the yield of cells (1g/liter) is significantly less than that for H.
Volcanii (5g/liter), the availability of a 20 1 fermentor will provide
sufficient cells for protein purification. Initial assays will be
performed with the H. volcanii tRNAVal substrate. We have also cloned
the Thermoplasma tRNRALYTs gene and have constructed clones in M13 which
when cloned into the T7 vector will produce precursor tRNA with a short
5' leader and essentially no 3' flanking sequences.
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C. Intron structure and distribution

We had proposed originally to screen for intron-containing tRNA
precursor molecules in the population of minor RNAs of H. volcanii by using
these RNAs as substrates with the tRNATrp processing enzyme. Those RNAs
which processed would then be used as a probe to clone their respective r
genes. Using this approach we have screened 13 potential precursors; all
but one gave a negative result with the tRNATrP endonuclease. The single
RNA which did response to the enzyme appeared by size characteristics to be
the tRNATrp precursor. In view of our finding that the tRNATrp

endonuclease is specific for tRNATrp precursor, this approach does not have
general applicability we had anticipated. We are now examing an
alternative approach which will be less selective. Using purified mature
tRNAs and RNA ligase an 18 nucleotide poly A tail can be added to the
tRNAs. cDNAs of these RNAs can be synthesized by reverse transcriptase
using an oligo dT primer. A Northern analysis of total RNA from H.
volcanii using this cDNA as a probe should detect precursor tRNA molecules.
While this approach will be limited by the relative amounts of the tRNA
species in the original population, it will detect all precursors (both "
intron-containing and large primary transcripts with no introns such as
dimers) and not be subject to the specificity problem associated with the
tRNATrP enzyme. Preliminary experiments with RNA populations greater in
size than mature tRNAs prepared by gel purification or HPLC should provide
a means to quickly evaluate this technique. Furthermore, the tRNATrP

precursor provides a specific control.

We are also pursuing a more comprehensive analysis of H. volcanii tRNA
genes. The focus of this analysis is on isolating large DNA fragments
which have been shown to contain many tRNA genes. In collaboration with
Dr. Ford Doolittle's laboratory, it has been determined that many of the
H. volcanii tRNA genes are located on two large BamH1 fragments (Figure
3). Using a field inversion gel electrophoresis apparatus now in our
laboratory we are preparing to isolate these fragments. Once isolated,
we will prepare subclones for analysis. We are hopeful that this
approach will quicken our analysis.

3. Plans for the Next Year:

A. Continue to analyze the H. volcanii tRNATrP endonuclease. Using our
knowledge of substrate specificity we are developing strategies to
further purify this enzyme by iffinity chromatography.

B. Develop an assay for the tRNATrp ligase reaction using the endonuclease
products as substrate. To accomplish this it maybe necessary to first

purify a 2',3' cyclase which could convert the exon 1 3' terminus
to a 2',3' cyclic phosphate.

C. Further characterize the RNA component of the H. volcanii RNAase P
enzyme. In view of the progress being made by Dr. Altman in identifying
the protein component, we will focus on the RNA moiety of the enzyme.

D. Establish a Thermoplasma RNAase P assay system with H. volcanni tRNA
genes, in particular those genes localized to the two "tRNA-rich" BamH1
fragment.
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4. Presentations

A tRNA Intron Endonuclease from the Archaebacteria. Leo D. Thompson and
Charles J. Daniels. American Society for Microbiology, March, 1987.

Transfer RNA Processing in the Archaebacteria. Leo D. Thompson and
Charles J. Daniels. UCLA Symposia on Molecular and Cellular Biology:
"Evolution of Genes and Genomes". March, 1987.

5. Personnel:

Leo D. Thompson is a graduate student supported by this grant. He has
carried out most of the work on the tRNATrP endonuclease. Ann Melick, a
parttime technician, and Greg Gorospe, an undergraduate have worked on the
RNAase P and genomic cloning projects.
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Figure 5. Southern nybridization of pCp 3'- end labeled H. volcanii tRNA
to Ba MH restriction enaonuclease cleaved m. voicanhi 4enomic
DNA. Panel A, separation of BamMl restriction tragments of H.
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