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.. ABSTRACT T

- A é' The suhject of thls the51s is the 1solatxon and . ;,1 KR

e . S °

_ characterlzatlon of flve xnltlator methlonlne tRNA (tRNA
| metl) genes ftom Caenorhabdltls elegans. Flrst to look at ,

+o J<‘

putatlve tRNA metjy. genes 1n C elegans a Southern blot

- contalnlng geng ic DNA. cut w1th several restrlctlon

o 5
o’ sl

- endonuc;eases was hybrldlzed w1th a Xenopus tRNA met gene:

'“The Southern blot showed that C. e;egans-eontalns 8-10' tRNA -

meti genes. > LT

e fd' ‘To 1solate these genes, a Cg.elega genomlc llbrary was
‘k‘screened w1th the Xenopus probea Elghteen p051t1ves were
1solated and plaque purlfled Analysis of thesezolones
revealed tHEt the eigliteen posrtiveSvrepresented fiVe.
different recombinant phage.~ ReStriction maps of thgse'fiue
phage suggest that they are from different genomlc locatlons
Thls result is conflrmed by the fact that the tRNA genes 11e
onrdlfferent nogoverlapplng cosmld 1slands.‘ ‘

o ’ . .-

) To examine theugenbmicporganiiation of sequences d
flanking the’éloned tRNA genes, EcoRI flanking phage |
/fragments were hybrldlzed to South?tn ‘blots of ECORI digested
genomic DNA. These hIots show that a moderately repetltlve |
DNA sequence is found w1th1n each phage and adjacent. to each
tRNA metl gene.uffn all but one case, the localized

- . repetitive sequences do not cross hybridize. 1In four of the

five phage, the moderately repetitive sequence is found 5' to

. 5 .
the tRNA gene. The repetitive sequence in Cetmet3 is found

)



Tk

3*htd the@tRNA gene.: S i e R Lo s

B Sequence anaIy51s shows that all f1ve=genes contaln
identloa;_coolng sequences. Wlth ‘one exceptlon, the flanklng
sequenqes are-conﬁiderahly'q;vergent. Cetmetz and Cetmet4~

'have 1dent1ca1 flanklng sequences. fTh;s could be,the result

Fl

. of a gene dupllcatlon event o Ly

' « *

! The tRNA genes were used o program the homologous in

“vitro transcrlptlon system. A11\ ive génes produce both {

precursors and‘processed mature roducts. By u51ng flanklng

Bl T S

phage fragments as templates 1n the transcrlptlon system 'we

dlscovered a~putative tRNKJgene lying near one of the ‘cloned
tRNA met; genes {Cetmet3). * .
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. < ‘The initiation of tranSlation represents*the,last ste§
‘of the central dogma (DNA to RNA to proteln) of 1nformatlon
transﬁ?r./ Inltlatlon of protei n synthes1s requlres a |
spec1f1C'methlon1ne tRNA. Im-prokaryotes, as well as‘within

f f‘ - the cell organelles or eukaryotes N-formyl?methionine tRﬁh% _‘(‘* =
(tRNAfMet) functlons as the 1n1t1at1ng spec1es whereas in the | |

lf cytoplasm of eukaryotlc cells, a spec1ﬁ1c methlonyl tRNA
‘ (tRNA netl) w1thout formylatlon is used. 1In an attempt to - v.~ | . -
understand the relatlonshlp between the structure and the o
Aspec1allzed functlons of these" 1n1t1ator tRNAs, the
- nucleotlde sequence of several prokaryotlc and eukaryotic
initiator‘tRNAs have been elucidated\(Gauss and SprinZl
1983). ‘ These studles reveal that a dlstlngulshlng feature of
' prokaryotlc 1n1t1ator tRNAs is that they lack a hydrogen bond ' PR
between the 5! termlnal nucleotlde and the flfth nucleotide |
from the 3' end (Rich and RajBhandary, 1976). The possible.

importance of this feature is underscored by the fact that it

.

1

is not shared‘by eukaryotic initiator tRNAs.~ ~
‘All eukaryotic initiatorsvcontain'the sequence AUCGAAA

in place of TUCG(A), a sequence presént in loop IV of,

prokaryotlc»inltlator tRNAs and v1rtually every tRNA whlch

.-

functions in proteln synthesls.‘ Although the conservatlon of
(/} "this sequence suggests that it may be functlonally 1mportant
\\ so far there appears to be no simple COrrelation”between this

nucleotide sequence and initiator functions. Changlng‘the



"’_RNAl guence AUCG to TUCG has' no effect on in vitro -
tréﬂéorlption and processihglof a.uuman\tRNA(metidgene,
'Furthermore, this sequence.ohange does not impair the
'amlnoacylatlon or formylation reactfons of the tRNA
(Drabkin- and Rathandary, 1985a). However, in g;gg, the'
wildtype tRNA is produced in larger amounts than the mutant
tRNA;£brabkin and{Rathandary, 1985b) . TheSe'rééuits sugdest7 B
. that maybe more subtle dlfferences dlstlngulsh 1nlt1ator
. tRNAs from elongatlng tRNAs Studles of,antlcodon
’ conformatlon using SI nuclease (Wrede et al, '1979) B o

demonstrate that the antlcodon loop conformation of 1n1t1ator

tRNAs as a class, differs from,that of other tRNAs‘ How thlS.

~F

structure of 1n1t1ator tRNAs relates to possible functlons is
not known.

) Although‘thevorganization of tRNA genes hasiteen studied ;“d
ihfgeveral eukaryotes)rthese resuits:reveal norcommon pattern

of gene arrangement;, instead, it ‘is euident that tRNA genes

are not only found individually, but also in d;spereed

e ¢

clusters and in tandem repeats. The variability in,
organizationiis best seen indDrosophila where tRNA genee’haVe-

been localized.by in situ hybridization of labelled tRNA tQi

polytene chromosomes. These results indicate that a

particularitRNA can be found at more than one site (Kubli andh; |
Schmidt, 1978;'Hayashi et al, 1980) and that more tham:cne**' i

type of tRNA can be localized in the~$ame,region (Yen et al,

i977;_Dud1er et a1,'1980);;fThe irregular arrangement of ' e

<
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1982).

these genes‘i~1found not only in Drosophila, but alsolin
organisms as diverse as Yeast (Cigan and Donahue, 1986; Reyes
et al, 1986) and humans (Santos and Zasloff, 1981; Roy et al,
Another question that remains unsolved is the function
of tRNA gene redundancy . 'The simplest explanation for the
reiterated nature of tRNA genes is the requirement of amounts>
of tRNA exceeding that pos51ble from aﬂsingle template. |
Concurrent transcription of a number of templates would ne a
means of providing enough of' the required gene product. In
addition, reiterated genes may sugéest tissuelspecific tRNA:
gene expression. The appearance of unusual isoacceptors in

certain organs has been documented in B. mori (Sprague et al,

1977)'and during bovine lens‘differentiation (Lin et al,

'1980) More recently, the poséibility of tissue specific

.fexpreSSion of suppressor tRNA genes has been described in C.

elegans-(Hodgkin_1985). -

Despite the variability found in tRNA gene number and
organizatibn; a uniform'feature of these genes is their |
possession of intrégenic promoters. The results of in vitro

studies from three independent groups demonstrated thatVthe

""Y -

promoter consists of two regions‘of essential sequgnqe,‘named
the A Box and B Box respectively (Hofsteller et al,'1981:
Sharp et al, 19éla; Ciiinerto et al, i982a). By analyzing
transcription properties of deletion clones, they showed that

nucleotides 8-20 (A Box) and nucleotides 50-62 (B Box) were



required for transcription. Subsequeﬁt’studies revealed_thét
the two promoter blocks had to be.separated by a distance ofi
about 30-50 bp for optimal transcription (Ciliberﬁo et.al,
1982b). Mutational analysis of a X;‘laevié tRNA méti gene
showed that alteration of the sequences encoding the )

antiéod?é.stém had a significant effect on promoter function
. S . ‘ .

t

(Folk and Hofstetter, 1983). Published datd on ﬁutagenesisfg 
within this region of other tRNAs show that transcription islﬁ
not affeéted to the same‘extggd as the tRNA met; (Ciampi et
al, 1982a; éharp'et al, 198la). Therefore, promoter activity-
of thé ahticodon stem reéion may be limited to initiator
tRNAsi

Cell free transcription Syspems ﬁrbm yeést (Ruet et al,
1984; Klelamp and Weil, 1986), Drosophila (Eufke et al,
1983), Xenopus‘(Shastr§ et al, 1982) and HeLa cells (Lassar
et al, 1983) sho&ed that all organisms réquired similer
factors for transcription. Fractionatibh of these extracts
~established that at least two additional factors were
required‘along with RNA polymerése IIT for transcription'of
pﬁfified genes. Thése faCtors, TFIIIB and TFIIIC, aref
" required for stable combiex formation prior to active
transﬁriptiqn.~- |

Bogenhagen et al (1982) defined a 5S RNA stable complex
as ahrinteraction of transcriptioh factorg'with purified

genes. They showed that this association was stable, existed

for many rounds of transcription, and was not disrupted by -



the presence of a cOmpeting_template. RNA polymerase III
does not appear to be involved in stable complex formation
and, therefore, recycles during rounds of transcription.

&,,3,,

. similar experiments using tRNA genes as templates have

‘'shown that stable complex assembly on these genes involves at

least tyo steps (Lassar et-al, 1983; Schaack et al, 1983). A
series of elegant competition experiments by both groups

showed thata‘TFIIIC first binds trans\iently to the B Box

sequences formlng an unstable complex. Subsequent binding of

TFIIIB 1s then rethred tQ.StablllZe the complex ' The stable
,assocxatlon of TFIIIC and TFlIIB with thettemplatefis
required for accurate initiation of transcriptlon by'RNA
‘polymerase‘III. Experlments to pu;ity TFIIIB and TFIIIC from
crude extracts are in progress » Recently, Yoshinaga et al(
(1987) showed that TFITIIC act1v1ty can be separated into two
different components, both of which are required for
tfanscription ‘; - |

The many advantages .of working w1th C. elegans have been
‘Adescribed by Brenner (1974). C. elegans is easy to maintain

~and has a short generation time. The adult worm has about a

thousand somatic¢ cells and because the complete cell. lineage,

is known, it is possible to trace the origin of every somatic

cell duathSIts—development (Sulston and HO{VltZ 1977;

Sulston et al, 1983) In addition, the small genome size of

¥

C. elegans (8 x 107 bp) makes it possible to construct a

physical map of the entire genome. This map is being

o



generated in the following waf;_ First, lambda clones
cohtaining‘neﬁatode DNA (sent to the MRC lab‘by €. elegans
researcheré; are fingerprinted. Then, tolseafch for .
bverlaps, a computer cdmpares the fingerprinté of differéﬁtr
lémbdaiclones. »Finaliy] aligning lambda clone$~in this way

enables the ¢onstruction of contigs-cosmid islands (A.

Coulson and J. Sulston, pers comm).

With the availability of techniques such as transposon
'induced mﬁtageﬁesis and:DNA transformation, c. elegans |
‘provides an attraqtive system forxmolecular analysis. The
transposon Tcl hés been‘uséd ES clone genes defined only
genetically but which had not Beén previéusly cloned (Moefman
ét al, 1986) or had no known gene productS'(Greenwald, 1985) .
There are about 30 copies.of Tcl in.the Bristol (N2y>strain
but about 300 copies'in the Bergerac (BO) strain (Emmons et
aI, 1983). Transposon induced mutagenesis Eauses a -;
restriction fragment length polymarphism (RFLP)'betweén the
two strains of C elegans. Tﬁis RFLP can then be used to

isolate the gene of interest. RFLPs can also be used 76
détermine the genetic map location of cloned DNA fragments
(Rose et al, 1982). Those genes that .cannot be mapped by
RFLPs can be mapped to a linkage group by in situ )
hybridization using cosmid DNA as a probé (Albertson, 1§84).
More recently, a S&A transformationiz;%tem has been developed
for C. elegans (Fire, 1986), This procedurg can be used to
assay the function of spécifi genes in vivo.
~N | \
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' The potential of genetic and molecular analysis in C.

elegans is best*illustratéd by studies on the lin-12 locus. .

' Earlier genetic studies revealed that lin-12 is a homeotic

gene, responsible for determining‘ﬁhe fate of certain cells
(Greehwald'et al, 1983); To determine how lin-12 specifies

cell fate, the gene was cloned by Tcl induced mutagenesis

H

(Greenﬁald, 1985). Subsequent sequence analysis revealed

that the putative lin-12 géne product was homologous to

X

‘epidermal growth factor (Greenwald, 1985). This result led

- Greenwald to hypothesiie that lin-12 may be involved in

——

intercellular communication in the form of a membrane bound

- or secreted molecule. In addition, cosmid clones COntagning
L} . : A

the lin-12 locus ﬁave been isolated (Gréenwald4et al, 1987).
By chtomoso&q}_walkinq, the»cosmid cidnes Qere'joined and a
600:K§ cbntig waé generated.v As‘é‘result of Ehis combined
aﬁalysis, the molecular basis of some 1in=12 mutations can be
elucidated.

Althoughrmost research has_foéused on genes transcribed

by polymerase II in C. elegans, some genes transctibed by

. -polymerase III have also_been characterized. Sulston and

Brenner (1974) showed tpat C. elegans-COntains approximately

300 tRNA genes in the haploid genome. By hyEridizing total — - -
4S labei;ed éNA_to blots containiﬁgAEéoRI cut genomié‘DNA,
Cortese et al (1978) obﬁained,Q;tWeen 30-50 separate DNA
fragments démonstrating the diépersed arranéement of tRNA

genes in the genome! A tRNAPTO gene in C. elegéns has been



-~

Q ' ,:,,;,,,,,,,,,7,8,*,_,,,

studied in detail. This gene was used in initial experiments

which}démonstrated that the region of DNA essential for
- promotion of transcription is within the coding reggpn
(Ciliberto et al, 1982a; 1982b). In addition, Cilibertdbané,
coworkers (1983) showéd that a C. ele‘ga_nsvtRI\IAt’i'o Box A
;equeﬁcé coﬁid subétitute.fo:fthe 5! half of the 5S internal l;ﬁ/*”//
control region and the combination'constituted avfunctionai  :/‘ .
pol I;i promoter. |

The tRNATTP fémily in C. eiegans is the only tRNA gené'
family that,has bgen extensiéély characteriéed._ Southérnv
bl;t analysis revealed xhe‘presence of 12 dispersed tRNATTP

'genes (Bolton et /al, 1984). Five members of this gene have

been identifie

/

Kondo et él//1986).' Comparisons of suppressor efficiency

as amber suppreésqrs (Wiils et al, 1983;

show that these tRNA geﬁeg are expressed at different levels ‘
(Hodgkin, 1985; Kondo et al, 1986) .

ﬂ‘Kondé et al (1986) su&%est that variation in gene
exg}ession could be dué to the tissﬁe specific.expression of
theée tRNA genes. Data supporting this hypothesis was

obtained When three different tRNATEP suppres;ors (sup-7,

sup-5, and sup-21) were tested;agai;st single genes such as . .
dgy-lBIand unc-13. These studies showed that the efficiency R
of each suppressor varied with Ehe gene being testéd. |
Although sué-zl was a good suppressof of dumpy mutations,'it

-wWwas a poor suppressor of ambers in muscle genes (Hodgkin,

1985; Kondo et al, 1986). Therefore, Hodgkin hypothesized



- at a low level in muscle cells

that sug-z was - expressed eff1c1ently in hypodermal cells but

" A homologous in vitro transcription sYsteﬁ‘lslggg
available to determine template requirements.of'bql III genes
inig; elegans. All the experiments with the tRNAPro gene

were done USLng.heterologous extracts. The 1nab111ty of

Xenopus extracts to transcribe C. elegans SS RNA gehes (Honda

et al) 1986) suggests some species specificity in

transcription. Species specific transcription signals have
. ' B r .

'~ also been identified in pol III genes from the silkworm

(Sprague et-al, 1977). Ffactionation.af the C. elegans crude
extract would allow identification of nematode specific |
transcrlptlon factors. We undertook to investigate the
organlzatlon and expre551on of tRNA genes in C. elegans. The
subject of this thesis is the isolation and characterization

of five initiator methioénine tRNA genes from Caenorhabditis

elegans.



MATERIALS AND METHODS

Isolation of genomic DNA

C. elegans var Bristfolg(strain N2) wgfe grown on h}gh
peptoné plates containing'ablawn of E. coli sfraih.B as
described by Rose et al (1982). For large chlé DNA ’
preparétions, worms ‘were treated with proteinase K énd sDS

(sodium dodecyl sulfate) as-described by Emmons et al (1979)

except that the worms were not frozen in liquid nitrogen but

pelleted gently, left on ice for 45 minutes to allow

digestion of E. coli and then treated. Genomic DNA was
extracted three times with-phendl,,onqg with
phenol/éﬁlorofdfm, and onceé with chloroform. Thé‘DNa was
further purified by cesium chloride ethidium bromide
centrifugétion.(l gm of CsCl per ml .of DNA solution
containing Godug/ml of EtBr).‘ The Eté; was remévedfby
repeated extractioné with isopropanol saturated with 5M NacCl.
Two volumesjof water and 6 volq@es of eihénol were added to
precipitateﬂth? DNA at -20°C. The DNA was dissolved in TE
(10mM Tris pH 7.5, i!mm'EDTA) and stored at 4°C (Maniatis et

al, 1982).

Isolation of C. elegans eggds

To obtain eggs for transcription extracts, worms were
grown on high peptone plates as described above. The worms

were washed off the plates with 0.5M NaCl, gently pelleted
o '
and then treated with bleach and sodium hydroxide. Once the
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‘worm cuticles had dissolved, the eggs were recovered by
oentrifugation,_uashed with cold buffer (50 mM sodium

®

phosphate pH 6.5, 15'mM B-mercaptoethanol), and then finaily h ,

'resuspended in an equal volume of . water.' This mixture was

frozen in llquld nltrogen and stored at —70°C.
o “

‘Labelling of g;g§g§ '

DNA fragmentS'were labelied by the nick.traoslatron
method (Rigby et al, 1977) using alpha 32p dATP or. alpha 32p 4
ioCTP. The reeotion was carried out for‘3 hours at 156C'ano
etopped with the addition of an equal volume.of'TE saturated
phenol/chloroform. ﬁnincorported nﬁcleotides were removed
from labelled DNA‘by Sephadex G-25-ohromatography. DNA With
spec1f1c activities of 1x107 to 1x10Q8 opm/ug were obtained.
For use in hybrldlzétlons, the probe was denatured by heating

-

in a bolllng water bath for 5- 7 mlnutes followed by rapld

_cooling on ice..

Southern blots ;

«‘Prior to transfer, the gel was treated with three
i

A}

solutions (Maniatis et al, 1982). First, the gel was - soaked

for 10 minutes in 0.25M HCl wﬁich depurinates the DNA to -

allow transfer of high molecular weight DNA.. The DNA was

then denatured with two 15 minute washes in 0.5M NQOH/I.SM e

. Nacl. Finally, a one hour soak in 1.0M ammonium acetate

neutraiized the DNA and allowed transfer to the
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'nitrooellulose (Schleicher and SchWell) by the method- of

Smith and Summers’11980f. After the transfer, t?ﬁ filter wés
flrstgalr-dried and then oven baked under a vacuum at 80°C
forgg hours. ¢ P
Hybridization of bNA L - — | -
All filters were prehybridized in 5X SSPE (1X SSPE 157
0.18M NaCl IOmM sodlumrphosphate, lmM EDTA pH 7.4) and 0.3%
SDS for 2 hours; This solution was removed and
hybridizations wzre~cerried out in fresh 5X SSPE* 0.3% SDS
containing'the denatured probe The stringency of

hybrldlzatlon dependéd upon the homology between the probe
and the .DNA bound to the filter. When the'Xenopus probe wde
used, hybridiiations were.done at 58°C and washesvwere;ati !
58°C in 2X SSPE, 0:3% SDS.\ I1f the probe was homologods,

hybridizations were carried out at 66°C.andﬁthe correspondind

washes were also at 66°C’but in 0.2X SSPE, 0.3% SDS.

Hybrldizations were carried out for 12- 24 hours.’ The filters

were then exposed to Kodak XAR-5 or XK 1 film for 12-48 hours

S

-700 :
at ~70~C. 3 \ o
. S o~ ,
Library screening _ ;(

A partial EcoRI library of C. elegans DNA in the lambda
; : , 1
phage Charon 4A (constructed by T. Snutch) was screened with
a Xenopus tRNA met; gene using the protocol of Benton and

Davis (1977). The probe was a 180 bp HinfI insert from the

\, s



. sulfate, 0.05M Tris pH 7.5, and 0.01% gelation). Phage
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Xenopus laevis and 23 and 83 nucleotides of spaqef DNA at

ﬁhe 5' and 3' ends'résbectivgly (Clarksqn'ei‘al, 1978) .
28,000 phage'wbuld.héve to be sereened to achiéve'a 99%v
probability thatha givén_seqﬁénéé is represented in the
librér?. This number‘was'calCulatedvby usfng‘Clérke,and'
Carbon's formula N =‘ln(1-P) /‘lnil-F) (Maniatis et al-,
1982). To make sureuthe entife genome was represented,
56,600 phage were screened with_the Xenopus probe. 15
plates, each containing approximatély 2,000 plaques were

screened. Positives were picked by inserting a sterile

pasteur pipette into the selected plaque and immersing it -

into 100 ul of SM solution (SM is 0.1M Nac¢l, 8 mM magnesium

* F

saﬁpiejfwere titered and replafed at 200 phage/plate for the

second~screen. From these plates, a well isolated poSitive‘

plague was picked and replated at 40 phage/plate for the
third screen. Positives from the third screeﬁ were used as

stocks of each isolated phage.

El
e, ¢
€
i

Phage DNA Isolation . o .

Phage’uSed for large scale DNA isolation were grown on

NZYCM plates»(Maniatis et al, 1982).c6ntaining a lawn of E.

coli €600. 10 plates were required for each recombinant

clone. Cells.were allowed to grow overnight in. 10 mls of

NZYCM media containing 2% maltose. The next morning, ceils4'

‘3,18 Kb repéat containingfthe intact tRNA metimséquencefof'f“
T . o
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were'cenﬁrifﬁged at 2500 rpm for 10 minutes and then _
\fesuspended‘in 4 mls of~o.01M magneSium sﬁlfate.i~100 ul
aliquots of these cells were added to tubes conﬁaining 100 ui
of. an appropriately diluted phage stock. This mixture was
incﬁba;ed at 37°c for 20 minuﬁes. After this period, 3 mls
of O.7%vagarbse (in NZYCM media) was added to each tube.and
the mixture was immediately poured on a plate. Once the
‘agarosé had.hardeﬁed[.the plates were incubated at 37°C uﬁtil
 lysis was confluent:. At this point,'s hls‘ofrcold SM was: X
aéded to each plate and the plates were kept at 46C_ |
overnight.  The SM was then collected and centrifuged at 4000
rpm for 10 minutes at 4°c. The phage in the supernatant were .
cbncéntfated by Nacl and polyethylene glycol (PEG) |
précipitatibn. This pellet was then dissolved in TE
contaiﬁing cesium chlbride“for ultracentfifugation. DNA from
CsCl purified phage was extracted withkformahidé as»described

by Davis et al (1980).

4

Agarose gel electrophoreéis

Restriction enzymes were obtained from Bethesda Research
-

-

Laboratories and Pharmacia and were used under conditioﬁg
recommended by the suppliersz An 'excess of enzyme was used
to ensure complete digestLon.i Phage and plasmid DNA wefe S
digested for 2 hours while genomiC‘digestsbwere’carried out
for 5-7 hours. Digestion’products were separated on agarose
gels (agarose dissolved in 1x TBE containing 1 ug/ml EtBr)

7‘\.,—-3)-

~
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and run in 1X TBE buffer. TBE is 89mM Tris, 89mM Borate and
2.5mM EDTA (Manfaéfe et al, 1982). 0.7é“agarose gels were
used to separate\freémentSrprqduced'fremjgehomierend-phage_
digests while plasmid digest products were.separated on gels

o%‘different agafose concentretions depending upon the size

of the DNA being separated. AfterAelectrophoresis, gels were

photographed on a Short)waée ultraviolet transilluminator.

— ®

Restriction mapping

kY

Restriction maps of the phage were constructed from
agarose gel analysis of single and double digestions of phage
and plasmid DNA. In a&ditioﬁé-single enzyme partial digeets
of DNA inserts labelled in yi;:g with alpha 32p QATP at ehe

EcoRI end were ordered as.described by Smith and Birnstiel

(1976). For the HindIII sites in insert A of Cetmetl and

insert A of Cetmet5, EcoRI fragments were first digested to
completion with SstI. The EcoRI ends_ﬁere labelled with
alpha 32p dATP; the fragments were separated by - " ‘ ¢

electrophoreéie, and recovered from the gel. Each fragment

was then partially digested with HindIII. Gels of different

agarose concentration were used to analyze the digestion

- products. Lgfge fragments were separated on 0.7% agarose

gels while smaller fragments were enalyzed on 1.5% gels.

Lambda DNA cut with EcoRI and HindIII and pBR322 cleaved with

@

HpaIl were used as marker DNA. Gels containing labelled - -

fragments were dried down and examined by autoradiography.-
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Insert A from Cetmetl contained ah‘inﬁernal 2 Kb SstI - ~~w»—f¥MfA—
fragment wh}ch was not labelled. VThe‘digestibniprodugtSLfrom
this fragment were visualized by photographing an ethidiﬁm

bromide stained agarose gel.

‘v
’

A Recovery of DNA from agarose gels

~ ’

A slice of agarose containing the DNA &as.placéd into
dialysis Eubihé. The dialysis tubinglcontainEd just enough
TE to coVér the gel slice. Thé tubing was iﬁmerseq in an
electrophoresis tank ahd the DNA was éleétréelutéd out of the
gel and into the TE (Maniaﬁis et al, '1982). . The polarity was
reversed for about 30 seconds to.remgve any DNA stuck to thé
dialysis tubing. This solution was then collected, |
ceﬁtrifuged for 5 minuteé in a microfuge to remove ény
contamiﬁating agarose and precip;tatéd with one-tenth vblume
of 3.0M sodium acetate and 2 volumes of 95% ethanol.

Precipitations were usually on dry ice for 20 minutes.

Isolation of plasmid DNA
— 500 mls of.culture was used for iarge scale DNA o ot :
preparations and 10 mls of culture was used for small scale
) iSoiatidﬁ. Plasmid containing‘Cells'were treated with
- lysozyme to -weaken the cell wall and then iysed completely
with SDS and ﬁaOH as‘described by Birnboim and Doly (1979) .

Centrifugation removed the bulk of chromosomal DNA and the



plasmid DNA was recovered from the supernatant by ethgnol
précipitatien. For large scale extractions, DNA was further
purified by gltracentrifﬁgation in a.cesium chloride gradient
in the preseﬁcé of éthidium bromide. Féf small scalé’DNAr
isolation, the pellet was dissélved in 50 ul of TE contaihipgv

3

10 ug/ml RNase:A (Maniatis et al, 1982).

Subcloninq’and ligation reactions

-3

The EcoRI fragments frOmjeach phage were subcionea to

vsimplify the constructi¥n of‘;éstriétion‘maps and to use as
" templates for in vitro transgriptigﬁ reactions. . pUC19 |
(MessinQMet a1, l985)vDNA wés first cut with the appropriate
enzyme. The en;yme was inéctivated‘by'éxtraction wigh
phenol/chloroform.followed by ethanoi_precipitation. The
resuspended vectof DNA was subsequently usea in the |

subbloning reactioﬂé\ Insert DNA wééigel purifiéd and a five
fold-mﬁss ratio ofglnéert to vecgéf DNA was used. The
reaction was carried outuin a 1.5 ml eppendorf tube which
contained 100 ng of vector'DNA_and‘an appropriate amount of.

insert DNA in a total volume of 10 ul. To-this, 6 ul of

ligation mix (25mM DTT, iso ug/ml BSA, 2.5mM ATP, 25mM
magnesium chloride, and 125 mM Tris pH 7.4) and 2 units of T4
DNA ligase were added. The ligation was caf%iea out at 15°c
for 2 hours. The ligation mix ﬁas then diluted with double
distilled water and 1003ul of this mixture was added to the

reaction tube after the 2 hour incubation. The ligation

-



» 18

reaction was then continued overnight at 15°cC:

half of»pherligafed DNA was used-to;transform coméetenf
E. coli JM83 cells as described by;Mandel and Higa (1970).
The pfesence qf-fuhétioﬁal B galactosidase (B gal) enzyme was
used;to dietinguish Seﬁween vectorbeontainiﬁg and recombinant
-containing cefisfi &MSB cells éanﬁot“hake funétiohai‘B éal
enzyme;- The;pelylinker/in’pﬁC19_coﬁtaiﬂsja>5equence thch
eodes for the alpﬁa peptide of B gal (Meee}nélet al, 1985).
¢ This bept}de complements a deletion of.the becterial B gal
2‘gene; Therefore, éUClQ containinglcells can produce |
functional B-gal; However, any»insertieh in the vector's
:.polylinker~disru§ts the alpha peptide and prevents the
production ofifunctionaliB,gel. ‘As a resﬁlt, eells
‘containing recombinant DNA are unable to make functioﬁal B
gal enzyme. IPTG (isopfOpykfthiogalactosidase) and XGAL (5-
bromo-4-=chloro indolyl-BfD-galactoéidase) are used te detecf
the presence of B gal. IPTG is a synthetic ieducer>and XGAL
when hydrolyged by B gal'yieids a(blue color. Transformed
cells are grown on plates containing ampicilIin (100 ug/ml),
IPTG-(160.ug/m1), and XGAL (40 ug/mi). Insert eontaining
cells appear white and can be distiﬁghished from blue vector

s

containing cells.

Generation-of deletion clones for sequencing reactions

Deletion clones were generated by using Exonuclease III

= -

(ExoIII) and SI nuclease as described by Henikoff (1524).
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EonII generates unldlrectlonal progress1ve deletlons 1n the
~ Dﬂa because it can only dlgest DNA with a 5' protrudlng or
.blunt,end. EonII cannot attack DNA with a 3' protrusxon (of
4 bases) and therefore-this endﬂof the DNA is not dﬁgested.‘
By using,EonIIlandeI nuclease, an ordered set of deletion
clones is easily obtained for sequencinq reactions.
‘Sequencing templates were»cloned into\tneHincII site of
pU919.‘,This allowed conyenient selection of sites required
. /to generate deletions in the cloned insert. The follow1ng
steps were caﬁrled out to generate deletion clones:r
1) 25 ug of plasmid DNA was linearized by dlgestlon with°
SstI. The DNA was preclpltated on dry ice for 20 mlnutes
'The pellet was resuspended in TE and dlgested w1th BamHI.
2) The enzymes werre removed w;th a phenol/chloroform
extraction followed by another ethanel precipitation on dry
ice. This time the dried pellet was dissolved in 2é ul of
distilled water. ' ‘% ‘
3) To half this DNA? 36 ul of 1X ExoIII buffer (0.5M Tris
pH 8.0, 160mM b—mercaptoethanol, and 50mM magnesium\chloride)
and 300 units of EonII enzyme were added. ’The mixture was
1ncubated at 37°C
4) 2 ul aliquots vere removed from the above reaction at 15
second intervals and transferred into eppendorf tubes
‘contalnlng 2X 81 buffer (2X SI buffer is 60mM pota551um
acetate pPH 4.5, 500mM NaCl, 20mM zinc sulfate, and 10% |

glycerol).

a
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5)‘ 2 units of SI nuclease was added to each tube.
- Incubation wasfcarried out at room temperature for 30

-

minutes. : 'l,, ‘ L= B o

6) | To ana1yz§ the progress of digestion, half the DNA from
each timelgoigt wéS‘run on an agarose gel. The rest of the
DNA.yaslextracted'once.Qith'phenol/chloroform, ethanol
precipitatgdf‘and resuspended in 10 ul of water.

7)  To half this DNA, 2 ul of 10X ligation buffer, 3 ul of

- water, and Klenoy enzyme were added. This mixture was

incubated at 37°C for 5 minutes. A mixture of dNTPs (2.5mM

/;ééh) was then added to the reaction and the incubation was

>

continued for an additional 5 minutes.
8) Finally, in preparation for subcloning, ATP, DT&, and.
ligase were added and the DNA was religated overnight at

15°c. o

3

/9) Half of the ligation mix was used to tranéforﬁ competent
E. coli JM83 cells. 4-5 colonies were picked from each
appropriate time point. |

16)_ DNA isolated from these colonies was,digested,
electrophoresized, blotted and probed with the‘Xenopus gene.-
-Small inserts still containing the;gene were selected for

sequence analysis.

Sequencing reactions
All the genes were sequenced by thg“dideoxy method

described by Sanger et al (1977). The protcocol was modified
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to allow sequencing of denatured supercoiled plasmid DNA |
(Messing et ai, 1985; Hattori and ékaki, 1986). The
following steps were'performeq for sequencing reactions.

1) Plasmid DNA iéélated’from deletion clones was dissolved
~in 50 ul of TE containing RNase A. .36 ul bf‘a 20% PEG/2.5M

NaCl solution was adéed to the DNA andﬁ;he’tube_&as left‘on
iceffsriaiféh hours. The DNA was recovered by a 15 minute

centrifugation in the microfuge. - The pellet was then.washéd

with 70% ethanol, dried, and resuspended in 30 ulﬁéf TE. ~ 10

' ul aliquots of DNA were used in each sequencing reaction.

2) 10 ul of 0.4N NaOH was added to the 10 ul of DNA. After
denaturation, the DNA was eﬁhénol precipitated and vacuum
dried. | |
3) To this'driéd pellet, 1 u1 6f fbrwafd or reverse primer,

3 ul of water, and 1 ul of'SXH“buffer (50mM Tris pH 7.9, 50mM
magnesium chloride, and 250mM NaCl) were added. The reagents
were mixed and incubated at 60°C for 15 minutes folléwéd.by
an incubation at room temperature for another 15 minutes.

4) To the primed plasmid, 1 ul of 100mM DTT, 2 ul of alpha
32p dATP, and 5 units of Klehow were added. This~combihation
was quickly mixed and divided into four parts and each was
added to separaFe tubes containing 1 ul of G, A, T, and C
specific dideoxy mixture (Pharmacia kit). The reaction was
carried out at 42°C for 20 minutes. A chase solution (1 ul

of 1mM dNTPs) was added and the samples were incubated for

'~ another 20 minutes at 42°cC.
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5)  The r;Lction was étoppedAby adding 6 ul of sequenéing
loading dye (80%'v/v.deionized_formémide, 50mM Tris borate pH
8.3, 1mM EDTA, 0;1% wW/V Xylene cyahol andio.l% w/V |
bromqphenol blue). _The'samples’were heated to 85°C for 3
“mihutes and then quick chilled on ice. 3 ul aliquots were
1loaded on sequencipg gels. \

6) 6% polyacrylamide (29:1 acry:bis), 7M urea gels were —-
ﬁsed. _Electrophoresis was in 1X TBE’buffer»ét'lsoo volts.for
1 1/2 to 3 hours. The gel Qas then gently transferred to
filter paper; dfiediqn,the paper under a vacuum, and eXposed

‘to Kodak XK-1 film for 12-24 hours at room temperature _

without an intensifying screen.

Preparation gi'transcription‘éxtracts
Transcription extracts wereuprebared‘from frozen Q.

elggans eggs as described by Honda et al (1986)T Frozen eggs
were quickly dissolved in homogen%gétion buffer (50mM Tris pH
7.9, 0.1mM EDT;, 10mM magnesium chloride, 0.4M ammondium
sulfgfe, 25% glycerol, 1mM phenlymethylsulfbnylflhoride, and
5mM DTT) and passed through a french pressvtwiceﬁat 12,000 e
psi. The resulting Solution was centrifuged. and the pfoteins
remaining invth; supernatant were precipitated by slow |
addition of ammonium sulfate. The pfecipitated proteins were!
dissolved‘in Buffer éC (40mM Tris pH 7.9, 1mM EDTA, énd 20%
glyéerol) and diaiyzed against buffer PC until the~solutioh
reached the same conductivify as buffer PC - 0.1M NacCl. The
extraét was'then aligquoted and stored ét -70°c.

1
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g;anscrigtion assays

Trahscription reactions contained in 25 ul: 5 ul of

_extract, 5 ul of DNA (containing 6 ng of tDNA and 25 ng of 5S

DNA), 50mM Tris pH 7.9, 3mM magneSium chloride,'O.SmM DTT,

0.6mM ATP, 0.6mM CTP, 0.6mM UTP, 15um GTP, 10uC alpha 32p

. GTP, 0.2 ug/m1 a1pha amanitin, and 0.50mM spermine. The

reaction was cafrieq out at 25°C for 60 minutes and was
stopped by the’additionrofls ul of 10% SDS and 50 ul of
phenol/chloroform. The aqueous 1§yer was placed in a clean
tube. An additional 25 ul of TE containing § ug of carrier.
DNA was added'to tﬁe reaction tube . After another pﬁenol/
chloroforh!extrabtion,’bothbaquéous léyers were pooléd and
the RNA Qas recovefed by ethanol precipitation on dry ice for
oné hour. '

The dried pellet was resuspended in % ul of sequencing
loading dye. To make sure all the RNAHwa; dissolved, the
sampie was heated to 85°C for 3 minutes and then loaded
directlylon the gel. The RNA was subjected to
electfophoresis on 12%_pplyacry1amide gels containing 7M-
urea. The electrophore;i;b;uffer was 1X TBE. The gels were
run for approximately 90 minutes at 1500 volts. Labelled RNA

bands were detected by autoradiography ©f the dried Qel.

e



RESULTS

Genomic organization

P

To first determine the presence of putative tRNA met

génes in C. elegans, genomic blots were probed with a

heterologous Xenopus tRNA metj gene. C. elegans DNA cleaved

- with EcoRI was electrdphoresed on an agarose gel, transferfed

to a nitrocellulose filter and hybridized with a nick

translated Xenopus tRNA met; gene. The autoradiograph

-

(Figufe 1) shows the presence of about 8-10 EcoRI initiator

‘tRNA specific fragments randing in size from approximately

10.2 Kb to 2.0 Kb. Blots containing genomic DNA cleaved with
an enzyme recognizing a 4 bp sequence such as Rsal or Alul

show 10 different bands when probed with the Xenopus gene.

" Neither of these restriction enzymes have sites within the

tRNA metj .coding region. _ | ' .
The 10.2 Kb and the 2.4 Kb bands-display a stronggr
hybridization signal implying the poésiblenpresence of two
copies. . Sequence cdmparison (see'sequencé data following)
indicates that the homology of the probe is restricted to the
coding region for all five genes isolated. The stronger
hybridization siénal of the two bands is not the result of

greater homology to the probe.

Isolation of the tRNA met; genes
The next step was to‘th‘to isolate these putative tRNA

met; genes for further characterization. A C. elegans
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Figure 1; “A. Q.>§l§g§2§ genomic 516£ probéa,ﬁith thé‘Xeﬁépﬁg;i ’i”5
tRNA meti,geneﬁgt low stringency. - LémﬁdérbﬁA,cut éiﬁh Eé;é;i;!{.rl‘
- and Hind;IIrwa51QSed as,marker,bNAp- The filtér»washeXpo§éax. |

at —soéc for 2 l/2“days'to,kbdak XAR—Slfiimﬁwith an
iﬁfénsifyipgvscreen: B ='BamHI, H - HindIII, E = EcoRi;ﬁA‘z - ;Sx\\
AvaII. The numberé‘néxt to.the bands in ﬁhéAEcoRI iane,; \ SN

represent the different tRNA met; genes isolateé.'
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genonic iibrary &as screened with the Xenopus tRNA metj pfobe
using in situ plaque‘hybridization (Benton and Davis, 197?).

_ The—screening of about 56,000 phage resulted in the isoiétion
of 18 clones which hybridized strongly to the probe. BcoRi':
restriction digests\of the.lé positiQes showed only five |
different patterns. JTherefore, the 18 positiQes represented
onlyifive-different recombinant phage namely: Cetmetl,

Cetmet2, Cetmet3, Cetmet4 and CetmetS5. Four of the eight ¢

hybridizing bands in the EcoRI lane of Figure 1 were

— . B
As suggested previously,

%reprpsented»in the ispléted phage.

- the 10.2 Kb band represents two different tRNA mefi genes.
This result suggests that C. elegans contains 10 tRNA met;
genes. Of the 18 positives isolated: 4 wére identical to
Cetmetl, 6 were identi?g{myp Cetmet2, 4 represented Cetmet3,
2 represented Cetmet4 and 2 were the same as Cetmet5. The
chromosomai inserts in Cetmetl, Cetmet3, and CetmefS wére

about 14 Kb while Cetmet2 and Cetmet4 contained inserts of

' . Y B
approximately 12.5 Kb and 15 Kb respectively.

Characterization off phage
Restriction mapging

Since these phage clohes were isolated from a.partialv
EcoRI libfary, restriction with EcoRI releases more than one
fragment. To make the restriction ﬁapéing a little easier,
recombinant phage DNA was digested with EcoRI and éhe

resulting fragments were inserted into the vector pUC19 at

Q



+the ﬁcoRI site. < Each insert was then cut with a variety of

restriction endonucleases. Data obtained from digestion of

thevcloneérfollowed by fragme%t separation enabled the'

constructién of the maps presentéd in Figure 2.. The
/,brganization of re;triction Sites over the entire insert is
different in e;ch phége indiecating that each repfesents.a‘
 different chromosomal region. Results of Southerﬂ blotting
experiments during restriction mapping of the clones nérrowed
down the tRNA containing region to a. 1.0 Kb ECORI HindIIT
fragment in Cetmet2 and Cetmet4 while the tRNA coding |
sequences are found ih a 0.50 Kb HiﬁdIII fragment in Cetmetl,
-and a 2.6 Kb EcoRI XbaI insert in Cetmet5. Hybridization
maps the tRNA gene in Cetmet3 to a central 1.7 Kb PstI
HindIII fragmént. The EcORI HindIII éragment in cetmet2
appeairs identical té the cdrrésponding segmentAinlCetmet4.
The rest of the two clones differ in festriction site‘
organization. The tRNA containing region from ;ach phage was<
subcloned to allow further characterization.

Seggence analysis

Table 1 summarizes the results presented below. It

shows the templates used in each sequénoing reactiqn.

All the templates were cloned into the HincII site of pUC19.

Cetmet2 and Cetmet4 In both these phage, the gene had
been localized to a 1.0 Kb EcoRI HindIII fragment. Using
Exonuclease III and SI nuclease, progressive unidirectional

deletions were made into this insert. Southern blots of

[}



Figure 2. Restriction mans‘of the recombinant phage
contalning C. elegans tRNA metj genes. 5' and 3' indicate
the orientati;n of tnéJinsert in the phage. The heavy arrow
in each phage shows the gene containing insert. E = EcoRI, H

= HindIII, B = BamHI, S = SstI, X = XbaI, Hp = Hpall, A =

AvalII.
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tRNA gene
Cetmet?2

Cetmet4

" Cetmet3

Cetmet5

Cetmetl

temglate;

1.0 Kb EcoRI
HindIII insert

1.9 Kb EcoRI

,HindIII insert

0.55 Kb HpalIl
insert

0.56 Kb AvaIl
insert

0.30 Kb HindIII
HinfI insert

J

" Table 1.  Summary of templates used in sequencing,reactioné.

Sequencing
strategx

generated
deletions with
ExoIII and SI

generated

deletions with

ExoIII and SI

generated -

. deletions with

EonII_pnd SI

generated
deletions with
ExoIII and SI

subcloned and
sequenced

‘directly

‘29
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hese-déletion«clones-probéd with thg“Xeqopus gene identified’
:%&all gene containing inserts which were subseq@ehtly chosen
for sedﬁence analysis. By using the forward primef’in’one'
Sequéncing feaction and the reverse primér inlanother
reactidn, both stranas-of the insert were sequenced; This
strategy was employed to seqﬁence both strands of all the
other tRNA genesags well. These’results show that Cetmet2
and Cetmet4 have\identicai’flanking and coding sequences
(Figure—3).j Both phage share at least 1 Kb of identical
sequence. ) |
Cetmet3 In fhis phage, digestién of the 1.7 Kb PstI-
'HihdIII{fragment with Hpall generated a 550 bp HpaIl gene
‘containing inse;t; This insert was subcloned and used as a
template to generate deletions. A 230 bp geng—containing
cléne was selected for sequence analysis.
. Cetmet5 The tRNA coding sequence in this phage was
confined to a 2.6:Kb EcoRI Xbal fragment. The gene was then
further localized to a 560 bp AvaII insert. Again, EonIIv
and SI were uéed to generate clones for éequencing reaction.
By.séquencing overlapping ¢lones, the nucleotide sequence of
the entire 560 gp fraémenf was determined.
Cetmetl During restriction mapping, the gene was .found to
be coniained in a 560 bp HindIII fragment. A single Hinfl
site cleaved this fragment'inﬁo two pieces of about 200 bp
and 300 bp. Hybridization analysis revealed the presence of

the gene in the 300 bp insert. This insert was subcloned and
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‘figure‘3;‘ Nﬁciebtide sequence df>the‘g.~e1egans tRNA‘meti_r
Jgenes. The sequence in boldtype represents the coding |
portion of the tRNA gene. The nonéoding DNA strand is shown
in each case; The A ‘Box and the B Box pfbmoter‘sequences are
underlined. The traﬁscriptigp termination site is in

R

boldtypé in, the 3' flanking séquencef"'



c. elegans tRNA metj genes

5! flanking seguences _ : -

Cetmetl
Cetmet2
Cetmet3
Cetmété

Cetmets

tRNA -
met{

'I‘_GGCCAAAATGGCAAAA'ﬁCAAAATTGCCAGTTTCTTCACAATTTTCCGC
AAGCAAAAATGATCAGACTGATAAAACCATCGAAATGATATGAAAAACGC
TCTTTGCGTGCCATCTCGTTGTATAGGCTGTGTGTTCTCCTATTACCAP.{_C
AAGCAAAAATGATCAGACTGATAAAACCATCGAAATGATATGAAAAACGc

AACACTACACGCTCGTTTCATCGACCGCTAGTTTGTTGCTGTCAAACAAG

- AGCAGCGTGGCGCAGTGGAAGCGTGCTGGGCCCATAACCCAGAGGTCGGT

GGATCGAAACCACTCGCTGCTA

3' flanking sequences

Cetmetl
Cetmet2

Cetmet3

Cetmet4”

Cetmet5

GACTCTTTTTTTGCACTACCTCCAAATTTTAGCAATTTTTGAGTACCTGT
GAACéATTTTTTTTGAAAATATATGAATTACCTTCTAAATGTACCAAAAA
GATTTTTTTCATTTTTTAAAAACAGATATTTTTAATTTTATATGATAACT
GAACGATTTTTTTTGAAAATATATGAATTACCTTCTAAATGTACCAAAAA

AAAATTTTATTTCTATGCACAGGTAGGAGGTAGGGCTGTGCGGTTGGCTA

31b



used as a templéte in sequenéing reactioﬁs.

( Figure 3 shostthat all the tRNA met; genes céntain
identical coding sequences.- The étructural sequenée is not
_interruptéd and does nét code for the 3' terminal CCA. With
the exception of Cetmet2 and Cetmetd4, the séqﬁe;cesr g -
surrounding the fRNA geneé show considerable divergence:
_little or no homology in the 5! and-gT flanking regions.
Similarly, Kondo et al (1986) were unable to find any
significant homologies in the 5' flanking sequences of five
C. elegans tRNATTP genes. The nematode initiator genes do
contain nucleotides homologous to the A Box and the B Box
promoter sequences (Ciliberto. et ai, 1982; Galli et al, 1981;
Sharp et al, 1981). 1In addition, the 3' flanking region of
each gene contains a block of T résidues whiéh is thought to -
be the transcription termination site (Korn and Brown, 1978;
Bogenhagen and Brown, 1981; Koski and Clarkson, 1982).

Figure 4 displays the C. elegans tRNA met; gene in the
standard‘élovefleaf configurétion.' Like all othef eukaryotic
initiators, the C. elegans gene containé the characteristic
ATCGAAA sequence in loop/;{\igstead of the invariant TTCG(A)
sequence found in all other tRNAs (Gillum et al 1975; Rich
and(Rathandary, 1976). In addition, the anticodon sequence
CAU is preceded by a C instead of the U residue found in all
other tRNAs. fhis is also .a‘feature unique to eukaryotic

initiators (Rich and Rajé&andary, 1976; Silverman et al,

1979; Canaday et al, 1980).
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Figure 4. The nucleotide sequence of the initiator
methionine tRNA gene arranged as a cloverleaf:. The conserved

sequence is underlined.
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Hybridization g;nqenomic DNA to a homologous tRNA met; gene

Aftér}cloﬁfhg the nematode gRNA met; genes, a 130 bp

Hhal gene containing fragment from Cetmet5 was hYbridized to
a Southern blot containing genomic DNA cut with’EcoRI.r The
autoradiograph produéed was identiéal to the EcoRi lane. in

- Figure 1. 1In a@dition, the'intenéity df~£he sighal'produced
by the homologous tRNA méti gene was similar to tﬁe intensity
of the single band produced when a flanking phage fragmeﬁt
was used as a probe. This suggests that the bands‘on the
Southern blot are the same copy number and giébably represent

single copy genes.

Genoﬁic organization Qi‘seQuences flanking the tRNA meti
| genes

Further information regarding the genomic organization
of sequehces flanking tpe cloned tRNA met; genes was obtained
by annealing 32P‘labelled EcoRI flanking phage fragments to
SOEthern transfers of EcoRI digested genomic DNA'(Figures 5A-
5E). These results reveal the presence‘ofva moderately
-repetitive DNA sequence (at least 8 copies) within each phage
and adjacent to each tRNA met; gene. In all but one cése,
reiterated sequences from the other phage do not cross
hybridize. From this absence of homology between localized
repetitive sequences, it appears that a different set is
present and adjacent to each tRNA met 4 gene; Finally, in

four of the five phage, the repétitivé'sequence is found 5'

l/
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Figures S5A - SE. The restriction map on the top shows all
the EcoRI fragments in;the phage. The heavy arro& représents
the tﬁNA‘gene in the phage. Southérn blots containing |

- genomic DNA»cut wifg-EcoRI were probed with éach EcoRI phage
;insert. The middle'po#tion of the figure shows the »
autoradiograph produced when each EcoRI fragmeﬁt was uééa'as
a probe. Hybfidizations were at high,séringenCy (wash‘at |
66°C in Q.2X SSPE, 0.3%-SDS). Filters were expoéed to XAR-S
film with an ‘intensifying screen for 48 hours..-The histogram
represents the estimated(numberVof~bands on the Southern |
blots.

The gels.for the Sduthern blots were run at different
times. For examplé, the four blots shown for Cetmetl were
not from thé same gel. fhis élsq applies to the'blotsrip
Figures‘SB - 5E. For these figures, if ié not_essent151 to
have all the blots from the same gel (for each phége). éhage
blots show that in almost all cases, each EcoRI phage'
fragment hybfidizes only to itself and does not cross
hybridize to other phage fragments. Thereforé, the bands on
the Southern blots are not expected to line up in any
particular order. The bléts are only intended to show the
number of bands produceé by each ﬁcoRI phage ihsert on a

genomic Southern blot.
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to the tRNA gene. The repetiti&e sequence inrééfﬁe£3 iéi -
found 3' t§ the tRNA geﬁe. i N < “

Insert C from Cetmét; yields no discrete bapd; but a
smear ranging from low to high‘moleéular weightlgyA;JHInsert
C from Cetmet2 hYbridizes strongly to 8 bands and weakly to
an additional 5 bands. This pattern is also prédUced by
Insert E from Cetmeta4 which also hybridizes to 13 Banﬁs.
This result‘is nqt.unexpected as these two fragments (IqSert
C from Cetmet2 and Insert»E from Cetmet4) are'ablé to cfoss
hybridize under conditions of moderate ;tringency (wash at
66°C in 2X SSPE, 0.3% SDS). 1Insert C from Cetmet3 hybridizes
to 11 bands of varying intensity. The band displaying the
strongest signal is the probe hybridizihg tobitself.
Differénces in band intensity may be the reéult Of varying
degrees of hémology to the probe. The repetitive sequence’
from Cetmgts is fbund in insert A of ﬁhis phage. This
fragment’also‘happens to contain the tRNA gene. In addition
to one intense kand, Inseft A hybridizes‘to seven»éther
weaker bands. Although thé reiterated sequences appear to be

bounded by EcoRI restriction sites, their exact location and

length in the cloned inserts is unknown.

\

’

Cosmid results o

Cosmid clones have been isolated for 4 of the tRNA met;
genes (A. Coulson and J. Sulston, pers comm). The phage have

been renamed such that Cetmetl is rtm-2, Cetmet2 is rtm-4,



Cetmet3 is rtm-3, and finélly Cetme£4.is rtm-1. The‘genes
have been named rtm because rt indicates tRNA whilé m |
specifieS"methionine;, All four genes lie on different,
nohoveflapping.cosmid islands (A. Coulson, pers comm) .
Abséncg of overlép between the cosmid,clones'implies that the
genesbare not closely linked with each other in the éenomeu
The cosmid island containing Cétmet3 (rtm-3) is shown‘iﬁ
Figure 6. Cetmet3 (rtm-3) has been mapped to the X chromosome
by in situ hybridizatibn and lies 39-55% from the left end

i""\
(D. Albertson, pers comm).

In vitro transcriptions

The cloned tRNA 'metj genes were used‘as templates to K
" program the homologous in yi;;g transcription system. For

Cetmet2, Cetmet3, and Cetmet4, the EcoRI gene-containing

insert in pUC19 was usedga; a témplate. The tRNA gene in

Cetmetl was on a large piece of/DNA and, thergfore, a smaller

clone containing the gene was used in the transcription

reaction. The HindIII gene-containing insert in pUC19 was

used to direct transcription in vitré. Similarly, the 560 bp
Avall subclone from CétmetS was used to pfogram‘the‘lg zlg:g
transcription system. C. elegans 5S DNA (kindly provided by
D. Nelson) was used as an internal control in each reaction.
All ﬁemplates were supercoiled plasmids thaﬁ had heen
purified by CsCl ﬁltrééentrifugation: Figure 7 shbws that

all genes direct the transcription of a precursor and mature
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Figure 6. A physical map of the contiq'containfng Cetmet3
(rtm-3). Each cosmid clone ‘is represénted by é singlé line:
vThe\length’of each‘line is éroportional to the number of E
HindIII sites in the clone.'.Overlapping lineg indicate
cosmid overlaps detected by comparing fingerprinting patterns
prgduced by each clone. The asterisk indicates that

additional similar clones have been isolated but have,hot

been displayed in the figure. ' s
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Figure 7. 'In vitro transcription products of cloned tRNA

met; genes. 55 DNA was used -as an internal control. Total
RNA was analyzed on a 12%.polyacrylé@idé gel‘cohpaining ™
Vurea. The dried‘gelfwas exposed‘tb Kodak XK-1 film for»24
hOuré at room temperature without an ihtepsiinng screen.

Approximate sizes of the RNA transcripts are shown.
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products. The tRNA genés_appear to produce precuréors of'
different sizes. Cetmetl, Cetmet2, and Cetmetd4 are similar;
the precursor is approximateiy 84 nucleotidesblong. CétmetB'
and Cetmets produce a smalier primary'tfanscriptfwhich is
about 82‘nqueotides 1n iengthf Also, two‘mafure products
(about 75 nucleotide§ in length'are produced by each
template. Theseg may simplyrbe the result of incomplete
‘processing. Figure 7 also shows that using gquimolar amounts
of each gene template does not result in the production of
equivalent amounts of product. Cetmet5 appears to be the
most efficient template in direéting transcription.
Alternatively, differential tRNA pfoduction could result from
more efficient processing or from increased stability of the
Cetmet$5 primary transcript.

| Since the tRNA metj coding region represented only a
- small porfion of the entire phage ipsert, it was of interesé\
to determine whether any other polymerase III gehes were °*
present. °'All the EcoRI flanking fragmentsbfrom eachlphageI
wereéused to program:the in vitro system. RNA coding’
vsequenceg‘could be’identified only:in Insert é from Cetmets.
This clone produces a tRNA size precursor and mature products

in vitro. Therefore, Insert C appears to contain a putative

tRNA gene.



DISCUSSION

Gene ‘organization

There appear to be 10 tRNA met; genes in the haploid
genome of C. elegans. The existence of only one gene in each
phage insert (With the possible_excéption of Cetmet3)
suggests that the initiator tRNA genes are arranged
iﬁdividually and are not clustered with other tRNA genes.

The cosmid results support this-hypothesié. The tRNA gene.
arrangement will be confirmed only when all the genes have
been 5ccurately mépped on a linkage group. So far, Cetmet3

"(rtm-3)- has been mapped to the X chr:yﬁsome.
f

It is not clear why only five different recombinant

phége were isolated from the screen. The‘growtﬁ of a
recombigant phage is presumably affected by its sequence
content (Maniatis et al, 1982). Therefsre, phage containing
unstable or poiéonous sequences will be underrepresented in a
library. Subsequent émplificationiof thé-librarf results in
differential growth of recombinants and this is reflected in
the sequence content of the library. Conseqﬁently, any tRNA
met; genes lying closetto such sequehces may also be lost
from the library. Alternatively, it may be bad luck that
only five different phage were isolated.

The initiator tRNA genes in C. elegans resemble those in
Man and Drosophila both in number and general organization.
The haploid human genome contains 12 dispersed initiator tRNA

genes (Santos and Zasloff, 1981) while in Drosophila,

\
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Southern blots indicate'the presence of 8-9 scattered genes
(Sharp et al, 1981b). It is not known why members of a tRNA
multigene family are dispersed throughout the genome; nor is (
~there any explanation  for clustering of tRNA genes. Guthrie
‘and Abelson (1952)‘hypothe5ize that tRNA genes are dfspersed
to maintain their number. If they were tandemly repeated
such as 5S RNA genes, their numbers could expand or contract
by ﬁnequal’brossing over. Théy suggest that the number of
identical genes.in a éet would tend fo remain fixed if they\
were dispersed among different chromosomes.

- To study the chromosomai‘regions containing tRNA met;
genes, genomferblots were probed with flanking EcoRI
fragments from each phage. The reéults reveal the presence
of a different reiterated sequence adjacent to each tRNA met;
gene. Repetitive sequences are also closely associated with
three human tRNA met; genes (Santos and Zasloff, 1980). As
in the C. elegans genes, there is no homology between the
reiteréted sé!.bnces. Santos and Zasloff (1981) believe
that the repetitivé sequences sufroundiﬁg the tRNA met; geneé_
could represent "hot spots"'for recombination. They isolated
two phage that had thé same tRNA containing.ffagment but
differed in the rest’of the restriction site<6¥gani;ation
(siﬁilar to Cétmetz and Cetmet4). Furthermore, the region of
homology was flanked by repetitive DNA. To explain their

finding, they suggest that a recombinational event

(originating in .the reiterated sequences) was responsible for
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joining a tRNA meti gene containing fragment to two different

chromosomal segments.

Similarly, it has been implied that the highly : s

reiterated 5' flanking sequence of a D. discoideum tRNATrP
gene may play a rolegin regulating the transcription or
processing of this gene (Peffley and Sogin, 1981). Olson et
al (i983) use the same reasoning to propose téat the
consistent association between sigma elements and tRNA gehes
has a functional significance. However, it is unlikely that
the sigma element\influences‘tRNA gene expressien since‘all
the elements isolatéd do not transcribe in the same
orientation as the tRNA' gene. 1In eddition, sigma cannot be
required for tRNA transcription since the majority of tRNA;
genes do not contain such sequences. 1In all these cases, a
role in gehe regulation has been proposed, but has not yet
been demohstrated.

 Similarly, it is difficult to assign a regulatory role
to the rebetitiwemsequences found‘adjaéent to the C. elegans
genes. First, lack of homoloéy.between localized repetitive,_
sequehces suggests that the tRNA metj gene is not
functienally arranged with the reiterated'sequenee.‘ Seednd,
the reiterated sequence is found 5' to the tRNA coding region
in only four of the five phage. 1In Cetmet3 a different
repetitive sequence is feund 3' to the gene. This sequence
produces a tRNA size transcript';g y;;;g. None of the other

localized repetitive sequences produce a transcript in vitro.



48

Finally, Emmons et al (1981) have estimated\ihat\g.‘g;ggggg
contains bétween 130 to 1300 families of middle repetitive-
elements. These'seqﬁences aré only a feQ hundred base pairs
1ong and most are of a low copy number. These fésults
suggest tha£ the presence of repetitive sequences next to the
tRNA éenes‘may simply be fortuitdus. Similarly, by analyzing
random cloned fragments of g.‘elegans DNA, Rose et al (1982)
found that 9 out of 27 fraéments hybxridized to more thén one
band on ‘a Southern blot.

)

Sequence analysis

Although the‘coding fegion of the C. elegans tRNA met;
genes is identical, seqﬁehce heterogeneities do exist in
‘other tRNA metiAgené families. A variant human tRNA met;
genethas been isolated by iasloff and Sagtcs (1981). This
gene contains a T instead of a G nucleotide at position 56.
Although transcriptionally active, the gene is not processed
properly (Zasloff et al; 1982b) ;ﬁa is trapped in the nucleus
(Zasloff et al! 1982c).

In aadition, X. }aevis contains two different tRNA met;
genes. ' The Met A gene contains .a C residue at position 65

whereas Met B has a T nucleotide ‘at this position (Hipskihd

and Clarkson, 1983). Met B transcripts have not been

detected in vivo and this gene is poorly expressed in vitro.

Hipskind and Clarkson (1983) showed that the single base pair

change did not impair transcription. Instead, the poor

=



expressionvwas due to inhibifqry 5" flankingvéequences.

The flanking sequences of the nematode tRNA metj genes
show no similarity. Only Cetmet2 and Cetmet4 have the Same
' flanking sequences. Thése genes are fouhd on identical 1.0
Kb DNA fragments. This arrangement_éould bé the result of a
‘gene duplication event. Because there is some hémology,
'betweenythe reiterated sequences found 5' to each gene, a
region greater tﬁan 1.0 Kb must have beén involved in the
dupiication:event. Similarly, the Drosophila fRNA met; genes
ére found on identical 415 bp fragments (Sharp et al, 1981b).
" Other examples of tRNA geﬁe duplication have been AOcuﬁented
in.Drosophila. Hosbach et al (1986j>report that the three
tRNA glutamate genes at chromosomal region 62A were genérated
by unequal crossing over between two genes that arose'by
duplication of an ancestral gehe. In addition, single copies

of a tRNAGLY gene are found within two direct repeats of at

o

least 1.1 Kb at chromosomal region 56F (Hershey and Davidson,
1980). An extreme example of gene duplication is seen iqzéngm_\&\\

organization of two tRNA met; genes in Xenopus: laevis. 1In

 this organism, two initiator and six other tRNA genes are
contained within a‘5.18 Kb DNA -segment that is tandemly
repeated about 300 times in thé haploid génome (Clarkson and
Kurer, 1976).

.Like other euké}yotic initiators, the C. elegans RNA

sequence contains the nucleotides AUCG in the T loop region.

The invariant TUCG sequence is believed to be required for

-



tRﬁA binding to t?e A site on the ribosome (Offengand and
Henes, 1969). Bécause initiator tRNAs do not contain this
‘sequende, they are restribted to the P site. However, a B.
mori tRNAAL2 containing the sequence AUCG in the T looplstill-
functions in protein -synthesis (Sprague et al, 1977). This
result suggests that in addition to the invariant séquence
AUCGAAA, ofher features must exist to distinéuish initiato}s
frqm'othér tRNAS.

Modulation of tRNA g;ne expression by 5! flanking'
sequences implies that these sequences can either inhibit of

be essential for expression. Regulatory sequences have been

found 5' to D. melanogaster and B. mdri tRNA genes. 1In ,

Drosophila, T-rich sequences are rﬁSponsible for the poor in
vitro transcriptional aétivity of lySine tRNA genes (DeFranco
et al, 1981). Because the repression is position dependent, -
DeFranco et al (1981) suggest that the sequénce may exert its
.effect by resembling a pol III termihétion signal. Also, |
sequences of putative stimulatory elements found 5' to
Drosophila tRNA genes have been reported (Indik and Tartof,
1982; Sajjadi et al, 1987). No seqﬁences homologous to any
of these charécferized sequences have been.foﬁnd in the §°
f;anking region of the C. elegans tRNA heti genes.

Sprague and cbworkers (1983; 1984) have identifieq an
upstream control region required fof'the‘ekpressioh oflgl
mg;i polymerase III genes. This essential region contains . 7

three block of T—fich sequence. Because the 5' and 3



flanking regions of tﬁe nematqdeVPRNA met geﬁés,are)A—T
riéh, a computer search for the Bémbyx p:omoter‘élements

- shows many sequences with partial homolog§; Thése sequences
do not gppear to be functiopally significant. ' Data from the
~above studies suggests that 5' modulating Sequencés«may
influence transcription in a species specific manner. This
could explain why T—riqh sequences found in front of
Drosophila tRNA‘genes are inhibitory while f-rich»sequences
found in front of Bombyx tRNA genes are esséntial for
transcription.

So far, no ééneral sequence requirements have been
identified in the 5' flanking region of C. éléggns pél 111
_geqes." In vitro transcription of deletion clones showed that
a 13 bp sequence found 5' to the 5S RNA coding;éegion,can’
modulate transéription. Removal of this’ééquence reduces the
‘efficiency of 5S RNA tranééription in yi;;g‘(D.'Nelson, pe;s
comm). However, this sequehce.is not fouﬁd in front of any
of the nematode tRNA mefk i gehesi Furthermore, deietion of
all but 2 bp of 5 flaﬁking DNA from Cetmet3 does not appear
to impair expression of this gene in vitro.

It is difficﬁlt to explain why thé entire coding region
of the tRNA met; genes is conserved while no sequence -
homology is\detécted'in'the flanking DNA. This impiies thatr
strong selection ptessure and/or corredtiqn mechanisms must

exist to maintain sequence homology between the various

members of the tRNA gene family. Weiner and Denison (1982)
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propose that only gene conversion could be respon51ble for K
maintaining the homogenelty of eight yeast tyr051ne tRNA " “t
genes. They argue that conversion best explalns why 1nternal
sequences are homogenized while flanking sequences remain
;unaffected. Gene‘conversion is initiated when two_partially
homologous DNA sequences efcﬁange single strands between
themselves in the formation of a heteroduplex. Any
dlfferences between them are repalred by u51ng either of the
strands as template. Although each locus should serve as the
template for repair in half of the conversion events, this
does not always occur and one may be used predominately at
template (Nagylaki and Petes, 1981).‘ Conversion allows a
non-reciprocalbinformation transfef from one gene to a copy
of‘the'gene on the‘same (Klein and Petes, 1981) or different
(Scherer and Davis,v1986) chromosome. Munz et al (1982) have
demonstrated that recombination occurs between dispersed
setine'tRNA genes in S. pgmge. They show that information
‘transfef between three unlinked serine tRNAIgenee occurs by
intergenicrconversion e&ents. These events appear to be
restricted"te the coding sequences only. ‘Perhaps a
correction mechanism exlsts that ensures the participation of
only coding sequences in these events. 1In addition, some
mechanism mnst exist to prevent the hemogenization of closely
related tRNAs. This mechanism would allow different
isoacceptors of a tRNA to maintain their sequence. |

heterogeneity.
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tRNA#related sequences do notkeppear to‘p%rticipate in
any rectification mechanisms. In fact, it has been proposed
that many highly repetitive, transcrible‘sequences have |
evolved from specific tRNA genes (Rogers, 1985; Qaniels and
Deininger, 1985). Although the origination of these
sequences is not well understood, Rogers (1985) suggests that
thesé sequences are generated by the insertion of reverse
transcribed sequences from RNA back into the genome. Because
the polymerese II1 promoter is internal, the transposed
sequences may be capable of transcription. Rogers believes
that this would allow further rounds of transcription and
reuerse transcription and, in this way, the sequence could
spread throughout the genome. One repeat sequence family‘
homologous to a tRNA metj gene has been found in the Galago
(bushbaby) genome. There appears:to be no evidence for
compensating changes because members of this repetitive DNA
family have accumulated numerous mutations (Daniels and

Deininger, 1985).

Transcription analysis

When the cloned tRNA met; genes are used as templates to
program a homologous in vitro transcription system, -
precursors and mature products are produced. However, as
mentioned earlier, primary transcripts of different sizes are
“ transcribed from the initiator tRNA genes. The coding

sequence alone cannot dictate the specific site of initiation

‘\"

Yo
\
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because all the primary_tfanscriéts of these genés shouid
then be idehtical. Heterogeneity of transcription init;ation
sites is not unique to the nematode tRNA héti genes. The
primary transcripts 6f two_human‘tRNA met génes differ in
sequence and lengthjof the 5' leader and 3' trailer portiéns
’(Zaslbff et al, 1982a). |

In-addition,\whilé studying the transcription and
processing of yeast\tyrosine tRNA genes in frog oocytes,
Olson and Robertis (1979) noticed that each precursor had a
different 5 leadér.sequencef This sequence varied -in length
between vérious members of the tRMA&Yr gene family. -
Vériations in the size of the primary transcript could also
be causéd by a heterogenequs number of uridylate residues at
the 3' end (Koski;and_clarksgn,.1982). Mature products of
different length could be the result of incomplete CCA
addition (Willis et al, 1986) or incomplete nucleotide
modification (Cortése et al, 1982). |

In vitro tranécriptions also show that the genes are
transcribed with different efficiencies. Althdugh tRNA genes
contain int:agenic promoters, 5"f1anking sequences havebbeen
shown to play a role in modulating transcription. ‘lg g;;;g
studies havé identified 5°' flanking sequences which
positively influence transcription and other elements which
vinhfbit transcription. Mortén et al (1980) have demonstrated
that a truncated B. mori tRNaAla gene containing only 14 bp

of its normal 5' flanking DNA is totally inactive in -
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homologous transcription extracts. A similar observation has
been réported by Olson ahd Shaw (1984). They/aﬁGW\that
exﬁression is impaired in mutants deleted for 5° sequences
within 36 bp of a yeast tRNATYT coding regioh. " More

récently, it has been éstablished that nucleotides -38 to -34
are rquired for in vitro tranécription of a Drosophila
tRNAva%4 gene (Sajjadi et al; 1987). 1In addition, their
deletion analysis uncovered the inhibitory effects of
nucleotides between =70 and -49. As previously mentidned,
several Drosophila lysine tRNA genes contain T-rich

inhibitory 5' flanking sequences_(DeFrénco et al, 1981).

Similarly, a sequence with the ability to form Z DNA is found -
~in front of a variant tRNA metj gene and is responsible for

~the lack of in vitro transcriptional activity (Hipskind and

Clarksoﬁ, 1983).

In vivo observations also imply a role for_nonéggng
sequences in the expression of tRNA genes. Even though the
three yeast serine fRNA genes encode identical tRNAS (quach
et al, 1981) these genes are expressed at different levels as
indicated by the varyiné e}ficiencies of suppression (Ono et
al, 1981). Differential expression of suppressor tRNA genes
has also been observed in C. elegans (Hodgkin, 1985; Kondo et
al, 1986). |

Alternatively, differences in transcription efficienéy
of the tRNA metj genes may be due to different ionic

%
requirements for expression. While studying the in vitro

v



‘transcription of a Bombyx cdhétitutiVe tRNAAL2 gene and a
silkgland specific trNaAla gene, Youhg et al (1986)
discovéred that expressién was salt dependent.'iThey found
that”the silkgland specific aiénine tRNA gene Qas.more
sensitive to salt coﬁcentration éhanges; In addition, the
silkgland specific. gene reéﬁired'a lower salt conc;ﬁtration
than the conétitutive gene for optimum expreséién (Young et
al, 1986). A certain ionic e?vironment méy be required for
the interaction of é putative silkgland.specific
transcription factor with theitRNA gene. Therefore, the

) : ,

level of transcription of a gene can be modified by the salt

concentration in a crude extract.
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Proposals for further research

1) Obtain cosmid clones containing the tRNA genes and E
use them to search for a RFLP.between the BO andWNz?stfains.
‘If one exists, it can be used to map the genes to a linkage
_ gfoup. Alternatively, a request can be made to have the
genes mapped by in situ hybrldlzatlon

2) The putative tRNA gene in Insert C of Cetmet3 can be
identified. By testlng deletion clones of Insert C in vitro,s
thejpolymeraSe III gene can be localized to a small piece of
DNA. This fragment can then be sequenced to identify the
gene.
7 3) 1Identify the transcription start site of the tRNA
genes. This can be done by prlmer extens1on experlments

4) Determine seguence requlrements for C. elegans tRNA
met; gene expression in vitro. 5' and 3' deleﬁion clones can
be generated by us1ng EonII and SI nuclease.. The expression
of these clones can be tested by using the homologous
transcription system.

5) Degermine whether pol III promoter elements are
interchangeable in Ql eiegans. Hybrid genes containing
promoter elements from tRNA genes and 5S RNA genes can be
'constrocted and their expression tested in vitro. In
addition, to find out if the 5' modulatinyg sequence from the
55 RNA gene can also influende tRNA gene expression, this
sequence can be ligated upstream from a tRNAbgene. The

‘expression of this clone can then be compared tc the



expression of a wildtype tRNA gene. 7 ‘

6) The identity of the moderately repetitive sequence
‘in eachﬂphage can be de?ermine& to fina out how different the
iocalized'sequéﬁces arerfrom one ahother!

7)} A different genomic library cah be screened to

isolate the remaining members of the tRNA met; gene family.

58-
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