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- 4A recombunant DNA library - were | found %o contaln at least Six

_— ABSTRACT
Three fragments of human DNA lsolated from a human A- Charon-

humanktRNA genes. Two. 6f these. recomblnants were suggested on

~ the basrs of homology to a tRNATYr gene probe to be single solltary

genes while the other folir tRNA ‘genes are contained wrthm a 9 2-kb

‘Iength of DNA. Nucleotlde sequence analysrs of short regions from

two" bacterlophage clones representmg five of the  six . genes

'revealed that all were human tRNATY! genes and that each gene was

mterrupted by an mtron These were the first examples of huran
(and mammalian) tRNA genes to contain. intervening sequénces. The

introns varied both in nucleotrde sequence and length There was\,

}llttle evrdence of homology between them The gene- coding regrons

were |dentroal in sequence, with ° the exceptlon .'of 'G/A‘

‘polymorphlsms at two posmons within the- 3' half of these genes.

Extensrve regloné of 5’ flankmg sequence homology have been

|dent|f|ed as well as some limited 3'- ﬂankmg sequence homology.

Experiments’ usmg human in vitro transcrlptron systems. revealed, -

that—these genes are expressed but at, very dllfferent levels of g

efficiency.
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'_both bacterlal and eukaryotlc tRNAS' (Sprmzl et al., 1987) T

INTRODUCTION

'.A;,(a) ‘The structure' ‘of transfer RNA
The first nucleotrde sequence ot an RNA moleculs was
determlned by Holley et a/ (1965) Srhls molecule was an alanine
acceptlng tRNA (tRNAAla) from yeast The most recent comprlatron
of sequences lncludes 413 mature tRNA- sequences and 665 gepes for
J/Jestudy
of tRNA has led to an lncreased understandmg of the smallest known
~ biologically active nuclelc acids. The major functlon of tRNA is its
Vrole in translation, where tRNA is essential for lmtlatlon of protein
synthesis and/longatlon of the growung olab peptlde chains. Durrng"

v._lﬂ.protem synthesns the amino’. acid sequence of the polypeptlde is

| 'determlned by the lnteractlcn of -the tRNA and the mRNA on the

rlbosome The tRNA structure must therefcre contaln consrderable’

rnformatlon to ensure the necessary interactions with the proteins

. and other RNA molecules lnvolved in translation.”

Holley and his colleagues (op. cit) were the ' first to propose'
that tRNAAIa from yeast/had a unique secondary structure, the model
- of which was based upor\t\ Watson and Crlck base pairing interactions
: between separate regrons of the tRNA molecule. Since then, the now-
familiar cloverleaf ‘structure (one of the three,,possibllities_
) suggested; op cit.) has been used to depict*the secon‘dary structure .
of tRNAs. The Watson and Crick base pairing format results in three
stem-loop regions which are common to most functional tRNA
molecules (Fig. 1). The majo'?r features of this model are the stem-

loop structures and'the_presence of a 5'-phosphate and the 3'-
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Figure 1. Ihe sf’nucture of tRNA. (a) The secondary structure of tRNA.
~ (The vdark'ci'rc‘:lyes' ‘représen't nucleotides which are always present.
/Open circles 'd‘enote nucleotides which are not present in -every tRNA.
For ih'va'rian:t .bases, the actual bBase is indicatéd. Semi-invariant
bases are represented”by Py v(p‘yrimidine) or Pu (purine). (b) The
schematic tertiary structure of tRNA. The molecule shown in (a) can
fold into a small L-shaped structu%—with the arhiho acid-acg:epting
stem at one end and the antiéodén at the other. (c) The threg
dimensi'onal_ configuration of a vmatbré tRNA. (Adapted from Sprinz!

et al., 1987)
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;
terminal-CCA trinucleotide sequence to which the ‘amino ac“' is
 esterified. The aminoacyl stem consists of seven base, ’pairsy,‘ fﬁ\q N-
stem has three or four, and th@‘antichgn-stem"‘and T-stefh eah:h
contain five. base pairs. The antiéodon-loop and T-loop each contain
seven nonpaired nucleotigéé, while the !e{ngth_ of the véwtriablé\-roop is
dependent upon’ the specific tRNA. The D-loop has.between seven qnd
ten u;\paired nucleotides, alsc depending upon the - particular tRNA.
All tRNAs have invariant and' semi-in\)ériant nucleotides which are
involyed in 'the‘ comple;( L-shap}ed tertiAary _;tructure of mature tRNA
(Clark, 1978). . .

The cloverleaf Configu tion by which thé ’secondary structureﬁ
of tR}\lAs is often depicted is rather misleading as the molecules,
- when in the funct'fonai L-shaped fc;rm, are very compact. The double
stranded regions” pf the tRNAs are preseht in the teftiary
confi'gur’éltion,' but their arrangement in space creates two helices at
right angles to each other. The region of the bend, between .the two
- double stranded regions, contains the D and T loops. Thus, the amino
acids are esterified at one end of the moleciles while the
anticodons are at the other end of the tRNAs. These tertiary
structures a}re‘ created and maintaingd by hydrogen ‘bonds between
bases which are unpaired in the secbndary- structure. of the tRNAs.
Most of the invariant and semi-invariant bases are imp'é)rt’ant in the

fdrmation of the‘tertiary structﬁre hydrogen bonds (Clark, 1978).
‘ The coding regions of tRNA ‘gehes vary in length from 72 to
90 bp and contain certain ‘common structu“ral features. Each gene

must code for the stem-loop elements “and several other invariant -
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and  semi-invariant bases which contribute to the matureL tRNA

strulcture\.

{b) . Alternative functions of tRNAs |

Transfef RNAs engage in acflvmes other than .protein
synthesis. Soffer (1980) reported that certain charg%ﬂ tRNAs, for
example, those for lysine, alanine and arginine, can donate their
amino acids to modify some proteins post transcriptionaly.
Transcription of the histidine Operon of Salmone/la typhimurium
depends upon the cellular concentration of charged tRNAHis As thé
lével of charged 'tRNA" becomes depletgd the histidine operon
becomes increasingly expressed (Lewis and Ames, 1972) Transfer
RNA has been shown to regulate the transport of leucine, isoleucine
and valine into::E. coli (Quay and Oxender, 1980). More recent
evidence suggests that one E. coli tRNA may be involved in tge
maintenance of DNA repllcatlon and that the E. coli tRNA1Ser gene
|s. required for cell division’ (Mullm et al, 1984; Tamura et al,
1984). o | |
- Eukaryotlc systems also have a varlety of specuallzed
functions for tRNA. A tRNAT"D functions as the prlmer for reverse
transcription of avian sarcoma vurus and a tRNAPro '13 responsnble
for priming the replication of murine Ieukemla virus (Dahlberg,
1980). Other functions for eukaryotic, tRNAs include' the control by
nucleotidyl transferase (the enzyme }esponsible for the addition of
the ‘3'-CC"A tail) of specific uterine proteins, in rats (Lutz and Bafker,
1 1986) and ubiduitin-ATP-dependent protéin'degradation (Ferber and
Ciechanover, 1986). -
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A rather unusual characteristic of tRNA is the, finding that -
certain patients with systemic autoimmune disease can, in some‘
cases, difect the. production of antibodies ‘ag‘a'inst the ini.tiator
methionine tRNA (Wilusz and Keene, 1986) as well as the anticodon
region of tRNAAI in ‘the autoimmfune disease: myositis (Bunn and
Mathews, 1987) These disease processes indicate the impo&ance of
a detailed understandmg of tRNAs and their respective genes, since

they are mvolved in more than proiem synthesns and their analysis

Wmay ‘provide useful insights mto the nature of certain diseases in

S

humans. ‘ . i

\,

L

(c) Orglanization of t‘RNA genes in Escherichia coli
Transfer RNA genes in E. coli are located at va(ﬁous points in
the genome, sometimes in multiple copies. They occur in three types
of transcnptlonal formats: i) tRNA genes only, smgly or in clusters,
i) tRNA genes and the three ribosomal RNA genes and iii) tRNA genes
and protein encoding genes (Fournier and Ozeki, 1985). |
Several tRNA gene clusters hjave been identified in the E. coli
genom'e. For example, Egan and Landyv(1978) desc;ibed'a tRNAT‘)/_r
gene cluster which ensoded two copies of the same gene. The /leu$S

locus contains seven tRNA genes specifying methlonlne leucine and

‘ glutamme acceptors (Nakajima et al,, 1981). There are also operons

which encode - lysme-valine-lysine, arginine-histidine, histidine-

leucine-proline and leucine—leuciné—leucine tRNAs (Yoshimura et

al., 1984; Hs: et al., 1984; Duester et al., 1981)

Each of the seven rRNA operons in E. coli -contains at least one '

tRNA gene between the 16S and 23S rRNA genes. The tRNA genes in

3
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rrA,-D and H specify acceptors"of-isoleUCine and alanine. Glutamate

N

tRNA genes can be found within' rmB, C, E and G. The operon rrnD
also contams asparagine and tryptophan tRNA genes' at nts distal end.
Threonine and asparagine tRNA genes can be found- at the distal ends
of rrnD . and rrnH, resoectivety (Ellwood and NomuhMg, 1982;- Morgan
et al, 1980). ; - "

Thére  are also examples of tRNA -genes adjacent to protein
genes. Twao' of these operons have been shown to encode known
proteins and tRNAs. The genes for three lsoacceptmg .species of
tRNAThT and one tRNAGIY can be found in close association with the
elongation factor Tu (Lee et -al., 1981; Miyajima et al., 1981). The
metY locus, locatec at approximately 68 map'u'nits encodes a
tRNAMet gene as well-as the complete coding reglon of the nusA
54.4 Kd protein (Ishii et al., 1984).

(d) Organization of tRNA genes in 'eukaryotic organisms'

In eukaryotic organisms tRNA genes can be found as members
ot complex multigene clusters which are believed to be located
: through'out the. genome Alternati\)ely single tRNA genes of the same
~ acceptor - specificity can usually be found at.other locatlons in the
genome. The purpose, if any, of these organlzatronal patterns is .not
known although the theory has. been put forth that this redundancy
of specmc tRNA genes may be important in “the synthesns of tRNA
‘species which may be needed during set tnmei;m_ the cell cycle (for a
recent review of euka’ryotioi tRVNA genes see Sharp et al, 1985).
Clustering/ may serve as a means to syntheeize' related gene products
from otherwise 'independent transcription units. |

\ .
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Approxlmately 350 tRNA genes have been estlmated to exist in
\ the genome of Saccharomyces cerewsrae These genes do nhot appear 3
to be orgamzed into multlgene families (Guthrie and Abelson 1982).
‘For example, there are erght tRNATYT genes which are not linked but
-are drspersed throughout the genome (Olson et al, 1977). Yeast
would appear to be an. exceptron among eukaryotlc orgamsms in.
Wthh clusters can -, generally be found. Schmidt et al. (1980) )
howeve:, have reported a single example of a tRNA gene cluster in
yeast in which arginine -and asparagine tRNA genes are Iocated
within 5-bp of each other. Similar pairing of tRNA genes has been '
observed in Sch/zosac;‘/haromyces ﬁombe (Gamulin et al., 1983; Mao
et al, 19880). These tandem genes, in contrast to tRNA gene clusters
of hrgher eukaryotic organisms, are transcnbéd together‘ rather than_
’individUally~‘ Reyes et al.’ (1986) have shown that the two tRNA
-genes in one yeast tRNAA"Q tRNAASP gene tandem can each be
mdependently transcribed if an lnhlbltory sequence is removed from |
between the two genes (see also Straby, 1988) N
Aithough there is evrdence that tRNA genes may occur
throughout'a typical. eukaryotic genome the’ organization apparently
.,is n‘ot random. In situ hybridization studles “with Drosoph/Ia
me/anogasger 'polytene chromosomes ‘showed that this orgamsms
600 to 800~tRNA genes (representlng '60-90_ different tRNA specnes)
_are clustered at less than 60 sites. - These clusters may con;arn
multlple copies of the same gene or genes of different specificity
” (Weber and Berger, 1976; Steffensen and ‘Wimber, 1971)." One
"partlcular tRMA cluster .at chromosomal reglon 42A encodes

”tRNAAsn tRNAATG and tRNALYS Wthh are contained within 46- kb of
, 7
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DNA. Seventeen tRNA genes are thought tgz occur |n this
} chromosomal region such that both strands encode different tRNAs
.(Yen and Dawdson 1980). Other chro/mosomal sites can be found
whrch contaln more than one tRNA /gene Clusters which encode
tRNALeu and tFlNA“e ~ as well as a cluster containing genes for
tFlNAVal tRNASer and tRNAPhe Yave been found in the Drosophila
| genome (Robmson and Davudson 1980 Addison et al., 1982). Serine
‘tRNA genes have also been descrrbed in clusters in the Drosoplu'lj
genome (Cribbs et al,, 1987a Cribbs etal, 1987b).

A rather unusual situation exists in Xenopus laevis where a

well characterized populatlon of tRNA genes is contained within a

v -y

- 3.18-kb length of DNA Wthh is repeated at least one hundred tlmes‘
on a single chromosome (Maller and Clarkson, 1980, Fostel et al,
1984). Each repeating ' unit codes for single species of tRNAMet
tRNAPhe, {RNATY?, tRNAASP, tRNAAla, tRNALeU and tRNAMet and

tRNALYs pseudogenes (Muller et al., 1587) Slnce thls DNA sequence '

is repeated to such a high extent, lt would suggest a specnal role for_'

these genes, perhaps in oogenesrs | .
In humans, 1300 tRNA genes have been estlmated to occﬁ?

'representlng 10 to 20 coples each of 60-90 diKferent speCIes

(Hatlen and Attardl 1971) It is widely assumed. that these .genes

are dlstrlbuted throughout the genome. Santos and Zasloff (19&1')

usrng a X. laevis tRNA.Met gene probe have -shown ,that the human

genome has at least 12 tRNA,M@t genes at separate locations! |n the
' geno%e Slmllarly, members of one tRNAVal gene family fhave been;
shown _to occur at 13 separate loci (Arnold et al., 1986). A human '

tRNAGly gene exists which is- apparently not associated with any"

+
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, 'othe'r functional tRN'A:genes a‘lthough a pseudogene can be found - |

W 1m 0. 8 kb of the functional tRNAGl)’ gene (Plrtle et al., 1986). A
second lsoacceptmg tRNAGIY gene has also been descrlbed thch is |
not aSSOCIated with other tRNA genes (Shortndge et al 1985) Other ”\

"smgle copy tRNA genes lnclude examples for tRNATyr and ‘two
ldentrcal tRNAAS” genes. (van Tol e?’a] 1987 Ma et al., 1984)

The frrst completely charactenzed multlgene cluster in .-
humans was escrlbed by Roy et al. (1982) in.which: snngle specnes
of tRNALYS‘ tRNAGln and tRNALEU genes were found on- a 1.65-kb
vlength of DNA (see also Bdckland et al 1983). ‘Goddard and °
coworkers |solated a cluster of tRNA genes,n two of 'which have been
shown to encode: tRNAGl|u and a- prev10usly reported tRNALeu (Roy et Lo
" al., 1982; Goddard et al., 1983; McLaren and Goddard1986) Four B
tRNA genes, two tRNAPTO; tRNALeU and tRNATHT were located wuthm* S
an 8.2- -kb length of DNA (Chang et al.,, 1986). Doran et al. (1987)
lﬁfound four tRNA genes on a 138 kb length of DNA, two- of whrch
were shok to be identical to a. previously reported tRNALYs gene =
(Roy et al 1982). The other two genes were the first reporteds .
.examplesygof *human (and mammalian) tRNAPhe genes.- At least four
tRNA genes .encoding tyrosine-accepting tRNA s‘peci‘es occur on. a
9. 2-kb DNA fragment (seeiRESULTS) "There is no evidence, ‘as yet, to
’suggest that the human genome contams tandemly repeated clusters
of tRNA genes as has taeen shown with X. laevis, or that the genes
are confmed to relatlvely few cytoléglcal loci, as is the case wijh
Drosop/'_u/a tRNA genes. The functional S|gn|flcance, if ,any,(‘of these

varied orgavnizatlonal patterns is .not known.

.
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(e) “Transcription of e.ukar'yotic tRNA genes

lThe eukaryotic.tRNA gene tr_anscr‘i‘ptional unit is predominantly
monomeric such that each gene is transcribed independently no
matter how close adjacent genes may be. There does not appear to be
any srgmfrcant conserved " 5'- flankmg region WhICh can.act as ' a
promoter AII eukaryotrc tRNA’ gene promoter sequences are '-cated

within the gene (DeFranco et al., 1980; Hofstetter et al., 1981). The

- DNA sequence responsible, at .least in part, for ‘transcription

initiation by RNA polymerase Il is contained wrthln two separate
'reglons of the gene termed the A and B blocks (Gallr et a/ 1981).
The A block is posrtroned |n the. area Wthh codes for the D-loop
(also called the D-controi region or the 5'-mterna| control region)
and the B block is found- wrthln the T-loop (the T-control region or
'the 3'-ICR). These two regions .are hlghly conserved in all tRNAs,
‘bath bactenal and eukaryotic. lt.:has been suggested that the A block

‘may function in the correct placement of RNA p.olymerase )

(Ciliberto et al, 1983; Sharp et al., 1983), and the B block has a,role

in the binding of transcription factors. There appears to be a limit to"

the separatron between these two promoter reglons (Snarp et al.,
1933; Dlngermann et al., 1983}. This view may be rather simplistic
. since there are at least two factors (proteins) involved in the
transcription'ot ase genes as well as putatrve sequences outsrde
the genes whic.. nave a major role in transcription regulatron '

In. those cases extensrvely studied, there is mcreasmg
evrdence that the 5'-flanking sequences of some tRNA genes have an
effect on the level of transcnptron (DeFranco et al., 1980; Sprague
et al, 1980 Cooley et al., .1984). In one case, a silkworm tRNAAla

£
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_gene ebsolutely requires its 5'-flanking region for expression in a
homologous in vitro transcription system (Spragjue et al., 1980). The
X. lasvis variant tRNAMet gene, however, appears to contain both
strong and weak inhibitory sedu’ences located within the adjacen’t'

<124 nt @ it's 5'-flanking region (Hip&kind and . Clarkson, 1983).

Dingermann et al. (1982) have also shown that one Drosophila -

tRNAArQ gene contains five consequative 'T's in it's 5'-flanking

region which completely inhibits the expression of this gene in a

homologous in vitro transcription system A co\h'nmon 11-bp

sequence can be found within the 5'- flankmg region of the known -

tRNALYS genes of Drosoph:/a and yet the genes are not transcribed

with the same efficiency. DeFranco and coworkers (1981) have

~-shown that the position of this specific sequence has a direct effect
.on the trenscription activity of these genes. A similar situation

- exists with the yeast tRNA3L9U gene (Raymond and Johnson, 1983;

Johnson and Raymond, 1984). A tRNATYr gene 'frvom yeast was .

) examined by deletion analysis, and it was .shown that the first 60-bp
vimmediately preceding/tghis gene were required for activatioﬁ of the
gene, elthough some products could be observed‘with' deletion
‘mutants which had less of the normal 5'-flank (Shaw and Olson,
1984). A siﬁilar situation Was found with a Drosophila tRNA4V3|
‘gene,‘ in which a positive elemeht can be removed in. the 5'-flanking
region. This resulted in a 100-fold decrease in the expression of this
particular 'gene (Sajjadi et al., 1987). Three s‘subcvl’o‘ned Drosophila
tRNAs5ASN gunes have been used to examine directly the importance

of the 5'- flan}'ing regions of these genes. Exchanglng 5'- flanklng

reglons between these three tRNA genes showed that the dlfferences .

z
g
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in the noted levels of transcription were due to the. sequence presént
in front. of each gene (Lotqu:st and Sharp; 1986) Thus the '5'-
flankmg region appears to have a direct influence on the Ievel of
transcription of some but not all tRNA genes. . ‘ _

In addition to the lCRs and 5'-flanking regions, there may also
be a dependence upon the 3'-flanking region for correct expression' of

some tRNA ge.nes;v It is known that the transcription termination

signal is located in the 3'-flanking region of the gene and con\sists of

four or more consequative 'T' residues (Bogenhagen et al., 1980) A
recent study with a human tRNAMet gene mdlcated that this gene
‘does not have a sequence of four or more 'T' residues, and as a
result, three 'run-on' tranécripts were obsefved from this gene
(Vnencak-.lones st al. -1987) It nkow appears thai :his region does
more than simply termmate gene transcnptlon Usmg a competmon
assay dependent upon the ability of tRNA genes to form stable
transcription complexes, Schaack “and colleagues (1983; 1984) have
shown that at least 35 nt of the §'-flank aré required for stable
transcription complex formation on a f{?rosophi/a tRNAAIg gene.
 Wilson et al. (1985, using a silkworm tRNA2AlIa gene, have

also demonstrated that its flanki'ng regions are important for

~transcription of this particular gene. It became apparent that there

may have been an inhibitory factor in their lceII extracts which could
_account for the great varlabuhty in transcrlptlon observed. This
~could suggest that all tRNA genes have a complex transcription
<‘contro‘| mechanism that involves 'several regions: the clearly
defined ICRs, :ne 5'- flankmg regxons and the 3'-flanking regions.

'Consi’stent with this theory is the observation that the entire coding



region of a yeast tRNALeU gene, as well as some 5'- and 3'-flanking

'sequences, are protected from nuclease digestion by yeast -

transcription factors (Klemenz et al., 1982; Stillman and
Geiduschek; 1984; Stillman :t al., 1984). Therefore_it is necessary
to obtain a better understanding of the t’rans'cription factors

involved in tRNA gene expression.

(f) Prdte_in factors involved in eukaryotic tRNA genev

transcription |

- The transcrip.on of eukaryotic tRNA genes is dependent upon
RNA polymerase IlI (Roeder and Rutter, 1969). At least two
additional protein componénts are also required, TFIlIB and TFIIIC.
These transcription factors have been isolated from human cells
(Segall - et al., 1980). Similar factors have been discovered in all
eUkaryotic'sys.tiems examined to date, including those for Xenopus,

Drosophila and yeast (Shastry et al., 1982; Burke 'and SoH, 1985;

“aylor and Segall,1985). DNA protein binding experiments have

shown that TFIIC interacts with both the 3'- and 5'-ICRs (Stillman
et al., 1985; Camier et al., 1985; Carey et al., 1986). Yoshinaga et al.

(1987) have demonstrated that TFIIC from .hurhan cells can be

separated into two ‘active components, TFIlIC1 and TFIIIC2. TFIIC2

binds strongly to the B block, while TFIIIC1 has a weak affinity for
‘the A block. Similar results have beeﬁ reported (Ottonello. et al.
1987) for THIID isolated from Bombyx mori cells, and it may be
analogous” to TFIIIC2 from human cells. In both cases, bindif;g of the
weaker affinity rholecu!e, TFHICT or ‘TFIllC, is dependent upon: the
presence of TFIIICZ or TFHID, respectively.

14
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The éxact function of TFIIIB is not clear although it is
necessary for stable complex formation between RNA polymerase ||
and TFIIC (Lassar et al., 1983). Burke ﬁnd ssll (1985) have shown

that a Drosophila fRNAAFQ gene binds TFIIC rapidly but this

association is only stable in the presence of TFIIB. It is interesting

to note that HelLa cell factor TFUIB is able to interact with
Drosophila KC cell factor TFIIIC, but the KC cell factor TFIHB does
not produce transcription products when HeLa cell factor TFIIIC is
used in place of the homologous component. This would suggest that,
aIthough eukaryotlc tRNA genes are transcribed by similar
processes, the structural components may have definite differences
and thlS could explain, why heterologous cell extracts show
dxfferentlal _gene expression.

The current model ,of tRNA gene transcription is complex,

involving the ‘transcription factors and RNA polymerase Ill. TFIIC ~
interacts with" the 3'-IQR (Schaac'. =t al, 1983), and this complex is )

stabilized by TFIIIB( (Lassar_- et al., 1983). DNAse | protection studies

with yeast tRNA genes suggest that‘there may be at least one more

factor involved, as a protein bound,to the 5'- ICR had an effect on&he

overall stablllty of the transcription complex (Stillman et\ al.,

1984). RNA polymerase Il can then recognize the stable complex and
begin tfanscription, These additional transcription factors have not

been highlyt purified. An alternative model has been presented in

- i ) i
which it has been shown that, in the absence of DNA template, RNA

polymerase Il forms an active multisubunit complex which is

~capable of 'initiating transcription (Burke and Sall, 1985;

Dingermann et a/.,v‘1983; ‘Wingender et al., 1986). There is iincreasing

15°
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concern that the salt concentrations used in various experiments

may have a profound effect on the levels of tRNA gene trdnscription.

- Salt depeﬁdence has been observed for two silkworm tRNA’ 1@ genes,

a yeast fRNALeU gene, and three Drosophila tRNAASN genes (Young et
ai., 1286; Raymond and Johnson, 1983; Lofquist and Sharp, 1986).
Thus far no complete model of tRNA gene tranéCription has been
developed which explains The varied observations of transcription

factor interactions with the ICRs of eukaryotic tRNA genes.

(g) Maturation of eu‘karyotic,,, tRNA

_ Eukar\yoti'c tRNA processing involves a series of complex
orderly- events in which- the primary transcript is acted upon by a
number of processing enzymes beforeCthe RNA becomes a mature
tRNA molecule. Detailed studies with yeést tRNATYT genes ha\hé led
to aﬁ increased understanding of the processing of eukaryotic tRNAs
(DeRobertis and Olson, 1979). \The primary .transcrigt consis?s/ of an
RNA molecule which has a 5'-leader, the sequence complementary to
the tRNA gene, and some 3'-flanking sequence down to and including
the tractfof U residues corresponding to the térgnnation sequence of

the gene. First the 5'-leader is removed in at least two stages,

| '}f'resulting in the mature 5'-end of the' tRNA. Th'gé processing appears

“to be accomplished by an enzyme similar to RNase P in E. coli (Koski

et al.,, 1976; Kline et al, 1‘981.;}.‘ngelke et al.,, 1985). Then the 3'-
tail is remcved by a 3'.-endonu.cleas'e as in yeast (Engelke et al.,1985;

Pearson et al., 1985) or by a 3'-pre-tRNAase as in Drosophila

- (Frendeway et al, 1985) and X. laevis (Casta'no et al., 1985). Before

the addition of the 3'-CCA ‘te_rminal sequence some base

7
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modrfrcatrons can occur during thrs processmg step. The terminal
3'-CCA tail IS added by the enzyme nucleotidyl transferase. After
the addition of the 3'-CCA tail, the intron is removed,_ if<t/he gene has
one, and the remaining ‘base modifications are added to obtain the
mature tRNA. Although 'this general scheme applies to transcripts of
yeast tRNA genes in an X. /aevis transcrrptron system, recent
evidence suggests that thrs may not be the case with all eukaryotic
tRNA genes. Rooney and Harding (1986), .using a mouse tRNAH'S g‘ene
in a HelLa cell extract, showed that this tRNA is processed such that
the 3'-tail was removed before the 5'-leader sequence. The only

other reported deviations from the described processing order came

from studies with multimeric transcripts or in mutated tRNA genes

which cannot asgume -the traditional secondary structure of mature
tRNAs (Engelke et al, 1985; Castagnoli et al., 1982). Tocchml-
Valentini et al. (1982)- reported that a yeast tRNA3LeU WhICh cannot

form the Dstem failed to have it's 5'-leader removed during

processmg In Xenopus oocytes an endonuclease specific for tRNA{

transcripts  which have had therr 5'-leader regions ‘removed

processes the 3'-tail (Castano et al., 1985). In humans, however, the
remova. of the intervening sequence does not occur at the same
stage of processing ‘as has been observed with other. eukaryotic

systems. The intervening sequence is-removed before maturation of

‘the 5'- and 3'-ends of the pre-tRNA (van Tol and Beier, 1988).

(h) Intervening sequences in tRNA genes
An added compteXity of tRNA processing is the fact that some

tRNA genes are interrupted by intervening sequences. Intervening

17
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~ sequences have been found in all eukaryotic tRNATYr genes examined .

(Goodman et al., 1977, Mlldr and _C'Iarkson, 1980: Kubli et al., 1988;
MacPherson and Roy, 1986). Their role in tRNA gené' regulétidn, if
any, is not.'understo,od. Introns in tRNAs usually occur one base 3' to
the! anticodon, althc;ugh variations are known (Del Rey et al., 1982;

Ogden' et al., 1984). They usually contain a sequence which is

‘complementary to the anticodon (Johnson and Abelson, 1983). An

exception to this general

from X. laevis (Gjé iIloud'and,‘ Clarkson, 1986). Despite the fact that a

definite function for most introns remains obscure, Johnson and
Abelson (1983) nge shown that a yeast _t_yrosine tRNA gene inf‘ron
is required for a_specific modification of the tRNA. When the intron
from this gene was removed, by site-directed mutagenesis, a uridine
o pseudouridine modification in the anticodon of the tRNA failed to
occur, and "a concomitant decrease in the expressi\on bf the gene was
observed. o

the 'mechanis(m(—s) by which these‘introns' aré removed is not
well defined. As discussed above, precursor tRNAs may be processed
along different pathways (Greer et al., 1983; Filipowicz and Shatkin,
1983). The splicing of introns has been studied mqst:extensivgly in
yer;lst, in which the enzymes involved Eave been 'vbartially buriﬁed
- (Greer ot al., 1983; Peebles et al., 1983). The splicﬁing endo“nuclease,

Xlal RNase, has also been purified from X. laevis (Attardi et al.,

1985). Since a single enzyme appears to be responsible for the

cleavage of all Kﬁown‘ intron-containing tRNAs in yeast, this could
suggest that the secondary structure of these molecules might be

important for the recognition of the correct splice site. Lee and

bservation is a solitary tRNATYT gene

18



Knapp (1985) have examined the structure of four yeast tRNAs by

partial nuclease digestion experiments. It Was found that the .

; cloverleaf structure was maintained in the precursors and that the

anticodon loop was interrupted by the intron. This intron confained a

region whrch base paired with the anticodon to produce an extended
r

anticodon stem-loop structure Swerdlow and Guthrie (1984) have -

shown that the splice sites appear to be marntarned as smgle-
stranded toops. Winey et al. (1986) determined that a yeast
suppressor pre- tRNAF’ro which has ‘an altered anticodon stem that
cannot base parr properly with the intron, is not splrced as
efficiently as the wild type pre-tRNA. Dingermann ‘et al. (1988)
obtained similar results with a D/ctyoste/ium tRNATrp ¢ gene whose

t'ranscription products increase if the intron, which cannot base pair

with the anticodon, is removed. Thus, introns appear to affect the .

maturation of precursor tRNAs which contain ttfem.
(i) Eukaryotic tRNATY' genes

The sequences of tRNATyr genes from some multicellular
organisms are highly conserved (Mdller and Clarkson, 1980; van Tol
et al., 1987; Kubli et al, 1988: MacPherson and Roy, 1986). A

detailed study of X. laevis, tRNATYT genes and three human tRNATY'

ge'nes revealed little sequence homology between their flanking

regions (Mdiller and Clarkson, 1980; van Tol et al., 1987' MacPherson

~and Roy, 1986) Similar observations have been reported for other

tRNA gene famrlres (Arnold et al., 1986). Consrdenng the sequence

=)
homology within the structural genes it seems surprising that there

is such low conservation of flanking sequence. A X. laevis tRNATYr

i

19



gene which is a single-copy gene has no flanking sequence homology
with a tRNATY' gene in the 3.18-kb gene cluster, although the coding
sequences are almost identical gGouil'Ioud and Clarkson, 1986).
- There are, however, examples of substantial sequence homology
between the 5'-flenfking regions of two human tRNATYrF genes
(MacPherson and Roy, 1986). Santos and Zasloff (1981) "r;eported
limited sequence homology between the 5'-flanking regions of two
human tF{NAiMet genes. One example has .been shown of sequence
homology between organisms, in which the S'-flanking region of a
mouse tF~1NA,Met gene shares patchwork homology with that of a
human tRNAMet gene (Han ot al, 1984). van Tol et al (1987)

‘reported a tobacco plant tRNATYr gene that has some sequence

homolody with a human tRNATYr gene. It is interesting to note that.

the gene reported for the human tRNATYT by these workers shares no

5'- or 3'-flanking region similarity to fhe genes 'reported by
Mac.Pherson and Roy (1986). Thus; there ie: as yet no evidence to
sugg’est'that human tRNA genes are contained in tandemly rep”ea'ted
clusters as is the case with certain X> /aevis ::RNA genes (Miiller and
Clark$bn, 1980). i

The tRNATYr gene reported for X. laevrs has an intron of 13-bp
which begins immediately after theqantlcodon (Maller and C!arkson,
1980). in the human tRNATYr genesm the introns are 21-bp and 20-bp
in length, begin one base 3' to the anticddon and have 30 to 100%
“sequence homology (MacPherson and Roy, 1986 van Tol et al., 1987).

Introns have also been reported to occur in Drosoph//a tF{NAT)v’r genes

and have ttree dlfferent size classes (Kubll et al., 1988). Six

tRNAT)’r genes have introns of 20 or 21- bp, one gene has a 48 -bp

20
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intron and another gene contains a 113 -bp mtervenmg sequence

~ Thus there appear to have been evolutionary constraints to malntaln

a unique sequence in those genes vr#ﬁ have introns of 20 or 21-bp.

since these mtrons have considerable sequence homology. Since
Drasophlla has at least three size classes of introns within its
tRNATY" genes it is interesting to speculate that humans will also
have varying lengths of intervening sequences.

'Since only a limited number of the estimated 1300 _human
) tRNA genes have been described, a search was done to isolate human
tRNATYr genes by screening a human DNA library. Transfer RNATYr
genes were selected because it was. Suspected that they would
contain 'intervening sequences This dissertation ‘describes the
isolation and characterxzatlon of six human tRNATYr genes and the

nucleotide sequence of flve of them. The expressnon of these genes

in a homologous in vitro transcription system was also investigated,

and remarkab_le differences in the rates of transcription were

observed.
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MATERIALS AND METHODS
Materials o | - R
. (a) Strains and media
A puman-k Charon-4A phége recombinant library was a Qift of
Dr. T. Maniatis (Lawn et al., 1978). Escherichfa coli DP50supF was
. »_uSed for prbpagation of these—racombinant phage (Leder et al., 1977).
" E. coli HB101 (Boyer and Ro,ul?and-Dussoix, 1969) ‘was used for the
_ propagation of the plasmid pAT153 rec_:ombinént subclones (Twigg
" and Sherratt, 1980). E. coli MV1133, JM103, or JM105 were used
for the ‘prop'agation of recdfnbinant M13 phage DNA (Yanisch-Perron
et al., 1985). Agar, yeast ‘extract, and Bacto tryptone were from
Difco Laboratories. TYDTM medium was used as. the growth medium
~ dfor E. coli DP50supF (Leder et .a/., 1977). E. Coli HB¢101 was grown in
LB medivu_m and E. coli MV1193, JM103, or JM105 were propagated iny
YT medium (Maniatis et al., '1982). The bacterial strains were sfored
by mixing an equal volume of glycero! to mia-log phase cells and .
freezing at -80°C. Recombinant phage »were& stored in SM buffer Qver

chloroform at 4°C. Ptasmid stocks were stored in TE buffér at -20°C.

(b) Laboratory materials and enzymes i

~Nitrocellulose filters were . from Sthleicher_and Schuell or
Millipore; Gene Screen Plus membranes W'eré from\DuPont.ﬂ\X-ray film
was Kodak XAR-5 or Konica medical X-ray film. Chemicals were
reagent grade. SeaKem agarose was procured"from Mandel Scientific ~

Company.. Acrylamide was from Bethesda -Research Laboratories or

-~
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Eastman Kodak Company, whrle NN' methylenebrsacrylémlde was
from BDH Cheml‘cals "Restriction endonucleases T4 DNA ligase, and

E. coli .DNA polymerase, | from Ne£ England Blolabs Pharmacra~

N

Boehrmger‘Mannhenn or Bethesda Research «Laboratorles kwere used. ,

as specrfled by the manufacturers New England Nuclear or
Amersham supplred [-32P]dATP, [7-32P]ATP and [o- 32PjGTP <\3ooo

ACrlmmole). Deoxyrrbonucleosrde trlphosphates and rrbonucleosrde

triphosphates were from Slgma or Pharmacra The 17- bp unlversal ‘.

sequencing prlmer numberf\O{985 64 was purchased from _the

Reglonal DNA Synthesrs Laboratory, Umversuty of ’Calgary, or -

-

Pharmacia. o R .
(c) In vitro transcription extracts - , -

_In wtro transcrlptlon reactrons were performed using- Bethesda
_Research Laboratories eukaryotic in vitro transcription system lot
number 72101 as mstructed by the supplier, or as descrrbed/by
Manley et al., (1980) - ‘ f’

Methods o " )

Growth and' ‘isolation of human-i \Charon-\4A. recombinant

phage. containing -tRNA genes

—

(a) Determination of plaque forming units m the human-A

recombinant phage Jibrary
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dtgestion products of hurrl/an" placental DNA,which were inserted into

the bacterlophage vector -Charon-4A (Lawn et al, 1§78). Since .the

recombinant llbrary "was in limiting amounts, a secondary

am_plifjcation, previously prepared‘ by Dr. T Maniatis, was used as:

starting material. Ten pl of the I|brary were dlluted with 10 ml of

SM buﬁ’er (50 mM Tris- HCI pH 7. 8 8 mM MgCIz, 0:1% gelatin). Frorn;\
>y .

this dilution, 10 pul were used.to infect 100 ul of exponentially

growing E. coli DP5OsupF cells. After a 10 mm mcubatlon at 3'7'°C

, 50 ul ote% X-GAL and 10 pi -of 100} mM IPTG were added Three ml
of 0.7% agarose-TYDTM (1% tryptone, 0.5% yeast extract, 86 mM

NaCl, 0.1% casamind,acids, '0.01,% diaminopimelic acid, 0.004%

thymidine and 50"ug/m| nalidixic acid, which maintained the purityv

-of the culture because the bactenal straln is Nalr) medium at 46° C.

were mixed into the vnrus cell suspensmn and this was poured over

prewarmed (37°C) TYDTM agar plates and allowQQZ cool for 30 min..
37°

S , .
Plaquesr formed overnight during incubation at .- The following

day the "pl tes - were scored fonwhite plaques indicating "

recombmant Virus, and for total viable virus per pl of the ‘human X-

[}

recomblnant library. \\ o
(b) Large scale screening of the recombinant .‘phage Ii‘brary.
R 2

S

Screenlng of the human k Chargn 4A ree/ombmant phage Ilbrary

. was as described by Benton and ‘Davis (1977). ~ Ten ul of the

- recompinant phage library (2.2 X 109 pfu/ml)‘ were diluted to 100 pLl
‘with SM buffer. From this dilution 15 pl aliquots were added to 0.5

Iq!"he, human DNA library was conetructed from partial Hhal-Alul

k4-.

&
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ml portions of exponentially growing E. coli DP50 supF cells and
‘incubated at 37°C. After 20 min, 25 ml of 0.7% agarose-TYDTM

medium at 46°C were added to’ these and the suspended cells were '

'spread over 23 cm by 23 cm Petri plates containing prewarme‘d
(37°C) TYDTM agar. These plates wete cooled for at least 30 min and

ther. incubated for 12 to 16 hr to allow plaque formation. After

: / N
“cooling for at least one hr at 4°C, a 20 ¢m by 20 cm- mtrocellulose

" filter was placed directly onto the ;surface of each plate and left for

. . ) , A :
1 min to allow the adsorption of phage from each plaque to the

filter. .The filter was peeled off the plate and floated on a solution

'contalmng 0.1 M NaOH, 1.5 M NaCl for 1-min, then floated on 0.2 M .

Tris-HCI pH 78 2 x 8SC (1 x SSC is 0. 15 M NaCl O 015 M trlsodrum
~ citrate, pH - 78) for 5 min to neutrallze the filter. The membrane
was dried and baked under vacuum for 2 hr at 80°C |

(€)> 'reparation of 32P-|_abe|ed pPXt267 DNA

) . Lo

The probe used to detect huiman tyrosme tRNA genes was

pXt267 a plasmld containing a 267- bp Hhal DNA fragment, encodlng'w
| ‘a tRNATYr gene from the 3.18-kb X, laews tRNA gene-cluster (Mdller
and Clarkson, 1980) which had been subcloned, usmg Hindlll linkers,

into pAT153 (Lam, W. and Roy, K. L unpubhshed) This, plasmid was °

mck translated as descrifed by Rigby et al. (1977). Approxmately
- 350 ng of pXt267 DNA were preincubated at 15°C ‘for 10 min in a
total volume of 27.5 pul of NT buffer (50 mM Tris-HCI . pH 8.0, 5 mM

MgCl2, 2.5 mM dlthlothreltol) in the presence of 3.3 pM each of dCTP .

~ dGTP, dTTP. -and 10 pCi [o 32P]dATP (3000, Cr/mmol) After the

'._t A

TS, .
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preincubation, DNAse | (1.0 ng) and E. coli DNA polymerase | ("3 uy

were added and the mixture was incubated for 1 hr at 15°C, to yield

“a probe with approximately 4 x107 dpm. The labeling reaction was

stopped 'by the addition of EDTA (pH 8.0) to a final concentration of 5
mM. The probe DNA was storeq/é't'-20°C for less than one week if not
-used immediately. a ‘

{d) Hybridizétion of 32p-labeled .pXt267 DNA to DNA from
‘the recombinant phage library ‘
‘The hybndlzatlon of 32p-labeled pXt267 DNA was as descnbed

by Mamatls et al. (1982). The mtrocellulosp _ﬂfllters with bound

' recomblnant phage DNA were place'd'inside Sears Seal-a-Meal bags

and were mcubated overmght in 8 ml of hybrldlzatlon buffer (6“,>x

. 8SC, 0.5 mg/ml Ficoll 400, 0.5 mg/ml bovine serum albumin, 05‘

'mg/ml polyvinylpyrrolidone; vref.erred to as Denhardt's solution) and

0.1 mg/ml of heat denatured (90°C for 3 min) E. coli B DNA at 65°C

with agitation. After. prehybridization, the 32P-Iabe_led pXt267 DNA

was heat denatured and édded to 9 ml of hybridizatlibnﬁ buffer. The

probe solution was ad_ded‘tb each filter ‘b"e,ing tested, and

hybridization 'wa‘s, allowed for 16 hr at 65°C. Following the

hybridization, the filters were washed in ‘two changes (2 | eéch) of

2 x SSC, 0.1% SDS for 30 min at 65°C and 2 changes (2. | ‘eagh)‘of 0.2 .

'x SSC, 0.1% SDS for 30 min at 65°C. The filters were air dried and

agtoradiographed‘ at -70°C with DUpbnt Lightning Plus intensify"ing B

screens.
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(e) Plaque purification of = recombinant phage conataining

tRNATYr genes |
v , 'S
Plaques showing LQ)//bndization to the X. Iaeyis tRNATYT gene

" probe were purified for further characterization. Each-desired plaque
was extracted from the agarose overlay wrth a sterlle Pasteur

plpette The narrow end of a Pasteur pipette was stabbed mto the -

plate and an agarose plug contalmng the desrred plaque and

underlymg medium was removed and placed in 1 ml of sterile SM

buffer containing 100 pl of chloroform - ‘e phage particles within -

the plug were allowed to diffuse into the SM buffer overnight at 4°C.
This procedure routmely produced ‘a phage suspension of

approximately 5 x108 pfu/ml.

Isolated recombinant bactenophage were plaque- purlfled,"

essentially as described above, with the exceptlon that this was

- done using standard, Petri plates. Stocks of each recombinant

. bacteriophage were‘ mao‘e using the plate lysate procedure (Maniatis
et a/‘A. 1982) Condrtlons were such that confluent lysis occurred on
- a lawn of- E. coli - DPSOsupF cells after lnfectlon and overnight
" growth at 37°C. A 100:fold _dilution of the isqlated and purrfled

recombmant phage was used to infect exponentrally growrng - E. coli

DPS50supF cells as descnbed above. After growth overnight, 5 ml of

sterile SM .bUffer was poured onto the plate of lysed bacterial cells
and this was Ieft at 4°C for 24 . hr to allow phage particles to dlffuse
mto the SM buffer. The phage suspension was collected with a
sterile Pasteur plpette Thls procedure gave phage suspensions of

.approxrmately 2-4 x1012 pfu/ml
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(f) Large scale purification of recombinant phage

Isolated bacteriophage clones encoding tRNATYr genes were
amplified as described by Maniatis et al. '(1982). 'The ODebo of ‘?3
hr culture of E. coli DPSOSubF cells was determined, and four
aliquots containing 1010 cells were centrifuged at 2000 x g.for 10
min at. 4°C. Each cell pellet was resuspended in 3 ml of sterile SM

" buffer and .5' x109 bacte'riophage particles were added to each cell

suspension ‘and incubated at 37°C for 30 min to infect the cells.

Each of -the'four'irjfected E.'go/i DP50supF samplés_ was added to
500 ml of prewarmed (37°C) TYDTM broth and incubated for 8-10 hr
with rapid shaking at 37°C. The ODgg0 ‘was determined every hour
during growth to detect when cell lysis had occurred. After Iysis, 10
ml of chloroform were added to each 500 ml culture and incubation
at 37°C with répid shaking was continued for a further 10 min to

AN N . .
complete cell lysis.” The lysates were cooled to room temperature

~and 2.5 ml of RNase ,A‘(0:2 mg/ml) were added to each 500 ml.

c':'ulture'. This was incubated for 30 min at room temperature after

which time NaCl was added to a final concentration of 1 M and this';

was incubated on ice for 1 hr.

Thé lysates-were centrifuged at 11000 x g for 10 min and the

phage-containing - supernatant ‘was collected.. Polyethylene glycol

- (MW 8000) was added to éach"préparation to a final concentration of

10% (w/v), iahd th"en Iéft Oyern{ght at 4°C. The samples were

a

vcentrifugéd_ at v11,000'x g for 1 hr at 4°C. The pelleted phage were

-~ resuspended in 8 mi of sterile SM buffer on ice. Ten‘pl of DNase | (1
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,}g/ml) were added and incubated for 10 min at room temperature.
The phage suspension was extracted once with an equal vqurne of
‘chloroform, and the'aqueous phases from all samples were pooled
and stored at 4°C. A one-tenth volume was saved as a stock solution.
To the remaining bacteriophage-‘suspension, 0.5 g of CsCl was added

- per ml and this was centrifuged as described by ‘Maniatis et al.
.(1982). After centrifugation, CsCl was removed by dialysis against |
two changes of dialysis buffer (10 mM Tris-HCI, pH 7.8, 1 mM EDTA
sand 10 mM MgCl2). DNA was purn‘led f(om the bacterlophage clones
by extraction with an equal volume of phenol with gentle agitation
on a culture tube roller for 1 hr followed by centrifugation at 2000 x
g ‘in» a. SS-34 rotor. The aquedus phase was “recovered and extracted
with an equal 'vd_l_ume of ch‘lorqform. To the retained aqueous phase a

~ one-tenth volume of 3 M Na acetate (pH 7.0) was added, and the DNA
was precipitated by addition of 3 volumes of ice-cold 95% ethanol‘
and the sample was left at 20 C overnight. The followmg day, the
DNA was pelleted by centnfugatlon at 7700 x g and the supernatant
was dlscarded The DNA was redlssolved in TE buffer (10 mM. Tris— )
HC!I pH 7.8, 1 mM EDTA) to a flnal concentration of 0. 5 1.0 ug/ul and N

was stored at -20°C.

(9) Restrlctlon enzyme mapplng of purlfled recomblnant .
phage DNAs |

A series of smgle or double restriction enzyme dlgesaens of -
the recombmant phage DNAs was performed to. determme the

- location of restnctlon sites within each DNA molecule.. Smgle



restrlctlon enzyme dlgestlons were done by dlgestmg 1.5 ug of
bacteriophage DNA with 3 u of enzyme in the appropnate buffer
(20ul) for 2 hr. After the incubation, usually at 37°C, ‘the resulting
DNA fragments ‘were separated by ‘elecfrophoresis on a 0.75%
agarose gel 'at 5 V/em in TEA buffer (0.02 M Tris-He|, pH_ 7.8, 2 mM
VEDT'A and 0.05 M sodium acetate). After‘ completion of
electrophoresis qfhe DNA fragments were stained with ethidium
bromide and visualized ‘with UV illumination. If the gel‘ was to be
used for hybridization analysis, it wasv"’transferre.d to nitrocellulose
or Nyion (Gene Screen Plus) membranes as described by Southern
(1975). | ’

Double digestions of the bacteriophage DNAs with two

different restriction endonucleases were preformed by frrst
digesting 10 ng of bacteriophage DNA wuth 20 u of one enzyme in 50
'pl of the appropriate buffer for two hr at 37°C. After complete
digestion the _*° was.precipita,ted- at -70°C for 10 min. The DNA
was then, centri. .; d for 10 min in an Eppendorf centrifuge at 4°C .
The supernatant was removed with a drawn out Pasteur pipette, and
, the sample was drled under vacuum. The sample was redissolved in
10 ul of -double dls’ulled water (ddH20). Two ug of the dlgested DNA
was cut wrth a second enzyme in, 20 ul usmg 3-4 u of enzyme for 2
hr at 37°C. The resultmg DNA fragments were then separated by
eleotrophore5|s on a O 75% agarose gel and processed as descnbed

above.
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(h) Mapping of restriction enzyme sites of 32P-.labeled
bacteriophage DNA

To define the order ‘of certain restriction enzyme sites within
the recomblnant phage DNA, the mapping procedure of Smith and
Birnsteil (71976) was used. Xhol was used because 1t had a limited
number of $ites within the recombinant DNAs. Twenty ng of
bacteriophage DNA were digested -with 40 u of Xhol in 50 pl of the
| appropnate buffer for 3 hr at 37°C. The DNA was then precipitated
as descnbed above. The Supernatant was removed and the sample
was dried under vacuum for 20 min at room temperature The DNA
V\K&S then 3'-labeled with 0.5 u of E. coli DNA polymerase | (Klenow
fragment) in 30 ul of NT buffer, with 3.3 uM each of dCTP dGTP,
 dTTP and 5 uCi [¢-32P]dATP (3000 Ci/mmol) for 1 hr at 15°C (Miller

and Clarkson, 1980). The [3-32P]-labeled DNA fragments were

electropharetically separated on a 0.75% agarose gel at 5 Viem,

stained with ethidium brdmide, and visualized with UV-iIlumination.‘

A gel slice containing the desired DNA fragment was excised from

the gel. The .3-labeled DNA was recovered from the gel by the
freeze—sq_ueeze method as described by Thuring et al., (19‘75)

~Partial digestions of ‘the labeled DNA fragment were
conducted by incubating a 5 ul ahquot of the DNA sample ‘with either
0.1, 0.5, or 1.0 u of the desnred enzyme in the appropnate buffer for
30 min at 37°C. The partlally digested DNA fragments were then
electrophoresed on a _0.75% agarose gel with 32 -] beled DNA snze

markers at 5 V/em. After ‘electrophoresis, the gel was soaked in two

changes of 7% TCA The gel was then placed on a sheet of Whatman_

SN
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3MM»paper and‘-a stack of paper towels was layered on top to dry the
. gel. After drying overnight the gel was radloautographed at -70°C
using Kodak XAR-5 X-ray film.

(i) Hybridization of 32p-labeled rabbit liver tRNA to
lsolated recombinant phage DNA |
Approxumately 3 png of unfractlonated rabbit liver tRNA was
digested in 50 mM s dium carbonate/bicarbonate (pH 9.0) for 8 min
at 90°C. After the incubatiyn the tube was placed ’in an ice water
bath to stop the reaction. Three hundred hg of degraded tRNA were
5'-labeled with [y-32PJATP and polynucleotide kinase (Maizels,
1976). The [5'-32P}tRNA was hybridized to a Southern transfer of
digested recombinant bacteriophage DNA. The hybrid"izatiotn was
conducted in_6 x SSC, 5 x Denhardt's solution, 0.1% SDS and 50%
formamide at 46°C for 16 hr with 'agitatibn. The filter was washed
in ’4 x SSC, 0.1% SDS at 40°C for'30 min, then with 2 x S‘SC at 48°C
for a further'30 min. The filter was used to expose Kodak XAR-5 X-

ray film at = -40°C with _Dupont Hi-Speed intensifing screens.

Subcloning tDNA fragments into plasmid "vectors
| =
(a) Préparation of a 267-bp Xenop’us Iaevié tRNATYr gene
probe '
“ - Since the plasfnid used to screen the recombinant phage DNA
library was a pAT153 derivative and the DNA frégments to be
subcloned weie to be ligated into pAT153, the 267-bp probe

©
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fragment from pXt267 had to be isolated for use as a unique probe.
Dlgestlon wutth/ndlIl released the 267-bp DNA fragment,. which
contained the coding 'reglon for a X. laevis tRN'ATYF' gene, and this
was isolated from a polyacrylamrde gel as described by Maxam and
Gllbert (1977) &

(b) End labeling of the 267-bp DNA fragment

The 3'-recessed ends of the 267 -bp X. Jlaevis DNA fragment
were fllled in using the Klenow fragment of DNA polymerase | and a
suitable [a-32P] deoxyribonucleoside triphosphate as described by
Milier and Clarkson (1'980). Approximately 300 ng of the 267-bp DNA
fragment were incubated with 0.5 u. of DNA polymerase | (Klenow
fragment) in NT buffer in the presence of 3.3 M each of dCTP, dGTP,
dTTP and 10 puCi of [a-32P]dATP in 30 pl for 1 hr at 15°C. The
~ reaction was quenched by the addition of 1 ul EDTA (0.5 M, pH 8.0)

followed by heating at 70°C for 10 min. Th‘e extent of labeling was’

determined by chromatography on a Sephadex G-50 Superfine column
8 mi packed bed volume) and momtonng with a Genger counter. The

labeted probe was heated to 90°C for 5'm|n before. use.

(c)\§ubcloning of restriction fragments encoding' human

tRNAs into plasmid vectors

Recombmant plasmids contalnlng small fragments of human

- DNA were constructed using standard technlques Restrlctlon enzyme .

' drgestlon products of the phage DNAs were subcloned by ligation of

~ total digestion products or o,f/‘l‘S‘oTértee fragments i.nto suitably |
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digested plasmid vector pAT153 (Twigg and Sherrétt, 1980). As an
illustration) -approximately 2 pg of AHtM4 DNA, digested with Hin'dll,l
and EcoRI\: was ligated into pAT153, previously digested with HindllI
and EcoR! (1.0 ug). The reaction was conchted in 10 ul of ligation
buffer (50 mM.Tris-HCl, pH 7.8, 10 mM MgCl2, 20 mM dithiothreitol
and 1 mM ATP) and 0.03.3 of T4 DNA ligase'overnight at 11°C.'Two ul‘
of ligation mixture were used to‘ transform 300 ul of ‘comp@tent E.
. coli HB101 cells as ,d\f—:*scribed by Morrisoq (1979). After a 45 min
Jincubation on ice the c‘é\ﬁs/w”@re hegat ho%:ked at 42°C for 2 min,
spread over LB plates contam/i_og\‘sfug/ml ampicillin, .and were
grown overnight at 37°C. /"

/ .
As the foreign DNA was inserted directly in front of the

tetracycline gene of pAT153, colonies were tested in duplicate on LB~

plates, one containing 50 pg/ml ampicillin ‘ahd one plate contéining

ampicibllin (50 ug/ml) and tétracycli_ne ‘\(12.5 pg/ml). Colonies

containing recombinant plasmids ,c":ould_ be identified by ampicillin .

resistance and tetracyclin’é ‘sensitivity. Colony hyb“ridi.zation'r

.(Grunstein and Hogness, 1975) was done to identify recombinant

plasmids containing human tRNA genes.

(d) Rapid scréening ot recombinant plasmids ‘
Those plasr'nids"’which hybridized to the probe DN/} We_re ther;

' "'éxar'n‘ined by the method of Birnboim _arid Doly (1979) to determine

thé size of vthe human -insert. Approximately 1 pg of _the isol.at'edk

recombinant )DNA was used for restriction enzyme . digestion. After a

2 hr digestion at 37°C with the appropriate endonuCléfase in 20 uh of -

e - 2
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a suntable buffer, the ~digested DNA was electrophoresed through a
075% agarose 'gel. The identity . of ‘the human DNA insert was
determlned_ by direct comparison, with the 'corresponding
recombinant. ptage DNA which>» had been cut with the same

endonuclease.

(’e) Large scale preparation of recombinant -plasmid DNAs
Large/ scale lsolatlon of plasmid DNA was essentially as

| descrlbed by Clewell and Helinski (1969). A 10 ml overnight culture

of recpmbmant E. coli HB101 cells was added to 500 mi of'LB broth -

.. at 37°C. Thecells' were grown with rapid shaking at 37°C until the
culture had reached an bD/e;oo of 0.5-0.8. Chloramphenieol wa's added

to a final concentration of 170 upg/mi (Clewell, 1972) and the

incubation continued overnight. After incubation, .the culture was -

centrifuged at 10400 x g in a GSA rotor for 20 min. The cells were
"washed once with 50 ml of ICG -cold TE buffer and centnfuged as
described above.

- The cleared ‘Iysate was extracted twice with an ‘equal volume
of phenol and once with an equal volume of chloroform. The DNA was
- 4p‘_ri,ecipitated with'2.5'volu'mes of ethanol. The precipitated DNA was
redissolved:\ in a small "volu'me of TE buffer and purified by isopycnic
banding in CsCI and ethldlum bromlde as described by Mamatls et al.
(1982).. The lsolated plasmld DNA band was extracted repeatedly
with 3-4 volumes of butanol to remove the “ethidium bromide *and the

volume of the aqueous phase was mamtamed wuth distilled water.

Three volumes of ice-cold 70% ‘ethanol were idﬁed to precipitate the-

!

35



DNA and this was left overnight at -20°C. The DNA was pelleted by

centrifugation, dried under vacuum, and redissolved in 0.5-1.0 ml of
TE buffer. The. concentration of the isolated plasmld\DNA was

determined spectrophotometncally at 260 nm.

&

&

(f) Restriction enzyme mapping of plasmid subclones

Recombinant plasmids encoding human tRNA genes were

mapped either with four- or SIX base.specific restriction’

. endenu‘cleases Routinely, 1-2 ug of recombmant plasmld were
digested with 3 u of the desired restriction endonuclease in 20 ul
After 2 hr incubation at the. optlmum reaction temperature (usually
37°C) the dlges’uon products were separated electrophoretically on
5% or 8% polyacrylamide of 1.0 or 1.25% agarose gels, depending on

the sizes .of the products. The DNA fragments were then transferred

~to nitroceliulose or nylon ,membranes (Southern, 1'975) and -

hybridized to the X. laevis tRNATYr gene probe to determine which

fragments contained human tRNATYT genes. -

To order the Iocation of the restriction sites within each

plasmid, the DNA was end-labeled and mapped (Smlth and Birnsteil,

1976) as described above. - The partial” digestien products of the

. recombinant plasmids were separated on 30 cm, 1 mm thick, 4% to
8% polyacrylamlde gels for varymg lengths of t|me The radioactive
bands were visualized by radloautography at -40° C‘ for 1 to 5 hr with

‘Dupont'Hi-Speed intensifing screens.
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DNA ~“Sequencing and in vitro expression of human tRNA

genes

(a) Cloning DNA fragments into M13 phage DNA

DNA fragments of less than 500-bp Wthh encoded human tRNA
genes were located as described abdve. These were shotgun- cloned
into M13~ phage DNA as described above (Meselng et a/., 1980).
Approximately 20 ng of digested plasmid DNA was ligated with 10
ng of M13mp10/11 #or M13mp18/19 rf DNA (Yanisch- Perron et al.,
1985), which had been digested with an enzyme which produced
compatible ends, in 10 pl. After an overhight incubation at 11°C the
ligated DNA .was elther used dlrectly to transfect compebent cells or

was stored at -20°C for later use. !

(b) Transfection ‘of .competent E. coli cells and detection
of reco_rnbinant M13 phage , .
Transfection of competent E. coli MV1193, JM103 or JM105

cells’ was as described by Messmg et al- (1980) To determine which

recombinant M13 DNAs contalned human tRNA genes, in situ

" - hybridization was done (Benton and Davis, 1977) Immobilized DNA

was hybndlzed_\ to the X. Jaevis tRNATYr gene probe as described
above. Those plaques which annealed strongly to. the- ‘probe were
transferred to 5 ml of YT broth (Miller 1972) wnth a sterile
toothpick and incubaied on a tube roller overnlght at 37°C One mi of

culture ~was- added to a 1.5 ml Eppendorf centrifuge tu-e and the

¢
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recombinant ohage‘wereijsolated as described by Meeeing et_;ﬁal.
(1980). | C -

" The recovered phage were resuspended in 500 ulﬁof TE buffer.
Phage protein was removed by extraction with an ,eq'ual voiume of

TE-equiIibraied phenol. Th.e"‘"' resulting aqueous phase was then

extracted once with an equal volume of chloroform/phenol (1:1), and '-

the‘aqueous phase was recovered and the DNA precipitated. After a

1 hr incubation at -20°C the DNA was pelleted by oentrifugation' and

the supernatant' was disoarded. The DNA pellet was dried under |

* vacuum, and then redissolved in 15 pf of triple distilled H20.

(c) Nucleotide sequencing of recombinant M13 DNA

' Sequen‘cing- was  performed USiog the . dideoxynucleoside
tnphosphate cham termination procedure desorlbed by Sanger et al.
| (1977) Approximately 0.5 ug of recombmant M13 DNA was annealed
to 5 ng of prlmer ohgonucleotrde (Messing - et al., 1980) in 10 pul of

buffer /66 mM Tris-HC!, pH 7'8, 8. 6 mM MgCig, 6.6 mM d|th|othre1tol)_

in a 0.5 ml- Eppendorf centrifuge tube by heatmg to 90°C for 3 min

‘and allowrng the tube to slowly oool to rogm temperature After the -

21,
Mthhlothrertol 1 ul of

[a- 32P]dAT° (5-10 uCi), 1 ul E. ‘cb/;,ﬁ 4&4 polymerase | (Klenow
fragment, 0.5 u) and 4 ul of double distilled HgO were added Four Ll

sample had cooled for 30 min, 1 urw' IR

aliquots of the reaction mixture were added to 1 4l portions each of

four specific nucleoside triphosphate mixtures and incubated at

37°C for 15 min. One pl of chase mix (0.1 mM dNTPs, 0.1 u of E. coli

DNA polymerase I, Klenow fragmeht) was added to each nd "the

~
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reactions were incubated for a further 15 min at 37°C. The reactions
were termlnated by the addition of 10 ul of sequencmg dye mix (88%
formamlde 0. 1% bromphenol blue, 0.1% xylene c¢yanol and 10 mM
- NaOH). The reactions were stored at -20°C  between gel
electrophoresis trlaJs a , \

Gel electrophoresns was carried out as described by Maxa~ and
Gilbert (1977), as m'od“i_ﬁe_,d‘ by Smith and Calvo (1980). Six or 8%

'polyacrylamide, 8.3 VM' urea, gels were polymerized in 85 cm, 60 cm

or 37 cm length moids. The sequencing gels were pre-run for one hr

at the following voltages the 85 cm gel was set at 3000 A the 60
-cm gel was set at 1700 V and the 37 cm gel was set at 1100 V. The
sequencmg samples were heated to 90°C -for 3 m.# rmmedlately

before appllcatxon to the gels and 2 ul allquots were loaded into

- -each lane  of the gel. Electrophoresus was for varying ieng‘hs of time

to prowde overlapprng sequences.. Radlofluorography at -70°C or -
- 40°C using Kodak XAR-5 or Konica medtcal X-ray film was performed

to vusuallze the ssDNA products o

LS

(d) In vitro transcrnpt:on of human tRNA genes in a Hela

cell extract N , ‘

The transcription of human tRNATYT genes was examlned using
' homologou extracts prepared as descnbed by Manley et al. (1980).
One pmol of recombmant plasmid DNA was transcrlbed in 25 uyl of
transcription buffer (12 mM Hepes-KOH, pH 78 60 mM KCI 7.2 mM
MgClo, 0.06 rnM EDTA 1.2 mM drthlothrertol 5 mM creatine
phosphate and 10 2% glycerol) in the presence of ‘500 uM each
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ATP, CTP, UTP, 50 uM GTP and 10 uCi of [§-32F,3TP at 30°C for 1 hr.
The reactions were terminated by -tHe éddition of 200 pl of buffer
containing tRNA which reduced the extent of exonucléase clea\}age of
the 32P-labeled hd'man tRNA (7 M urea, 0.3 M sodium acetate, 10 mM
Tris-HCI, pH 7.8, 10 mM EDTA, 0.1% SDS and 20 ng of Azotobacter °
vinelandii tRNA). One hundred fifty pl of TE-equilibrated phenol was
added immediately and vortexed for 15 sec at 4°C. The upper 200 pl
of aqueous phase was removed and added directly tb 500 ul of ice-
cold 95% -ethanol, and the solution was mixed by inversion.
Precipitation of the RNA products was carried out at -70°C.

The 32P-labeled RNA was pelleted by centrifugation in a
microcentrifuge for‘20 min at 4°C; and»th.e supernatant was gently
removed without disturbing the RNA pellet. The samble \'Nas} dried
under vacuum for 10 min ét room temperature and redissolved in §
ul of loading buffer (88% forrhamide, -0.1% bromphenol blue, 0.1%
X)’;leneﬂucyanol and 1 va EDTA). The tRNATYL gene products \.;\(ere
separated by electrophoresis on a 12% polyacrylamide, gel
containing 8.3 M urea (Maxam and Gilbert, 1977) at 25 W forA 3 hr.
The radioactive products were visualized by radioautography at
-20°C for 12 hr. | "



RESULTS

(a) Isolation of NA- encodmg | human-A Charon-4A
recombmant phages " |

A recomblnant human x Clgaron 4A phage library was used in
screening for human tFlNAT)/r .genes.- Approxrmately 200, 000
bacterlophage plaques were screened using a X. laevis tRNATYr gene
probe. Seven recombinant bactenoph_age clones were isolated which
hyoridized strongly to the gene probe and these Were-plaque purified.
Plaques were picked for -each af the p'u'rihfied putative, tRNA-
encodmg bacterlophage clones’ and were amplified to ‘produce
milligram quantltles of DNA. Of the seven’ clones three failed to
ampllfy and two were found to be ldentloal by restrlctlon mapplng
(data not shown) As a result ‘three humanx Charon-4A
: bacterlophage reoombln nt clones were lsolated Wth’h appeared to
encode at least one tRNATYr gene. These recomblnant bacterlophage'
were named in sequential order of their isolation as AHtM2, lHtM4
and AHtM6. ~ © I |

z S &°
. | . ; P |

(b) Restriction- endonu‘clease mapping = of thrée
vbacteriophage DNAs | e | BPC

To characterize the lsolated bacterlophage clones t'he
‘th_recomblnant DNAs were digested  with several restrlctlon
endonucleases ang the resultlng fragménts were . separated by
.agarose gel eleotrophoresx(s and subsequently Vls%allzed by UV-.
illumination. Flgure 2A lllustrates that these three clones harbored

DNA fragments from dn‘terent reglons of the l}eman genome as the |

Ll
41



Figure z. Restriction endonuclease digestion eatterns .of three
‘recombinant phage DNAs. (A) Dlgestlons of 2.0 ug: of KHtM2 kHtM4
and AHtM6 DNAs were co-ducted and fthe. products separated on a
0.75% agarose ‘gel. DNA - s were visualized by ethidiurn bromide-
.staining and'recorded on Polaroid ’type"'665 film. ﬂaﬁes M -are X-D‘NA
size markers. The- left-most marker Iane shows k DNA dlgested w1th

Bg/ll and the right-most marker |ane contalns X DNA ngested WIth

Clal. The seventh lane “contains A-DNA which was digested with Xhol. '

‘Lanes A, B, C, D and E contain DNA @HtM6) wh_:i‘eh had been digested
with Xhot, Hindill, EcoRI, Bgill or BamHI. Lanes F. G, H and | contain

AHtM4 DNA which had been digested’ with Xhol, Hindlll, EcoRl or-Bglll..

Lambda HtM2 DNA samples digested with Xhol, Hindlll, Bgll o_f BamH|

are shown in lanes J, K, L and N. The DNA.'samples in lanes G, H, K and"
N were incempletely digested (B) Radioauto'graph of the X. Iaevis |
[32F’]tRNATYr gene probe hybridized to a nitrocellulose fllter repllca |
of the gel shown in (A). Lane K contains two hybr|d|zmg bands of 3-.
kb and 1.4-kb. The 3-kb band is the result of a partlally,dlgestedr'
Hindlll fragment of AHtM2. Multiple, hybridizing bands were’ obeerved .

from restricted AHtM6 DNA_ because this clone contained four‘

tRNATY" genes. | ,
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restriction patterns of the digested DNA fragments varied
significantly. ‘ |
‘Comgarison of the mobilities of the recombinant DNA -
fragments with those of marker fragnﬁts sgow,ed that AHtM2 has a
human DNA insert of 16.0-kb, AHtM4 has; R human insert of 16.7-kb
;and AHtM6 has a human DNA fragmen\ of 15 5 kb. Figure 2B shows
hybridization - of 32P- labeled pXt267 to fragments QﬁngtMQ AHtM4
and AHtM6 D@ﬁs which had been immobilized on a nitrocellulose
~ membrane. Both AHtM2 and lHtM4 appear to have at least one
| pufative tRNATYT gene since each restriction enzyme digestion
vproduced one hybrldlzmg DNA fragment Lambda HtM6, howe\/er when
\ digested with .Hmdlll (lane B of Fig. 28) shows four DNA fragments
of 2.0-kb, 1.5-kb, 1.4-kb and 1.3-kb which hybridized strongly to 'the
' pXt267 DNA probe. : |
To further characterize the clones, the -D As were singly- and
‘doubly-digested with se\veral restriction endonucleases. Through
comparison of the lengths of the resUlting fragments the location of
restriction enzyme digestion’ sites could be determin’ed within each

-

vbacterlophage DNA. 3

Lambda HtM2 DNA .was mapped usmg&’;e*mgle- ‘and double-
dlgestlons with BamHl|, Bg/ll, EcoRIl, Hindlll and Kpnl (Fig. 3A). A
radioautograph showing the hybridization of a Southern transfer of
the same g'eI to the X. laevis tRNA.T)/r gene probe is shown in Fig. 3B.
: The single digestion with ,,H}’ndlll produced ‘a 2.1-kb DNA fragment
which contained a putative tRNATYT gene. Digestion with -Bgllli

produced a 2.3-kb DNA fragment which also hybridized to the probe



Figure 3. Restriction endonuclease dlgestlon Southern transfer and

hybrldlzation of thM2 DNA. (A) All digestions contamed 2 ug

allquots of DNA, which were electrophoresed on a 0. 75% agarose gel .

Lﬁes A through E contain BamHI-, Bglll-»EcoRl- Hindlll- qr Kpnl-
digested kHtM2 DNA. Lanes F through | |llustrate AHtM2 DNA which
had been first digested with BamHl and then dlgested w1th‘ Kpnl,
Hindlll, EcoRl or Bglll. Lanes J, K and L contain AHtM2 DNA which was
first=-digested with B‘gl.l.I and then digested wi\th Kpnl, Hindlll or

EcoRl: Lanes N and O show AHtM2 DNA doubly-digested with EcoRI-.
Kpnl and EcoRl-Hindlll, and lane P, Hindlll and Kpnl. Lambda DNA

digested‘ with Hindlll is in __Iane M. (B) Radioautog?aph of a'SoUthern
transfer of (A) to which they X. laevis tRNATYFY gene probe DNA had
been hybridized. It is assumed that in each case where more than one
hybridizing band is observed, the fastest moving~band is the complete
product and the slower moving bands resulted from mcomplete

digestion.
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- DNA. Table 1 shows the sizes of DNA fr,agments produced from AHtM2
DNA after digestion wr(th several restrlctlon endonucleases.

_ Figure 4A shows the srngle- and double-digestion patterns of
- AHtM4 DNA fragments separated electrophoretrcally on a 0.75%
agarose gel. Probe DNA was hybrldrzed to a Southern&n fer ofé@e

above dlgested DNA (Fig. 4B) Table 2 shows the sni;ges of d@N'}HI

fragments produced from AHtM4 after havmgeb en, digested wrth

Loy y
several restriction endonucleases. .

Lambda HiM6 was digested with the restriction endonucleases

BamHI, Bgll, EcoRl, Hr'ndlll and Miul and the resuiting DNA fragmentii-j :

were separated on a 0.75% agdrose gel (Fig. S5A). A Southern transfer
of the fragmented AHtM6 DNA was hybridized to 32P-labeled pXt267
DNA (Fig. 5B). Ta‘ble 3 indicates the sizes of DNA fragments fr_;om

AHtM6 after digestion with several restriction endonucleases.

The restriction enzyme - H/'ndlll produced 13 DNA fragments -

from AHtM6 DNA Hybrrdrzatron with the X. laevis tRNATYr gene probe

demonstrated that four of these DNA fragments contained. a - putatlve

tRNATYr gene Because of the extensnve number and small size of the
. Hindlll generated DNA fragments the exact location of t_hese
fragments within the human DNA lnsert was difficult to. ascertain.
To help confirm the physical mapping data, AHtM6 was digest'ed -with
Xho | which generated three fragments of 29-kb, '11.5¥t<b and 5.9-kb.

large fragment of E. coli DNA polymerage |. The 29-kb DNA fragment

These DNA fragments were 3'-Iabeled( with [«-32P]dATP and the
was isolated from ‘a 0.5% agarose gel as described in MATERIALS
AND METHODS This lsolated DNA fragment was partlally d|gested

with the enzyme H/ndlll so that the location of the Hindlll sites
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Figure’ 4 Restriction endonuclease digestion, Southern transfer and
hybridization of AHtM4 DNA. The gel was 0.75% agarose and the DNA
was vrsualrzed by ethidium bromide-staining and UV-illumination.
All .digestic’;ns contained 2.0 pg of DNA. (A) Lanes A through E
., represent kHt‘M4 DNA digested witn Kpnl, Hindlll, Eco RI, Bglll or
"BamHl. .La%nes F through | show AHtM4 initially digested with Bem’Hl,
and then digested with Kpnl, Hindlll, EcoRI'dr Bglll.‘ Lanes. J, K,and L
represent AHtM4 DNA initially digasted with Bg/ll and then digested
with Kpnl, Hindlll or EcoRl. Lanes N/agi O conrain AHtM4 DNA digested
with EcoRI-Kpnl or EcoRI-Hindlll. Hindlll-Kpnl digested DNA is
shown in lane P. Size marke&r' DNAs are in lanes M Where x- DNA
digested withgBgl/ll ts in the left most lane and with H/nqaul in the
right marker lane. (B) Radioautograph of a Southern transfer of the
~ gel in (A) which had been hybridized to the X. /aevis tRNATY' gene
probe. It is assumed that in each case where more .than one
hybridizing band is observed, the fastest moving band is the complete
digestion. product and all slower moving bands result fr.o'm
i'ncomplete digestion. The second lane from the right was an

unrelated experiment.

i.
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'F'igure 5. Restriction endonuclease digestien Southern transfer and
hyhrrdrzatron nf AHIMB DNA. Each drgestron contained 2 e of DNA. |
The genei. ~ DNA fragments were separated ory a 0. 75% agarose gel
and were vrsuallzed by ethidium bromide- starmng and UV-
rllumrnatron A(A) J—‘Restrldron enzyme digestion of AHtM6 DNA. Lanes
M contain A:DNA drgested with Bglll. Lanes A through” E contain XHtMG
DNA digested with E‘ "1, Bglll, EcoRl, Hindlll or MIul. Xhol-digested
AHtM6 DNA is sho lanes F‘through J, after further digestion
with BamHI Bglll EcoRl, H/ndlll or Mlul respectrvely Lanes K, L, N .
and O are’” DNA doubly-drgested with BamHI-BgIH, BamHl-EcoRgl,
BamHI-Hindlll or BamHI-Miul. Hindlll-Bg/ll digested DNA is in lane P.
Lane Q contains AHtM6 DNA which was digested with Hindlll and
EcoRl. Lane R shows DNA dig,ested'.with Hindtl and Miul. (B)
Radi‘oautogr-’aph’ of a Southern transfer of the gel in (A) to a
nitrocellulose membrane to wh}ch was hybridized‘ the X. /aews
tRNATYr gene probe. The varrable number of hybrrdlzlng DNA
fragments observed for drfferent dlgestlons results from multrple
tRNATYT genes. . | o
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Table 1. Size estimation _of DNA fragments from

AHtM2 after

- [ ease digest

BamHl Baill EcoRl  Hindlll Konl Miul Xhol
18.0% x2  21.0 .19.9 20.5 174x2  29.7% -
5.6 9.6 16.0* 7;8 5.0% 9.8 . -
3.9 48, 110 5.7 x2 3.5 5.1 -
1.4 23 - 1.9 2.0.. 2.3 -
- 2.1 ; 1.8% j - -
. 1.6 - 1.4 - - -
- 14% x2 - 1.0 | - - -
- 0.8 - - ' ) ;
- 0.6 - - - - -
- 05 i i

v -

(1) These data have been cofnp_iled from

experiments.

£

EF T

several restriction mapping

(2), The numbers représent DNA fragment lengths in kb. *

(38) * refers to DNA fragments which contained a tRNA gene.
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Table 2, Size: estlmatlon of DNA. fraaments from AHtM4 after

restriction endonuclease digestion, S ‘ m‘ -

-BamHl Bail £coRl| Hindl]l Konl Miut Xhol

36.1* 23.5*  19.9  22.5* 25.1* 27.5* -9g.5°

55 4.8 11.0 8.2 17.4 9.8 "21.0
| - | | ‘

" 39 ' 38 7.5* 6.7. 3.5 5.1. -
1.5 2.7 3.2 57 1.5 3.2 -
. 25 23 x2 2.2 - 2.3 -
- 2.4 1.5 1.3 - - -
- 24 . 0.9 - - .
- 1.3 - : } ] ]
- 1.0 - . i ) ]
. 0.9 - - . ; -
- 0.6 - . ) ) .
- 0.5 - . ; ; ;
- 0.4 - - . - -

"o

(1) These data were compil‘ed-from several restriction mapping
experiments. | ‘
" (2) The numbers refer to DNA fragment Iéngths in kb.

(3) * refers}to those DNA fragments which contained a tRNA gene.



Table 3. Size estimation of DNA fragments from AHtM6 after

l . Ii . I I . I. .

BamH Balll EcoRl Hindll! Ml Xhol

17.8 233 199 - 215 17.5% 29.0% .
C9.2%  55%x . 110 s7x2  11.0x . 115
55 5.2 7.5% - 2.3 9.8 5.9+
3.8 4.8 2.2% 2.0 5.1 .
s 27 Lge  1se 23 -
- 20 13 L4 - .
i 1.8 1.0 1.3+ . .
T 1.4 i 12 - i
- 09 - 10 -
.- 0.6 - 0.9 - .
i 04 . 0.6 -
. - 03 . L

o

‘(1) These data Have} been compiled from several restriction
’jendonu'clease-mapping expériments. |

(2) The nuhbers refer to DNA fragment lengths in kb. |

(3) * refers to DNA fragments which contained a tF’}NA&gene(s).

B
e
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could be determmed by the size variation between successive DNA

fragments The resultrng fragments were separated on an agarose

ﬂ»gel These data were used to construct the physical map of AHtM6 as

shown |n °F1g 6 The four putatrve tRNATYr -encoding DNA fragments

\5‘@ '-

' a%g not arranged in tandem, but’ rather are spread throughout the

15 5 kb human DNA fragment of AHtM6. The restriction maps of the
three human DNA fragments are shown in Fig. 6.

To demonstrate that the isolated recombinant DNAs contained
tRNA genes, samples of each were dlgested with EcoRl and Hindlll
separately and the DNA - fragments were (fractlonated
electrophoretically on a 0.75% agarose gel (Fig. 7A). After separation

the DNA fragments . were transferredi to a nylon membrane and

~ hybridized with the '267-bp X. laevis tRNATYr gene probe (Fig. 7B).

A? r removal of the probe DNA:. the same nylen filter was
rehybrrdlzed with unfractionated rabbit liver [5'- 349] tRNA (Fig. 7C).
The hybridization signal produced by the 32P.|abeled tRNA was poor.

This was most likely due o) rnefﬁcrent labeling of the unfractronated

tRNA. With AHtM6 drgested with EcoRl, only the 7.5-kb fragment
containind two of the four tRNATYr genes hybridi'zed to the tRNA

probe. The four Hindill DNA. fragments, each carrymg a single
tRNATyr gene, falled to hybridize efflcrently to the rabbit lrver tRNA
after repeated attempts. The end-labeled rabbit liver tRNA_did not

, hybridize with | th'e control A-DNA. Howet/er, it appeared to hybridize

to a limited extent with human DNA fragments which apparently did
not have tRNAT)’r genes. | | '

S5
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Figure 6. Restriction endonuélease digestion maps 61: "(h,ree '
recombinant ba,cteriOphége DNAs. L .END represents the left arm} of

the A-Charon-4A phage vector. VR 'END dépiéts the right a{m.?gf‘the |
vector. E is EcoRI, K is Kpnl, Bg is Bglll, H is Hindlll; Bagis BamHI, M
is-M/u,I; S ié Smal, Xb is Xbal and Xh is Xhol.-The. dark recfangles
indicate the DNA fragments which were subcloned into plasmid
vectors for further charaicte_"rization of the DNA segments contaiﬁing

the human tRNA genes.
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igure 7. Hybrid'ization of unfractio,rvwi'e'ité.d rabbit liver tRNA and a
tRNATYr gene probe to three recombinant blacteriophage DNAs.'(A).
Ethidium ’bromide-stained gel showing AHtM6, AHtM4 and AHtM2 D!}lA
digested :NithHindIlI (laneé A, B and C).‘ Lahes D, E and F show AHtM6,
AHtM4 ‘and AHtM2 DNAs digested with EcoRl., The DNA size marker lane
(M) sho}ws A-DNA which had been digested with /Bg/ll. (B).,'__
Radioautograph of a Sél)‘uthern transfer of the gel illustrated in (A) to\\"
which the 32P-abeled X. laevis {tRNATYT gene probe was hybridized.
(C) The. same ‘Sbuthern transfer’ as in (B) ex‘-c'ept that tﬁe |
unfractionated 32P-labeled tRANA probe had been hybridized after

removal of “thé previous probe.
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- clo'nre‘s' ;could contain more than one tRNA gene, DNA fragments .

(c) Construction . of r.ecombinan't plasmid subclones .

encodirig human tRNAs |
- To characterize the isolated human tRNATY' genes further,

~_sub-fragments from each bacteriophage clone were inserted into

FoT / o ege . v .
plasmid vectors. Since the possibility existed that the bacteriophage -

'contat'ning the individual tRNA genes had to be isolated so that each -

-

tRNA gene could be investigated independently. In general_

~recomb|nant pAT153 subclones were dgenerated by shotgun clomngk

cu the fragments from a complete drgest}_of the recombrnant

. 4

. bacteriophage DN_A‘_into pAT153 vDNA cleaved with the appropriate

. . <@ N B
- -restriction enzyme(s). The human‘DNA fragment was subcloned into a

restrlctron site - (or sites) drrectly in front- of the tetracycline
resnstanoe gene’ of pAT153 Those. colomes displaying an APF, TCS

phenotype were..qscreened for the presence of human tRNA genes by

colony hybridization (G‘runs'tein\ and Hogness 1975). Those bacteria

which contained. recombmant plasmrds and dlsplayed hybrldlzatron

' to the X. laevis tFtNAT)/r gene probe were |solated

Five recombinant. plasmids were constructed A 25 kb EcoRI-

Hindlll DNA fragment from AHtM4 was mserted mto pAT1§3 to

construct the plasmid- pJM4 about 6.1- kb The four tRNA- encodmg

HlndIII fragments from lHtMG were subcloned into pAT158 and
comprlsed the pM6 series of recombmant plasmrds The 20kb

Hindlll fragment was subcloned along wrth a 0.35- kb H/ndlll

fragment to form pM612 (6—kb) The 15kb H/ndlll fragment W‘ES""v
subcloned to generate the recombmant plasmud pM6128/ (51 -kb).- The '

plasmld pM6 was constructed by msertrng the 14kb H/ndlll

50



fragment from AHtM6 to generate a olasmid of 5.0-kb. The .1.3- -kb

Hindlll fragment was subcloned to generate the recombrnant plasmid

- ,pM6lT which was 92kb This "size resulted from the lrgatlon of -

several additional Hindlll fragments from AHtMS6, into a single

plasmid. Further experiments (data not ;sho\)vn) indicated that only

the 1.3-kb Hindlll fragment contained tDNA. Since only the 1.3-kb
Hindlll fragment encoded a human tRNATYr it could be rndependently-'

characterized.

(d) Physical mapping of pJM4
A 2.5kb EcoRlI- Hindlll DNA fragment from XHtM4 was
| subcloned into pAT153 also digested with EcoRl and H/ndlll as

described in- MATEFHALS AND METHODS. A Ilmlted physical map of‘

pJM4 was constructed The physical map shown in Fig. 8 was
,constructed by methods previously described.. ;The human tRf\fA gene

|s Iocated 400- bp from the Eco RI site of the human DNA fragment.

- (e) Physical maps of pM6, pM6128, pM612 and pMS6IT

. The recombinant'bacteriophage AHtM6 when digested with.
Hindlll, gave thirteen separate fragments four of which contamed
' tRNATYr genes. Two of these DNA fragments were subcloned as.

descrlbed above. The plasmids pM6 and pM6128 contain H/ndlll'

fragments of 1.4-kb and 1.5-kb, respectlvely, from AHtM6 cloned
into the Hindlll site of pAT153 The physrcal maps of both plasmrds
were determlned by standard restriction mapping procedures

(Vaniatis et al, 1982; Smith and Birnsteil, 1976).
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“. Figure 8 The restriction endonuclease’ map{«l”“"
Y EcoRI-Hindlll DNA fragment from AHtM4 wagh
plasmid vector pAT153. The dark’ circle depicté@g"

DNA in which AP represents the ampicillin 'rg\asisif
denotes the tetracycline resistance gene of ;ATﬁé he following
abbreviations indicate the restriction sites of thd’ enzymes in
parenthesis; E (EcoRl), Hd (Hindlll), Pv (Pvull), Sm (Smal), He (Hincll),
Ps (Pstl) and Sp (Sphl). The opeh box reb'resents the tRNA gene and
the arrow ‘above it indicates the direction of transcription. The
single-headed arrovxfrs' ‘indicate the DNA fragnﬁents sequenced. ‘The

" boxed 'H's denote a ﬂ{aelll, fragment used in sequencing the gene.
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. Flé'ﬁre 9 represents the physical map of pM6. The human -

tRNATYr gene oecu'?e within a 280-bp Sau3Al fragment, and this
complete fragment was s&quenced. The restrictlen map of the
recombinant plasmid pM6128 is shown in Fig.10. The tRNA gene is
'located&;near the left end of the human DNA insert, and is conta’ﬁed
within a 350-bp Sau3Al fragment. )

The 2.0-kb Hindlll_ fragment from AHtM6 was subcloned into
pAT153 along with a 0.35-kb Hindlill fragment arld this recombinant
was designated pM612. The recombinant plasmid pM6IT ‘enc'oded the
finél tRNATyr.from AHtM6. The 1.3-kb DNA fragment was not
independently subcloned into pAT153. Instead, pM6IT contained five
Hindlll DNA fragments derived from AHtM6 of 2.3-kb, 1.3-kb; 1.0-kb,
0.65-kb and 0.35-kb. This particular plasmid was 9.2-kb. Since only
the 1.3-kb DNA fragment encoded a human tRNA, it was used to

analyse the coding sequence of the fourth human tRNA gene of AHtM6.

Several restriction endonuclease sites in both pM612 and

pM6IT were located by elngle-' and double-digestions with six-base
specific restriction enzy‘mes. As with the other recombinant
plasmids, the locatlons of the restrlctlon sites were determined by
partial dlgestlon mappmg of end- labeled plasmld DNA. An example of
these data are presented for pM612 whlch was digested with BamH|
(posmon 375 on the pAT153 map) and the DNA labeled as descrlbed
above (Fig. 11). The enzyme Sall released a 276-bp fragment
(position. 651 on the pAT153 map) and left a unique radiolabeled
terminue to serve as a reference point to order the location of the
other sites. The physical maps of pM612 and pM6IT are shown in Fig.
12 and Fig. 13 respectively.
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Figure/9. The restriction endonuclease map of pM6.  The dark circle -
~ depicts the plvasmid DNA in which AP denotes the ampicillin
~ resistance gene and TC represents the tetracycline resistance gene
"of PAT153. The op'en box indicates the tRNA gene and the arrow above
it denotes the direction of transcrlptlon The single barbed arrows
represent the overlappung Haelll and Sau3Al fragments sequenced to
determine the tRNA gene sequence Hd is H/ndHl A is A/ul H is Hae
Il and S is Sau3Al. ‘ \
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Figure 10. The restricti in endo.nucleése map of pMé128. The dark
circlé rebresents the plasmid DNA in which AP denotes the .ampicillin
: res;stance gene and TC represents the 'tetracycline resistance gene
contained within pAT153. The open box depicts the tRNA ge.ne and the
arrow lmmedlately below the’ open box lndlcates the dlrectlon of
transcription ‘of this gene. The single headed arrows show the
dverlappiné Haelll and Sau3Al fragments ‘which were used to
- ;sequence the tRNA gene w1th1n this recombmant plasmid. -Hd-
Hindlll, H ts Haelll, A is Alul and S is Sau3Al. @;

&
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Figure 11. Radioautograph of partially digested 32P-Iabeled 'pl\/i,_‘612‘
DNA. The recombinant plasmid pM612 was labeled and digested as
previously described. The ‘partially digested DNA fragments were
separated on a O.7S% agarose gel, precipitated directly in the gel
with 7% TCA, and the gel was dried as described  Thé letters at the
top of the Figure, A B, an{d e, represent 0.5u, 1.0 u and 3 u of the
indicated restriction endonuclease respectlvely The srze markers

were generated by drgestrng A-DNA with Clal.
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Flgure 12 The resmgtlon endonuclease map of pM612. A 2.0-kb

Hlndlll fragment from AHtM6 was subcloned lnto the plasmld vector
pAT153 The dark circle represents the plasmrd DNA; AP mdrcates
‘the ampicillin resrstance gene and TC denotes the tetracycline
resistance gene. The open box represents the tRNA gene and the arrow
'above it indicates the direction of gene transcription. The single
barbed arrows s_how overlapplng DNA fragments which were used to
sequence the. human tRNA gene. The boxed 'H's' refer to an 800-bp
Haelll DNA fragment ‘which,was only partially sequenced due to its
extended length. No other Haelll restnct’ron enzyme sites were placed
| on the restriction m(ap Hd is JH/ndIlI R is Rsal, Ps IS Pstl, Pv IS Pqu
Ec is EcoRl, Sa is Sall and Sm is Smal.
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Figure 13, The restriction endonuclease map of pM6IT. A 1.3-kb’
Hindlll fragment from AHtM6 was subcloned into the plesm'id vector
PAT153, along with other Hind’i‘ll fragments from the recombinant
bacteriophage (see text). The plasmld DNA rs represented by the dark
circle where AP lndrcates the ampicillin resistance gene and TC.
denotes the tetraoyclrne gene Hd is Hindlll, Pv is Pvull, E is EcoRl,
«,;;PS is Pstl. The boxed 'S's lndrcate a large Sau3Al fragment Wthh was
"only partially sequenced No other Sau3Al restnctron sites were
—placed on the map. The open box represents’ the human tRNATyr gene
~and the aerw rmmedlately under the box rndlcates the direction of
" gene transcrrptron The srngle barbed arfows indicate ‘the DNA
fragrnents which were us‘e‘dvtodetermine the .nucleotide sequence of
;thev hur-’nan tRNA gene withinﬂ this recombinant plasmid.
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The five recombmant plasmids descrrbed above each contained
a. srngle human tRNA gene as determmed by hybrldlzatlon to the X.
laevis tRNATYr gene probe However there remamed the pos$rb|llty
that these plasmlds simply had DNA sequences which cross-
hybridized to the tFTlNAT)/r dene probe DNA, .as for example, tRNA

pseudogenes or repetmve DNA ,sequences To ascertam the nature of

these hybndlzrng DNA fragments and to determine the specxes of
tRNA genes which may have been present the DNA sequence spanning

~each putative tRNATYr gene_was determlned

(f) Nucleotide/ sequence and in vitro expression of five

human tRNATYr genes- , ' A

Small DNA fragments whrch included the human tRNA genes

from each recombinant plasmid DNA were  cloned into either

/{M13mp1‘0' M13mp11, M13mp18 or VM13mp19 (Yanisch Perron et al.,

) . 1985). These clones were sequenced by the dldeoxynucIeOSlde

trlphosphate chain termination procedure as desonbed by Sanger et

al. (1977) Overlapplng complementary sequences were generally

lsolated and compared to determlne the valldlty of the generated
- DNA sequence | , t
S Overlapping Haelll--and Sau3Al- fragments from both pM6 and
- pM6128 ‘were lﬂSGftEd into thei

of elther M13mp10. or M13mp11 .These were sequenced as- descnbed

- ‘Sequence anal’ysrs ot the cloned DNA tragments revealed that each

plasmld encoded a’ human tRNATW as rndzcated by tne anticodon o

g sequence GTA. 80th tRNATYr gene COG! ing FBQlOﬂS were essen txally

“identical to_ the X. faews tRN, XTY*’ gene {Muiler and Ciarkson, 1981}

Smal and BamHl sxtes respectlvely,\

75




The gene encoded by pM6 'di_ffered fronw the X. laevis tRNATYr gene by
a G to A transition at position 57 This ‘difference_ resulted in t 2
loss of Hinfl and Tagl sites in the-3'-end of the gene sequence: The

3'-CCA terminus is not encoded by either gene. The sequence

spanning the human tRNATYT gene in the recombinant plasmid pM6 is :, -

- shown in Fig. 14. The sequence spanning the human tRNAT)/r gene
contained within the recombinant plasmid -pM6128 is llIustrated in

Fig. 15.: Beyond both tRNATl/r _genes is a short T tract located 13-bp

downstream from the 3'-end of the genes. These are the suggested

transcription ":*terminatlon signals for RNA polymerase |l
(Bogenhagen and Brown, 1981). There is also considerable homology
between the 3'-flanking regions of these two genes and the
termination signals. | ’ |

The most striking and predicted feature of these genes is the

presence of a 21-bp intervening sequence which occurs one basg to _

‘the 3'-side of the anticodon. Both intervening sequences begin W|th"

the same nucleotlde A, although .as will be shown, not all the human
-tFlNATyr genes have introns whlch start wnth the same sequence The
'lntervenlng sequences end with the same sequence GAC. The
'.homology between the two‘ introns is ‘not complete, only 14 of. the
21-bp are conserved. | ‘»

Consnderable homology is present between the 5'- flanklng

v reglons of the tE:lNATyl genes in pM6 and pM6128 (wnll be shown in

Flg 19) Wlthln lne fxrst 60 bases lmmedlately precedlng the genes
there are fourareglons -87 to -36, -34 to'-22, -20 to -16 ‘and 6 to
-2, with comple*e homology A short 10 be sequence located w:lhm

the ERNATW gene mtron pM6*28l at 48 to 5/ l.s rdentlcal to

£

P
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Figure 14. Nucleotlde sequence of the 'fRNATYr gene within pM6. The
upper strand of DNA represents the RNA- llke (non-coding) strand of
DNA. .The tRNA gene is 73 nt in lengthrand the 3'-CCA terminus of the
mature tRNA is not encoded by the DN‘A sequence. The tRNA gene is
boxed and starts at position 75. The dots under the sequence are the
regions of homology discussed in the text. Thls gene is interrupted by
a 21-bp intervening sequence. A short tract of T residues is overlined
and is the suggested transcrlptlon termlnatlon signal for RNA

polymerase TH.
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10
GATCTCCGGT
CTAGAGGCCA

70
TTAACAGTGT
AATTGTCACA

130
ACGTTTGTGG
TGCAAACACE
— -+ 180
TTTTGCGCAC
AAAACGCGTG

250
GTCATAACTA
CAGTATTGAT

- 20
GGTCCAGGGA
CCAGGTCCCT

80

_ 30
CTFGGCTTCC
GAACCGAAGG

30

40
TCCATTTGCA

100

50
GAAAGTCCAG

110

60
TGACCCAGCC

" ACTGGGTCGG

120

GCATLCCTTCG
CGTAGGAAGC

ATAGCTCAGC

TGGTAGAGCG
ACCATCTCGC

GAGGACTGTA
CTCCTGACAT

GACTGCGGAA
CTGACGCCTT

140

TATCGAGTCG
150

160

70

ACETCCTTAG

TGTAGGAATC.

GTCGCTGGTT
CAGCGACCAA

CAATTCCGGC
GTTAAGGCCG

TCGAAGGAQAG
AGCTTCCIJTC

200
AATGCTGCCT
TTACGACGGA

- 260
CACTTTCCCC
GTGAAAGGGG

210
GGCTGCACCT
CCGACGTGGA

270
AGGAAAACCC
TCCTTTTGGG

EE

&5 220

GTFGCTCGTC
CAAGGAGCAG
L
> 280
AGCAKAATCC
TCGTTTTAGG

+

230
AAAGACCTTG
TTTCTGGAAC

290
TGCCTTTCCT
ACGGAAAGGA

18
CGCCTGACT
GCGGACTGAG

. 240
CAGCCTTCCA
GTCGGAAGGT

GATC
CTAG

- 78

sy

|
[



Figure 15. Nucleotide sequence of the tRNATYr gene within pM6128 .
The upper strand of DNA represents the non- codmg strand of DNA. The- |
tRNATYr gene is boxed and is interrupted by a 27’ bp lntron The gene |
starts at position 231. The dots under the sequence lndlcate regions
of homology within the intervening’ sequence and the- 5-flank|ng
region. A short T tract in the 3'-flanking regien is everlined and is -
the suggested 'transcripﬁon termination signal for RNA polymerase
.
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CTBgAGGCGA

GGCGTCCGCT

: 70
CACAGTCGGA

GTGTCAGCCT

130
TCTTCTAAGG
AGAAGATTCC

190

GCTTCCTCCA

CGAAGGAGGT

250

~

20
GACGTCCCGT
CTGCAGGGCA

80
GGATTTGCTC
CCTAAACGAG

, 140
CGGGTTCCAL
GCCCAAGGTT

_2co
TTTGCGGAAA
AAACGCCTTT

260

- 30
CCTGGATTGT
GGACCTAACA

90
CTCACCTGAG
GAGTGGACIC

150
TCAACTCTAL
AGTTGAGATT

) 210
GTCCAGTGAT'
CAGGTCACTA

. 270

CTCAGCTGGT AGAGCGGAGG ACTGTAGATT
GAGTCGACCA TCTCGCCTCC TGAGCATCTAA

310

320

330

CTGGTTCGAT TCCGGCTCGA AGGAAGTGCC

GACCAAGCTA AGGCCGAGCT TCCTTCACGG

380
TRCAGC

390°
CTCCAACTAG
GAGGTTGATC

40
GGCTATCAGC
CCGATAGTCG

100
AGGTGCGCGG
TCCACGCGCC

160
GTGTGTTGAC
CACACAACTG

: 220
CCAGCTCUG
GGTCGAGAAC

280
GTACAGACAT
CATGTCTGTA

Y 340
CGATGETTY
GCTACGAAAA

) .
400
TATCCACCCA
ATAGGTGGGT

460
ACACCTGTGC

AGG TGTGGACACG

50
GCTCTGGGAC
CGAGACCCTG

110
TGGCAACCAG
ACCGTTGGTC

170
TCCAGCGTTC
AGGTCGCAAG

. . 230
CAGCGTGCAC
GTCGCACGTG

' 60
GCGACCA&AC
CGCTGGTTTG

i 120
CGCAAGGTTC
GCGTTCCAAG

180
CLAGGACT]ICG
GTTCCTGAAC

. 240
CCTTCGATAG

GGAAGCTAT

290 i
TTGCGGACTT‘EETTKGE%%%

% 350
GCATGCAATG
CGTACGTTAC

410
CACCCTCCCA
GTGGGAGGGT

TGGG
ACCC

360
CCACCTGGTG
GGTGGACCAC

- 420
GTCAAAACCC
CAGTTTTGGG

L



.. e , . . .
position -42 to -33 of this ger?é’s 5'- flahking sequence. A similar
}sequence occurs in- the other tRNATYr gene (pMG) hewever there is %
~~not as extensrve a dupllcatlon of sequence as only 7 of the 10-bp
are . ndentlcal co . B , b .

The re&ombmant plasmlds pM612 and pM6IT contam the
remammg two genes from the tRNA gene cluster descrrbed above.
These recombinant plasmids each have a. human tRNATY' gene
‘similar to the'two genes already‘described Several overlapping DNA
'fragments were sequenced to determine that the gene within pMS6IT
was ‘a human tRNATY' gene, as indicated by the antrcodon sequencet,
GTA. The” gene codmg sequ\ence (Fig. 16) is identical with that of the
fgene within pM6128 This gene (pM6IT) was 73-bp m; length ‘as were

the other two genes. The intérvering sequence of this gene is

o

'Slmllar to the ‘gene wrthm pM6128 This gene also contams a short
:"vsequence Wlthm the lntron (posrtlon 120 to 127; F|g 16) whrch lS
| aImost ldentlcal to an erght bp sequence in the 5' flankmg reqron |
(posmon 67 to 74; Frg 16) The recombmant plasmld pM612 also
'contams a human tRNATY" gene (F:g 17) The codmg sequence is
| identical to the gene encoded within pM6128, wrth the notable
exceptlon of a conservatlve G to A transition at position 63
(position 308; Fig. 17) of the mature tRNA. This change would.
~slightly increase the stablllty of the stem struoture formed in this
' reglon of the molecule. The gene ( @12) is also mter?upted by a 21~.
| bp mtervenmg sequence,as were the other three genes and_the intron i) -
~ has -in‘common the 3'-terminal GAC. kit fact, the intron is’ almost o
éenticaltwith_ tha’t} found. in pM6128,’having aT at the- ‘seve'n.t‘_h '

position of - the intron instead \;of- a C. Locited within the intron
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_Figure 16. Nucleotlde sequence of the tRNATyr gene within pM6IT.
The upper strand of DNA depicts to the non-coding strand of DNA. The

’tF—?NATYr gene is boxed and starts at posmon 79. The dots under the

sequence indicate regions of - homology within the 5'- ﬂanklng region

¥

and the intren. The suggested transcription termination signal is a

short tract of T residues and is overlined.
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10
AAGCTTATTG
TTCGAATAAC

70
AACCCCAGAA
TTGGGGTCTT

130
GAAACATTTG
CTTIGTAAAC

..... oz

190

TTCTTTTGCA
AAGAAAACGT

250
TGCAGCCAGC
ACGTCGGTCG

310
CTTACCCACA
GAATGGGTGT

370
TCTACTATCT
AGATGATAGA

430
ATGGGCCATT
TACCCGGTAA

§ 20 .

GACGACTAGA
CTGCTGATCT

v -80

30
GTTGCAAGGA

CAACGTTCCT

90

40 -

GTCTTGCATT
CAGAACGTAA

100

. 50
TGCTGAAAGA
‘ACGACTTTCT

110

. 60
TCAATGACCC
AGTTACTGGG

120

ACGTGCGCEC
TGCACGCGGG

TTCGATAGCT
AAGCTATCGA

CAGCTGGTAG
GTCGACCATC

ACGGAGGACT
TGCCTCCTGA

GTAGCCTGTA
CATCHRGACAT

140 -

150

160

170

180

TGGACATCCT
ACCTGTAGGA

TAGGTCGCTG
ATCCAGCGAC

GTTCGATTCC
CAAGCTAAGG

GGCTCGAAGG
CCGAGCTTCC

AGCTGCCGTA

200
G CACGCA
GTGCGTGCGT

260.
ATCCACACTC

TAGGTGTGAG

320
GCCTATGCTG
CGGATACGAC

380
TCAAATTTTT
AGTTTAAAAA

440
AGGTGACACT
TCCACTGTGA

210
CCAAAACTAC
GGTTTTGATG

270
TCCCAGGAGA
AGGGTCCTCT

Y 330
TGCGCTTGGG
ACGCGAACCC

5 390
TATATAATCT
ATATATTAGA

450

ATAACTGATA
TATTGACTAT

!

. 220
GTGGCTGCAT
CACCGACGTA

280
AACCTAGCAA
TTGGATCGTT

340
AGTCTGCTCA
TCAGACGAGT

400

GBGATTTTTA
CCCIAAAAAT

. 460
TTCTTATGAA
AAGAATACTT

230

“CTCTGCCTGG

GAGACGGACC

290
GGCETTTCCS
CCGGAAAGGC

350
TTCTTCAAGT
AAGAAGTTCA

I

410
TCTCCAAGTC
AGAGGTTCAG

LY a0
ACTAGATGAA
TGATCTACTT

TCGACGGCAT

240
TCAAAGGCTT
AGTTTCCGAA

300
GATTACCCAG
CTAATGGGTC

360
ATTGCTTTC.
ACGAAAG

- 7420
ATTGATTTTT
TAACTAAAAA

480
ATATTTGAAT
TATAAACTTA



\

Flgure 17 Nucleotlde sequence of the tF!NAT)/r gene W|th|n pPM612.
The upper strand of DNA depicts the non-coding strand of DNA The
tRNA gene is boxed and starts at position 225. The dots under the.
sequence .indicate regions of homology‘ within. the intervening.
'sequence end the 5'-flanking region of this gene.' The overlined.
vsequ.ence is avvshort T tract which is the fugested franscription-

_ fermination site for RNA polymerase Ill.

e
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10 20
GAGCTCCTCC TCGTGGATGG
CTCGAGGAGG A CACCJACQ

' 70 80
‘GAGGATTTGC TCCGCCCTGA
CTCCTAAACG AGGCGGGACT

130 140
GTGGGTGGCC 4ACCAACCCA
CACCCACCGG TTGGTTGGGT

A
190 200
TCTGTTTGCA GAAAGTCCAA

AGACAAACGT CTTTCAGGTT
250 260
A A

ACCATCTCGC CTCCTGACAT

_ . 30
TGGCTATCAG
ACCGATAGTC

90

AAGGGGTGTG.
TTCCCCACAC.

150

ACGCGTATIG,

TGCGCATAAC

210
TGAACCAGCT
ACTTGGTC6A

270
GATTGTATAG
CTAACATATC

310 320
CGATTCCAGC T[CGAAGGAAG

33
TGCGTGATG

e}

40
AGCCCGAGAG
TLGGGCTCTC

100
GTGTCAAGCG
CACAGTTCGC

160
GACCTCAAGC
FTGGAGTTCG

. 220
TTGATAGCAT
AACTATCGTA

280
ACATTTGCGG
TGTAAACGCE

. 340
GGTTAA

GCTAAGGTCG AGCTTCCTITC ACGCACTACG AAAACCAATT

370 380

-390

400

AGfAACCACA CTCTCCCGGG AAAACACCCA CGAAGTCTTT
TCATTGGTGT GAGAGGGCCC TTTTGTGGGT GCTTCAGAAA

- - 50 60
ACACCAGGCA TCCTCGCCCA
TGTGGTCCGT AGGAGCGGGT

110 120
GCGCAGGGTT CTCTTCCAAG -

CGCGTCCCAA GAGAAGGTTC

170 180
ATTCCAGGGE TGTGGCTCEC
TAAGGTCCCT ACACCGAGGG

230 240y

GCATECTTCG ATAGCTCAGE
CGTAGGAAGC TATCGAGT

—e0 300
ACATCCTTAG GTCGCTGGTT
TGIAGGAATC CAGCGACCAA

350 . 360 .

AAGCCCTGCA GCTTCCAAGT
R&fGGGACGT chaaGeTTCA

/. 410 7420
CCIGATCACC TAGCTTCCCA
GGACTAGTGG ATCGAAGGGT



—_ ) |
(PM6]2) at positi'ons 273 to 278 (Fig. 17) is a short reglon oﬁ- DNA
~ which can also be found in the 5'- ﬂanklng reglon (posmon 183 to
188; Flg 17).

The plasmld pdM4 contams a human tRNATYr gene (Fig. 18).
This gene is arso 73-bp in length, and the ‘coding sequence is
identical with that of the tRNATYr gene in pMG The strlkmg feature
of this gene is a 20- bp lntervenlng sequence whereas the genes'
contamed within the cluster in AHtM6 hav& mtrons of 21- -bp. The
mtervenmg sequence lnterruptlng the coding sequence of this gene'
does r?ot show sequence homology with the other human tRNATYr,
gene introns except for%the same 3'- termmal GAC sequence Thls'
may suggest that this part:cular sequence has a 'fun‘ctlonal

sngmflcance. JAlthough the sequence of this intron (pJM4) is

different from the others described 'above it also has a short\ i

sequence at posmons 228 to 234 (an 18) which-can be found in the ..
5'- flankmg region at posxtlons 156 to 161. The termi‘nation‘signal

for this gene is unusual in that it consists of a tract of 8 'T
’

14

‘residues.

A comparison of a X Iaews tFtNA‘T)fr g\ene (Miller and Clarkson
1980) a human tRNATYr gene isolated by van Tol et al. (1987) and
the ‘five tRNATY! genes from this study is shown in Fig. 19. There |s

consuderable homology between the gene flanking . sequences.

Although the ,sohtary tRNAT)/r gene in -pdM4 has substantlally'*'".'

different flanking sequences there area number _of common'i

ik

structural features. The sequence 5'- TCTTC 3‘

1

relatlve posmons can be found in the 5 -flamk of the genes w:thm \

pJM4 pM6128 and pM612 As well the sequence 5'- CTTTCCTS is

<

AA;,_‘focated at various .



-

anure 18 MMucleotlde sequence of the LRNATYF gene w;thln pJM4
Zl’he upper strand of DNA depicts the non-coding strand. of DNA The

tRNA gene is boxed and starts at position 186.-The dots under the '\

sequence indicate a reg|on .of homology- w;thln the lntervemng

\
se,quence and the 5'- flanklng reg:on of this gene. The overllned tract

of 'T' residues ln the 3!-flanking reglon is the butatlve transcnptlon
_ termination site. . ~ L .
\;‘///. - S
! . '
!
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’ 10
CCCGGGTCAG
GGGCCCAGTC

70
ACAGGCEGGC
TGTCCGGCCG

130
TGCCTGGACT

-ACGGACCTGA

180

.20
TCAGGCTAGC
AGTCCGATCG

~
80

30
GAGCCGGAGC
CTCGGCCTCG

1

90

a

40
GTTCTGICTT
CAAGACAGAA

100

TCTGGGGCTC TGCGCTCCTC 'GGATTACGCA
AGACCCCGAG ACGCGAGGAG CCTAATGCGT

140
AGCGCTCCGG
TCGCGAGGCC

200 °

150
TITTICTIGTG
AAALAGACAC

210

160
CT1GAACCTCA
GACTTGGAGT

\ »

220

50 - 60
TGTGCGCACG CGTAGAGCAC
AGACGCGTGC GCATCTCGTG

110 120
TGCTCAGTGC AATCTTCGGT
ACGAGTCAGG TTAGAAGCCA

170 180
GGGGBACGCCG ACACACGTAC
CCCCTGCGGC TGTGTGCATG

230 - 240

ACGTCLTTTC
TGCAGQGGAAG-

GATAGCTCAG
CTATCGAGTC

CTGGTAGAGC

GGAGGACTGT
CCTCCTGACA

AGCTACTTCC. TCAGCAGGAG

250

—

. 260

GACCATCTCG
‘ 279

28

ACATCCTTAG
TGJAGGAATC:

GTCGCTGGTT
CAGCGACCAA

CGATTCCGGC
GCTAAGGCCG

0
A

TCGAAGGA
T

XGCTTCC

~

3

’ 10
CAGCTCCCGA~TGACTTATGG

GTCGAGGGCT

. 370
CGAGCAGTTT

o

320
CTGAATACC

380
GAAAGTCTAG

 GCJCGTCAAA CTTTCAGATC

330

CACTTTCCTT

GTGAAAGGAA

380
CGCTTTCTICC
GCGAAAGAGG

340
GGGTGCCTTC

CCCACGGAAG

. 400
CGATTTTGGG -
GGTAAAACCC

TGGATGAAGG AGTCGTCCTC

29 300
CAAGTGCGGA TTTT CTC
GTTCACGCCA-AAAAAAAGAG

350 360
AGTGACACAT TGCATTCCAA
TCACTGTGTA ACGTAAGGTY

a10 420
CCTCCCAGCC TGCACGGTAA
GGAGGGTCGG2ACGTGCCATT

i

by

P
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Figure 19. Com’pa'risonbof the tRNATYr Qene regions from 'hurlnans'and
X. .'laevis.f The tRNA genes are shaded. Regior’(“s?w of homology are
_ivn'dicated .by "boxed areas, or are either underlined or overlined.
Sequence (1):is that r;ported for a,tRNATYT gene from X. Iaews
(Muller and Clerkson 1980) Sequence (2) is a human tRNATYr gene
,reported by van Tol et al. (1987). .Sequence (3) is the gene in pJM4.
Sequence (4) is the tRNA*YT gene carried within pPM6. Sequence‘/ (5) is
tne'gene \ﬁithin,pM6'128. éecjuence (6) is the nucleotide sequence i6r
the ge.ne contained in pMellT éequence (;) vis ‘[he huma‘n.tRN'AT)/r g}eneh
found within pM612 The arrow heads xndlcate dlfferences betweén -
the sequence reported by van Tol et al. (1987) and the human tRNATYr |

gene sequences determined in this study.
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present in all the 3'- -flanking ‘ regions of the human tFlNAT)’r genes,

. ‘except for the pgene wrthln PMS6IT. The four tRNA genes of the .cluster

in AHtM6 have consrderable flankrng sequence homology The 5'." :

flankrng reglon from -16 to -42 is almost identical in these four

genes (Fig. 19). A . ,

The gene contained within pJM4 is rdentrcal with the gene

reported by van Tol et al. (1987) In fact the recombrnant
bacterlophage AHtM4 appears to be very srmllar if not |dent|cal to
| the clone of van Tol et a/ (1987). The probable f0rtu1tous isolatian
of the sare human DNA clone has led <o an interesting result.
Although the fragment pattern ‘or these *wo clones appears to be

~ identical there are two differences in the nucleottde sequences

Frgure 19 indicates a T to C transmon between the 5' rflanklng :

sequences of these genes The tRNA precursor encoded wrthln pJM4
is terminated by a tract of 8 B residues, but the gene reported by

van Tol et al, (1 987) would use a sequence of 7 T resrdues (Flg 20).

'Flgure 21 shows the rsolated tRNATyrs drawn in the famrlrar'

cloverleaf structure

The products of /n vitro transcrlptlon of the human tRNATY"

genes by HelLa cell extracts prepared as descrlbed by Manley et al.

. (1980) were analysed by PAGE and radioautography. . The,

radioautograph of the RNA products. (Fig. 22) demonstrates the

varying rates of. transcrlptlon and varying degrees of processrng._ N

lobserved with the different human tRNATYr genes

The tFlNATYr genes examined all showed synthesr,s of, putatrve |
tRNA precursors although the- rates of expression vaned greatly

The tRNA gene within the plasmd pM6 showed the lowest rate ofyb

T
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Figunl'ejZO,_Redio’autograp’hs'of DNA eequ‘en'ce g‘els; (A) A regicn ’o'fv
_sequence' is shown (2_49- to 273; Fig ‘2‘3) which illustrates the tract
of eig}h‘tv'T's which terminate the tRNATYT gene contained wi‘thin the
recombinant plasr"nid cJM4‘ (B). Sequence spanning a: reglon of DNA (3

gto 14 Fig "19) which |s 1de.nt|cal to DNA sequence reported by van Tol

et a/ (1987) except fcr the 1nd|cated T resndue (C) Sequence

¢indicating the base change at position 63 in the tF%NAT)/r gene (225‘
to 250;. Flg 1,9_) within the recomblnant plasmid- pM612

t
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Figure 21. Poténtial sécondary structure of five human tRNATYTs and
of the anticodon regions of ‘their‘ p‘rimaryu transcripts. ‘For
cofnpleten\ess the top figure has tHe -3'-CCA terminus which is not
encoded in the D@A sequence. The bases are shown'in their
unmodified forms. The boxed nucleotides "indicate base changes
between the _t'RNATYr genes and indicate in which genes the
polymorphisms occur. The lower figures 'depiét possible secondary
structurves which the i.nterv‘ening éequences in the anticodon stem
and locp cou'ld‘as'sume."The underlined 5'-GUA-3' séquences are the
anticodons of the tyrosine tRNAs. The érrows indicate whére the
pre-tRNATYrs are spliced to produce the rr’1ature tRNAs. The
struct. "2 drawn for the tRNATYT_contained wnthm pJM4, with ‘an
€. endnd antlcogn stem loop, is unllkey o) form in vitro or in vivo

because it is not likely to be stable.

.
A



95

o
~

CUULOOLCCOUD

......

Alpmer12!

U
m&cu

A
—)A(pMé)

O

VUDDuU04«
.G o]

"

‘?A

GCUGG

U

<
o U LV
T aw 0 <Y<
>ouuD MGUUU
010V« y D (.
Q CUG.AmCC
Lal
UL - 20
=)
(O] V)
AUA«A
-] (W) G
v g%«
DDUUD CAUGUUN
0400, V3%, <
S K L3 S
[GB=TN
U D
3 “<v<
< @]
e U <
TP 5
2209> 2027 O
V< < S <
SRR WISCEL S 4
" (G A
o o<
2.0«
O V34
Su¥ O
«. < QO U
e R L VRS ) v D ©
O<ova, _vdc T3
o CU‘[.I\IGﬁv.P
" N B
.CGA
U
<->
O V-u
oAlA|U .
JCA o
>o>uUD  u<ou ¥
e 7T 7 Ve
VLY« a
. CUGMA@ o
3 2

. pM6HT



[
Figure 22. Radioautograph of in vitro transcription products directed™

by five hum‘an-tRNATYrgenes;. One pmole of plasmid'DNA’\{vas Jsed in-
each reaction ‘and the RNA productsxyere separated on a 12%
: polyacrylamlde 83 M urea gel Lane A is a posrtrve transcrlptlon
control using a huma__n LtRNALY’S gene, where the Iower band is the

mature tRNNRoy et al., 71982). The RNA products of the genes

contained within the plasmrds pAT153, pJM4 pM6128 pM6 pM61T_

and pM612 are shown in lanes B through G. As a control, pAT153 was‘;‘..
| tested to det-ermine if it could direct in vitro transcription. As
shown in lane B no RNA products were transcribed from pAT153. The -
j__RNA products 'have(been: designated ‘\.fr/ith"'tranSCription (T) numbers
-where T1-is presume\d\ to- be a pre-tRNA srzed transcrrpt T2 is a
mature sized tRNA produot (not vrsrable in thzs photog/eph because it

was very faint in the onglnal radroautograph) srnce it runs wrth the"*

same mobility as an'aut_hentlc human tRNA (lysine). T3 is presumed
“to be a pre-tRNA sized molecule which has vbeen cut at one splice site
and therefore contains RNA corresponding to the intron. T4 is
presumed to include both half-sized tRNA molecules, Gerived from
~ complete. removal of the RNA Which corres-ponds to the intron. T5 is
Vlikely toybe the intronl The large RNA'transoripts denoted by R are
assumed to be long untermlnated transcrrpts The hghter bands are
likely contaminating exonuclease breakdown products of the

q

'precursor tRNA .molecules;
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transérib'tionh whereas the gene contained in pM612 directed the
greatest amount of, synthesjs of tRNA precursor. The gehe in pdM4
direc’_ged_ a lower amount ¢f precursor. The genes within pM6128 and
) pIVFGIT were. . -expressed Avith lower but snmllar effncuencnes
Wﬂr genes |solated only the gene contained
within pJM4 appeared to direct the synthesis of any mature tRNA-
eized products."Th'e r'e'r_naining genes, those within AHtM6, direct the
synthésis only of tRNA precursor-sized molecules. These-appear to
be cleaved at least once (at either the 5'- or 3'-splice site).
_'Although the splicing reaction. ap\)pears to be inefficient, the
liberated intron is observed mdncatmg that the lack of mature tRNA-
sized molecules may be ‘the result, of d|m|nlshed splicing
endonuclease activity. Alternatively, the Ilgase actxvuty of the - HeLa
~ cell extract may have been low. Since the-gene-codmg sequences

appear to contain all of the nucleotides essential for a functional

- tRNA gene (Sharp et al., 1985) it is likely that these human tRNATYF

genes are not pseudogenes.
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The limited information on complete families of human tRNA
genes prompted a search - several members of a snn/g e\tRNA gene
family. The primary aim of this pr%t was to collate several tRNA
genes, which accept the same amino aC|d with respect to their
genomic organization by physical mapping of the segments of human

— DNA within which they occur. The nucleotide sequences were
. determined to ascertain if the tRNA genes had identical nucleotide
sequences. An additional obJective was to. determine if variations in |
the tRNA. gene sequence could affect gene expression in a
lw;m‘ol’ogous in vitro transcriptlon system ? e

As precedents exist for the occurrence of intervening
skvequenc'es in other eukaryotic tRl\lATYr g‘enes, as in yeast (Goodman
et al, ‘1977) and X. laevis (Miller and Clarkson, 1980), it was
suspected that other eukaryotic tRNATYT genes would also be

éinterrupted by i\ntrons. This expectation has recently been born out

= with D. melanogaster tRNATYr genes (Kubli et al, 1'988). Thus, a
secondary aim .of this project was to determine if adyanced
.-eukaryotes such as humans would also have intervening sequences,
and, if so, determine the extent of homology between tnese introns.
~The cloning of a specific protein-encOding gene is often

. accomplished by using the mFlNA complement of that gene
(McReynolds et al., 1977 ) or by the construction of a single stranded
oligonucleotide which IS complementary to a, portion of the gene
sequence (van Tol et al, 1987). With tRNA genes, however, the

product of the gene is an RNA molecule of small sSize, usually “less

¥
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than 80 nt. The tRNAs' small size, ex‘tens'ive secondary and tertiary
structure, and frequent contam_ination with the breakdown proddcts
of rRNAs, makes the use of tRNA as a probe extremely difficult (Rey,
K. L.; Pirtle, R. M., personal communication). A DNA probe we_u/ld Lo

E)referable since it can be easily purified, as in the larg'e scale

purification of an ovalbumin ger¥% ‘by reverse . phase Columni
chromatography (Woo etal.; 1978). A probe can also be constructed
by subcloning a desired fragment containing a homologou‘s gene from
another organism to a plasmid vector. Because a specific tRNATYT

‘gene probe was available (Lam, W. and Roy, K. L., unpubjished)

human-i recombinant DNA library was screened for\Q\JATYF genes

using the in situ procedure of Benton and Davis (1977).
Tr-ee recombinant clones were lsolated which contained
human PNA inserts of 18-kb, 16.7-kb and. 15.5-kb, and which all
r/BDNAs (AHtM2 and
AHtM4) had one tRNATYI gene each while AHtM6 contained a cluster

encoded tRNATYrs. Two of these recombinarnt

of at least four tRNATYT genee within a' 9.2-kb length of DNA.

Transfer RNA gene clusters have been previously shown to be-

‘present in hlgher eukaryotic organlsms Roy et al. (1982) analyzed a
human tRNA gene cluster with tRNALeu, tRNALYS and tRNAG‘n genes
within 1.6-kb of ,DNA. Doran et al. (1987) characterized a human

tRNA gene’ clvuste/r with two tRNALYS genes and the first reported

tRNAPhe genes within 3.7-kb of DNA. A third human tRNA gene
cluster has.proline and threonine tRNA genes Within 724-bp of each
other, wh.il.e a proline-leucine tRNA "gene.pair is found within 3>‘-kb. of
the first cluster (Chang et al., 1986). Arrangement of tRNA’ genes

a

into clusters has also been descgibed for other vertebrate genomes.

-
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At least three clusters have been found in rats (Makowski et al.,

1983; Rosen et al, 1984: ‘S,\_ekiyak&et al., 1982). A cluster of eight
 tRNA genes (Miller et. al,, 1987) which is tandemly repeated at lea’st "

100 times on a single chromosome in X. laevis has been reported by
Fostel et al. (1984). Although tRNA gene clusters have been
described previously for several vertebrate organrsms kHtM6 is the
first case in which the tRNA genes have apparently encoded the same
tRNA species. L | ( '
There appear ' to be at least three orgamzatronal arrangements
for eukaryotic tRNA genes; the highly dispersed single tRNA genes,
semi-dispersed clusters where small groups of closely linked tRNA
genes aré Ioca?ed within a. limited distance of each other, and
larger, tlghtly linked clusters oontarnrng three or more genes
Gouilloud and Clartgson (1986) report’ed a sohtary tRNATYT

gene identical in sequence to that found ‘within” the X laevis tDNA

’

‘gene cluster. There are several other examples of solitary tRNA

genes in the human genome (Santos and 'Zasloff, 1981; Arnold et al,
- 1986; God_dard et al., 1983; Shortridge et a/.,\1985).

Ma et al. (1984), in their study of two solitary human tRNAAsN
genes, reported the first examples of highly’ conserved flanking
sequences Lests\hlghly conserved flanking homologres have been
described by Santos and Zasloff (1981) and MacPherson and Roy
(1986) The former authors studied two unlinked tRNA Met genes
while the more recent study focused @n two closely- Ilnked tF%NATyr
genes, those of pM6 and pM6128.

A surprrsrng finding is the report by van Tol et al 1987‘
another human tFtNAT)/r gene (AHtT1) which is embedded in almost

-
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identicar flanking sequence to that of AHtM4. There ig8 no example of

. conservation of sequence. Theré are, however, two changes in the
, ) ,

flanking sequence reported in this study (AHtM4) from that reported
for kHtT1 A C/T polymorphism exists 145 nt upstream from the 5'

iend of : these genes. The termination sxgnal for t‘we tRNATYT genes

encoded by AHtM4 consists of a tract of.eight 'T' residues whereas

. the tRNATYT gene described by van Tol etal (1987) is terminated by

a tract of seven 'T' residues. Since both human tRNATYT genes were
isolated fr,om"the same human placental DNA library it is possible
that these differences are minor p_olymor;.)'hisms between maternal
and paternal DNA sequence. lt;should be pointed out that the
sequence polymorphism at -145 could also be the resUIt of errors in

reading the DNA sequence. This is unlikely to be the ¢orrect

~ explanation for the difference between seven and eight 'T' residues

found in_ the 3'-regions as such runs of single nucleotides are rarely
mis-interpreted.

There is considerable shared flanking sequence  homology

between the five human tRNATY" genes sequenced in this study. The"

sequence 5-TCTT-3' can be found in the 3'-flank of the tRNATYTr
genes encoded within-pM6, pM6JT and.pM612. This same sequence Can

also be found as’ part of the termination signal for a tRNAG 1y

(Shortridge et al., 1985), a tRNALYS and tRNAGIN (Roy et al, 1982) *

and a tRNALYS gene gescribed by Doran et al. (1987). Consistent with

this is the observation that the sequence 5-GTTT-3' can be found

_wiihin the termination sequence for three human tRNATyr genes

(this report and van Tol et?a/.,,,19.87), an X.. laevis tRNAT)'(r gene

*

£

two solitary tRNA "gene‘Ls.(of any family) wit_h such an extensive
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L (Mtler and Clarkson, 1980) and a human tRNAPhe and tRNALYS genes
| (Doran et al.,;1987). This sequence ca‘n also be found within the,u
termmati%n sequence of a tRNAPro, tRNAGIU and tRNALeu genes
(Chang et al.,, 1986; Goddard et al.,, 1983; McLaren and Goddard
1986) ‘A" similar sequence can be found in the 3 flankrng» reglon of
several tRNA genes. 5' TTTCCC 3' can be found in the 3'-flank of a
plant tRNATYT gene (van Tol et al, 1987), and a human tRNAPhe gene
“(Doran et al., 1987). The related sequence 5'-TTTCCT?°3' can be found
in the 3'-flanking region of thé human tRNATYF genes encoded within
i pJM4, pM6128 and pM612. It is also present in the 3'-flanking region
of a -human tRNAVal gene (Arnold et al,, 1986) and a human tRNAPhe
) gene (Doran et al., 1987). These conserved sequences may be the'
remnants of sequences from a common ancestral tRNA gene. It is
Valso possxble that these sequences have an effect on transcription in
unknown ways.

~There do not appear to be common sequences within the 5'-

L
-
&

flanking sequences of various tRNA genés from different organisms.
There is, however, considerable patchwork homology between the
four human tRNATYr genes clustered together within AHtM6. The
- sequence 5 )gRTTTGCNGAAAGNYCARTGANCCARC 3' can be found in
front of - each human tRNATYr gene within the cluster at the same
location. There are also other smaller regions of homology. The
functional significance of these regions is not known, -although lit-
has been suggested that upstream regions may have an effect on the
'-levels of tRNA gene transcription. The varlable Ievels of in vitro

transcrlptlon observed with the human tRNATYr genes in this study
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are likely a consequence of the different . S’ flanklng sequences of
these tRNATYr genes. , 3

Adl five human £LtFtNATyr genes described in this stﬁ‘dy are 93 or
94 nt in length and have’ considerable homology wrth the X. laevis
tRNATY! gene. The codrng regro%s for the genes within pJM4 pM6128
and pM8IT are identical to the XL\/aews tRNATYT gene. The tRNATYT
gene within, pM6 has a single polymorphlsm “at. posrtron 57 of the
mature tRNATYr The tRNA gene located wrthm pM612 has a unique
base change at position 63 of the mature tRNA A polymorphism at

this position has not been prevr

eukaryotic tRNATYM gene (Sprinzl

of these genes is the p

sequences located one b‘pYS; to the anticodon, in contrast to the X._

laevis tRNATYT gene intron, ‘which begin\s- immediately adjacent to
the~ anticodon on the 3'-side. Although there is almost complete
conservation of both the X. laevis and human tFtNAT)/r gene ekons,
there is -a complete lack oj&homology between the |ntervenl{19
sequences. The introns within the human tFtNAT)/r genes appear o
have had very little evolutionary.-constraint to marntaln a particular
sequence. The gene found in pJM4’has an rntervenrng sequence of 20-
bp. Those genes found within the cluster conﬁrned in AHtM6 have
introns of 21-bp and have little homology wrth the other tRNATYT
gene intron (AHtM4). The rntervenrng sequences in pM6 and pMGlT are

conserved in 17 of the 21 nt. rwenty of the -21-bp_are - homologous‘“ )

between the gene introns encoded by pM6128 and . pM612 However,

ly reported in any higher
t al., 1987). A predicted feature

sence of _20- or 2t-bp i"ntervening‘

‘
A

there are onty éight common nt between these four intervening -

s‘equences. The on.ly./common seguence with all six human.tRNAT'Yr,

R
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gene introns is the 3'-terminal GAC. The sequence 5'-AGCA-3' ca{be -

found within [the intron of the X. lasvis tRNATY' gene and the
solitary human tRNATY"'gene (kHtM4) , It is not surprising that the
~ introns between the clustered tRNATYr genes and the single gene

show llttle sequence homolocy since a ssolitary X. laevis tRNATYT
gene also has a shorter intron and lrttle/

X. laevis tRNATYr gene (Gouiliou¢ and Clarkson 1986) This is in

homology with the clustered

contrast to the observatlon of yeast tRNATyr gene introns. Eight
solltary tRNATYr genes, exist in the genome of S. cereVJS/ae on six
different chromospmes, and all these’ genes are interrupted by

identical introns (Olson et al., 1977). Kubli et a/. (1988) have

report‘ed,Drosophila tRNATyr gene‘s thch also are interruo't'ed by |
intervening sequences of . variable length and ha\'/e‘ different:

. ) , / - e : -
- sequence. These genes have three size classes of intron§2}%20/21-bp,

,'48—bp and‘ l‘lS-bp It rs lnterestlng to speculate that a further’ i

search of the human genome may yield, tFlNATl/r genes ‘with. mtrons

longer than 21- bp since Drosoph//a’ has three\srze classes of .

e

-

rntrons - : | | o~

S. cerevisiae contalns nine families of tRNA genes whrch are

lnterrupted by introns °(Ogden et al., 1984) D. me/anogaster appears

to ‘have only two famllles of tRNA genes which contain- mtrons

those for leucrne and - tyrosrne tRNAs. The only reported mtron within

a tBRNA gene ln X: /aews occurs in a tRNATYr gene. It is possuble that A

the introns occur only within the tRNATYl' gene§ in. humans since .

more advanced eukaryotlc organrsms seem to follow a general

"pattern of the loss of introns wrthln thelr tRNA genes

-
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‘van Tol and Beier (1988) have suggested that - aH human”
tRNfATY" genes contain lntrons on the basis of hybndrzatron_
" evidence. Only mature tRNATY&s‘ have a pseudourrdme modlflcatron in

the centre of the anticod

“erficiency: lt has been shown, u{‘)wo separate stud|es with - different

organisms, that the presence of the intron is essentlal for th;

,\'/"\. .

modification tze -occur (Johnson ‘and Abelson 1983 van Tol and Beler _

t988) ‘The enzyme RNase P IS responsnble tor the 5' end maturatton

“of - the pre “tRNA. The rntron wrthuya yeast tRNALe‘u gene is

, presumably” malntaln codon

106

lmportarfh for thls 5‘ end processrng by RNase P (Leontrs et al, o

_1988) lt is possrble that humans _maintained the mtron within thetr

.tRNATYr gene family to ensure the existence of the pseudoundnne;

modnflcatlon in the centr/e of - thelr antrcodon It is also possnble that

humans ‘have-’ ?narntarned the .intron wrthln the tRNATyr genes for

, Othﬁf as/yet unknown reaSOns , RN

~-almost |dent|cal primary sequence to the bovnne tRNATyr A single

change \Mputd occur at posrtlon 16. where the human tRNATYrs would' )

The nucleotide seqUence of a-bovine hver tRNATYr and a D

me/anogaster tRNATYr have been reported (Johnson et a/ 1985

Suter et al, 1986) Those genes wrth1n~the plasmrds pJM4, pM6128 _
Tand pM6IT would be expected*to dlrect the synthesrs of a tRNA with. -

contaln a. C whereas the bovrne tRNATYT would have a D. One D

me/anogaster tyrosrne tRNA however has three base changes whrch_

would not be expected to occur. rn the human tRNAs expressed’ from

'the genes |solated in «this study 3 ‘{’28 A42 and an A59 in the

‘ V,nucleotlde

’mature tRNA molecule van Tol. et al. (1987 atso reported the

”sequence of a human tRNATYr which could be synthesized

Y . . S -



from the genes encoded within pJM4 pM6128 and pM6|T The genesb
contained in pM612 and pM6 are expected to direct the syn&esus of
tRNATYrs ‘which would have polymorphrsms at positions 63-(G/A). and
57 (G/A), respectively. The tRNATYr o‘enes in pM6 and"pM612 are
presumed to be minor species of tRNATY" in human liver- and
placenta as these species have not ,oeen described by other workers

(Johnson et al., 1985; van Tol et al, 1987). There is one tRNATYr

from D. melanogaster (Suter et al., 1986) which does ~:l have a

queuosine modification in the first position - of the "an..codon.
However, the fact that all other sequenced tRNATYrs do have the
' queuosine modification would suggest that the human tRNATYr
specxes encoded by the genes reported in this study also contain this

hypermodmed base in the mature tRNA.

Variable - efflcrencres of transcrlptron from identical tRNA .

genes have been observed by various researchers (Doran et al., 1987,
Arnold et al., 1986 see also Sharp .et al., 1985). lt has been shown
in several cases that the 5' -flanking sequence has a direct effect on.
the level of tRNA gene transcnptlon (Sajjadi et al, 1987; Cooley" et
al., 1984; Sprague et al., 1980). lt is therefore not surprlzrng, since
each tRNATYr gene has a different 5'- -flanking sequence, that these
genes are apparently expressed at varied Ievels ir an . in vitro

"anscrlptlon system.

Since transcrlptlon-modulating elements for tRNA genes are-

not evidevnt from the nucleotide sequence (Sharp et al., 1985),'it is .

difficult to de* -ine which part of the 5'éflan-king sequence -has an
~effect on gene transcription. It is unlikely that one unique sequence

enhances the level of expression “of all tRNA genes. Recently, two
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-~ different upstream sequences have been suggested to enhance the’
expr'essior) of_a D. melanogaster 5S RNA gene and a U6 RNA gene
(Garcia et é/., 1987; Bark et al., 1987). These genes are also
transcribed by BRNA polymerase lll. Thé sequence 5-GAGTATAA-3',
determined to aid in the expression of a D. melanogaster 55 RNA
“gene, is not present in the nucleotide sequence upstream of the
human tRNA genes. Bark et al. (1987) have suggested that the
sequence 5-ATTTGCAT-3' located Upstregm from a U6 RNA"gene_
“enhances its' expression. A similar sequence, 5'-GTTTGCAG-3', 1S

Iocatéd 34-bp upstream from the transcription start site of the

tRNA -gene encoded within pM612. Interestingly, this gene is -

expressed at the highest level in the in vitro, transcription

éxperiments. However, the similar sequence 5-ATTTGCAG-3' is also

positioned 34-bp upstream from the start site of the tRNA gene

" contained within pM86, the gene which had_?w“ek lowest transcription

fefficiency. Although two different motifs have been presented for
th_é transcription of tWo classes of RNA polymerase Il dependent
genes, it is not known whether tRNA genes also have a requirement"
| for the presence- of a unique sequence which increases expression.

There is no direct ewidence to suggest that any of these genes

. - V4 : .
have arisen by gene duplication, although the extensive similarities

between the flanking sequences do givé some credibility to this
theory. The fact that all six genes showed at least minimal
expression in an homologous in vitro tran§cription system strongly
indicates that these 'gene.s wbuld be active ih Vivo.

The isolation of -six human tyrosine-accepting tRNA genes

should prove useful in determi.nin'g the importance of ﬂanking

[
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sequence influence on the rate of expression of tRNA genes. Since

—these genes are- embedded in different flanking seqUence and are

transcribed with different levels of efficiency it may ~e possible to.

determine (at Ieasf' for one tRNA gene fa’rﬁily) those Sequences which

are responsible for modulation of tRNA. gene expression.
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GLOSSARY

@

Amplification: refers to the\sy‘/nthesisl of additional copies of a

sequence of DNA.

Anticodon: s a sequence of three nucleotides in a constant
position in the structure cf tRNA that is complementary to the
codon(s) in mRNA to Wthh the tRNA binds.

Cluster: a region of DNA that contains two or more tRNA genes that
can be isolated on a single bacterilophage DNA molecule.

Codon: is a sequence of three nucleotides in mRNA that specifies an
amino acid or a termination signal in protein biosynthesis.

Colony hybridizati‘on is a techmque in which DNA from a single
bacterial colony is lmmoblhzed on a membrane in order to identify
bacteria carrying recombinant plasmids whose inserted DNA is
homologous with some particular DNA sequence.

Consensus sequence: is an idealized sequence in which each

position represents the base most often found when several actual

e sequences are compared

-

'Divergence,: is the percent difference in nucleotide sequ'ence
between two related DNA sequences.

DNA library: is a collection of cloned DNA fragments that together
- represent a substantial proportion of the complete genome of an
organism. : -

Downstream: refers to sequences wh|ch occur farther in the
dlrectlon of transcription . of the gene. |

129



15

.
| J
End-labeling: 'is a procedure which allows the addition of a
radioactively labeled nucleotide or phosphate to one end (5' or 3') of
a DNA or RNA strand. \
, . \\ ,

Enhancer = element: is a sequence of DNA that increases the
~ utilization of (some) eukaryotic promoters in cis configuration, but

can function in any location, upstream or downstream relative to the
‘‘promoter. "

Exon: is any segment of an interrupted gene that is represented in
the mature RNA product.

-~

Flanking regions: are the DNA sequence before and after & gene ,

- coding region.

~Hybridization: is the pairing of complementary ,'RvNA or DNA to a
sequence of DNA. TN : .

Intervening sequence: ‘a segment of DNA that is transcribed, but

is removed from within the transcript by spli"cing together the‘
sequences (exans) on either side of it. - '

Introns: are intervening sequences.

Isoaccepting tRNA: tRNA molecules which have different

anticodons but accept the same amino acid.

Y

Leader: sequence is the 5'-RNA sequence Wwhich precedes the mature
5'-end of the tRNA. .

VLoop: is a single stranded region at the end of a stem in RNA which

corresponds to the region of RNA between the inverted. repeats-

which form the stem. o -

~
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Modification refers to any charige made to a nucleotide - after it
has been mcorporated into a polynucleotide chain.

Nlck in duplex DNA descrlbes the absence of a phosphodrester bond
between 'two adjacent nucleotides on. .only one strand of the duplex.

Nick-translation: describes the ability of E. coli DNA polymerase |
to use a nick as a startlng point from which ope strand of duplex
DNA is degraded and replaced by resynthesis “0f new DNA; this is
used to mtroduce radioactively labeled nucleotides into DNA.

_ Non-coding strand: of DNA has the same sequence as its' RNA

product.

Oligonucl%otide a short smglejstranded DNA or RNA molecule,
usually less than 20 nucleotrdes in length.

, ' ‘ e
Patchwork homology refers to short regrons of DNA which are
similar in sequence with DNA ‘from another region of the genome or
from another orgamsm separated by dissimilar sequences.

Polymorphism refers to the existence, within a population, of a
change in the amino -acid sequence of a polypeptide that cannot be
attributed to recurrent mutation alone. It also .refers to the
occurrence in a- family of tRNA genes of single base changes in the
" DNA sequence. |

Pre-tRNA: is the original unmodmed RNA transcrrpt corresponding
to the complete transcription Uhit including some. ﬂanklng sequence.

Pseudogenes: -are inactive but stable components of the genome
derived by mutation of an ancestral active gene, or by reverse
transcrlptlon of a processed RNA molecule.

' Southern transfer: is the procedure for transferring denatured
DNA from a separatmg gel (either agarose or polyacrylamide) to a

-
SR
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membrane filter so that the DNA bound to .the filter can ‘“be
hybridized to a complementary nuc_leic acid. |

Splicing: describes the removal of introns and joining of exons in
RNA: thus introns are spliced out, while exons are spliced together.

Stem: describes a double-stranded region formed by base pairing .

between adjacent (inverted) complementary sequences in a smgle
strand of DNA or RNA.

i

o

Structural gene: codes for any RNA product or protein.
2

Suppressor: is usually a gene encodirig a altered tRNA that reao‘s a

mutant coden, either in the sense of the original codon or to give an

acceptable substitute. #

Thalassemia: is a disease of red blood ceIIs resultmg from the
absence of either o orB globin. 7

AN

.

Transfection: is transformation of infectious DNA. .

~

/Trahsformation: is a genetic change effected in a cell "as the

- result of the incorporation of DNA from a virus or some genetically
different cell type; also refers to the taking up of extraneous
genetic " material by salt- treated bacterial cells in genetic
manipulation. . : , -

/

the other or in which one purine is substituted by the other. '
tRNA gene family: refers to a population "of tRNA molecules which
. accept the same amino acid.

- Upstream: refers to sequences proceeding in the opposite drrectron
from franscription.

-

Transition: is a mutation in which one pyrimidine is substituted by
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u RNAs are highly abundant small nuclear RNAs. involved in the
processmg of mMRNA. : , <



