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Abstract »

A:mutatlon 1n SacchanomycesvyereVISIae whlch affects_
the modlflcatlon of urldlne to dlhydrourldlne in tRNA
molecules has been 1dent1f1ed and character1'%d The mutant
tRNA phenotype was flrst reportgg in stra1n XB109-5B as a
v mult1ple 1soacceptor prof1le for tRNATyr‘ by RPC-5
. chromatography The multlple 1soacceptor tRNA profile was

*

later extended to tRNAPhe, tRNASer and tRNAVal. ' '

In this study, beside extenaingvthe multiple
iSoacceptor profikes to other tRNAs, a genetic basis for‘the ;
odu n vp‘ating tRNA protflesiwas
: efﬁiies'in,the diploids
as. well as the progeny44,;f ga’eross between'XBlO9~Sﬁ
and wild type (SZBBC) A single reCessivelmutation-
(de51gnated mla ). was 1mpllcated for the production of the

&

multlple (mutant)  tRNA proflles. The pleiotropic effects of

mia were also stud1ed in one of the progeny tetrads and the
results 1nd1cate that mla 1s respons1ble for the productlon

of the extra isoaccepting tRNAs in the six tRNA species that

v

are known to exhibit a mutant tRNA profile.

t

The molecular lesion caﬁsing the production of the
mutant isoaocepting tRNAS in mia was identified”by .
nucle051de comp051t10n analyses of the pur1f1ed tRNAPhe and

one of the tRNATyr mutant\Tsoascgptors. The results indicate

"that‘the mutant tRNAs are lacking 'some of the dihydrouridine
moieties normally present o o

' Through out this text, tRNAKXKR=tRNA"

iv



Results.from the aminoacylation experiments ind&cate

that}the mutant tRNAs a(e.pqoduced at the expense of the

normal levels of wild type tRNAs. Studies on the production -

" of these mutant tRNAs indicate that they are‘the‘predominant

. e’

tRNA speci‘r at the logarithmic stages of a mia‘culture.
" These results suggestvtnat the mutant tRNA‘isoacceptors in
mia , although. lacking some of the dlhydrour1d1ne
modiflcatlon(s), a?e functional in proteln synthesxs. This
hypothesis is supported:by the activities of the individual
‘tRNAEhe’iSOacceptors in the in Vitro poly-U translation
experiments. 3 ' - - s e

Data from in VIVO pulseglabel ang’chase experlments
demonstrate that the mutant LRNAS can be converted to the
cognate w1ld type molecules Thls 1nd1cates that the mutant

tRNAs' may be precursor molecules accumulated due to a

defective modification step and that they qﬁi')“w
B pfoceSSed~to the‘wild type molecules; Result%t':f& .
analysis of a m;a th1 double. mutant support the hypothe51s
that the maturatlon of tRNA does not necessarlly follow an
obllgatory sequence. .

| The effect of lacking the dihydrouridine

- modification(s) on'the‘funCtion of tRNA was furtpet examined
.by studying_the efficiency“oﬁ the ochre supp:essor SUP4;ip |
the presenceeof mia . The.results indicate that the activity
of SUP4 doesknot seem to‘be»altered:}n)spiteudf the

dihydrouridine deficiency.

e
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1. Introduction ' )

\

The existence of_treﬁsferiRNA was ptedieted by Francis
Crick ln the mid 19505 es a type of adaptor molécule
necessary for the transfer of 1nformatlon from DNA into

protelns (Crlck 1955) . He postulated at least 20 dlfferent
‘klnds of adaptor molecule, correspondlng to the 20 amino

ac1ds, amo 20 different enzymes ‘to 11nk the amino ac1ds to.

the approprlate adaptors. These. adaptor molecules, together

S

with the specific amino acids, would then c mblne
spec1f1cally w1th the DNA template during. tj
polypeptldes. W1th1n a few years, the tRNAs (then called
'soluble RNAs) ‘and the aminoacyl- tRNA synthe ases (llgases)
wete,d1scovered.(Hoagland et al., 1957' Hoagland et al
T9587,Berg and Ofengend, 1958). Early experiments were
focused on_the sequencinglof different tRNA.species"(Holley‘
et al),'1965; Madison et\al v1966' zachau et al. _1966'
Rathandarylet al., 1966§‘and the spec1f1c1t1es of tRNAs
dur1ng amlnoacylatlon reactions (Soll et al 1966) The

1nteract10ns_of amlnoacyl tRNAS w1th particular

oligonucleotides (Speyer et al., 1963; Khorana et al., 1966) .

were. very important in deoiphering the genetic code ( Crick,

: 1966) as well as undefstandihg\the‘b'ological’activity.of

~ tRNA during proteln synthe51s (Mclau hlin et al., 1966); a

?

-functlon of tRNA predlcted by Franc1s Cr1ck before its . -

'dlscoveryr_Today, the role of tRNA in protein synthesis is

o -

1 r

4

e production of

NG
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)

generally udderstood even though the deta1ls d@ 1nteract10ns‘

-between am1noacy1 "tRNAS, r1bosomes, mRNA and other proteln\.

«

'-factors are still unclear (reviewed by - Pongs, 1978).

' Recently ,'data'have accumulated which indicate the

‘involvement of tRNA in other cellular functions (rev1ewed by
- LaRossa and Soll,’1978).ATransfer RNAs have been 1mp11cated
in the regulation of amino acid biosynthesis (reviewed by

Umbarger, 1980' Eisenberg et al. 1980) .branched-chain

am1no acid transport (Quay and Oxender, 1980) transfer of
amino ac1d§\to specific proteln acceptors (soffer, 1980) and

as primers.for reverse transcriptases (Dahlberg,,1980). It

: appears that tRNA is one of the most versatile molecules in

'the cell and it would not be surprising to discover more

functlons of tRNA w1th more studies.

The first tRNA sequence was determlned in 1965 (Holley'

et a] 1965); since then, over 120 different tRNA - seqguences

from a var1ety of organ1sms have been reported (Gauss ahd .

Sprlnzl 1981). Some 1nterest1ng features of tRNA are

apparent by examlnlng these sequences. All tRNA molecules

are 75 to 93 nucleotldes long, and can be arranged into a
f

very 51m11ar secondary structure called the cloverleaf

.conflguratlon (Holley et al., 1965;. Barrell and Clark 1974;

Clark ,1978). Several stem and loop regions can be'

recognized in this secbndary structure which maximize

Watson-Crick base pairing among the nucleotides (Fig. 1). -

' The stem regions are very constant. in terms of the number of

base paired.nucleotides while the loop regions are variable

LA
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in lengtn'(Barrell and'Clark 1974- Clark, 1978). Certain
p051t10ns of ‘the molecule are also very highly conserved in
which only partlcular nucle051des and/or sequences are
‘present (Barrell and. Clark, 1974; Clark, 1878; see FLg: 1.
. These constant'featUreS'oflthe cloverleaf configuration
snggestnfhat diffé;ent‘paffs of theemolecule are probably
important in parxieular functions'efkﬁRNA.

- Th® biological functions of some of the regions of the
tRNA molecule have been quite Qell studied,delg. the -
anti-codon (Crick, 19663 and the 3"aminoacyl terminal
(rev1ewed by Sprlnzl and Wagner 1979';”Hecht 1979), Abut
“the 51gn1f1cance of the other stem and loop regions and the
,.constant features in the_functlonlng of tRNA ‘is still
largely unknowni Thepe is evidence.which’suggests‘;ne.
impo:tahde of the-seguenee4of the’dihydroufidine stem dn
tRNA-synﬁhetase fetognition (reviewed by»Igioi‘and,Cramer,
1978)4 but a tRNAser lacking the dihydrouridine loop and
.stem has been identified and can still be amlnoacylated (de-
Bruljn et al. 1981) The GT¥C reglon has been suggested as
a promotor in the- transcrlptlon of tRNA (K. Roy, personal
communlcat;on; Koski et al., 1980; Hofstetter et al., 1981)
nqwever,-digect evidence is still lacking. Recently, -the
\crystalline\(thrgz dimens}onal) Structnre of Several tRNA
Species_has been eStablished (Rim, 1979; Sehevitz et al. ,
1979; Wright et al., 1979; Moras et al., 1980) and these
data should help in understanding the structure-function

relationships of tRNA (Sundaralingam, 1979). * « =



AnotMer interesting cheracteristic of tRNA is the
,presencetza a large number of modifiéd nucleoeides in the
'matute molecules (Nishimu:a, 1972}\Ni§himura, 1979). To
date} over 50 different modified nucleosideé:have been.
~1€$nt1f1ed Some are modified by methylations of the‘baSe or
the 2' hydroxyl pOSltlon of the ribose, whlle others have
ve:y.complex modifications (Dunn -and Hall,\1975). These
modified nucleosides are not randomly distributed in tRNA,
but often occupy spec1f1c p051tlons in the- cloverleaf
conflguratlon (see Fig. 1). hs an example, the flrst
p051t10n of the antlcodon as well as the nuc1e051de 3' to-
.the antlcodon are often modlfled (lehlmura, 1978). It has
been suggested that they may be 1nvolved dlrectly 1n |
base-pairing and/or stablllzatlon of the base- pa1r1ng
:«between codon and antlcodon (lehlmurah 1978). Certain types .
" of hodifications appear oniy at partiéulaéaggsitions, e.q. |
r1bothym1d1ne at the GTY¥C- loop and m3*G between the amlnoacyl
stem and D stem (Geu55>and Sprlnzl, 1981) The presence of
these»modified nucleosides at partioular positions on tRNA
suggests that they probably play an important role in tRNh
function, although the data on,this gre contradictory;

| For example it ‘has been sugg%steé bhat ribothymidine
and pseudour1d1ne could be 1nvolved in the b1nd1ng of tRNA
to ribosomes (Sprinzl et al., 1976), but a mutant of E. Coli
“lacking ribothymidine grows as well as wiid type cells
(SVensson et al. .>1971)\ The act1v1t1es of a: number of

¥

rlbothymldlne and/or pseudour1d1ne def1c1ent tRNAs with

2



respect te eminoacyletien and in vltro'ﬁrotein synthesis,
also do not appear te be impaired (Johnson et al., 1970;
Marmor et al f971- ofengand et al., 1974) Furthermdre,
certain spec1es of tRNA from mouse myelomé (0Ofengand et él ;.
1974)_3nd wheat embryo (Marcu et al., 1973) do not have .

ribothymidine{ The pfesence of N?-methylguanosine at the

10th fucleoside from the 5' end has been reported'tb

Encrease‘the_speeificity of récognition by-aminoaoyl—tRNA
bsynthetase (Roe et.al., 1973) but evidence is.
cincum;tantiel.

However, there have: been a few cases reperted in whidh
a particular'nucleoside modificetion.is positively iniolved‘
in a fﬁnctien of tﬁNA. The hypermodified'nucleoside Né¢-(A?-
isqpentenyl);2—methylthioadenosine has been suggested as
importantvfor_the efficient binding of tRNA to :iboeomes
(Gefter apd Russell, 1969). Thé trpX mutant of E. Coli which -
is defective in this @odification (Vold et gl., 1§79), Qas
found to aeerease the frequency of trahscri;tion termination
at the attenuator‘of"the tryptophan dperonytYaansky‘and
" Soll, 1977; reviewed by Crawford and Stauffer, 1980).
derepreSsion of the histidine operon in hisT mutants of
Salmonella typhtmurlum (Chan et al 1971) in which tRNAHis
lacks the ¥ modlflcat{?ns in the antlcodon reglon (Singer et
al 1972) 1s ehother of the few examples which demonstrate
the 1nvolvement of modlfled nuche051des in tRNA functlon i

The modlfled nucle051des are produced

'post—transcriptibnally on tRNA molecules by specific enzymes

]
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(Nishimura, 1578; Nishimura, 1980). qp'is known that tRNA
genes are transcribed into precursor molecules wh1ch are
subsequently processed to yield the mature molecules
(reviewed by Perry, 1976; Daniel et al., 1980; Daniel,
\\\4S§l). -In addition to nucle051de mod1f1cat10ns,\the.
maturatlon process also rnvolves size trimming of these
precursors (Altman, 1978) . Precursor‘molecules are largef,
than the mature tRNAs, carrying extra nucleotides at bdtn'
the 5’ and 3' terminals (Mazza;a and McClain, 1980). In some
eu%aryotlc precursor tRNAs, intervening sequences are\found
adjacent to the aﬁtlcodon on the 3' side (Goodman et al .
1877; Knapp et al.,~1978; Q Farrell et al., 1978; Etcheverry
et al.; 1979; Olspn et af., 1981). These»extra-nucleotldes
are femoved by the action Of-epecific(nucleases (Altman,
198&). For example} RNase P ffomvE.;coIi has been shoun to
effect the removal of the 5°' extfa nucleotides (Shimura et
al., 1980; Altman et al.,.1980)..similarly, 3( processing
nucleases have also been identiﬁied_(Ghosh and Deutsoher,
>?980). Alspecific enzyme from yeast has also been implicated
in the excision of intervening sequences from eukaryotic
tRNA precursors (Ogden et”ale, 1980;dVa1enzuela et al.f
1980). |
Throughout this maturatlon process, the spec1f1c
nucleosldevmod1f1cat1ons are also.carrled out. A number of
these modifioation enZymes, particularly the tRNA
' methylases, haVe been isolated and pur1f1ed (Nau, 1976)

however the detalls of the whole modlflcatlon process are
. ’ \

yed



etill unknown. Apparently, complete nucleoside modification
does not seem to be‘required»for the'function of tRNA in
proteln synthe51s'(Ph1111ps and Kjellln StrAby, '1967;
Svemsson et al., 1971; Slnger et al 1972- Bjork and

| Neiaharet,~197$; Laten ‘et al., 1978). Thls makes the
identifieetion and characterization of mutants in.particular
ﬁddification processes very difficult._Recent;data_have~
shown -that nucleoside modifipations follow a certain order
..which correlates with size alteration of the precursor
molecule (Melton\et;alr; 1980; Nishikura and De Robertis,
1981) . These observations could suggest a-possibie
regularory function of nucleoside modification in the whole
meturetron‘preceSS, but. no direct~evidence is avaiﬁable;

A genetic approachdro'the study of the functions_of.
tRNA is t0-;6alyse the activities of nonsense suppressors.
In yeast, as dn E. coli and other prok;r;etes (reviehed by
Korner et éf., 3958); nonsense suppressors are mutant tRNAS
(Hawthorne’aﬁalbeupold, 1974 Piper et al.,‘1976; Goodmah‘ét
al., 1977; Piper, 1980)‘whicﬁ have an altered antﬁcoddn
'sequence thus allow1ng tg@*tRNAs to read one of the
vtermlnatlon codons. The occurrence of nonsense codons within
a-genJ results in premature termination during translation
ahd hence a mutant phenptype. Suppressdr'tRNAs,'with the @b
altered coding capacity, cen.recognizelthese nonsense codens
and alloﬁ translation to continue by inserting an amino acid

~at that p051t10n (Capecch1 et al 1975; Gesteland‘et al.,

1976). Therefore, by analys1ng the eff1c1enc1es{Ef a



suppressor on particular nonsense motations, the*activity of
that tRNA during translation can be monitored. Of course,
other factors which affect the efficiencies of the
translation process also have to be considered before any
conclusions can be drawn.

If modified nucleosides were involved in the proper

functioning of tRNA, then the activity of suppressors might

Y |

be altered in situations when the, full complement of . \
modifications are not present.’;ndeed the mod5-1 mutatlon
of yeast which is defective in(isopentenyladenos1ne
modification was isolated by the reduction of the efficiency
of a tyrosine_inserring nonsense Suppressor SUP7—7 (Laten et
al., 1978); Similarly, the Jos7-1 mutation, whichpresults'in
the accumulation of certain preCursor tRNAs in yeast, was
1solate9¢by screenlng for the condltlonal loss of

suppre551on at nonperm1851ve temperatures (Hopper et al
1980). This selectlon scheme was also used in the 1solatlon
of a collectlon of mutatlons within the SUP4 tRNATyr gene of
Sacchaﬁomyces CEFeVISIae_wthh inactivates the suppressor 2
(Korjah et al., 1980). Genetic studies, accompanied by the
“appropriate blochegacal analyses ' are certainly “the proper
approach to understandlng the blosynthe51s and activities of
" tRNA, :

To study the biosynthesis and“functions of modified
nucledsides in tRNA;.it will be useful to;analyse tRNA
'holecules'iaoking the"modificaﬁions. Mutations that result
in the produotion of undermodified tRNAs are important-toois

K} L]
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for both biocﬁemical and genefic analyses. These
undermodified tRNAs may be the result of a genetic defect in
the modification maéhinery of the cell and can be identified
as 1socaccepting tRNA speéies using high resolution
chromatographic ‘techniques. However, isoaééepting tRNAs may
also .be produced by variation in growth.conditions,korodue
to artefacts of‘tRNA extraction or chromatographic
conditions (Littauer and Iouye, 1973);\these do not
represent real cellular processes and atYe not useful for

*

these studies. ,
" Only a few mutants affecting nucleoside modification
have been reported. Mutants defgctive in the p;oduction‘of
5—methy1uracil‘(Bj6rk and isaksson,\1970; Mar?nus et al.,
1 1975), 7;$ethYIgﬁanosine (Mariﬁgs et al., 1975), |
S-metﬁylaminomethyl—z-thiouridine (Marinus et al., 1975)$’
and 4-thiouridine (Ramabhéaren ét al., 1976) have been’
isolated in E. coli , The trpX mutation of E. coli ,
deféctive’in N‘—(A’—isopentenyl)—2—mgthylthidaaenosine
modification (Vold et él., 1979) has been implicated in the
éttenuation of the-trp operon (Cfawfor@ and Stadfg;r, 1980) .
The hisT munétion.of'Sa7monella typhimurium , defective in ¥
modifications,at the antiéodon region (Sipg;r“et al., 1972),
is prbbablykoné!of the be§t characferized mutants with
respect to its effect on the fuﬁctioning of tRNA in the .
regulation of géne expressioﬁ (Barnes 1?78; DiNocera,ef‘al;

, 1978; Johnston et al.)?1980). In the yeast, Saccharomyces

cerevisiae , only two mutations affecting nucleoside

\
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modification have been documeqted. The trm! mutation,
.defective in N*-dimethlylguanosine production was identified
amongst a collection of methionine auxotgéphs (Phillips and
Kjellin-Strdby, 1967). The isolation of mod5-1 has been
mentioned in the previaus paragraph. Recently, a mutation
defective in ribothymidine modification has also been
isolated (A. Hopper, personal”communication). In the present
study, a mutant of Saccharomyces cerevisiae defective in the
production of dihydrouridine is identified énd
characterized.

It has. been reported that a strain of yeast produces
multiple isoaccepting species of tRNATyr as resolved by
reversed-phase (RPC-5) chromatography (Bruenn and*Jacobson,
1972). The production of isocaccepting tRNAs’was M so
obgserved for tRNAPhe, tRNAVal énd tRNASer and was found to
be dependent on growth conditions of the yeast cells (Bell
et al., 1978). The first part of this study presents genetic
data on the production of these isoaccepting tRNAs and \
establishes'a genetic basis for their production (Bell et
a?,, 1977). The pleiotropic effect of this mutation ‘
”(desighated nﬁa ) 1s also examined. Next, the results of

. physiological studies on the product¥on of'the mutant ////~///
isoacceptdrs are presented (Lo and Bell, 1981). A predursor
product relationship between the mutant isoaccéptors and the
cognate wild type tRNAs is suggested. The data also indicate
in vivo activity of the mutant’tRNAs in pfoteiﬁ synthesis.

To continue, by nucleoside composition analyses of some of

«
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9;the pur1f1ed 1soacceptors, the actual molecular le51oh
'1nvolved 1n the productlon of mutant 1soacceptors 1s
1dent1f1ed (Lo- et al., submltted for publlcat1on) ReSults
~of ln vrtPo poly U translatlon assays us1ng the purlfled
”tRNAPhe 1soacceptors are con51stent w1th the 1soacceptors
belng actlve dur1ng proteln synthes1s.vF1nally, the effect

of latklng ‘the dlhydrourldlne mod1f1cat10n(s) on the.

.

[

funct1on1ng of tRNA is examlned Yeast stralns carrylng mla,'
’the ochre suppressor SUP4 and a number of ochre mutations
‘;were conStructed The eff1c1ency of SUP4 in the suppress1on

'of these ochre mutatlons is then analysed. N



N

11. Materials & Methods

This chapter -is a comprehensive description of all the
experimental procedures .used. A‘brief description of some of

"the procedures will aléo-appear in the pe:tjnentrchapterst
N ‘ . . . N

' Yeast Strains

- The genotypes and sources of the parentai\haploidv
strainsfused>in\this study are'lésted ih Table 1. S288C .is a
'wila.tYpe Stfain which carries a MIA+ éliele and was used.in
. all cases as the source of w1ld type tRNAs XB109—SB was
, C>r'eported to produce multlple 1soaccept1ng tRNA - speciesh
(Bruenn and.Jacobson 1972; Bell et aJ. 1978) and was used
in the genetlc analyses for the segregatlon of mia. . Sttain.
‘D38 carrles the mutatlon tFmI wh1ch results in the |
accumulatlon of tRNAs lacking the nucleos1de

N2 dlmethylguan051ne because of ‘an inactive enzyme for thlS

methylat1on of guanos»ll (Philllps and Kjellln Stréby,
1967). Straln J12 -9a carrles the ochre mutatlons ade2-1,
]95171; met4j1 and can1—1OO while J15-13C carries SUP4 in

»additiohvto the'seme ochre mutatione ih J12-9A (J. Kurjan,
personal communlcatlon) These.two strains are used in. the
constructlon of the mia (or MIA*) SUP4 strains for the
experlments wh;ch test: the'effect of mia on the efficiency

-+

of SUP4 .
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,The diploid strains constructed for this study are
described in Table ‘2 together with the parents used in each

of the crosses. The haploid segregants that were used are

listed in Table 3.

'Média’
. All yeast strains were routlnely maintained on YEPb
whlch consists of 1% bacto~yeast extract, 2% bacto peptone,
2% dextrose and 2%_bacto_agar. The agar was omltted in-
liquid medium. The segregation of auxotrophic markers was
'scored on omission plates which is synthetic complete medium‘
w1th the specific supplement(s) omltted Synthetlc complete‘
" medium consists of 0. 67% bacto yeast nltrogen ‘base (w/o |
'amino acids), 2% dextrose, 2% agar and supplemented as
follows (ug/ml flnal concentratlon) arginine 20, adenfne'
20,_meth1on1ne 20 tryptophan 20 -histidine 20, leucine 20,
tyroslne 20, phenylalanlne 20, uracil 20,-isoleucine‘20,
lysine 30, valine 75, ?threonin41350 and serine 375 . To
- score for the segregat1on of re51stance to canavanine, ‘
:arg1n1ne was omitted and replaced by canavanine (20 ug/ml’
final concentratlon)‘ Unsupplemented synthetic complete was
USed as the mlnlmal medium, E
. D1p101ds were sporulated on sporulat1on medlum whlch
consists of 0.99% pota551um acetate, 0.1% dextrose, 0 25%
bacto-yeast extract and 1. 5% agar, supplemented with any
(necessary requxrements (same concentration as synthetlc

_complete).
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Table 2. Diploid Construction
Diploids " Parents
JB759 X8109-58  x  S288C
JB760 XB109-58 . x . S288C
JB836 JB760-18*  x  JB760-1C*
J8837 _JB760-1A* - x  JB760-10"
RL101 D38 x  JB759-5D
RL113 8760-1¢* . x  J12-9A
RL114 RL113-2*  x  J15-13C
See Tabl ~3, for genotypes of these straihs{.:

16
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.. Tabte 3. Genbtypes of pertinent haploid segregants used

*in this study o NG

’

Strain ' » o ~Genot¥pes

B760-18 o iysi-1
JB760-18 < | ‘g ades,?-1 zeuz-i met8-1 urad-1 -mia
JB760-1 o tyrr-1 ‘mia o ,
1 JB760-1D K  ' a adeb5,7-1 lysl-1 %eu2-1 mét8-1’luﬁa4r}
JB760-5A a ades,7-1 lysl-1 met8-1 mia
JB760-58 : i: a ZeuZ-i gyr7-1 .ura4-1 mia
JB760-5C a lysl-1 . urad-I _ - %
JB76045D.A »'_ S a &de5;741: leus-1 metb-1 tyr7-1
- JB760-8A o leus-1  me§é-Z' urad-1 'mié | _ v
JB760-88 o ades,7-1 urad-1 mia
JB7§O-8C & lysi-1. tyr7-1 ilvl-1. |
JB760-801 o av ade5,7-1 1lysl-1 leus-1 met8-1 tér?—] H
JB759-5A ‘ "‘ o adeb,7-1 met8-1 drq4—1 ' - .
JB759-58 d ades,?-1 tyrr-1 urad-1 mia
JB759-5C a 1lysi-1 leu2-1 'mete-z'*yyr7—z {1v1-1
. B759-5D | o Tysl-1 lewz-1 E ] |
‘JB759-6A ' » ,:- o ‘lysl-1 leu2-1 met8-1 tyr7-1 wurad-I o
~‘_JB759-6B : ';ﬁ'al ades,7-1 1lysi-1 :ZeQZ—Z mia - ’~t:>
,JB759—56  ',, afiade5,7—1 met8-1: tyr7-1 wurad-1 mia |
B759-60 a | - | |

JB836-1A  a ades5,?-1 tyr7-1 mia



"Table 3 (Cont'd)

W 18

RL114-7C

Strain Genotype
| J3836-IB a Leu2;1-_met8—1 wrad-1 maay
JBS36-1C a ad95,7;1 metB—i tyr?7-1 u}d411 :mﬁd éé'x
JB836-1D o leus-1 mia |
RLlOl;SB o ade” ?euZFl‘ mia - trml
RLI113-2 ~ °  a ade2-1  zys2-i ‘mat4-1 can1-100
RL114-2A" a “ade§:1_ lys2-1 metd-1 canl-100 SUP4 A
RL114-28 o ade-1 1lys2-1 metd-1 cani-100 ura3-1 Lewl-12
' SUP4' mia | : . ,.
‘_Rﬁ;1433A- o adet-1 lys2-1 metd-1 WG1-100 wras-1 SUPL
| : “mia | ‘ ’ |
§g114—38 a ade2-1 -lys2-1 ‘met4—1 canl-100 lenl-12 iSUR4
iRL114;7A o ‘adQZ—J ZysZ;l metd-1 .canl—lOO-VZedi412 SUP4
o | ‘mia | _ .. | |
a .ade2-i Zys2—1 met?411\cqn14jQ0 Zeui-jZ SUP4
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For the in vivo pulse-label and chase eaperiment,“_
ligquid YEPD supplemented with [?H]-uracil (40Ci/mmole, Newt
England Nuclear) at a concentratlon of 1 (Ci/ml was the
labelllng medium wh1le unsupplemented l1qu1d YEPD was the .

4
chase medium.

Genetic Technlques

D1p101ds were constructed by mixing cells .of opp051te
matlng type on a YEPD plate for 4 hr. After observing the
appearance of peanut shaped zygotes under the m1croscope,
the cells were-transferred to the proper omission medium to
select for diploids_in crosses where the parents carry'
complementing markers. In ‘the constructlonfof aUxobrophic
homozygotes, selectlon of d1plo1ds by complementation 1s not
p0551ble, and the zygotes were 1solated on 3% agar slabs by
m1croman1pu1atlon (Hawthorne and Mortlmer, 1960). The
putatlve d1p101ds so obtained were all confirmed by testlng
" for the proper markers and sporulat1on ab111ty -
| To spdrulate di 01ds, cells were tra%sferred onto
sporulat1on med1um for 3 days at 30° 'C, after which tetrads
~ could be observed under the\m1croscope. fhe tetrads were
'sub]ected to glusulase (Endo Laborator1es) dlgestlon and _
“then d1ssected on 3% agar slabs with the aid of
: m1croman1pulators {Johnston and Mortlmer, 1959)4 After’2?3
days of‘gronthz the spore clones were replica—plated‘onto

omission medla to score for the segregatlon of auxotrophlc

markers. Segregat1on of canavanlne re51stance was scored on

. :
/ S . ‘
e N .

b
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canavanine plates.
| Fof the isg}atidﬁ.of'tandOm spores carrying mjia and the
__OChre mutations 3892—1, Iy52—1,\met4?1 and cani1-100 , the '
sporulated diploids wére digeéted for 30 min with glusulase
"aéa vortexed vigorously to break up the tetrads. Serial
dilutions. were done to obtaiﬁ 100-500 colonies on canavanine\
plates. Pink cslgnies'(sbores carrying ade2-1 ) were picked
and then tested for fhe,présence of lys2-1 and MGt4-1.“
Einally; the spores were scored for mia by extracting the
. tRNA ﬁfom:indi§iduallspore cultures énd analyzing them by
RPC—S‘chrphatpgraphy (see later sections). _
" The haploid parent XB109-SB has a clumpy cell phenotype

&~

in which aggregates of cells can be observed under the .
microscope. The ‘test for clumpiness was done simply by
examining a fresh culture under the microscope for tbé

presence of cell‘aggregates,

Yeast Cultures and gfé&th.xinefiCS »

| For the preparation &f_tRNAP yeast cultd?es were g%oWn
in quﬁid‘YEPD at 30°C in a Brunswiék shaker;incubatér.at
200 rpm in aliqubts of 250 ml in 2 iiter érlenmeyer flasks.
This ishéhé standard'éhakingAconditioﬁ which févors thei
appearance of mutant iscaccepting tRNAs in-mia’étraiﬁs (Bell
etal., 1978). aAll cultures were'hérvested at late 7
stationary stages (unless\bthérwise stated) by | |
centrifﬁgation in a Sorvall‘RCZ—B refrigerated‘centrifuge'ék
 6,000~rpm inxa-GSA rotor for ]0 min.
- L5 |
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Tﬂe growth kinetics of mia versus MIA* yeast strains
were determined“by removing sampleé (from pa{aliel cultyres
in liquid YEPD) at timed interyals and measuriﬁg the optical
density at 550 nm (OD,5,) after washing the cells once in
distilled_water.'Viable cell counts were also determined
froﬁ the samples to verify‘the growth-.curves obtained'by
ODsso.v
| To Aetermine the p:odu;tioﬁ’oﬁ mﬁtaht isoacceptors in
mia\cultures at different sﬁages of growth, celis‘were
harvested at a spec}ficlétage as indicated by an ODss, and '

the tRNA was extracted for chromatography. -

Effect of mia on Suppression

The efficiéhcy of SUP4 in‘the'presence of mia was
examined by cﬁméa:ing the growth‘kiéeticé of stfains
carryiﬁé SQBZ mia or SUP4 MIA* in liquid omission medié
whigh.requi;ed SUP4 to guppress particular ochre mutations.
Overnight cultures of the properxétrains,were iroculated
’into Ereéh Synthetic‘complete and omission media, ahd.grown
‘,at‘23f,'30° or 37°C Qith fast shaking. At timed intervals[
éémples were rémoved and t ODSQQ determineﬁ.‘The
petri-plate test waé done by spotting about 10+ cells on
omission piﬁtes and{scOrihg fb;_grthH after‘incubatibnlét

the different ﬁempéfatures.
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Preparetion of tRNA.and Aminoatyl-tRNA Ligases
o a) Preparetion of tRNA | ‘

Crude tRNA from yeast was isolaied as in Bell.etfaf.
(1976) with'slightyﬁpdifications. Only freehiy harvested
yeast cells were OSea to ensure minimal degradaﬁidh of tRNA
molecuies and‘tﬁe labile modified nucleosides.

.Yeast cells‘were éuépended ih"%xtraétion.buffer kf;S
times v/w) together with an equal volume Qf.88%[
water-saturated phenol. The extraction Suffer was 0.05M
Tris—Cl (pH 7.5),'0.05M—MgCl2 and 0.0 1M B—mercaptoethanol.
After stirring for 4 hr with a magnetic stirrer at 4°C. the
susbensioh was centrifuéed at 10, 000 rpm in a SS34 rotor
(Sorvall RC2 B centrifuge) for 45 min at 4° C The upper
aQuedus layer was carefully removed mixed wlth 0.1 volume
4M potassium acetate (pH 4. 5) 2.5 volumes éqld 95% ethénol
and precipitated‘at -209C‘overnight. ', ‘.‘ .
| The precipitate was collected by centrifugation (f0,000
rpm, 10 min, SS34 rotor) and dissolved in a small volume of
buffer: 0.05M Tris-Cl (pH 7.5), 0.01M MgCl, 0.001M EDTA and
0.01M B-mercaptoethenol. This waslloadea ohto a -
DEAE—cellulbse (Sigma) column pre—equilibpated wieh'the’same,
buffer (size of'cinmn used varied depending On‘thebamoune
‘of starﬁing material.) Abou? ten columnAVolumes of 0.3M NaCl\
infbuffer were washed through to elute npcleotiaes and small
oligonucleotides as monitored.by absofbanCe’at 260 nm
(A,¢o.). When the A,,, Qas iessﬂthan 0.1, thelﬁRNAs-were

eluted with 1M NaCl in the same‘buffer.'Fractiohé»with Aseo
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greater than 0.2 uere pooled'andwethanoi pfecipitated as
+ above.

The tRNAs were recovered by centrifugation, dissolved
in a~smallpvolhme of tRNA storage buffer: 0.05M Tris-Cl (pH
7.5), 0. 01M1MgC1,, 0. 601M EDTA, to give a final P
concentration of 40-200 A, un1ts/ml and stored at -20°C.

This method of extracting tRNA routinely resulted in a
yield of betweenl12—20 Aso unita/gm of starting‘material
(20 A,,, units equal approx1mately 1 mg tRNA). The
preparations were found to contaln ma1nly 4S RNA (greater
than 95%) by sucrose gradlent and polyagrylamlde-urea gel

analyses.

b)‘Preparation of crude éminoaeyl-tRNA ligases
Crude am1noacy1 tRNA llgases were prepared as described
A by'lehlmura et al. (1967) w1th.mod1f1cat10ns Twenty gm of
freshly harvested yeast eells frém S288C grown in liquid‘
YEPD until late logarithmic stage were suspended in 20 ml of
extraction buffer which consisted of 0.05M Tr;S—Cl(pH 7.8),
_6.01M Mg acetate and 0.01M~ﬂ-mercaptoe£hanol; All subsequent .
steps were carried out at 4°C. The cells wvere disrUpted by 3
paasages through a Frenchﬁpressure cell” (Aminco) at 17,000
psi‘and centrifuged at'10,000.rpm (5S34 rotor) for 5 min to-
ﬁrehove cell debris. 0.2 volumes of a'5% w/v,str'ptomYCin_‘
sulfate solution were added dropw1se to the extréct and
stirred for 15 min. The.extract was then centrlfuged at

h30;000 rpm 1n,a~Beckman SW 50.1 rotor for 3 hr to sediment
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the tibosomes and larger cellular particles. The supernatant
was loaded onto a DEAE-cellulose column (1.2 x 10’cm) .
pre-equilibrated with enzymeubuffer (0. OSM Tris-Cl pH 7.8,
0.01M Mg acerate, QNOGM KCl and 0.006M B mercaptoethanol)
and washeJ wit;% 15M NaCl in this .enzyme buffer. About 50

| ml of eluent were collected and brought to 85% saturation

‘WIth SOlld ammonfﬁh sulfate by stlrrlng The precipitate was
collected by centrifugation at 10,000 rpm (5534 rotor) for
30 min andhdissolved in 10 ml enzyme buffer. It was then
dialysed séainst enzyme buffer overnight, 2 x 2'1iteps, and
finally mixed with an qual volume ef cold glycerol,. Tﬂis
enzyme preparation could be stored at -20°C for over one
year without appreciable loss of the aminoacyl-tRNA ligase

v [
activities. C ‘ \

Amiﬁoachation ef tRNAsv )
| The tRNAs were aminoacylated as described in Bruenn and
Jacobson (1972) in a modified assay which contained 0.1M
Tris-Cl (pH 7.5), o.oéM MgCl., . 6mM ATP (pH 7.0), 0.6mM CTP,
q>1M KCl, 0.01M g- mercaptoethanol 25 ul yeast
émlnoacyl tRNA ligases and 0.5 - 10 Az‘; units of bulk tRNA
in a final volumebof 100 ul at.37°C for 10 min. The ['*C] L-
snd/or [°H] L- amino:acids were present at a final specifie~
activity of 250 and/or 2500 Cl/mole respectlvely and at
‘coscentratlons of 20 uM unless otherw1se stated For the

aminoacylation of the purlfled tRNA 1soacceptors, < 0.1 A, ¢,

%wnits of tRNA were used in the assays. Due to their very

o
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rapid aminoacylation, the assays were carried out for only 3
min,

At timed intervals, 10 ul samples were removed, spotted
on Qhatman 3MM filters and washed in 10% cold
trichloroaéetic acid (TcA) for 10 min (10 ml/filter). This
wvas followed by 2 washei?in 5% cold TCA (10 min each), a
wash in cold 95% ethanol (5 min) and a wash in diethyl ether
(5 min). The filters were finally air dried for liquid
scintillation counting. The acceptance levels of tRNA
samples were calculated from the plateau values of the
reacfions and.expressed as pméles/A,.o unit.

To prepare aminoacyl-tRNAs for RPC-5 chromatography,
the reactions were earried ouﬁ as above using 0.25 ml yeast
aminoacyl-tRNA ligéées‘in a final volume of 1 ml. At the end
of the reaction time, the reactions were stopped by
adjusting to 0.2M Na acetate (pH 4.6) in a total volume of 5
ml. In the aminoacylation of thefpurified tRNA'iséacgepto;s,
10 A,¢, units of carrier tRNA were added to increase the
recovery of the,aminoacyl-tRNAs.\This mixture was applied tb
a DEAE?cellulose colﬁmn (1.2 x 4 cm) pre-equilibrated with
0.05M Na acetate (pH 4.6), 0.01M MgCl,, 0.001M EDTA and
0.005M B—mefcaptoethanol at 4°C. The columns WZre washed
with 50 ml. 0.2M NaCl in the same buffer and then the
aminoacyl-tRNAs‘were eluted with. 1M NaCl in the same buﬁfer.
Féactions of 2 ml each were collected and the radiocactivity

determined by counting 20 ul samples to locate the

aminoacyl-tRNAs. Fractions containing amihoacyl—tRNAs were
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pooled and stored at -20°C.

. : . v ;
.bAnalytical‘R?CQSFChromatography
a) Preparation of resin o
= bRPC*S resin was prepared‘as in Pearson; Weiss and
'mKelmers (1971) Twelve ml of Adogen 464 (Ashland Chemlcal

: Ohlo) dlssolved in' 600 ml chloroform were mlxed with 300 gm
Plaskon powder (All1ed Chemlcal N. Y ) fﬁ a. warlng blender.
r,The m1xture was homogenlzed for 5 m1n u51ng 30 sec bursts to
‘prevent overheatlng The homogenate was . next poured 1nto a'
'glass tray and left overnlght in'a fume hpod to\gzgporate
bthe chloroform Larger crumbs were broken up w1th a spatula
to fac111tate complete removal of the chloroform The resin
f.thﬁ% prepared can be stored as a powder for long per1ods of

t1me.

b) Preparat1on of columns ‘,v . f o A

Glass columns and accessorles were. obtalned‘from

- Chromatronlx (Callfornza) RPC 5 re51n was suspended as a‘
,50% slurry (w/v) 1n RPC 5 buffer plus 1 5M NaCl. RPC-5
'buffer consists of 0. OSM Na acetate (pH .4, 6) O 01M MgCl2

‘p,o 001M EDTA and 0. 005M B mercapthethanol The suspen51on was

B mlxed at medlum speed in a V1rtls for a few m1nutes to break

up all the large particles 1nto a very f1ne slurry. It was
lthen evacuated in a .vacuum flask to remove, the foam created
fdur1ng the mleig Thls slurry was poured into the glass

“'column and packed w1th 1.5M NaCl in: RPC 5 buffer under a
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pressure of 250 psi_using a reciprdcating displacement pump

r(MiIroyai),ﬂA paukéa column of 0Q63'X.35 Gn has a void

- volume of abproximéfely 5 ml. After each chromatographié'

about 12 chromatograms before resolution was lost.

run, the column Was'regenerated by washing with about 30 ml -

“0f 1.5M NaCl in RPC-5 buffer. A column could be used for

ﬁ{f"
c) Chromatography

13

RPC 5 columns. in 1 5M NaCl were equ111brated to the

NaCl concentratlon dESLred for starting the chromatograms @

for- the dlfferent amlnoacyl tRNAS by washing with about 30

ml of RPC- 5 buffer plus the proper concentratlon of NaCl.

Amlnoacyl tRNA samples (see - amlnoacyFatlon of tRNAs ) were

~also ad]usted to the prOper NaCl COncentratlon by dllutlng

' chromatograms were developed Wlth a 11near gradient of NaClg

with RPC- 5 buffer before 1oad1ng onto the columns.,The

in RPC-5 buffer (total volume 400 ml) ‘under a pressure of

250 psi. The gradlents used for dlfferent amlnoacyl tRNAs
'W1ll be descr1bed W1th the chromatograms 60 340 1'm1

fractions were COIIECted with an LKB fractidn-colléctor and

the radioactivity ¥was determined by liquid‘scihtillation
- - « [ : ¢ . . o .

counting.

In v1vo Pulse- label of tRNA
Aﬂmla strain (JB760 5B) auxotrophlc for urac1l was used

in these»expgrimentS. A fresh overnight culture of JB760-5B

in liquid YEPD was added to labelling medium"af a low

L



28
inoculum (approximate 1%) . After'grOwing forwspecific
periods (monitored hy‘ODsgo);‘the cells were-harvested by
centrifugation, washed and re-inoculated into the same -
, | b A : ,

volume of non-labelling medium for continuous\grOWth untll
saturatlon. These cells were then harvested and theTtRNA_QaS'
‘lfektracted‘for chrohatography To determihe‘the;distribution.
of [°H]- label in the dlfferent 1soaccept1ng t RNA spec1es
'durlng the pulse label perlod tRNAjwas also extracted from.
a sample oﬁ cells‘haryested‘at the end of the pulseaperiod.

Invthe pulse-label-eXperiments'without_a chese; the;
initial_inodulatlon from thedouegﬁzght culture WEs into
,non—labelliug medium._Afterlgrowihg for a predeter;lned'
time; [JH]-uracll’was“added (same final concentratioh_es‘the
laBellinglmedium) The dells were harvested after»growiné
for a further tlmed perlod and the tRNA was extracted for
'chromatography »

The [*H]- labelled tRNAs were extracted with phenol and
chromatographed on DEAE-cellulose as descr1bed~before. The
crude- tRNA samplgi were then passed through a d
?Benzoylate -DEAE (BD) cellulose column (1.2 x 10 cm). to
separate'{ZLAPhe from bulk tRNA accordlng to the method of
Wimmer et-al.‘(1968) A detailed descrlptlon of BD- cellulose'
chromatography‘is_in the next:Sect1on ThlS pur1f1cat1on
step is necessary to reduce.backgrouhd [’H] counts on \
subsequent RPC- 5 chromatograms used for resolv1ng tRNAPhe

V1soacceptors amlnoacylated with [“C] L- phenylalanlne. After

BD—cellulose chrOmatography, the tRNAPhe samples have an

Gt
Gle)
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acceptor activity- of approx1mately 600 pmoles per A;‘o unit,
wh1ch is about a 12-fold purlfrcatlon.vThe amlnoacylatlon of
in vivo labelled [’H] tRNAPhe is as described in the
prevzous section except that [“C] L- phenylalanlne was at a
' concentrat;on of 3.8 uM and a specifiic activity at 527

' Ci/mole. The specific activities»of.the three\tRNAPhe
4¢isoacceptors were expressed in terms of total [JH}:cpm '*Cl
'cpmrin ‘the area under‘each of the peaks as resolved in the'

RPC-5 chromatograms.

purification of tRNA Isoacceptors"_ 7 . -
Twenty,liters each of JB759—5A MIA*'and JB759*$B.mia
were grown up under the standard shak1ng conditions. About
5000 Ao units of crude tRNASs were prepared from each
stra1n by phenol extractlon and DEAE- cellulose |
: chromatography as descrlbed Eacg\crude tRNA" preparatlon was
'deacylated 1n 100 ml 1M Tris-Cl (pH 8.0) by 1ncubat1on at ‘
37°C for 2'hr‘ The tﬁNAsgwere recovered bj'ethanol |
prec1p1tat1on.‘. o . | | | ”
tRNAPhe and tRNATyr were partially purlfled from crude
- tRNA by BD- cellulose chromatography (Wimmer et al 1968).
" The partially purifled tRNAs were then chromatographed
‘several times on RPC-5 under dlfferent chromatographlc
condltaons to remove more qpntamlnants_a o separate the
different isbacceptorSVfron eachfother; A

[y
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a) Purification of tRNAPhe isoacceptors -

'BDfeellulose'was pUrchased,from‘Reéisfﬁioehemical
(Illinois) and suspendea-as a 30-50% slurry kv/w)'in mi
NaClA The slurry was poured into a glass column (2.5 x 25
‘cm; Chromaflex) and packed with 2M NaCl at a flow rate of 2
.mi/mln at room temperature u51ngAa polystaltic pump.
(Buchler)._Severai_eolhmn_vdlﬁmes of 2M NaCl were washed
Athroughbthe columh to,sehtle the'eellulose and bring the "

A,¢o to below 0.1. The éolumniwas then equilibrated with 200

 ml 0.35M NaCl in BD buffer which is 0.05M Tris-Cl(pH 7.5)

and 0.01M MgCl,. The'deacylated-tRNAs; (5000 A, units)
dissOlved in 10 ml BD buffef“plus 0. 35M'NaC1..were loaded
onto the column and washed w1th 100 ml of the same buffer
. and salt molarlty A linear gradlent (total volume 1 liter)
iu;qf NaCl from 0.35M to 1M in BD buffer was then passed -
;hroUgh the column to elute the tRﬁAs; 10 ml fractions were
coliected and the A%‘; readings aetefmined.hAfter completion
of‘the_NaCl‘gfaaient, ™ NaCliih“BD‘buﬁfer’was passed ’
thfough the colﬁmn (fractions collected continuouslf)}to
bring ‘the Az‘o below 0.2. A 200-ml linearlgradient of 0-20%
(v/v) ethanol in 1M NaCl and BD buffer was then applled to
‘the column”to elute the remalnlng tRNAs. o

Flve ul allquots of all fractlons from the ethehol’
gradlent and every fifth fraction from the NaCl gradlent and
™ NaCl wash were assayed for phenylalanlne acceptor"
aetivity using a modiﬁied reaction assay;_These

.amindacylation assays contained (at ‘a final concentration):
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120 mM Tris-

(pH 7.5),-22 mM.MgCl,, 7.5 mM ATP, 0.75 mM
CTP, 120 {2 mM B mercaptoethanol 5—10 uM |
L- phenylalanlne ( 200 Ci/mole and 1000 C1/mole for ['*C] andA
'[’H] L phenylalanlne, respect1vely) and 15 ul crude yeast
,amlnpacyl tRNA llgases 1n a total volume of 50 ul. The
reactions were carrled out at 37-C~for 10 min after wh1ch 40:
ul were"removed - TCA precipitated 'washed and drled for
(l1qu1d sc1nt111atlon .counting as descrlbed before It should
be noted that the amount of phenylalanlne acceptor
activities determ1ned»1n_these assays.represent the minimum
dactivities»dpe to the presence 6f salt and ethanol in the r
samples which might inhibit the aminoeoylation reactions.
Fractions with phenylalanine acceptor-ectivity ﬁere
pooled,_collected by ethanol precipitation and rediSSOIVed
in tRNA storage buffer,‘Aboqtb250_Az‘; units of tRNA at a
phenylalenine acceptor activity of abodt ‘600~vpmoles/A“° |
were recovered. Fractions from the NaCl gradient with A, ¢,
-above 0. Z'Qere also recovered for the porificetioh of - |
tRNATyr.,A BD- cellulose chromatogram for the purlflcatlon of
tRNAPhe. is presented in the Appendlces § . ,///./
The partially purafled tRNAPhe samples were Eheﬁ/
dfractionatedmby»RPC—S chromatography in 0.0SM”fris—Cl (pH
©7.5), 0.01M MgCl, and 0.001M EDTA usrng"g/llnear gradlent
from 0. 5M-to 1M NacCl, The A,‘o readlngs and phenylalanlne
acceptor act1v1t1es were/dEtermlned as above. The fractions

conta1n1ng tRNAPhe were pooled and the tRNA recovered by

ethanol prec1p1tation. The tRNAPhe samples after thlS step

=8
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have a phenylalenine acceptor‘activity‘of about 1200
pmoles/A16o and about: 120 A,‘o‘of tRNA were recovered. |
To purlfy the tRNAS further and to separate the three
,1soacceptors, the tRNAs were amlnoacylated with [*H]
cL phenylalanlhe (spec1f1c act1v1ty 1000 Cl/mole) and
chromapographed on RPC-S‘u51ng the acetate~buffer (pH 4.6) .
 described before.NThe‘RPC—S.chromatograms ware analyzed by
determining the radloactivicy in‘5'ul;aliquo£s.f}om each
.fraction and- the different'isoacceptofé\were recovered
‘separately. Each tRNAPhe isoacceptor»was re-chromatographed
separately on RPC-5 again to'achieye'greater purity ffom the
other isoacceptors. Thls step was not done fot the MIA+.
yéﬁ‘APhe sample since only,e’sinéle.acceptor is present. The
aporified tRNAS were finally deacylated ahg'stored as |
descrihed.hThe final.recoeered amounts of wild type MIA* and

mia isoacceptor A, B and C were 31.5, 4.6, 7.8 and 4.8 Az;°

. units respectively;»all having‘afphenylalahine acceptor

~
ractivity above 1200 pmoles/Az‘o. An RPC-5 chromatogram of
‘each of the purlfled mla 1soacceptors 1s presented in

|

Chapter 5. : ‘ _ : «

'b) Purlflcatlon of tRNATyr 1soacceptors
The MIA+ and mia tRNA samples - recovered from the NaCl
gradlent fractlons in the BD-cellulose chromatography of
tRNAPhe were re- chromatographed on BD- cellulose to purlfy
| tRNATyr. About -4500 A, (, un1t5'of-each sample were

fractionated as describedjab0ve except that the ethgnol



" gradient was omitted. Fractions Qere assayed for tRNATyr

acceptor activity with [*H] L-tyrosine ﬁsing the same

Rl

" modified assay aslpreéiously aescribed. About 400 A,‘o units

i\

of tRNa Wlth ‘a tyr051ne acceptor act1v1ty of about 250 .-

pmoles/Az‘, were recovered after this step. The partlally

'purlfled tRNATyr samples were then chromatognaphed on RPC 5

in Tris Buffer (pH 7. 5);. about 80 Az&o units of tRNATyr with

a tyrosine acceptor activity of about 1300 pmoles/A,‘ovwere

re&fvereﬁ, Thesejsamples were then aminbacylated with [°H]

L—ty:osine (1000 Ci/mole) and re—chromafograbhed on RPC-5

using an acetate buffer (pH 4.6). In the case of the MIA*

- sample, the single acceptor was recovered after this RPC-5

‘chromatogram was'completed.>1n the case of the mia sample,

oﬁly the last isoacceptor (called isoaeceptor D) was
recevered. Absolute pﬁrity of this\ESOacceptor was ﬁat
reduired as the contaminating-isoacceptors are alsoumutant
(see Chapter 5).‘The.final>recovesed amounts of MIA* and mia
isoacceptor’D were 12 and 1.2 A,., anits respéctively, with -
. . » .

a tyrosine acceptor ac;ivity greafer than 1400 pmoles/A, ..
An RPC-5 chrqmatogram~ef the purified ﬁia,isoaceeptor D is
presented in‘CaapterKS. |
Nucleoside Cohéesition‘Analyses

a) Digestion of tRNA into nucleosides

'The nueleoside composiﬁioés of the purified tRNA

1soacceptors were analysed by the tr1t1um derivative method

blas described by Randerath et al (1980)-_F1fty ug of each

s
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S

AN

) AN
pur1f1ed tRNA 1soacceptor in tRNA storage buffer were

ethanol prec1p1tated and re- dlssolved in 40 ul dlstllled
lwater To this solut1on was added 6 5 ul 1M MgCl,, 2.5 ul
freshly prepared 0.5M bicine-Na (pH 8) and 8 :1 of an enzyme
‘solutlon which contains 10 ug RNase A,,1O ug snake venom
| phosphodlesterase and 8 ug-alkaline phbsphatase (all from
Slgma).-The‘tRNA was digested at 37°C for 6 hr, d1str1buted
in 15 ul aliéugts and stored at -60°C. ‘
b) Labelling of nucleosides
.Forty ul distilled water and 10 ul 9mM NaIO, were added‘

to 15 ul of)a tRNA dlgest 'This mlxture was 1ncubated at
'23°C for 2 hr in the dark and cooled on ice for 2 min, after
which 1 ul- 1M potassium phosphate (pH 6.8) was addeéd and
followed immediately by 5 ul [°H] KBH,. [°H] KBH.(was |
: obtained from Amersnam (3.1 Ci/mmole), dlssolved in: OfﬁM KOH
(CO,-free) at a concentration of 0.1M and stored in al1quots
of 10‘u1 at -60°C. The reactions were 1ncubated in the dark
at. 23°C'for another 2 hr; 100'ul;1N acetic acid were then
added to destroy excess borohydrlde and the solutlon was
evaporated in a stream of f1ltered ‘air in a fume hood. The .-
dried-residue was dissolved in 25'u1 0.1N formic acid and
stored at -20° C The rad10act1v1ty of the labelled
nuc1e051de trlalcohols was determlned by removing 1 ul for
l1qu1d sc1nt1llatlon counting and a. calculated specific

act1v1ty of approx1mately 1.2 C1/mmole~waswobta1ned

)
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c). Two dimensional chromatography'of labelled digest
Fiveimicrocurdes of a labe}led digest (3-4 ul; were
'applied to the cellulose sheets (Eastman). 2.5 cm from the
left-hand and bottom edges. Solvent A was used fof
_chromatography in the first dimension until the solvent
front reached the top of the cellulose sheet. Solvent A
con51sts of acetonltrlle 4N aqueous ammonia (3. 4'1 by
qg}ume), freshly prepared The cellulose sheets were drled
ihra fume hood, rotated 90° and chromatographed in the
seeond dimension,w1th solvent B, also until the solvent’
‘front reached.the top of thélcellulese sheet. Sol&ent B
consists of t—amyl—alcohol— methyl ethyl ketone-
acetonitrile- ethyl acetate-water—formic acid, specific
gtavity‘ .2 (4:2:1.5:2:1.5: 0 18: bY'volume) also tfeshly

N
mgde . The sheets were then air dried pr1or to fluorcgraphy,

-

~

i,
'd)_Fluorography and calculatien of nucleqside
comp051t10ns |
The a1r drled .cellulose sheets were coated w1th‘a T%

(w/v) solution of 2,5- d1phenyloxazole,(PPO) in diethyl-
ether and marked with [“C]—lnk The fluorograms were
exposed at —60° for 2-4 days using Kodak XRP-1 film, after
which the fllms were developed and the spots 1dent1f1ed by
comparlson with a standard nucle051de trialcohol map
(Randerath_et al., 1980). The nucleoside trialcohql spots

“were then cut out ftom the cellulose sheets and qpantitated

by liquid scintillation counting. The relative amounts of

N
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the.nucleoaides were.calculated according to equation 3 in
Randereth et al. ,(1980)}'Thtee independent,determinations:
:were obtained for each tRNA/isoacoeptor analyaed"and the
averages are reported in Chapter 5. |
Pol§acr§1amide+urea Gel Electrophoresis

The vertical slab gel electrophoresis apparatus was

obtained from Aquabogue Machine and Repair Shop, N.Y.

- Acrylamlde (electrophore51s grade) and N, N'-methylene-

blsacrylamlde (blsacrylamlde) were: obtalned frOm Serva and
Eastman (Kodak) respectlvely 10M urea solutions were
pur;fred by pa551ng through a Dowex-50 column totremove
contaminating ions. 20%‘polyaerylamide geis (acrylamide:
biéacrylamjde 39:1) contaiq{ag ™ urea were ptepared
according to Peacock and‘Dingman (1968) with modifications.
A 30 ml soiutiOn was‘prepared by dissolving 5.85 gm
acrylamide and\0w15 gm bisacrYlamide in 21 ml'10M>urea and‘3
mi 10x fEB withvstirring and slight\warming. The 10x TEﬁ
.COnaiste of 10;8 gm Tris, o.éze"gm NaZEDTA-and 5.4 gm borio
acid in>100 ml distilled Qater. This solution’of monomers
was eanuatedbin a vacuum flask for 10 min. Twelve»ul of
N,N,N',N'; tetramethyletbylenediamthe (TEMED) and 120 ul of
a freshly made 10% ammonium persulfatelsolution were then
added as’ ‘the catalysts for polymerization, The gel solutlon
was mlxed and poured into the gel ﬁoid (15 x 12 x 0.15 cm)

for polymerlzatlon which takes about 15-20 min. The gels

- were pre-run at 150 volts for 1 hr using 1x TEB as the
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running buffer.

‘ The tRNA samples, mixed with a dYe solution (50%t
sucrose, 7M urea, O.Q1% xylene cyanol FF), weregioaded onto
the gels and electrophoresed for 16 hr at 150 volts. The
gels were then fixed for 15 min in 1IN acetic acid and v
stained'{nyo.OS% metbylene blue in 0.2M Na acetate (pH 4.6)

~

for 20 min. Destaining was achieved in distilled water.

In vftho Poly-U Trfhslation

An S-30 extract was prepared from wheat.germ as in
Roberts and Paterson (1970) with modifications. Fresh
non- toasted wheat germ was purchased from a Iocal health
food store and kept in a de551cator at 4°cC. Five gm of wheatv
‘germ were mixed with 5 gm acid- washed sea sand in 30 ml S-30
buffer made up to 2mM dithiothreitol (DTT) together with 10
“ug (a flake) of DNase I (Slgma) S-30 buffer consists of
- 10mM N—2—hydroxyethylp1pera21ne—N'—z—ethanesulfonio acid
(HEPES)~(pH 7'3) 60 mM NH, Cil, 10 mM Mg acetate and 1_@M
DTT. This mlxture was ground to a fine paste in a

'pre chllled mortar and pestle, and centrlfuged at 30, 000 xg

'” ’at 4°C for 30 m1n. The-supernatant-was passed tbrough a G-25

‘ Sephadex column at 4°C (1.2 x 30 cm) and eluted with S$-30

buffer. TUrbid fractions nere collected, pooledvand
distributed in 0.5 ml aliquots and;Stored at--60°C.

The translation assays were also modifiedbfron Roberts
and Paterson (1970) and contained, at a final concentration,

- the follow1ng 1ngred1ents. 20mM HEPES (pH 7.8), 15mM Mg

s
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acetate, 60mM NH,C1, 2me KCl, 2mM DTT, 1mM ATP (pH 7.0), 7 -
0.1mM GTP, 10mM creatine phbsphate, 20uM [ *H] |
Lrphenylalaniné (fina/ specific activity 2500 Ci/mole)

together with 0.1 ug/if a purifieé tRNA, 4 ug creatine
phosphokinase, 20 ug poly-U (Sigma) and 30 ul S-30 extract

in a total volume of 100 ul. All ingredients, with the =
éxception of poly—Urand [*H] L-phenylalanine, were -mixed and "
pre—incubated for 10 min|at 30°C. Addition of poly-U and

’[’H] L-phenylalanine started the reactions which were

carried out for quﬁin af\50°C.~At timed intervals, 10 ul
were removed, spbtt%d on Whatman 3MM fii;ers and immersed
immédiately in 5%<c%ld fCA ( 5'ml/filﬁer).'Aftér‘sampling
was'completed,’the fﬁask'of filtefs~was transfanred_to a

water bath at 95°C for 10-15 min until the TCA:starts to
boil. The filters weﬂe then washed in cold 5% TCA (same

volume) for 15 min, followed by a cold 95% ethanol and an

eth?r wash, and finally air driéd for liquid scintillation

counting. ‘ o S



I11. A Mutant of Saccharomyces cerevisiae that Exhibits

Multiple Isoacceptors for Several of Its Transfer RNAs

™

* Reprinted from Molec. gemn. Genet. 153, 145—151
(1977) |

John B. Bell, Reggie Y.C. Lo, and §iew-Keen Quah

Deparbment of Genetics, University of Alberta, '

Edmonton, Alberta, Eiyada T6G 2E9

" Summary

A strain of Saccharohyces Cébévisiae, known to produce
multiple isoaccepting torms of several tRNAs which differ ‘
from_a'stendard‘wild type strain, has been studiedv
genetically.‘The multiple isoaccefting tRNA phenotype
" behaves as if it is caused by a 51ngle recessive mutatlona

" L‘/"
Five tetrads were analyzed and all showed a 2:2 segregation

i& iles for Phe tRNAPhe.
o .

oacceptors for the other tRNAs

" of mutant to w1ld type p

Furthermore, ?he multlpl

in the mutant strain arj ably caused by the same

mutation, since Tyr-tRNATyY ahd Val—tRNAVai also exhibit_2:21
segregatign for mutant versus wild type tRNA profiles and

the segregatlon pattern is the.same as’'that for Phe-tRNAPhe.



'7It is apparent that the growth cond1t10ns ‘used 1n the

Introduct1on

L1ttauer and Inouye (1973) have reviewed most of the

.1nstances where multlple 1soaccept1ng forms of tRNAs have
.;“been observed and they also -enumerated many of thewknown
' blologlcal roles of tRNA. More recently, ‘the multiple-

kffblologlcal roles of tRNA have also been rev1ewed by Rich and

Ao

'Ra]Bhandary (1976). Although some multlple)lsoacceptlng

forms of tRNA are 1mmature or precursor forms caused by a B

.mutatxon in the organlsm in guestlon (Waters, Shugart Yang

- fand Best 1973) it is also clear that other 1nstances of

-

multlple lsoacceptors appear not to have a. genet1c ba51s

’,(Wettsteln,and Stent 1968 Lazzarini ‘and Santangelo, 1967)

o

O [

‘var1ous specfllc systems are very 1mportant parameters in
. produc1ng multaple 1soaccept1ng tRNAS (thtauer and Inouye,“

'_1973 Ben., Jacobson and. -Shugart, 1978)

It has been reported prev1ously that a stra:n of

‘Saccharomyces cer'ews:ae,,xmog 58, contalns multlple

/

’1soaccept1ng species of tRNATyr as resolved by o “

reversed phase (RPC- 5) chromatography (Bruenn and sacobson

: 1972) In that report the multlple 1soacceptors were thought

QD

‘to be formed only in statlonarg stage cultures and probably

~represented 1mmature'tRNAs. More recently, thelobservatlon

of multlple 1soacceptors of tRNATyr in XB109 5 has been

confxrmed and multlple 1soacceptors were"also bservgd for

N

"tRNAPhe, tRNASer, a;d tRNAVal (Bell, Jacobson nd Shugart,

) ™
1978) In contrast to the 1n1t1al obserVatlon f multiple

=l
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‘isoaeceptorsvfor‘thNATyr (Bruenn and Jacobson,’1972); the

' tRNA which' co- chromatographed°W1th the respectlve 51ngle

h’latter report (Bell Jaoobson and Shugart 1978) found that,

\

at least for tRNAPhe and tRNATyr, mult1ple 1soacceptors were'

. resolved for tRNAs prepared from logar1thm1c as well as

stationary stage cultures. The appearance of multlple
1soacceptors ‘was found to depend on growth cohdltlons in
that the more aeqat1on and shakuﬂg aﬂculture of XB109-5B was
given, the mQre\\berrant the'tRNAPhe;profiles became.’

Ho#éver, 1f tRNA from a non- shaken culture of XB109 5B 'was

_ amlnoacylated w1th,phenylalan1ne, tyrosine, serine or -

valine, a single acceptpr was reSolved for each‘bype'of-
\ ' 1

’

acceptor resolved for w1ld type 5288C. - .

In studles that attempt to eluc1date p0551b1e

structure-functlon relat1onsh1ps between multlple

1soaccept1ﬁg forms of tRNAs and the varlous blolog1ca1 roles

of tRNA, it will ge useful to know whether specific multlple

"_1soacceptors have a genet1c ba51s. We wish to report that

'the observatlon of multlple 1soaccept1ng forms for several

13

tRNAs in XB109 5B does have a 51mple genet1c basis.
Materials and Methods
 Yeast stocks

. §288C was obtained from Dr. K.B. Jacobson while

‘x3109 5B, XB109-5C and XB109-5D were kindly provided by pr.

J Bruenn. The genotyp1c pedlgrees of the three stocks from

Dra’ Bruenn (i.e. the parental d1p101d XB109, and its

Ham
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.péfénts) are given in Bruenn ahd«Jacobson (J972)..In our
hénds_the genotype‘Of‘XB109—5B is: trpl-1, met8-1, Ieu2—i,.
.-7y51f1; UPa4-1, fyp7-1ggade5,7-1, i]v1-1;vénd mating type a,
thch is éonéistentlkith-expectations-ﬁhen one looks at_thé
' genotype of"x§109 (seg Brﬁenn and Jacobson, 1972). XB109-5B
tests as ILV* but in tetrads sporulated’ from diploids of.
XB!OQ—SE aﬁd $288C (ﬁhi;h is ILV4) we<get'i7v‘ segregants.
Since XB109 ié h@mOzygous.for ilvi-1 (Bfuenﬁ'and Jaéobsbn,‘
"1972) ite 1s expected that all segregants éhodl_ﬁ\bef ilvi-1.
This‘anomalY-isvnot of importance to the work‘presented ‘

-_vbélow.-

Media and Chemicals

YEPD was used for stock maintenance anddrgutiﬁe
‘culturing. It cpﬁSisted’qf;1%’yeas; extract, 2%
Sgctq—peptone{.Z%Jdéxtnbseband 2%'égar.'The agar is omitted
fo;vliquid medium. Synthefic,complete (sC) is used as a
contrbl for scoringlaugbtrophiC'markers~and consists of

Bacto-yeast nitrogen base (amino

w

écidpfree) 0.67%, dextrose
2% and agar 2% supplemented;asoféllows:,(ug/ML final | |
conceht}éfiSﬁ)-;rginine»20; 1ysine 203 adeﬁ}ne 20;
methionine 20; tryppophan.ZO;-histidine‘ZO;'qugine 30;
threonipeé}éO;_sefine 375} tyr&éine 20; ﬁhgnylalanine 20;
valine 75; ;raci1-20; and isoleucine 20.”Omission medium
(SC-X)'consiéts of SC with one of‘thevabove amino acids

Qmitted and is used tg score for Ségqegatioa.of auxotrophic

markers. Spofulation medium (SPOR) consists of potassium

i ,
e /
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microscope for thQ.
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acetate, 0.99%; dextrose, 0.1%; yeast extract, 0.25%; and

.aéar;41.5%.

The Aquasol-2 and the radioactive amino acids were

=

-purchased from New England Nuclear. o - ‘

Genetic Techniques .
‘Diploids were isolated by mixing cells of the oppbsité‘
mating type for 4 h on YEPD, Zygotes were then isolated on

agar slabs by micromanipulatioh (Hawthorne and-Mortimer)

©

1960). Diploids were transferred to YEPD for one day; the

cultures were then replica-plated and -grown on .SPOR for 3

o Lo S ; ‘ . L .
hays'(25°C), subjected to snail enzyme digestion and tetrads

‘were dissected with the aid of micromanipUlators (Johnston

and Mortlmer, '1959) . Tests for clumplness were performed

'sxmply by examlnlng statlonary stage cultures under the

tRNA Preparatlon and Amlnoacylatlon

Yeast cultures were grown 'in liquid YEPD at 30 Cina
Brunswick shaker—lncubator (at 200 rpm).USLng allquots Qf
250 ml in 2 liter Eflenméyer flasks. Thasq are growth‘
conaitions_which'are known to favour the appéaranca'of
multipletisoaccepting~tRNAs in 38109-58; Crudé tRNAs and
crude aminoacyl—tRNAtligase‘preparatidns were obtained as in

Bell, Gelugne and Jacobson (1976). The 'tRNAS were

aminoacylated and prepared for reversed-phase chromatography

(RPC-5) according to Bruenn and Jacobson (1972). Each of thé

i
1&



[*H] L-amino acids used das present aﬁ_é final specific 4
activity of 2500 mCi/mmolband an amino acid concentration of
20 uM; while’[“Cl L-phenylalanine waS'preéent at a final

- specific activlry of 250 mCi/mmol and a concentration of 20
uM in aminoacylation reactions. The tRNA concentration in .
the aminoacylation reactions ranged from 5 to 15 A,., nNm

. unlts/ml reactlon volume. At these” concentratlons, tRNA
should be the rate- 11m1t1ng component of the react1on x
(Bruenn and Jacobson,  1972) and by tlme—conrse measurements

we did ensure that a plateau of aminoacylation was achieved

for every Phe-tRNAPhe preparation -.used in these studies.

RPC 5 Chromatography

- RPC-5 resin was prepared as in Pearson, Weiss and |
Kelmers (1971) 140 to 160 1 ml fractions were collected
~from a column of 0 63 cm X 35 cm w1th a pressure of 250
- 1b/in? (50 ml/h) using a 400 ml gradlent. The gradlents for
Phe-tRNAPhe and Tyr-tRNATyr were 0.55M NaCl.to 1.0M NacCl &n\
the following bufferr 0.05M Na acetate pH 4.6, 0.01M MgCl,,
0.001M EDTA and 0.005M B—mercaptoethanq;. The gradients fofK}’L
ASp-tRNAAsp and Val-tRNAVal were from 0.45M NaCl to 0.65M
'NacCl and'otherwise rne_same’as‘abode. The radioactivity of
the RPC-5 chromatograms was determined.by mlxing the 1 ml
fractions thoroughly with 9 ml of Aquasol-2 and counting in
'a Packard model 3003 liquidvscintllla&%%n counter.: - .

-~



Results

Genetic studies were performed to assess whether the
appearance of multiole isoacceptors_(MIA) among the tRNAs\of
XB109-5B had a simple genetic basis. An abstract of some of.vl
these_experiments has already appeared‘(Be_ll-r Lo and Quah,
.l976). x3109—53_was crossed to $288C (wild type) and several
_diploids were isolated; Crude tRNA was brepared from ‘two of
: these diploids (JB759 and JB760) aminoacylated w1th I H]
L-phenylalanine, and chromatographed on an_ RPC 5 column The
tRNAPhe proflle for each of these diploids was
‘1ndlst1ngu1shable from that of 5288C in thatAonly a single
phenylalanlne acceptlng ‘form was resolved This 1nd1cated
that the MIA phenotype, if it has a genétic@basis}»is
behaving as ff due to a recessive'mutation or mutitions.‘The,
d1p101ds (IJB759 and JB760) were then sporulated and several
complete tetrads were recovered from each of them.

F1ve tetrads (two from JB759 and three from JB760) were
examined further by grow1ng a culture of each of the twent}
spore isolates in liquid medium, extracting crude tRNAifrom
each, aminoacylating each preparation with‘[JHT;L—
phenylalanine and'chromatographing the product on\an RPC-5
colUmn. Each of’the five tetrads exhibited a 2:2 segregation
pattern for M£A versus a single'acceptor»for tRNAPhe‘\Fqure'
2 illustrates the'tRNAPhe profiles obtained from‘oneyof\t e
five tetrads analyzed and these data arewidentical in

_essence,- to results obtained for the other four tetrads A

‘summary diagram. of the reSults for all f1ve tetrads is



Figure 2 A-D

Ph

RPC-5 chromatograms portraying the Phe-tRNA € profiles of crude tRNA

‘iso]ated from‘cu1tures of one'tetrad'(JB760—8A, 8B, 8C‘and SD). The

crude tRNA wés'i§o1ated, aminoacylated with i3H] L—pheny1a1an1ne, and
preparéd for,RPC-S chrdmatography as in Methods. . The'sha11‘peak at
tthe>begihning of‘eachichkomatogram is free pheny]aianine deriveg'from.

deacy]afion of the_tRNA'samp1eS between the time of preparation and

application ‘to the RPC-5 columns.



[3H] cpmx1073

kLT

i 1078
[F1 071
N
. 067 ©
E
y —_—
&1 406X\
]
E r4
=
4050
; - —t s 055
oo 20 40 0 80 160 120 140
fraction number
. : .
we '
up-
1
0 .
B
nk
n
8t
ul- .
0ok
s
’ b~
124 ]
€
—
[ v
12
b L Jose
0 /; : 055

o 20

<0 50

83

100 120 Wo

fraction number

fraction number

4y
2F
2 f
18}
16}
b
2 4 '
x
E
a vt
[
—— »
= 1
5 0 0128
2,
.
o - on .
2
sk 4 087 8.
=
a}- 63 L)
063 3
A
=,
- . 059
0 20 40 60 80 100 126, 40
fraction number
A\
120
T100
[} d
- .
j
=4
x !
€ B
Q 60l
v
X
[ ]O]S
S ’
0F o7 .
3
067 ©
. i £
~—_
0+ 03 U -
-}
1 z
=
4059
B 4
o A 0585
0 iU 40 o0 80 10 120 140

47



results not shown.

48

presented in Figure 3a. SuccessiVe'chromatograﬁs from the

same RESfS'column do fiot always give identical elution

positiohs for similar tRNAs, under the conditions emploYed_

in these experiments. This is evident in Figure 2 However, ;Nj

the previous study (Bell, Jacobson and Shugart, 1978)

“1nd1cated that whenever MIA tRNAPhe was co- chromatographed

w1th dlfferentlally labelled 51ngle acceptor t RNAPhe from

5288C the first of the multiple 1soacceptors to be. eluted

'for mutant tRNAPhe eluted in the same fractlons as the

,‘s1ngle form from w1ld type. Furthermore, in the present

study we find that the f1rst of the multlple 1soacceptors to
be eluted from tRNA of the MIA spores co—chromato@iaphs with
7 ’ ’ : v
the single acceptor resolved in the non-MIA sister spores

(Fig. 4). Finally, we also know that the single tRNAPhe

- acceptor resolved from S288C tRNA co—chromatdgraphs with the

Lsi@gle acceptor for»tRNAPhe‘which is préduced in half the

segregants from the five tetrads studied (i.e. JB758-5A),

XB109-5B is auxotrophic for several nutritional

requirements (Méterials and Methods). This auxotrophy is due

. . ' C ‘ ' o ) s S
- to a series of suppressible ochre and amber mutations, but

XB109-5B is -ochre and amberesuppressor free (Bruenn and

" Jacobson, 1972). Our results confirm that .the ochre and -

amber mutations are present and expressed. Therefore, we can

.exclude the presence of ochre or amber suppressors as the

explanation for the observed extra isoacceptors. The *

Jpreseuce of several tRNAs exhibiting the multiple



Figure 3a-and B

he phenotypes (és resolvey by RPC-5.

\Summary diagram ofﬁthe tRNAP
chromatqdraphy) of all crosses anditheir resu]fs (prAvTab1es 4
and 5). All peaks are rebrésentative of actual results (e.g.
Fig. 2) and were produced by aminoaéy]ating crude tRNAs with
[3H]L—pheny1a]anine and chromatographing the product. . a) a

representative of the five 2:2 tetrads. b) represents the one

4:0 tetrad.
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Figure- 4 : N ﬂ
RPC-5 co- chromatogram portray1ng the Phe tRNA Phe profi]es of crude
tRNA 1so1ated from sister spores of a tetrad which is segregating |
’ 'for-MIA and wild type tRNA. (—) Hepresents [ H] L- phenylalany1-
tRNAPhe from'JB7S9-53; and (--;—) kepresents.[ C] L-pheny]a]any]-‘
tRNAPhe from JB759-5A. Thé,crUde tRNA Was'1301ated éhd treated as -

in Figure 2. - : AR .
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" Shugart, 1978).

' (Kakar, 1963). Table 4 also shows that the MIA tRNAPhe is

N\

" isoacceptors is also inconsistent with an informational

suppressor being the explanation. Furthermore, two sister

spores of XB109:;5B have been analysed. XB109-5C contains the -

amber suppressor SUP5-1 and XB109-5D does not. A single
acceptor for tRNAPhe was resolved on RPC-5 columns for both
of these strains (this study;‘and Bell,’Jacobson and

s

.Table 4 presents the éomplete segregation data for the
five tetrads studied. The ;utriﬁional'rqquireménts
segregated 2:2 with the ekceptgon of the Jjlv hgrker.vlt is
likely that a suppressor specific for ilv is Qegréggfing in o
thege tetraas, as suCh\suppressors are known to exist
segregating independently of all other markers. \
Matingfg;pe also segregated from MIA thus making
possible a mating between two yIA.haploids. JB760-1B was
‘crossed to JB766—1C and JB760-1A wa$ crossed to JB760-1D.
The diploid produéed from the first mating (Jg%36) exhibi;ed‘
MIA tRNAPhe while the diploid.proddced from the latter
‘mating (JB837)“producgd the expeétea wild type single
acceptor for tRNAPhe. JB836 was sporulated:and one complete‘
tetfad was ex§mihed.>All four spores (J8836;1A, 1B, 1C, 1D)

exhibited MIA tRNAPhe (Fig. 3b). Table 5 presénts'the

segregation pattern for the other markers of this tetrad.

o
¥

All markers showed a 2:2 segregatjon, demdnstrating that we
. . ]

‘ are studying a tgue tetrad. Becdause the parents of JB836

(i.e. JB760-1B and JB760-1C) are both LYS* , the data in
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. oo : v o .
. Table 5. Segregation.data of auxotrophic markers and the tRNAPhe’

phenotype ‘from one tetrad of JB836"

ade lys 1eu,'-idﬁ:£,‘ typ ura | tRNAPhé
~\836-1A S B
o oeelc -t o+ - + -
836'.10_ + + -‘m + .q | . + | GM

L d ’ . .
2 The®parents of JB836 are JB760-18 and]JB760-1C and their genotypes“

are.given in Tabﬁe 4.

b_ The_symbo]s are as in Table 4.
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Table 5 are expected. ‘

In1t1ally,“mult1ple 1soacceptors for XB109 5B tRNAS
wef@»observed for four of the five. 'kinds of tRNA studied.
;9%nafer RNATyr, tRNAPhe, tRNAVal, and tRNASer each
exhlblted multlple 1soaccept1ng species. on RPC-5 columns
whlle $288C exhlblted one form for ‘each of these tRNAs
Transfer RNAAsp exhlblted only one form in the mutant as
'well as the w1ld type strain - (Bell Jacobson and Shugart,
1978). One of the frve‘tetrads that-gave 2:2 SeggegationAfor
MIA versus a single_acoeptorlfor tRNAPhe (JB760—8A; B, C‘and
D) uas examinedrfurther to see whether the segregation
patterns for these other tRNAs correlated with thatvfor
tRNAPhe. The tRNASer proflle was not examlned but tRNATyr
and tRNAVal each segregated 2:2 for MIA versus a single
acceptor and_the pattern was’ thevsame as that for.tRNAPhe,
As expécted, tRNAAsSp ekhibited’a single acceptor in each of
the four spore cultures 51nce MIA had not prev1ously been .
observed for this tRNA (Bell~ Jacobson and Shugart, 1978)
These results are included in Table 4. ,

XB109 5B has a clumpy phenotype wh1ch segregated 2:2 in

our crosses (see Table 4; and J. Lemontt personal

commun1cat1on), This phenotype segregated independentlyufrom .

- o
MIA. o .
| ‘ o

Therefore, none of the markers that XB109 5B is known‘
to contaln has proven useful 1n locatlng the genetlc locus
or loci controlllng]MIA or as'a 'tag' in following its

segregation.
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Discussion _ N

Diplolds producedofrom mating XB109—55‘to 5288C exhibit
a tRNAPhe proflle like that of the wild type. &QSBC parent
suggestlng that the mutant phenotype (MIA) of XB109 5B is

0

recessive. Results obtained from tetrad analyses 'of these’
diploids‘showed a‘2:2'segregation for MIA’versus aowild'type
tRNA pattern; Moreover, a diploid made from two M&A haploid
stralns is also mutant 1nlphenotype as are its four meiotic
products. ThlS result 1s con51stent with MIA hav1ng a szmple
and stable genetic ba51s. Slnce-we have analysed only five
Htetrads we cannot distfnguiSh whether‘MIA:tRNA is determined
. by a. 51ngle gene‘br by two closely 11nked genes (less than
_ten map units apart). The present 1ack of a marker\tlghtly
ulinked to. the gene(s) causing MIA tRNA‘(Table 4)~makesv1t'
) lhborious and costly to expand our data. Therefore, at ‘this
'tlme, mapping'of'the'gene(s) faor MIA iS‘not'feasible.ﬁQ

The.fact\that MIA does segregate in crosses allows us
to exclude’most tr1v1al causes, such as artefacts 1n the
preparat1oh of the tRNA itself, as bases for explainlng the |
,phenomenon. Prev10us data were 1nsuff1c1ent to conclude that:
MIA tRNA has a genetlc Basis (Bell Jacobson and Shugart,

.1978) However it was known that the productlon of multiple

1soacceptors was strain spec1f1c and appeared to be a stable

.phenotype- therefore, 1t seemed h1ghly llkely that a genetlcfyn

;bas1s mlght be found. We propose the three letter
abbrev1at10n mia - for the genotyplc symbol of the gene f'
cap51ng the,MIA phenotype, in accordance w;th the recently

o
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published yeaSt mutant directory (Plischke, von Borstel,
.Mortlmer and Cohn, l976) on the assumption that.a single
locus probably determlnes the character. ' _—

_ Since the first isoacceptor eluted from XB109-5B tRNA
(for any of the tRNAs studied that gave multiple
isoacceptors) always~co—chromatographedwwith.the cognatef
single acceptor in 5288C {Bell, Jacobson and Shugart, 1978)
it is temptlng to speculate that the mutat1onal le51on is of
bthe 'leaky’ mrssense varlety, that is to say that .some wild
type productjis.always produced. The implication is that the
lesion results in undermodified tRNAs due to a mutatlon in av
gene_specifying some modification enzyme.'Howeyer, two lines
of evidence from:thefprevious paper mitigate against this
conclusionr | | | |

‘One reason is that you might expect very~late
Stationary‘cultures to begin tolconyert‘the mutant tRNAs to -
the wild type form'since the cultures are no longer growing'
rapidly and a mutant, but still funCtional,benzyme could
'begin:to catch—up in performing its particular function.
_'Th1s does not appear to be the case since stationary stage,
'cultures Stlll exh1b1t MIA tRNA Further physiological and.
b1ochem1cal studles are in progress to see if the multlple'
1soacceptors are truly under- mod1f1ed tRNA molecules or
whether they may represent blologlcal "dead-end' products
,whlch may Stlll be aminoacylated but not converted to normal
tRNAs. If the latter alternative is assumed to be correct

-then the.cOntinued appearance of ‘the MIA tRNA in late

A
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stationary cultures is not inconsistent with the oenetic
lesion hejng of the 'leaky' missense variety. Thgp!
.explanation tould be that the)leSion results in the
accumuiation of an immature form which is then abertantly-

modified to some 'dead-end forms which can never be

. . L . - . o . . ! *“
converted to wild type tRNA, even if a partially functional

:enzyme ié'present to 'catch-up' at-the late stationa;y
stage; 1t should also probe informatiye to ask whether the
extra acceptoré_are still tonctional in protein synthesis.

" The second reason is that the.nncleoside’digestion data
'in.Bell Jacobson and Shugart (1978) suggest that' the
XB109 5B\%§NAPhe 1soacceptor that co-chromatographs with
tRNAPhe from 5288C may not be w11d type. This is because the
technlque used gave the expected molar comp051tlon of
nucleosides for: purchased purlfled wild type tRNAPhe but dld
not give the expected molar comp051t10n for any of the LT
\isoacceptors in XB109753. This result should be 1nterpreted
with caution, however, since that Study did not include a'
nq51e051de digest for 5288C tRNAPhe and 1t ‘could be the tRNA
‘pUr1f1cat1on technigue that 1ed to the-equ;vocal resnlts.
.Furthe: genetic experiments which are in progress.could
‘also shed some light on this ptoblem; We are currently :
| attempting to ascertain whether the MIA phenotype is
‘suppressible, which may'indirectly tell us whetherhit’isvdue
to a mlssense mutation. | ' |

There is a pauclty of 1nformatlon on mutants affectlng

tRNA in Sacchar'omyces- cerevisiae. _Howgver, ‘Phllll»ps and

=}
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Kjellin-Strdby (1967) and Kjellin-Strdby and Phillips (1968)

‘have reported a strain of yeast with methyl deficient t RNA

'and this strain lacks an enzyme that methylates guanosine to
.form N’—dimethylguanosine.»We do not think that XB109-5B is

ymutant in the same functlon, since we find that the .

segregatlon pattern of MIA tRNAVal correlates with tRNAPhe’

and tRNATyr suggestlng that the cause of the extra

1soacceptors 1s probably the same for all three tRNAS.

vTransfefr «RNAVal lacks N’—c‘ethylguanoslne 1n its prir,_nar-yﬂ

sequence while tRNAPhe,'tRNATyr and tRNASer contain this

nucleoside (Barell and Clark, l974). Both the'previousﬁstudy"

_(Bell; Jacobsonland‘Shugart,l1978) and this study find that

XBTOQ—SB produces a single acceptor~for tRNAAsp. Considering
the prlmary sequences (Barrell and Clark, 1974) for all'the
tRNAs analysed in " the present stud1es, it is not p0551ble at

thlS time to postulate a spec1f1c s1ngle mutat10nal les1on

" to ‘account for the patterns observed, _and yet the genetlc\

data suggest that there probably is one. At th1s p01nt we
feel confident. that MIA has -a genetlc ba51s but we do not -
\ r

know whether the mutant' is a le51on in tRNA b1osynthe51s peP

se, or whether we are study1ng a secondary effect - somewhat

/analogous to the production of. undermodified tRNA in a rel-

strain of E. coll (Waters, Shugart Yang, and Best, 1973)

As well as attempt1ng to answer whether the MIA

’

phenotype is. Suppre551ble, further studles are also a;med at

answering whether this particular mutant that affects tRNA .

might not also affect tRNA mediated informational
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,suppression; 1t is now firmly established in yeast, as it
was previously for procaryotes, that altered tRNAs are the

mediators of 1nformat10nal suppre551on (Capecchl, Hughes and

e

Wahl, 1975; Gesteland, Wolfner, Grzsafl, Fink, Botstein and
"Roth, 1976). Therefore,lit is reasonable to expect that any
altered tRNA is a potential candidate to affect‘suppressipp
either:positively of negatively. Antisuppressors are known
and reasonably well charaéterizea genetically in |
'SaCChaPomyces cerevisiée (Mccready and‘Cox,.1973). HoweQer,'
as these authors’suggest,,the moiecular bases of
_antisuppressQrs, even_though‘likely’to'be heterogeneous; are
not specifically knowp; By studying mutants'such’as'XB109?58 )
it is quite possible that oae maf gain seme‘insight.intofat

least one molecular basis for antisuppressors.

7
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Summary = L . S . .,
Genetic data presented in Bell et al.-(1977)
demonstrated that a mutation in Saccharomyces cerevisiae

(designated mia ) is responsible for the production of

mutant isoaccepting tRNA molecules for some tRNA ‘species.

s

Besides extending thlS phenotype to other tRNAs, we have

isoacceptors are biologically active molecules. Pulse-label

shown that mutant isoacceptors are produced at the expense
of the normal levels of w11d type tRNA and that the presence

of mutant 1soacceptors has no adverse effects on stralns

"harbourlng the mutat1on. The observatlon that mla strains

have mutant 1sOacceptors as the~predom1nant tRNA spec1es

under certain groﬁth conditions suggests that mutant

and chase experiments indicate that mutant isoacceptors are
slowly converted to wild type tRNA molecules ih Vivo ,

suggesting- that they could be precurscr.molecules. This is

2.
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process have been identified and characterized (Cortese et

‘the .information is still

consistent with the hypothgsis that mla is defective in a
¥ o

modification process in the maturation of tRNA molecules.

Analysis of a double mutant that produces mia isoacceptors

which also lack N?-dimethylguanine shows that some of the

, ,mo@jficatibné to tRNA moleuclés need-not follow a specific
‘“A ﬁse&?incep

> * T
&

e

. - &®
Lntroduction - g& “
One of the mostggnterestlng characterlstlcs “of transfer.

-

’ RNA is the presence of'many mod1f1é§ bases on the molecule.

These unusual bases are produced pn the prlmary transcr1pts
by modificationﬁenzymes (Soll, 1971; Altman, 1975; Nau,
1976) and often occupy specific poéitions on the"tRNA‘U
molecules (Dunn and Héll, i975;.Sodd, 1975; Nishimura,

1978). Some of the enzymes involved in the mbdification

. ) Id
al., 1974), but the sequence of the steps in the

modification process is still largely unknown (Davis and

[

Nierlich 1974) altﬁough eviden¢e is actumulating (Mélton
) 14
et al ’ 19803 The major funct1on of tRNA is in prote1n=

%,

syntheszs, but the absence of some of the modified bases on_

»

the tRNA‘molecule does not seem to impair this. function

A(Singeb‘ét al., 1972). There have been speculations about

/’ ¥

the funhctions of modifiei{?asegaon the tRNA molecules, but.
ncomplete (LaRossa and §611,

197 8:.) . e £ e . ‘ - ST e
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To study the functuons of modlfled bases OB tRNA it is
useful to: obtaln mutants defectlve in tRNA mod1£1cat10ns. .
AL, mutatzons tha% result in the product1on of 1soaccept1ng
tRNA spec1es are potent1al tools for these stud1es 51nce

unusual acceptors ‘may represent under-mod1f1ed t RNA

;a molecules. It has been reported by Bruenn and Jacobson

(1972) that a stram of Sacchar'omyces cenev:siae , xaws 5B,

produces mult1plé 1soaccept1ng spec1es of tRNATyr as

bd’,resolved by reversed phase (RPC 5) chromatography.‘

- Subsequently, Bell et al (1978) also observed multlple
1soacceptors for tRNAPhe, tRNASer and tRNAVal The
product1on of multlple 1soacceptors was found to be.»
' dependent on the growth condltlons of the. yeast cultures. )
Genet1c analyses by Bell et al. (1977) establ1shed flrmly
that the productlon of the extra 1soacceptors in XB109 5B
has a genetlc bas1s. The mutatlon wasUde51gnated mla,~It was
vobserved in. all cases thré mult1p1e'1soacceptors were’ ;
resolved that ‘the wzld type acceptor was. also present. Mla \
:was postulated to be a 1eaky mutatlon”ln.a4genevspec;fy1ng
~some mod1f1cat1on enzyme.'u | o PRI
In th1s report we have further characterlzed mla*and
the mutant 1soaCCeptors. Our data show ‘that mutant
.1soacceptors are produced at the expense of ‘the. normal~’
levels of wild type tRNA' and that they are blologlcally
: actlve‘molecules. The results also show that mutant .'"'

1soacdeptors can be converted to- wxld type tRNA~ and are

onsxstent w1th the hypothesxs that Lsoacceptors are:
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undermodified} or'aberrantlyﬁmodlfied,‘tﬁhAs accumulated due
to a defect in-a modification:process.,' . L
- e

Experxmental Procedures . -

‘ Yeast - Stralns, Culture Medla and Genet1c Technlques

All strains have been described in Bell et al. (1977)
w1th the exceptlon of straln D38 wh1ch was obtalned from Dr.
K. Kjell1n Straby. ‘Strain D38 carries the trmi mutatlonv
whlch results in the accumulatlon of tRNAs lacklng the base
N2 d1methylguan1nf because of an inactive enzyme for thls
: methylat1on of guan1ne (Phllllps and Kjellln Straby, 1967)

CAll culture medla used for the routine growth or
| segregatlon tests-of auxotroph1C'markers, as well aS'genetic
“techniques, areéas de5crlhed in Bell étlal;d(1977):'

s - . [

Growth Cond1tlons o o S ;y ¥

) : ‘ R ‘?ﬁ
The standard growth conditions whlch favoﬂr tf}:““
'product1on of tRNA mutant rsoagieptors 1n mia stralns are

descrlbed 1n Bell et al. (1977) 'and were used in the

v !

grow1ng of all yeast cultures hereln unless otherw1se'

&

stated _

The growth k1net1cs of mia versus MIA+ yeast stralnsb
vere determlned/by remov1ng samples (from parallel cultures
in llqu1d*YEPD) at tlmed 1ntervalspand measurlng thqupt1C§l

densxty at 550 fm’ tﬁng.,) ter washlﬁz the cells once 1n

dlStllled water. V1able c ll couhts were also determlned

from the samples to verify the growth curves obtalned by.
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the.tRNA was extracted forvchromatography,
s i . N . B m . 4

_OD,,. readlngs. - o . 4‘

. . i

To determlne the productlon of mutant 1soaceptors in
mfa cultures at dlfferent stages ﬁf growth cells vere

harvested at a spec1f1c stage as 1nd1cated by an OD,

L

o .

In Vivo Pulse label and Chase of tRNA in mla , 7':‘ ‘ /s‘
" »A mia straln (JB760- 5B) auxotrophlc for urac11 was used

in thesepexper;ments.:L1qu1d YEPD supplemented with
[‘Hj;uracil (40'Ci/mmole;;New England.Nuclear)‘at a- - )

concentratlon of . 1 uC1/ml was ‘the labelllng medlum wh1le"'

'unsupplemented YEPD was the non- labelllng medlum.,

A fresh overnlght culture of JB760 5B in. 11qu1d YEPD

‘Wasvaddegfto labelllng med1um~at a low 1noculum (<1%). After

'dgrow1ng for spec1f1c perlods (monztored by ODsso) the

vcells wvere harvested by centr1fugat1on,-washed and

L
re- 1noculated 1nto the same. volume of non labelllng medlum

‘for contlnuous growth until saturat1on was achleved These

' cells Mere then harvested and the tRNA was . extracted for

».

7chromatography To determ1ne the dlstrlbutlon of [2 H] 1abel

.‘1n the dlfferent 1soaccept1ng tRNA spec1es durlng thel-

~

pulse 1abel perlod tRNA was also extracted from 3/sample of

jcells harvested at the end of the pulse per1od ¥

6

. In the pulse label experlments w1thout a chase, the

\»
1n1t1a1 1noculum “from the overnlght culture was 1nto

nonlabelllng medlum. After grow1ng for a certaln perlod

;[ H] urac1l was added (same f1nal concentratlon as above)

’ .

|
|

J
|
J;\ -
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The cells wereaharvested‘after growing for another‘timed

‘ period\and-the_tRNA'was eXtracted'for chromatographyh

o Extraction and Chromatography of tRNA

Crude tRNAs were extracted from yeast cells and
'vamlnoacylated w1th radloactlve amino ac1ds as in Bell et al.
(1977) RPC-5 columns and chromatograms vere prepared as 1$l e
" Bell et al. (l977), The NaCl gradrentsjfor Met—tRNAM_et,»_‘k |
'His—tRQAHis,rGly-tRNRGly, and Leu-tRNALeu'were 0l5 - 0.9M,
0.55 - 0. BM, 0.5 -‘0-7M and 0.5 -~ 1. dﬁ,;respectively;

| The crude tRNA samples whlch were. labelled withe
[*H]-uracil wvere passed through a BD- cellulose column to
iseparate tRNAPhe from bulk tRNA, accordlng to the method of
Wimmer et al. (1968) ThlS purlflcatlon step is necessary. to .~gf

ureduce background [°H] counts. on RPC- 5 chromatograms used

for resolv1ng tRNAPhe when 1t 1s amlnoacylated w1th [“C]

- L- phenylalanlne.bAfter BD cellulose chromatography,-the 'fv;)/
tRNAPhe samples have an acceptance of 600 pmoles of

’phenylalanlne per Az.o .nm un1t Whlch 1s about asi2- fold

purlflcatlon. Th% “lc1f1c act1v1t1es of the three

'

. : *
. : N L - N
'vjf Methylation-o\ Crude tRNAs s IR /

--Crude " yeast met~ lases were prepared from stra1n 8288C_/~"-

as,in'BJork and Svennson

i
)

969) . If.notﬂused‘1mmed1ately,



' the extracts were mixed with an equal volume of cold

glycerol and stored at -20 C. Under these condrtlons the &

extracts were stable for sevaxal months The assay
condltlons vere also as in Bjork and Svennson (1969) with

the follow1ng modifications: Thirty ul of crude yeast

methylase extract and 0 - 3. 5 Az‘; nm unlts of yeast tRNA

,were incubated 1n a tota; volume of 210 ul c nta1n1ng 10 uM

S~ [methyl-"C}adenosylmethlonlne at 50 mC1/mmole (New

™~

England Nuclea:). The reactlon was carrled out)for 120 min -
at 35°c. =L
Results

Plelotroplc Effects of mﬁa A

Studies . of the mlavphenotype (Bell et al. 1977) have

@

been extended to- several other tRNA spec1es from XB$Q9 58 by

.comparlsons ‘with the respectlve wild: type tRNA phenotypes of

- §288C. The segregatlon of the tRNiﬁrhenotype for these \

» add1t10na1 tRNAs was also analysed The results are |

L
tRNAs are d1sp1aygd 1n F1gure 5 for those tRNAS. not

mmarﬁzed in Table 6 while RPC- -5 chromatograms of mia

L

prgv1ously presented gBell et al ‘1977' Bell et al 11@78)

Strains. conta1n1ng mia eXhlblt an’ ggkra acceptor for tRNAMet
/i

and tRNALeu on RPC 5 chromatogggms, hhlle thgthNAGly and
@
tRNAHIS proflles in mla stralns are. 1ndlst1ngu?shabﬁ8 from

’those of MIA* stralns. o SH e .
. . . b I

Multlple acceptors are normal for some tRNAs ‘in S288C

’h.but;'ln all_cases, tRNAS affected by mla exh1b1t extra

b
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ble 6. D1agrammat1ca1 summary of the segregat1on ana]yses

b

of “tRNA 1soacceptor phenotypes 1n a tetrad produced

frompa MIA stra1n (5288C) and a mia stra1n (XB109- 5B)

Among the tRNA species exam1ned those affected by mia are_

1nd1cated by a, and those not affected by mia are 1nd1cated

by b ; <
ATl d1agrams are representat1ve of actua1 prof11es (See_

»F1gure 5; Bellfet al., 1917 and Bell et aZ

The data a]]ow qge to score the tetrad as f01

;'and JB76Q;8B are*@ta, while B760- Cvand 8760

The segregat1on of auxot ers in this‘tetrad is

presented in Bell et aZ “in Table 4.

o S

.
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- Figure 5 _
'VRPC 5. chromatograms of am1noacy1 -tRNAs from XBIOQ 58 brude tRNA
. from XBlOQ 5B was aminoacy]ated with [ H]L amino\?c1ds and o
chromatoqraphed on ‘RPC-5 as descr1bed in Experimenta? ﬂrocedures B
The small peak at the beoinn1na of each chromatognam 1s free . am1no
c1d der1ved from deacy]at1on of the'tRNA sampies. between the time. -
of preparation and app11cat1on gf the RPC- 5 column. The arrowheads
‘?;1n each chrOmatogram 1q§1cate the- corresponding 1soacceptor(s) that
| wa; reso]ved?from w11d type . (5288C) : a) tRNAMEt b) tRNALeu

o) truatY, a) tRNAH1S Tl =

3
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isoacceptors. Indeed, the detection of mutant acceptors for
a tRNA is used by us as an operational definition of mia .
The six tRNAs which are known to be affected in mia strains

N

l_all show the identical pattern of 2 2 segregation: (Table 6).

Furthermore, we have now examined a total of ten tetrads for

the segregation pattetn of mia tRNAPhe and all show the

‘expected 2:2 segregation pattern.

Anino‘ncid Acceptance of Mutént‘isoacceptors

Comparlsons of chromatograms of part1cular tRNA speCles
from S288C (or any MIA+ ‘strains) with those of mia ;
demonstrate that, for any,tRNA spec1es,affected by mié , the
wild type acceptor(s) is(are) also always producéd.'This is
suggested by the co-elntionAof onevor:mOre of the ;, |
isoaCCepters from mia with the cognate wild type acceptor(s)

from MIA?»in'co—chromatqgram5~(Beil'et al., 1977; and~thii.

v paper).:In'order’té‘determine,whether these mutant tRNAs in

-

mia“;nfluence the'fiafl levels of aminoachation- we haQe

compared the am1no ac1d acceptance-levels of crude tRNA
5

samples extracted from mia and MIA+ strains. The results for.

phenylalanlne tyroslne,land glyczne acce ',are
presented in Table 7. These results indica at crude

tRNAs from mia and MIA* stra1n5r%ave the same acceptor

levels ﬁor a part1cular am1no ac1d regardless of whether the~~~c,:

tRNA spec1es is affected by mia or not. In addltlon,'the :

kinetics of aminoacylation of mia tRNAs are sim%lar-to‘MIA*

tRNAS. (See Appendices) ..
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Table 7. Amino acid acceptance of bulk tRNA samples from uz4’ and m@a

~ pmoles / Ajeq M. : B .
_Pheny]a]aninec - Tyrosine ’ G\ytjne
JB759-5A mza® ~ 50.0 533 184
JB759-58 mia 5003 - . 47.9 182

BulkftRNA'wee aminoééy]ated with:[l4C]L;aﬁinp’acids in a reaction
which contained: 100 mM Tris-C1(pH 7.5), 20 mM MgCl,, 6 mM ATP
(pH.7), 0.6 mM CTP 1100 WM KC1, 10 mM'B-mercaptoethahoT, 50y

‘.crude yeast am1noacy1 -tRNA synthetase, and’ %2 A260 nm un1ts of
tRNA in a- f1na1 volume of 200 u]. At timed intervals, 20 u]

‘i; was spotted on Whatman paper washed in co]d TCA (3 times),

_ ethano1, ether, and then air- dr1ed for 11qu1d sc1nt111at1on
count1ng The acceptance 1eve1s are p]ateau va1ues after 5

minytes of react1on
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Production of Mutant Isoacceptors at Different Growth

Stages of a mia Culture ) : ' .
M The determinatio’n @growth k1net1cs was carried out as
descriped.in exper1ment procedures and’ 1q,was demonstrated
.

that the presence of mutant 1soacceptors does nht have any

% adverse effects on the growth rates of mia strains, (See

Appendices) If mutant isoacceptors were accUmulated*in“

stationary cultures only,‘th1s would expla1n the* apparent

wild type growth kinetics of mia strazns since, at the

L]

active grow1ng stages, all the tRNA molecules would be wild

type. In order to ‘characterize this aspect‘of mia more

[

closely, we determined the level of mutant 1s\acceptors

¢ throughout the growth cy'le of mia cultures.

Cultures of JB759 5Bl mia were harvested at dlfferent

- stages of 'growth (as indicated by ODss.). Crude tRNAs were

5

' extracted and RPC-5 chromatograms of Phe-tRNAPhe were

obta1ned for each culture. The relatlve amounts of each peak

-

in the. chromatograms (representlng each 1soacceptor) were
calculated and the data are" presented in Table B. As a

. , comparrson,»results from JB759—5A MIA+ harvested at an early

e, o . ,
stage oi*grOWth and at saturation are also presented. In a

standard RPC-5 chromatogram of mia Phe tRNAPhe, three

isoacceptors are observed and are named A, B and C,

¥

respectlvely, in order of elutlon; ISOacceptor'A.
chromatographs with nild type Phe-tRNAPhe’and'is assumed to

_ be the wild type acceptor (Bell et al., 1977).

booa
i
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"Influence of growth stage o the relative amounts

of tRNAPhe isoacceptors in ﬁ%a and M;A+.cu1tures !

’

Relativé‘Amounts,of -

0Dg g rm o tRNAPhe Isoacceptors )
- . e "
JB759-58 mia 0.5 < 1005 1 L9
- 1.5 o011 Lo .
2 025 1. 0.8, |
5 0.27 1 0.9
10 0.3 .1 0.69
,24\(saturapion) ' 0 0.38

44 1

~

JB7595A MIaT 2

24'(5atu[dt1qn)

“only dsoaéteptor A

only isoacceptor A . ‘Tt~‘f

et

The yeast cu]tures wjre grown in liquid YEPD under the standard~

Y_shak1ng cond1t1ons and the RPC 5 chromatograms were prepared

from each culture ¥s descrxbed

-The relative dmpunts of

: 1$oa¢ceptorst and C are standardized to isoacceptor B since it

is often the most. abundant isoacceptor-.

/

\ -
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' By The results 1n Table 8 demonstrate that mla cultures

v

o durlng early logarlthmlc stages H%ve a hlgher proportlon of

. /
S mutant 1€oacceptors than prev1ously measured at late
tlogarlthmlc or saturat1on phasesA‘Indeed 1n early stages of
growth 1soacceptor A was v1rtually absent In contrast,

»when tRNA was examlned fr?m a MIA+ strain durlng an early

lstage of the culture, only the wlld type ﬁcceptop was

v Y

g observeé Also, in the mla culture there is a c01nc1dental
"decrease in the relat1ve amount~of mutantvlsoacceptor C.wath
‘vthé'increasing levels\of isoacceptor Afduring the growth

a3 : ) o R =

cycle. = . . - [ T R S

=3

In VIVO Pulse }abel and Chase Studaes on mia Cultures

A precursor productyrelatlonshlp between mutant 7/cb'
‘acdeptors and the cognate wild. type acceptor tRNA pred1cts 3
.;, spec1f1c alteratlons in acceptor profiles durlng pulSe chase

’ _.,.,J. B
experlments.'We have attempted to ascertaln such changes and -

’ 'present our data below. o
,q :' EBY. mla sthaxn was‘grown in the presence of [5H]-uracil
fﬁ\fA‘jor a perlod ot\nlne hours. Transfer RNA was extracted and
) tRNAPhe was partlally purlfled from bulk tRNA by a
BD- cellulose chromatography step. The spec1f1c act1v1t1es of .
. the three tRNAPhe 1soaccep?a?% were then determined from‘
| RPC-5 chromatograms. The BD- cellulose chromatograpﬁy step
7 was very effectlve 1n e11m1nat1ng background [*H] counts
A from our chromatograms, as judged by the co- elut1on of the

[*H] w1th ['4C] Phe-tRNAPhe counts on the‘subsequent RPC—S



durlng the. pulse label perlod After qhe n1ne—hdur labellln
' 14

. perlod the label was removed from the medlum and the celld.

were allowed- to grow for another nine hours 1n/the absence \

tof‘[°ﬁ] urac1l After thls chase perlod the spec1f1c /

/

activities of the three 1soacceptors of  tRNAPhe Were 7/

'remeasured I1f the three 1soacceptors are\lndependent of

\\\

.'each'other, then we agaln exp t syg;:ar spec1f1c act1v1t1es

in Tab 9 lndlcate that L

mong them._However, the dat
quacceptor Achoh has the high st spec1fic activity,\h'
]fol&oWed‘byAisoacceptef/gn ~and then'isoacceptor C

| With a shorter lagfl and/a longer. ¢hase perlod (6-hour
pulse and 12 hour chase)¥. the apparent gradient in spec1f1c

act1v1t1es of the three 1soacceptors 1s even. more dramatlc.
L/”
By d01 g just a short pulse label (with no chase) at any.

grow1n stage of the culture ~we observed the highest

spec1f1c act1v1ty k? 1soacceptor .C, follpwed by 1soacceptoﬂ
B, and then 1 oacceptor A. '

: 1 . | A . h\
Expre551on of the mia Phenotype as Lnfluenced by
Temperature

When tRNA is examlned from a MIA* straln grown at 370,

‘(an elevated temperature compared to the usual grow1ng

~

temperature of 30 c), there is-evidence that some mutant °

1soacceptors are accumulated (Flgure 6a); albelt in
J .

_quantltles so small»that they~cou1d easily have been



, &

* Table 9. Specific activities of the tRNA'"® fsoacceptors from in

N - ’ ‘ -

vivo pulse-label and chase experiments.

i
~

&

The [ H] urac11 labelled tRNA samples were part1a11y purified

by “BD- ceHu'lose chromatography, am1 noacy]ated w1th ’[ C]L-
,pheny]alan1ne and chromatographed on an RPC-5 column. Tdtal

[~ H] and I C] cpm for each 1soaccentor 1s dbta1ned from the
chromatograms and the spec1f1c act1v1t1es 1n terms of [ H]cpm /
[1 C]cpm are ca1cu1ated ~ For better 111ustrat1on of the aradient
of specific act1v1t1es for the three 1soacceptors,‘the relative .
spectfic act1v1t1es are presented after standard1z1nq the actua]
va]ues to the 150acceptor with the highest spec1f1c activity in

each case.

The ODQﬁQ of the cu1tures dur1ng the 9 hr and 6 hr 1abe111ng periods(
“are 0.05"to. 2, and 0. 05 to 0.8, respect?ve]y The chase is then
continued until saturat1on. ‘

The 3 hr Tabelling culture started at an.ODSSO‘of.IS and continued

)

~until saturation. R . | . ‘ o -
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"/‘
¢ " Ré]ative Specific Activities of
_ ‘ tRNAPhe Isoacceptor'sa
rf . Y | A B A i L C
© 9hr Tabel P 1 - 0.99 0.96 -
S _ -
9 hr label . : ' PR
9, chase. | hl. 0~7.8. R
6 hr label - S o
12 hr chase ' | . 0.6 0-}28 :
N : _
3hrlabel® -, . 0.68 1
¥ :



'progre551vely elevated temperatures.

4 ]

overlooked prev1ously (Bell et al . 1978). When we examine

\

tRNA from a mia straln grown at the elq@gted temperature

*

(37°C), the wild type acceptor is v1rtually absent (Flgu;e
6b). However,lwhen the tRNAPhe proflle ‘of a mia strain grown
at 23°C is examxned a wild type phenotype 1s resolved
(results not shown). It appears, then that mia has no
effect on qyltures grown at 23 C, but has an 1ncreas1ngly

mutant phenotype as we examine tRNAs frém cultures grown at
_ . ) S . , .
y

i .

. Mutant Isoacceptors Are Not Def1c1ent in
N2 d1methylguan1ne »
Transfer RNAs from yeast strain ﬁ38 (containlng thm1[)
lack N‘—dimethylguanine due to an inactlve enzyme for the

methylatlon of guanine to N2- dlmethylguanlne (Phillips and

‘Kjellln Sﬁgaby, 1967) Slnce it 1s p0551ble that mutant

1soacceptors which accumulate in mla strains are deficient

in certaln base mod1f1cat1ons, the tRNAs from the trmi
strain were examined and compared to the mutant isoacceptors

from mia . The published sequence of yeast tRNAPhe (in

-

‘Barrell and Clark, 1974) shows that there is one . molecule of

L

N2idimethylguanine at residue position 26 of the mature wild
type molecules, thu5wmak1ng tRNAPhe an approprlate spec1es

for these compar1sons.

N — .t

* An RPC-5 co*chromatogram of the Phe-tRNAPhe from strain

D38 and wild type (SZéSC) is presented in Figure’?él and

this shows that only one acceptor of tRNAPhe ishresolvedffor'



~ Figure 6 . R
v . , o ,
RPC—S'co-chromatograms.portnaying the Phe-tRNAPh prof11es of JB759-5A

ura” and JB759-58 mia grown at 37° C together with the standard mia

phenotype of JB759-5B grown at 30 C. ~a) ———f———- represents

Phe

{ H]L-pheny1a1any1—tRNA from JB759-5A mra’ grown at 37 C, and ————

f:p qgnt_ 14(‘1! -phenylalanyl- tRNAPhe from_ JB759- 5B mia_qrown at 30°C.
)5431%——— represents [ H]L pheny]alanyl tRNAPhSWfromeJ8159f53Jnuxee,
' grown at. 37°, and ----- repr‘esents [ C]L pheny1a1any1 tRNAPhe/'om

PJB759—58 mia grown at 30°C.
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y
Je_DBB. This acceptor is apparently not tﬂFAwild type. tRNAPhe,

' by virtue of its slightly~a1tered chrematograbﬁic‘position.
A single acceptor i‘.also resolved for.tRNATyr from D38;
'hoeever, this accéptor is shifted more (8_fraétiohs) from
the wild type pbsition‘(Fngre 7b).. Similar’chromatographic”
conditions were used for the two rRNA speciee. This | o
difference in the'altererion_of chromatographic positions
. for the two species of tRNA from their wilé'f§pe peei ons:
'probably reflects the different rertiary structures of the
two tRNA. spec1es and their 1nteract10ns w1th~§he RPC 5
separatlng materlal since both tRNAPhe‘and tRNATyr have a
single N‘—dlmethylguanine‘at approximately the same‘residue
pesition (Barrell and Clark, 1974). L R Y.

In order to examine phenotyp1c 1nteractlons betggéﬁﬁg@a

land tFm1 hap101d double putant strains were identified by
analy51ngathe,tRNA prof11es of tetrads<sporu%ated from the

diploid congtructed»between trml and mia . The segregation

of auxdtrophic markers in these tetrads was also -examined in

order to demonstratebthaf bona fide terréds’were analysed.
From the tRNAPhe profile of a mia trmi mutent frem one'of
these tetrad® (Figure 8), it appears that th1 1nteracts’
with all three mia tRNAPhe 1soacceptors (all three acceptors
are displaced relatlve to the marker-tRNAPhe from mia ) and
therefis no epistasis of ene mutant over the other..
Co-chromatograms of‘Tyr—tRNATyr from the double mutant
strain and mia aleo show the characteristﬁr altered

chromatographic positions for N’—dimethYlguanine deficient

<&



Figure 7
N i .

RPC-5 co-chromatograms portraying the Phe-tRNAPhe and Tyr-tRNATyr

 profiles. of strain‘D3§'comphred to wild type $288C. a)
Phe ‘

répreséﬁts [3H]Lepheny1a]any1—tRNA

(4C1L-phenylalany1-tRNAPP® from $288C. Phe-tRNA

Phe

from D38, and ----- represents

Phe £ om D38 1s

shifted 2 fractions’ from Phe<tRNA nof S288C as indicated by the

arrowheads. b) represents [3H]L-tyrosy1-tRNATyr from D38, ahd
- ~ 4 ’ .

----- represents [1 C]L-tyrosy]-tRNATyr from S288C. Tyr—tRNATyr

from D38 1s shifted 8 fractions from Tyr-tRNA'" of $283C. Similar

chromatographfc conditions were used for the ;wo tRNA species.

v
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* Figure 8
RPC-5 co-chromatogram portraying the Phe-tRNAPhe profiles of the
double mutant RL1Q1-5B together with JB759-5B mia. represénts

[3H]L—pheny1a1any]-tRNAPhe from RLlOlTSB, and ----- represents.
[14C]L—pheny1_a1any1-tRNAPhe from JB759-58 mﬁg. A1l three isoacceptors
of tRNApf]e from RL101—SB>afe shifted from thei} normal positions.'
This is characteristic of N?-dimethy]guanine—]ess tRNAs (see Figure

_7). RL101-5B is a double mutant of miq and trmI..
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tRNATyr for all four tyrosine isoac¢ceptors of mia (data not
shown) .

’Methyl Acceptance Levels of mjia Transfer RNA

The relative ability of bulk tRNAs from mia and MIA® {o
accept methyl groups from S-[methyl'*C]l-adenosylmethionine
was determined. A crude methylase preparation was prepared
from wild typy/ yeast (S288C) using the method of Bjork and
Svensson (1969). High acceptance leyels were observed when
this crude enzyme preparation was ysed on bulk tRNA from
strain D38, which«is a good substrate for methylation due to
the absence of N?-dimethylguanine (Phillips an
Kjellin-Strdby, 1967). Bulk tRNA from a mia culture
4consistently demonstrates higher methyl group acceptances
than control tRNA from MIA* cultures, and Figure 9 shows a
typical result. However, it shouid be ?oted that the level
of methyl group acceptance by mja tRNA, althouéh
considerable!when‘comparea to MIA* tRNA, is still small by

comparison with that of trm? tRNA. The possible significance

of this result will be discussed below.

Discussion

Comparisons of RPC-5 chromatograms of nine different
tRNA species from XB109-5B and wild type, together with the
segregation analysis of the respective tRNA pfofiles in
tetrad JB760-8A, B, C and D, indicate that a single mutation

is responsible for the production of mutant isocacceptors for
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cPMX 107
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-
759-5B mia
N , ‘ 759-5A mia*
1 2 3
Ajgq/ Reaction
A
Figure 9. ) /
1

Acceptancg levels of [ 4C]—methy] for bulk wrat and‘miq’tRNAs. The

assays are as described in Experimental Procedures usiﬁq S-[methyl-
C]l-adenosylmethionine as the methyl donor. Bulk D38 tRNA methyl
acceptance serves as a control since the tRNAs in this case are

known to be substrates for methylation'by yeast enzymes.

q'l
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;“the tRNA spec1es exam1ned Th1s is an exten51on of the, data
'{ presented in Bell et al. (1977) |
. The 51m1lar levels of amino ac1d acceptance usxng bulk
l?mla and MIA+ tRNA demonstrates that mutant 1soacceptors are .
produced at the expense of normal levels of w1ld type tRNAs.'
mThls elxmlnates the p0551b111t1es that mutant 1soacceptors
_*are merely the result of non- spec1f:c am1noacylétlon of’
‘dlfferent tRNA speczes or due to redundant productlon of
;partlcular tRNA spec1es, whlch are then not fully processed
" We. have alsp observed that the . same mutant 1soacceptors are,
Vpresent in. spontaneous petite stralns 1solated from mla
. .1nd1cat1ng that - mutant 1soacceptors do not have a
‘ovmatochondrlal orxgln (see_appendlces); thlS’resultdis.in
;agreementlwith the segregation data. ~» |
| It is apparent from RPC-5 chromatograms that a major
portlon of the tRNA pool in - mja cells is. usually in the
‘mutant form(s)‘ However thlS does not seem to have any .
’:adverse effects on cells harbourlng this mutation since the
-growth k1net1cs of mla and MIA*lcultures are 1dent1cal and
vboth achleve the same levels of saturatlon. In fact mra
'B‘c%%ls have no detectable phenotype other than the_altered
etRNA molecules._The observatlon that mia cultures ‘have even
smaller amounts of. wild type tRNA at early stages of‘growth,
‘and almost undetectable amounts of w1ld type tRNA when"grown}
Qat 37°C, further suggests that the mutant 1soacceptors are
b1ologlca}ly actlve mo ecules. The 'occurrenge of mutant
;soaccep7&ng tRNAS with the essential blologlcal.act1v1t1es .

s , v “
IR Sy oo S i
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intact is not unexpected since tRNAs deficient in

'N’4dimEthylguanine do not-Seem'to.impair the growth,of the
>cells in strain D38, ;urthermore ‘Laten et al. (1978)
reported that the mod5-1 mutant in . CePeVISIae, wh1ch is
-known: to'lack 1sopentenyladen051ne in its tRNAS, grows as
lwell as MODS+ stralns in a genetlc background lacking a\\
Class I suppressor.,Prellmlnary resultsﬁfrom in VItPO
translation of polyrU péing a wheat germ S-30 extract and a
putified preparation offtRNAPhe from mia_(containing all |

: thtee‘isoaooeptors) versus MIA* tRNAPhe are also consistent
w1th the hypothe51s that the mMia tRNAs are fully functlonal
in protein synthes1s (unpubllshed results)

The most llkely explanation for the pleiotropic effect
of mla is that 1t is a- mutatlon in some modlflcatlon step(s)
in the maturatlon of tRNA molecules, but a comparlson of the
'prlmary sequences (Barrell and Clark, 1974' Gauss et él

1979) of the tRNA spec1es examlned fails to 1mp11cate any’
part1cular def1c1ency to account for the results obtalned
‘The elution of mutant 1soacceptors durlng RPC 5
chromatography is always at a hlgher salt concentration’ than
‘the cognate w1ld type acceptor. Interestlngly, those tRNAs
,which‘afe known-to be}undermethylated (i.e., some tRNAs in
7D38) also elute at a‘highef salt concentration than the
comparatlve w1ld type tRNAs. The methylatlon results
-reported here are tantallz1ng in this regard. These nay be

f

'mlsleadlng, or it could be that our extractlon Of assay

procedures are’ sub opt1mal for tHe spec1f1c met?ylase

\-

1
1a
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activity we are»seeklng and that is why the acceptance
l%vels of mia»comparé\unfavourably to those. of trml .
Moreover the chromatographlc data on the double mutant of

\

th1 and mla strongly 1nd1cate ‘that if the mia mutatlon'
-reSults in undermethylation, 1t rs not due to a lesion 1n.
the ﬁine encodlng the enzyme to make N? dlmethylguanlne - We
w1ll pursue trying to optlmlze the methylat1on cond1tlons
yn additlon, further b10chem1ca1 studles are- in progress to
determlne the nucle051de comp051t1ons of 'flngerprlnt'
fragments from hlghly pur1f1ed,tRNAPhe 1soacceptors,*and
comparlng them w1th those of w1ld type molecules- ‘thus
prov1d1ng a d1rect test for undermethylatlon.

‘It has been reported that a number of yeast tRNA genes
have'intervening seguences'(GOOdman et al., 1977; Valenzuela
et al., 1978; Etchevgrry et altf 1979; ‘Ogden et al., 1979)

\

and that mutants which accumulate pre tRNA molecules w1th
- mature 5' and 3'\term1n1, butgwh1ch strll.conta1n,the
1nterven1ng sequences, have been reported (Hopper et al
1978 Hopper et al., 1980). We feel that mia is not
defectlve in the sp11c1ng of 1nterven1ng sequences since
mutant 1soacceptors are amlnoacylated normally and appear:- to
be blologlcally active molecules while . the pre-tRNA
molecules which contain the 1nterven1ng sequence could.not
be amlnoacylated (O Farrell et al. 1978)' However,'we do
notlce an 1nterest1ng correlatlon between the tRNA species
i affected by mia and the tRNA spec1es that have 1nterven1ng

&

sequences in the1r genes. Of the tRNA spec1es affected by =
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m}a'(Table-e) tRNAPhe, tRNATyr, tRNASerUCG, and tRNA'Leu
have been reported to have intervening sequences in® their
genes, while tRNAASp does not have an 1nterven1ng sequence
and is not affected by mia . This may merely be a
coincidence, but we are analysing more tRNA species from our.
‘mia and MIA+ strains to determine if the correlation holds.
It is possible_that the defect in mia is involved in the |
: maturation-of a subset of tRNA species/whichlhave

intervening, sequences in their primary transcfipts.-

e e

Inspectlon of RPC-5 chromatograms of mia\and MIA*'tRNhs
revea15~thatﬁin nearly all cases whe:e mutant.hsoacceptors .\m
are princed, the wildltype acceptofs~are also‘preSent,
Results from the in vivo pulse-label and'chase~experiments,
which demonstrate that mutant 1soacceptots can/be converted
to the w1ld type. molecules, suggest ‘that mutant 1soacceptors

may be precursors to the w11d type molecules. However, other

,0.;&

}
that mutant 1soacceptors probably accumulate due to a

potheses are certalnly tenable. Our worklng hypothe51s 1s

defectlve modification proé%ks and represent undermod1f1ed
molecules whlch are biologically actlve The mutant profile
of mla grown at 37°C supports thls notion. At this elevabed
temperature it is possible that the modification step
affected by mla is even more 1mpa1red A remalnlng puzzle is

the failure to obtain complete in vivo convers1on ot/the

'putatlve precursor forms to the mature form(s) in late

stationary cultures where, one might suppose, a supposedly

"defective  enzyme could be able to handle the red ceéd amount
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of precursor substrate. We have no explanatlon for this, but
perhaps the enzyme itself is no longer produced or becomes
‘1nact1ve, at the 1ate stages of culture growth.

Finally,.there is some recent evidence for a particular
’Seguence*of.maturationvin yeast (Melton et,al.,t%980). Our
results from the double mutant of mia and trmi, which
produces\mutant iSoaccepting tRNAS that are also4missing
.Ni-dimethylguanine, suggest that at least’some of the steps_'
‘are indepen nt of each other if we assune'that mia is
actually a type'of processing mutation. ‘

Lo J " .
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Note Added in Proof

Nucleoside-composition analyses of mia tRNAPhe
isodcceptors'indicate that mié strains are defective'inithef
.production of some'of’the dihYdrourEdine‘moieties normafly-

N

. found in tRNAs.
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Abstract \ :

. | SR X «
A mutdtion in Saccharomyces cerevisiae, designated mia,
is respdnsible'for théfproductionmdf mutantvisoaccéptiné
tRNA molecules for several of its tRNA spécies. The mia
isoacceptors of tRNAPhe and one of the ﬁutapt isoacceptors_
of tRNATyr were highly purified for nuciebSide composition
analyses. The/dafa indicate that the mutant isoacceptors are
lacking, some of the dihydrouridine moieties. This is . ‘
'consisfent‘with our previous hypothesis thatkthe mutant
isoacceptors were accumulated due to'a defect in a
'modificatiOn process [Lo, R.Y.C. & Bell, J.B. (1981) CUFPentJ
“Genetics 3, 73—82].;Da£a from in vitro poly-U tfansléfion ‘

experiments also.support the previous results suggesting in

vivo biological activity of these mutant tRNAs.
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Introduction‘ g . e
‘The primary transcrrpts of tRNA genes are precursor

molecules“wh1ch must undergo several processing steps to.

produce the mature tRNAs. These processing steps involve

both size alterations and nucleoside modifications (1-4),

and require the action of specific enzymes.(5,‘6): Such

. interest{ng problems as the:temporal sequence of the
nucleoside modifications and the functions of these modified
nuc1e051des in the mature tRNAs remain largely unsolved (6,
7) although data are accumulating (6-8). To solve such
.problems.it will be -useful to study mutants defective in
tRNA nucleoside modifications.

Apparently, tRNAS lacking particular nucleoside’
modificatioﬁs may still function normally during protein
synthesis (9—12)!and this makes it very difficult to isolate
mutants defective in these modlflcatlon processes. In yeast,
only a few examples of such mutants have been reported
(11,12 and A. Hopper, perSonal communication) The mia
mutation in Saccharomyces cenevrsrae is responsible for the:
productlon of aberrant 1soaccept1ng forms for several tRNA
species and. this nutant kas been partially characterized
(13-15). In this paper_we present data that identify the
molecular lesion in the mutant acceptor tRﬁAs, Results from
nucleoside composition analyses of thefpurified isoacceptors

of.mia tRNAPhe and one mutant acceptor of tRNATyr indicate

that the tRNAs affected by the mia mutation are missing some -

of the dihydrouridine modifications found in the cognate
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wild type tRNA molecules,

.
Matérials and Methods !
' g ) Ny : .*
Yeast Strains and Cultures
The yeast strains S288C (wild‘type), JB759-5A MIA+ ,
and JB759-5B mia , as well as the liquid YEPD media and the
growth conditions are'as previously described (13).

]

\ | . '

Preparation of tRNA and Aminoacyl-tRNA Ligase

Crude tRNAs were prepared from yeast cells by phenol
extraction and DEAE cellulose chromatography (16). Crude
aminoacyl-tRNA ligases.were prepared-as described by _
‘hiéhimura et al. (17) with the following modifications: Wild
type cells were dlerupted by 3 passages through a French
pressure cell at 17,000 psi;‘and 0.2 volumes of a 5% w/v

streptomycin sulfate solution were added to the extract

before the centrifugation step.

Purification of tRNAPhe and tRNATyrbIsoacceptors

Crude tRNhs vere deacylated in 1 M Tris-Cl (pH Bl at
37 C for 2 hours, recovered by ethanol prec1p1tat1on and
_fractlonated by BD- cellulose chromatography as described by
Wlmmer et al. (18) F1ve ul ablquots of each fractlon were
assayed for phenylalan1ne or tyrosine acceptance in a 50 ul
Vreactlon at a final concentration of 120 mM Tris-Cl (pH
7.5), 22 mM MgCl,, 7.5 mM ATP, 0.75 mM CTP, 120 mM KCl, 12

mM B—mercaptoethanol, 5-10 uM amino acids ( 200 Ci/mol and

1
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1000 Ci/mol for ['*C] or [°H] amino acids, respectivgly) and
.containing 15.ul'crude yeaét aﬁinoacyl—£RNA ligases. The
reactions were carried out®at 37°C for 10 minutes after
which 40 ui were removed, TCA precipated, washed‘and'dried
for liquid scintillation counting.

. Partialiy purified tRNA samples from the BD-cellulose
chromatography step were then fractionated by RPC-5
chromatography (19) in 0.05M Tris-C! (pH 7.5), 0.01M MgCl,,
and 6.001M EDTA using a linear gradiént from 0.5 to 1M NaCl.
Tranéﬁer RNAPhe and tRNATyr were recovered after ass;Ying
the fractions for the amino acid acceptor activity as above.

To purify ‘the tRNAS further, and also to separate the
varioﬁs‘isoacceptors, the tRNAs were next aminoacylatéa,and
thomatographéd on RPC—Slusing an acetate buffer\at pH 4.5
(13). The differentfisoacceptors were recovered separately
from the relevant fractidns,kupon complétion of the RPC-5
chromatogrgm. To achieve-gg%?ter purity for eaéh of thé
tRNAPhe isocacceptors, a third ﬁPC—S chromatographic
separation was done on the isoacceptors individually. In the
case of the'isoac;eptor'D of tRNATyr, no further. by
chromatography was‘doﬁe; since'absolu;e purity of this
isoacceptor was not necessary (see Results). ‘

The tRNA samples were testéd for purity by assaying
thei: amino acid accéptor aétivities at each’step;éﬁhe final
amino acid acceptances ofbthé purified isocacceptors were éil
greater than 1200 pmole/A,,olﬁm'unit.

.
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Fér ahalyticai'RPC~5 chromatogfaphy, the tRNAs were
aminoachated with radioactive amino acids as described
previously (15). The purifieé tRNAs were reacted for only 3
minutes due to their very rapid aminoacylation. Since <0.1

4

Areo nm\units of purified tRNAs were used in the reactions,
10 A,., Nm units of‘carrier tRNA were added to incr;ase the
recerry of the aminoacylated tRNAs. The carrier tRNA was
added after the reactions were stopped by the addition of Na
acetate (pH 4.5).. RPC-5 chromatography of ahinoacylated
tRNAs was carried out as in Bell et al. (13). The salt
gradients fpr Phe—tﬁNAPhe and Tyr-tRNATyr were 0.6-0.9M and

0.6-0.8M, yespectively.

‘Polyacrylamide-urea Gel Electrgphoresis

20% polyacrylamide gels. (acrylamide:bisacrylamide 39:))
containing 7M urea were prepared according to Peacock and
’Dingman (20) and cast in a vertical slab gel apparatus (15 x
12°x 0.15 cm) from Aqueboqgue. The tRNA samples, mixed\with a
dye solution'(SO% sucrose, 7 M urea, 0.1% xylene cyano} FF),
were loaded on the gels_and eléctropho;esed for 16 hours at
{56 V. The gels were then fixed for 15 minutes in 1IN acetic
acid énd!stained ini0.0?% methylene blue in 0.2M Na acetate

ka 4.6) for 20 minutes. Destaining was acheived .in

distilled water.
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Analysis of qhe Nucleoside Composition of tRNA

Isocacceptors ' o

The nucleoside compositions of purified tRNA
lsoacceptors were analysed by the tritiuh derivative method
described by Randerath et al. (21) [°H] KBH, (3.t Ci/mmole),
and thin layer cellulose sheets were;from Amersham Fnd
Easﬁman, respectively. The,fiuorogpaﬁs were exposed for 2-4
days on Kodak XRP-1 film at -60°C, after which the films

were developed and the spots were quantitated by liquid

scintillation counting.

In Vitro Poly-U Translation

An S-30 extract Qas prepared from wheat germ as in,
Roberts and Paterson (22) except that the pre-incubation
Step wa's omitted. The translation assays were also set up as
described, with the following modifications; The assays‘were
.{n a final volume of 100 ul and contained; in addition to
the described ingredients (22), 15 mM Mg acetaﬁef 60 mM
NH,Cl and 20 mM KCl. Poly-U and [° H] L- phenylalanlne at 2500
Ci/mole (New England Nuclear) were added to start the |
reactions, after the rest of the ingredients and 0.1 ug of\a.
purified tRNAPhe isocacceptor were pne-incubated at 30°C,for
10 minutes. The reactions were carried out at 30°C for 1

hour, with 10 ul samples removed at timed intervals.,
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Results

.Purification of tRNA Isoacceptors

It was necefssary to isolate the isoacceptors for
nucleoside anal ses in order to characterize the actual
molecular lesion produced by mia . The three isoacceptors of
hia tRNAPhe as well as the tRNAPhe from MIA* (13) were
individually purified as described in Matérials and Methods.
The final phenylalanine acéeptance levels of the purified
tRNAs are listed in Table 10, and an RPC-5 chromaéogram of
each purified isoacceptor from mia is presented in Fig. 10.
These levels monitor the purity of the tRNA samples.with
respect to contamination by other tRNA species while the
RPC-5 chromatograms monitor tbe purity with respect to
éontamination by the other isoacifptors. The data in ‘Table
10 also suppogt previous results which show that‘therebis né
-defiéiency in the ability of mutant acceptofs to be
amihoacyléted (15)., | )

In addition to the tRNAPhe isocaccepgtors, one of td;
foﬁr isoacceptors,of tRNATYr from mia'and the wilq type
acceptor of tRNATyr from MIA+ (14) were also purified for
nucleoside analysis. Only thé last isocacceptor to elute from
RPC-5 (calted isoacceptor D) waé purified, since it was
expected to differ most from wild type tRNATyr;‘It was not
necessary to obtain completély pufified isoacceptor D since
contaminating tRNATyr’isaééceptors are also mutant and we
wefe not looking for the absolute quantitative differences

. >
between isoacceptor D and wild type tRNATyr (see >



Tab1e'10 Amino acid ‘acceptance 1eve15 of the purified tRNA

1soacceptors ®
tRnaPne isoacceptors -/ pmoles pheny1§1anine/A260 nm
T L T I .
wrat o | 1287
ma isoacceptor’ A [ | 1257
mia isoacceptor B:A, o ’ 1542
- mia 1soacceptor G~ = o v R 11589” ,
]
. Tyr ‘ ‘ / ' /
tRNA isoacceptors pmo1es tyros1ne/A260 nm :
7 R s 1837 |
mia isoacceptor D = . 1565

Theyaminoacy1atioh éssays were Carkied.out for 3 min as =
4 _ _ . _

 described'ih1Lo>&'Be1T (15). [v;C]4phény1aTan1né and
[

14C]étyrosfhe were preéent at a concentration of 4.75 uM '

and 15 uM and f1na1 spec1f1c act1v1t1es of 500 Ci/mole’

and 100 C1/m01e, respect1ve1y



*Figure 10.

Phe

RPC- 5 chromatograms of the pur1f1ed 1soacceptors of . tRNA from

| JB759-58 mia. ‘The three isoacceptors of tRNA'®

,a) 1soaccep£or'A;
b) 1soaeEéptor'B §;% 1soécceptor c were nahed according to
the1r e1ut1on order dur1ng RPC 5 chromatography of bulk mia tRNA
(13) The sma11 peak at the beginn1ng of each chromatogram is free
. am1no ac1d der1ved from deacy]at1on of the tRNA samp]es between the

‘t1me of preoarat1on and app11cat1on to the RPC co]umns
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/\\’
Discussion). The t&rosrne acceptor activities of the

purified tRNATyr samples are also/éresented in Table 10,
while an RPC-5 co-chromatogram of tRNATyr isoacceptor D and

total mia tRNATyr -is presented in Fig. 11.

Sizing of ERNA MoleculeS' { . | [

The pur1f1ed tRNAs were analysed by polyacrylamlde urea
gel electrophore51s to determine if the mutant 1soacceptors
are. the same length as the cognate wild type molecules.
Under the denaturatlon cond1t10ns employed for
.electrophore51s (7™ urea) the molecules are resolved
prlmarlly accordlng to thelr size dlfferences The lengths
of tRNAPhe and tRNATyr are 76 and 78 nucleotides,
respect;Vely (23).-It can be seen from Fig. 12 that these~3«
two species ot tRNA are resolved: Further, the four ptrified
tRNAPhe isoacceptors all migrate to one position and the two
pur1f1ed tRNATYr 1soacceptors ‘both mlgrate to another |
.p051t10n. This suggests that there are no. 51ze and/or
COnflgurat1on d1fferences between theAmutant "tRNA
1soacceptors and the respectlve w1ld type molecules. It is
also apparent from Fig. 12 that the purified tRNA’
'lsoacCeptorsvare free of any major contaminating materlals.

Translational Activitylof Isoacceptors fn Vitro

The pur1f1ed tRNAPhe 1soacceptors were assayed for the“

vablllty to med;ate the productlon of poly- phenylalanlne in

‘an in VltPO translatlon system u51ng poly-U as the template._
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CPMx10°
M' .

Frac’rlons

Figure 11

Tyr

RPC-5 co- chromatoqram of the pur1f1ed isoacceptor D of mia tRNA

together with bulk mia tRNATY" from JB759- 58 mia.

Tyr

........ represents L C]ftyrosy1-tRNA ~of pur1f1ed mia tRNA

-isoacceptor D.

- représents [3H]-t,yrosy1‘"\cRNATyr of bulk tRHATYT from

JB759-58 mia.
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Figure 12

A 20% po1ya£ry1amide-ufga gel after e]ectrdphorésis of tRNA sahp]es.
Slots 1 and 8 contéin 3 ug bf»byik tRNA from wiﬁd typé $288C and
| JB759-58 mia, respectively. About. 0.3 ug of purified tRNA samples

were applied to the remaining slots: - 2)‘win type tRNAPhe,

Phe Phe

3) mia

he

tRNA isoacceptor A, 4) mia tRNA '1soéccebtor B, 5) mia tRNAP

- isdaccéptor_c, 6) wild type tRNATyr, and 7) mia tRNATyr isoacceptOr :
0. | | '
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o It can be seen in Fig. 13 that there are no‘diffe;ences in
the kinetics of tRNA*dependent poly—phenylalanine\formation
when each pur1f1ed 1soacceptor is used 1nd1v1dually in the

assays.

Nucleoside Composition Aualysis
' Thernucleoside Compositious of each of the purified

tRNA isocacceptors were quantitatively determined as
described in Materials and Methods, and the results_are
presented'in Tables 11 and 1,2. The data were notvcorreeted
for receveries of the labile minor nugleosidesﬂsince
guantitative comparisohs’amengsf'thefisoacceptors were
deemed sufficien} for this analysis The |

'-0- methyl nucle051des are not detected in th1s analys1S°
however 1dent1ca1 flugerprlnts were obtalned from each of
the purlfled tRNAPhe ‘iIsoacceptors after ‘RNase T, dlgest1on

%
thus e11m1nat;ng a 2'-0-me hylguan951ne def1c1ency1as the

- and subsequent two- dlmeﬁsggnal electrophore51s (24 25), .
lesion in mia tRNAS (results not shown). Since
2 Q—methylcytldlne is not present in mature tRNATyr (23),
which is also affected by mia (15), thlS ellmlnates it as
the'1e51oq in mia tRNAs. A representative fluorogram of the
"vseparated nucleosidejtrialcohol'derivatives from.the
\purified.wild sype tl\‘QNAPh_e.dfMIA+ and each tRNAPhe
‘isoacceptor from mia is pr%sented inLFig. 14,

.

"It can be seen.from Table 11 that the most significant
. . ) . u:/ » . N ) . : » . .
difference amongst the nucleoside compositions of the
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Figure 13

In vitro kinetics of poly-phenylalanine productionxus1ng each purified

trRnaPh

€ 1soécteptor Independently in the wheat—germAtranslatién assays.
‘ ~ .0.1 g of each purifiedltRNABhe sample were used: a) wild type, b)
- . isoacceptor A, c) isoacceptor B, d) isoacceptor C, e) no addition of

tRNA. - .
.



i
N
v

.Table 11.- Nucleoside compositions of the purified tRNAPhe

*
isoacceptors

Relative .molar amounts of the nucleosides calculated according
to equation 3 in Eanderath et al. (21). The average recovered

~cpm /cnromatogram is 9 x 10°.

+»See reference 23.

i

.
/ - : ' 4

The 2'-0-methy1-huc1éosides can not be detected by this ana]ysis.

§ A11 yé]Ues are averages of three independent determinations with an

average coefficient of variation of 11.58 T 9.4,

T No detectable amounts were obtained.
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Nucleo- + + mia , mia mia .
side Expected * mia 1soacceptor A  isoacceptor B isoacceptor C
A 17 14.585 147 15.0 ' 14.1
U 12 14.0 14.4 15.0 16.5
G 18 16.7 18.5 17.9 15.8
c 15 17.8 17.4 17.2 16.9
n’6 . 1 0.58 0.63 0.52 0.54
moG . 1 1.66 1.13 1.28 2.07
‘e 1 0.79 0:76 0.7 . 0.80
wC 2 . 1.30 1.33 1.27 1.1
ntA 1 0.46 .  0.42 0.49 0.43
Y 1 0.48 0.5 0.58 0.55
T 1 1.00 0.85 0.87 0.97 -
v 2 2.82 2.28 2.44 3.77
D 2 1.67 1.32 1 0.65 "
U+D . 14 15.7 15.7 15.6 - 16.5
UsD+Y 16 18.5 18.0 1 3

18.

20.




Table 12. Nucleoside compositions of the purified tRNA

e

isoacceptors

{1

Tyr
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: Nucleosjde Expected+’ mv:a+ nﬁé isoacceptor D
A 15 e 12.8° 13.1
U 7 0.2 13.9
G 20 21,1 21.0
c 2 22.1° BEIRY
n2G 1 0.55 0.45
m56 1 1.07 f
m>C 1 0.57 0.42
mla 1 0.51 0.42
LA 1 0.3 029
T 1 0.87 0.79
y 3 2.56 2.35
o 6 4.48 1,96

*, 4, i, § - As in Table 11, except that the average recovered

cpm/chromatogram is 7.3 x 307, -

9 - Not determined due to the presence of ‘contaminating

‘materials over that nucleoside.

5

4

§

o~



Figuré 14

Nucleoside composition analyses by tWo—dimensiona] thin layer
chromatography o% nucleoside tria]coho]s frem the purified tRNAPhe
isoacceptorQ. The. %iuorograms were developed as.described in |
'Matériéls and Methods: a) wild type, b) isoacceptor A, c)
isoacceptor B’.d) isoacceptor C, and e) a diagrdmatic description
of fhé f]uorogramé and identification of the nucleoside derivatjves.

Y-M is armonoé1dehyde derived from ¥ (21). See Table 11 for quanti-

tative measurements. 2
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tRNAPhe 1soaccepters is in the molar amounts of
' dlhydrourldlne, whlch agrees w1th the. 1mpre551on one gets
- 2
 from Flg 14, Transfer RNAPhe from MIA+ and 1soacceptor A
7from mla are essentlally 1dent1cal in the1r nucle051de

compos1tlon5 whlch is con51stent w1th prev1ous observatlons

Athat 1soacceptor A is wild type tRNAPhe (13). IsoacceptorfB

 differs from 1soacceptor A or wild type tRNAPhe in havlng

' ~only half’the amount of dlhydrourldlne, whlle 1soacceptor C O

does ‘not haVe any detectable d1hydrour1d1ne There are two
‘ molecules of dlhydrourldlne in ‘wild type tRNAPhe (23) and 1tA

' appears that mia 1s defectlve in the productlon of some of

'ythe dlhydrourldlne m01et1es on tRNA molecules.

The data from the tRNATyr 1soacceptors support thls";
hypothe51s. There are 51x molecules of dlhydrourldlne in
4\w1ld type tRNATyr (23) and the data in Table 12 1nd1cate
that 1soacceptor D of mia tRNATyr has only half as many
_ d1hydrour1d1ne molecules as w1ld type tRNATyr. Since there"7
"are four 1soacceptors of tRNATyr in mia and the first

1soacceptor is w1ld type (l4);;we expect the_fourth
1soacceptor to have only three‘dihydrouridine modifications
ylf each rsoacceptor is produced by the cumulatiye‘defect of
- lacking an ‘additional dlhydrourldlne mod1f1cat10n |

Another nucle051de that seems to. vary in amount amongst
‘the 1soacceptors is pseudour1d1ne. Isoacceptor C of tRNAPhe
:appears to have an 1ncreased amount of pseudour1d1ne. The

data regardlng urldlne, dlhydrourldlne, and pseudour1d1ne

;for the tRNAPhe 1soacceptors were further analysed in Table



‘T{. It can be seen that the total amount of uridine and
dlhydrourldlne remains the same amongst the tRNAPhe
1soacceptors, while the total amount of ur1d1ne,
dihydrouridine, and pseudourldlne is slightly hlgher for
‘1soacceptor cC. Slnce dlhydrourldlne and pseudourldlne are
'~'der1vat1ves of urldlne, thls suggests that the increase8 o
.amount of pseudourldlne 1n 1soacceptor C is probably d&é to..

contamlnants not orlglnatlng from the tRNAPhe molecules

D1scuss1on

Purified tRNA ‘isoacceptors- from mia are probably the v'\k
~same ‘size as cognate tRNAs from Wlld type yeast and,
furthermore, no dlfferences can be detected in the ab111t1es
of 1nd1v1dua1 tRNAPhe 1soaccepters to part1c1pate 1n.in
VltPo translatlon as measured by the" productlon of"
poly phenylalanlne These results support our prev1ous
supp051tlon (15) that the- mutant 1soacceptors are

;blolog1cally functlonal |

Comparlsons of the nucle&51de comp051t10ns of the .

3 pur1f1ed tRNAPhe 1soacceptors 1nd1cate that the mutant
1soacceptors have a reduced amount of dzhydrouridine '
compared to wild -type tRNAPhe. This analysis,identifies the-
1e51on cau51ng the mutant. acceptors and‘the results'are
con51stent with the hypothe51s that mia is a leaky mutation
result1ng in 1ncomplete convers1on of-the appropriate

urldlnes to dlhydrourldlnes. Prev1ous results (15) whlch

suggested a precursor product relatlonshlp between mutant o
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acceptors and- wild type tRNA can be explained by the present
data. Two dihydrouridine moieties are found in mature wild
type tRNA (23) and mia isoacceptor‘A;.isoacceptors B and C'

~

are accumulated -and identified, due to the defect of
lack1ngwone or two d1hydrour1d1ne modifications,
:respectlvely. The undermodlfled tRNA molecules are\stlll' aﬁ%
substrates for the defectlve mod1f1catlon ‘enzyme, wh1ch
slowly converts them to mature molecules (15). However, the
conver51on~1s never complete so e1ther the enzyme is not
active at the later stages of a cell culture, or the tRNA
‘molecules are no longer su1table substrates if they are not
”modlfled at the proper tlme. In the case of .the tRNATyr
1soacceptor 6 the data 1nd1cate that it is probably m1551ng
4three dlhydrourldlne moieties,

Prev1ous attempts to identify a p$5t1cular modlflcatlonv'
def1c1ency in mia strains by examlnlng the primary sequences
of yeast tRNAS (23) and comparlng these to the. ple1otrop1c
'array of ‘mutant acceptors found in mia (13, 15) falled to
1mpl1cate drhydrourldlne, since it is present in all yeast‘
tRNAs and not all are. affected by mla ; Furthermore, it -has
been reported'(S).that_tRNAs,dlffering only in uridine
YerSus dihydrouridine content can not be resolved,by'l
chromatography..of the intact molecule‘s_ and, since mfa’s
are routinely.identifled;on~RPC-5 columns, this also |
.'discouraged”us'from considering a deficiencyiih'
d1hydrour1d1ne content as the molecular basis for the mutantv

N

forms of mia tRNAs.~
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Now thatbit has been shown that the primary effect of
‘mia is a deficiency in dihydtoﬁridihe formation,'a remaining
questi:} is why are only some of qpe tRNAs affected by the
mutat It is p0551b1e that there is a separate enzyme for -
d1hydrour1d1ne formatlon in the subset of tRNAs not affected
’ by mia , which could also be respon51ble for some of the
,dlhydrourldlne modlfxcatlons_ln those tRNAs whlchcare
affected'by mia ; e.gt; in tRNAT}r from mia only three
mutant fotms arevébserved {14) and the matute molecule
Vcontalns six dlhydrourldlnes (23). There is a pauc1ty of
daé} on the formation of dlhydrourldlne in all organlsms
(6). However, there are,at least two enzymes for
'pseudourldlne formation in whe tRNAs of Salmonella. (9) and
1- methyl guahoslne formatlon in yeast tRNAs (26) ‘These
examples are precedents for the 1nvolvement of more thaa one
enz;me?inFthe pfoducticn of aeparticulat tYpe of nucleoside
madification. Aiternativeiy; the leaky,nature\of this mia
mUtatiijcould account for the observation that some tRNAs
are never‘affectedAvlf we assume that the defectlve enzyme
‘preferentlally modlfles a subset of tRNAs.,

» We have attempted to obtain mutant t RNA profiles for
those tRNAs known not to be affected by mia (e. g., tRNAGfZﬁ
by exam1n1ng tRNAs from mla stralns grown under condltlons
where y}rtUally no_wild tYpe tRNAPhe is prodUced (15). These‘
results show that the tRNAély'profile is‘still Qild tYpe'
(data notksh6wn) Moreover, the tRNATyr proflle in this case

has demonstrably higher proportions of mutant 1soacceptors
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but no new mutanf{{adceptors are evident (i.e., only three
mutant forms appear but they represent a much higher
proportion of total tRNATyr). Therefore, although it is
still dn epen questlon as to whether more than one enzyme is
involved in dlhydrourldlne formatlon in yeast tRNA, our
.results favor thlS hypothesis, ‘ |
,Further experlments with mia eould address the'problem
of determining the function‘of‘dihydrouridine in tRNA since
this is presently unknown (6, 7). 1f mia were grown under
conditions favour1ng the maximum productlon of
dlhydrouridine'deficient tRNAs, the yeast cells could then
~be examined to ascertain whether or not any.partiCﬁiar S
' cellular:functions, in which/tRNAs are‘known to be inmolmed
h(27); are impaired.-The\exiStence of a species of tRNA |
(1soacceptor C of mia tRNAPhe) completely devoid of
dlhydrourldlne also provides a promising: substrate for

studylng the enzymology of dlhydrouridine biosynthesis,
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Vvi. Effect of mia on the activity of SUP4

Introductiod

The presence.of particular modified nucleosides at
specific p051t10nS on tRNA molecules suggests that they
probably play an 1mportant role in tRNA function although

3
VCOntradlctory data have been reported on this p0551b111ty

(leh1mura 1978). In ‘order to ascertain the function(s) Of_

these modified nucleosides, it should be useful to examine
tﬁe activities ot tRNA molecules lacking_particular
modifications,‘The primary function of tRNA is ‘in the
traaslatioa of mRNA into polypeptides- any alterations in
toe actioities of tRNA molecules in this process may be

reflected in the growth rates of the cells. In E. coli ; a

mutant that lacks rlbothymldlne in its tRNAs appears to grow

- normally onvits own, but is out-competed by wild type cells
when both are grown together (Bjérk and Neidhardt,'1975)}

However, due to. the multiplicity of tRNA genes in the

eukaryotic cell and the presence of many'isoaccepting tRNAS,

subtle changes may be difficult to detect when comparing-the
growth kineticstff modification defective mutants with wild
type strains. In fact, none of the modification defective

Lmutations in §. cerevisiae seem to affect the'growth rate of

cells harbourlng the mutatlons (Phllllps and Kjellin-~ Stréby,

1967- Laten et a] 1878; A. Hopper, personal communication

and this study). ,

132
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A more sensitive method of studying the activity of
tRNA thén sfmple growth kinetics is to make growth dependent
on the'fuhctioning of a pgsticularﬁtRNA, namely, by
'examining.fhe éfficiencies ofbinfbrmational suppressors. In
these studies, the translational. activity of a particular
tRNA species (the supprgssor) i; the suppression of‘certain
nonsense mutations is examined urder conditioﬁs reqUiring
suppression for the survival of the cells. Suppressor
efficiency will be reflécted in the growth kinetics of
Ymutants.containing‘specifié suppressible alleles. As an
- _example, the mod5-1 mutation of S. ceﬁevfsfae,'defeétive'in
the production of iSopentenyladenosine (i*A). was isolated as
a mutation which decreases the activity of the ochre
suppressor ' SUP7-1 on\the Qchré.mUtatiQﬁS“adeQ—1‘and"
Cah1~100; but'does not have any significant affects on SUP*“
’cellsA(ﬁaten et-al., 1978). | .

It has been suggested that the translational activity
of a tﬁNA at a particular codon is influenced by the mRNA
sequence adjacent to that coddn; this has been described as
the context effect on translation (Salser,.1969; Akaboshi et
al., 1976; Féinéteiﬁ and‘Altman, 1877; Fluck et al.,. 1977;
Feinstein and Altmaﬁ, 1979; Engelberg—Kul§;:‘1981)..L"
'Recently, it has Uéen demonstrated that the effect.of an
amber suppressor in transléting the ﬁAG coaon can vary over
an order of magnitudé depending'on the nucleosidé seguence
adjacent to the 3' side of the codon (Bossi and Réth, 1980).
One explanation suggested torexglgiq%these effects fs_that

.-

20N
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nelghbourlng tRNA molecules on the ribosome sites lnteract
with each other and this influences the binding of tRNAs at
‘the ribosome s;tes (Bossi and Roth 1980). Ae a result, the
translatlonal act1v1ty of tRNAs at particular ¢odons may
vary 51gn1f1cant1y These effects should be kept in ming
when examlnlng the actlwgtaes of suppressors on PartICular
nonsense mutations. Transfer RNAs lacking certalﬂ nUCleoside
. modifications may have an altered configuretion and may‘
ihteréct differentiy at the ribosome sitee, thus also
affecting the efficiency of traﬁslation
Now that it has been demonstrated that mia affects the
‘productian of d1hydr0ur1d1ne normally found in tRNAS it is
1nterest1ng to determlne if the abSence of this mOdlflcatlon
[
affects the functlonlng of tRNA, In Sacchanomyces
'cePeVISlae, there are eight tRNATyr genes located at
‘different loci (Hawthorne and Lehpold; 1974; Olson et gj |
- 1977) aﬁd all code for the same mature t RNA (Madis'on aﬁdb
Kung, 1967). The tRNATYr genes have been identified With
each of the eight tyrosine-inserting Suppressors (Sherman et
al., 1973y Oleen et a7.,'1977);'fhe sequence of three . yjj)g
type tRNATyr genes and one of the tyrosinelinsertiﬁg 0chre_A‘
suppressor genes, SUP4., has been determined (Goodman et
al., 197?), The SUP4 gene defers from the wild type genes‘
by.a singie base substltUtlon at the anticodon p051t10n
which allows the epperessor‘tRNA to read the ochre codop
UAA. Since tRNATyr is one of the tRNA species affectea by

.mia , it is possible to study the activities of mia Supg
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double mutants 6n'thevsupffession of ochre mutations.
Strains carrying mia (or |

|

mutations ade2-1, 1y52—19 met4-1, cani-100 were constructed.

MIA* ), SUP4 and the ochre
The translatlonal act1v1ty of\SUP4 was analysed by examining
the groweh kinetics of tne yeast strains on omission media
which required the suppr%ssionof eneiof the ochre.
ngtationST | S E |
Construction of strains

. Strains that carry mia'(or MIA+ ) SUP4 and‘the'ochre
mutatiens ade2-1, lys2-1, met4-1 and can1-100 were
constructed using the crossing scheme described in Figure
15. u | |

Diploid RL113 was obtained.by crossing JB760-1C with
J12-9A and this diploid was then sporulated. The genotypesk
of JB760-1C and J12-9A are preeented in_Tebles 3 and 1
respectively,'and also in Figure 15, Random spores whicn
carried ade2-1, Iy52—1,'met4-1 and can1-100 were isolated
and scered for mia by extracting the tRNAs from indiyidual
N— , | '

spoie/eultures and analy21ng Fnem by RPC-5 chromatography,
. Spore RL11352,’carrying mia and_the four ochre mutations,
was identified and crossed wtﬁ J15-13C. The genotype of
J15-13 1is presented in Table 1 and in Figure 15, D1p101d
RL114, a homozygote for adeQ 1 Iy52 1, met4-1 and can1-1OO
was isolated by micromanipulatlon and then sporulated
Dissected tetrads were recovered and scored for the

seqregation of SUP4 by the'suppressien‘of the ochre -



Figure 15

Construction of strainscarryinqmi&'(or MIA+), SUP4, ade2-1, lysi-1,

met4-1 and eanl-100.

Cross RL113

RL760-1C ¢

J12-9A a ade2-1 1ys2-1

Cross RL114
RL113-2 «

J15-13C o

Tetrad; RL114 -

+

ade -1

ade2-1

B

A" a ades-1
4 B. axiadbz-z
C* o ‘adef-1
D a ades-1

Only the relevent

ND - not determined
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mia +

+ o+

+ + +
X
‘metd-1 canl-100
diploid RL113
isolate random spore RL113-2

\

lyse-1

X

lyss-1

diploid

lys2-1
lys2-1
lus2-1

lys2-1

metd-1 ecanil-100

metd-1 canl-100

RLﬁi’h&_

I tetrads

%
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metd~1
metd-1 canl-100
metd-1 ecanl-100

metd-1 canl-100

canl-lOO»

mia +
+ SUP4
+ SUP4

ND « +

mia SUP4

ND +

genotypes of the strains ‘are presented

* - sister spores A and C were used for further experiments
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mutat1ons. The presence of mla in the. -SUP4 | spores. ‘was agaln
scored for by RPC 5 chromatography of relevant ‘
'amlnoacyl tRNAs. stters spores with the proper genotypes

- were used for further exper1ments.}(

e ) . :;c‘\\,
* '

-

Results

Three pa1rs of151ster spores from the cross1ng scheme
descrlbed 1n Flgure 15 were ‘used in the growth k1net1cs'u
studles..They are RL114 2A MIA* ; RL114-2C mia ; RL114-3A
mia v RL114 3B MIA* and RL114 7A mla , RLA114- 7C MIA+ ; all
:carrylng SUP4 and the ochre mutat1ons ade2 1, ly32—1* met4 1
‘and can1 1OO .- The growth k1net1cs studles vere carrled out
bvas descrlbed in Materlals and Methods. Slnce 1t 1s known
that- the expre551on of mia is 1nfluenced by temperature,”
hgrowth k1net1cs were’ examlned from cultures gro%h at 23°

°

30° and 37°C. | L
~ The growth klnetlcs of RE114-7A mia and RL114- 7c MTA*
at 23° 'and 30° C in the different types of medla are

' presented 1n Flgures 16 and 17. The data for. the suppre531on

f
¥

'of can1 100 are not presented since no growth was. observed
'for elther straln at any . temperature.\Thls is probably a'
‘result of the suppre551on of can1 1OO by SUP4 ; thus maklng.
kthe cells sen51t1ve to canavanine. Fu;ther RL114 7A mla
does not appear to grow at 37 C in synthetlc complete whlle
'RL114 7C MIA* grows with 51m11ar k1net1cs as that of 23 C.
The data in Flguresc16 and 17 suggest that at 30°Cc, SU :°‘ .
Csent i

does not appear to suppresg Iys.? 1 as well ‘with mla pr

-~ .
IS
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:Growth kanetxcs of RL114 7A SUP4 mia and RL114 jC. SUP4 MIM 1

/

‘synthet1c camp1ete Wéth1on1ne 0m1ss1on, 1ys1ne omission and

) '»aden1ne om1ss1on m?d1a at 23%. e -
';;_‘___e RL;L]_.‘%:7A““SUP4 mia i
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Figure 17 e,

" Growth kinetics of RL114-7A SUP4 mia and RL114-7C suPg MIA” in

syhthetic complete, methionine omission, lysine omission and-

o . . ) ° v \ ’ ‘?!?3
e m—— "RL114-7A SUP4 mia
o RL114-7C sup4 MIAT - e
~ o =/ 7-
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as with MIA+ present, while there does not appear to be any
‘;dlfference at 23 C. Since mla is not expresed at 23°C, these
vresults are consxstent with mia affectlng.the,activity of
SUP4 at 30°C. o

In order to conf1rm the above observatlons, the growth
‘kinetlcs of RL114-2A MI A+ , RL114-2C mla and RL114- 3A mla,
RL114-3B MIA+ in synthetlc complete and ly51ne om1551on
media at 30° C were also determlned. The results are h
presented ionignres 18fand 19. ThevreSUIts fothL114—2A
MIA+ and RL114-2C mia (Frgt 18) are‘consistent with those”
observed for RL114-7A mla and RL114 C M'IA+ in that mia
appears to decr;ase the act1v1ty of 3UP4 on lys2=1 .
However, the results for RL114 -3A mla and RL114~ 3B MIA*

(Fig.. 19) are not in agreement with the other data. In this

'”case, there are no dlfferences ;n thg growth kinetics.

between the- two stralns. ThlS 1n&“
di%ferenoes observed 1n F1gures 17 andz18 for the
‘suppression’of lys2- 1 are not due’to mia, but rather;are
probably due to genetic.background differences amongst the
strains;‘ | “ - |

. The growth kinetics of RL114-2A MIA+ , RL114-2C mia and

;@\,”RL1J4—3B‘MIA+ at’ 37°C in synthetic complete
, an & oijSion media Qerepalso‘determined; The'resultS‘
' that the apparent failure of RL114 7A mia to grow
. atf” b 1s also not due to mla 51nce RL114 3A mia grows

better than RL114- 3B MIA* (data not shown).

i)
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Figuré 18 ‘ . '
Growth Kinetics of RL114-2A supé MIA” and RL114-2C &4 mia in
_syntﬁéﬁic comp]ete §pd 1lysine omission mediarat,30°c,

— RL114-2A supe wTa” o

----- RL114-2C SUP4 mia
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Figure 19. .
Growth kinetics of RL114-3A SUP4 mia and RL114-38 suP4 MIA™ in

synthetic complete and lysine omission media at 30°¢.
. : e

--=-= RL114-3A Sup¢ mia

— — RL114-3B Sup¢ MIA”
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Discussion
The»resultS'presented indicate ‘that mia does not seem
to have any significant effects on the translational

activity of SUP4 on a number of ochre mutations. Some

differences were observed for RL114-7A MIA* and RL114-7C mf@.

;indthe suppregsion:of lys2-1 (Fig. 17), but appanently thie
is not an effect of mia since RL114-3A mia and RL114;3B MIA+
(Fig. 19) show similar suppression efficiencies for Jys2-7.
‘The failure of the strains RL114-7Q mia , RL114—2C mia and

"RL114-3B MIA*,to gtow on synthetic complete media at 37°C
indicate that there are genetic differences otherrthan mia
amongst the'strains_which affects theif gtowth rates. Theae
background differences do not seem to affect the growth
5ates of cells at the lower temperatures, as 1nd1cated by
the paraliel»growth curves .in synthetic complete. |

An earlier attempt to detect any effect of mia on SUP4
by a petr1 plate assay also failed to detect any significant
differences between the same palrs of spores at 30°C (data
not shown). It has also;heen observed thatﬂthe th1 mutation
does not seem to affect the actiVity of SUP4 (A. "Hopper,
personal communication) So. nelther dihydrouridine nor -

NZ- dimethylguan051ne seem to be requ1red for the Suppressor,
act1v1ty of  tRNA. On the other hand, i‘A affects the .
activity of the suppressor tRNA since the mod5—i mutant,
defective in i‘A modification, was .isolated by’the‘redﬁction
of the act1v1ty of the ochre suppresor SUP7 1. (Laten et al.

1878). The locations of these three modlflcatlons on- tRNA



144 |

differs from each other in that i‘a is normally found next
to the anticodon, while dlhydrourldlne and
N’jdimethylguan051ne are normally foénd primarily on the D
loop .and hetween the Dfetem and the anticodon—stem
brespectively (see Fig. 1). It was suggested‘that the i‘A

‘ def1c1ency affects tRNAs in proteln synthe51s at a step
after am1noacy1at10n (Laten et al 1978) It is p0551ble
that i°‘A is 1nvolved in stabilizing the base palrlng between
codon and anticodon in the supprzzgor\tRNA The locatlons of
d1hydrour1d1ne and N?- dlmethylguan051ne do not 1mmed1ately
imply any involvement in codon-anticodon" 1ﬁteractlons and
therefore a negative result may not be\surpr;51ng from the
suppressor aasays. TjE;?ata on mia or trml tRNAS'indicate
that each can ,also beYaminoacylated (see Chapter 4). It is
.stjll very possible that dihydroyridine and |
Ni—dimethylguanosine are involved in other biological
activities of:tRNA which are not detectable_in the
-suppressor‘aseays.-

It may be interesting to study the act1v1ty of SUP4 in
.tRNAs m1551ng both dlhydrourldlne and N?- dlmethylguan051ne
even though the outcome may alsoaprove to be unlnformatlve.
It is known that strains carrylng"both mla and th1
,(RL101—5B) grow as well as wild type- and that tRNAs missing
both.dlhydrourldlne(s)-and N’—dlmethylguano51ne ‘can still be.
aminoacylated (see Chapter 4). This suggests that tRNAs
‘missing both types of modifications are still fnnetional in

protein synthesis, but it is not known whether the double
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mutant may exert any effects on the translational activity

of SUP4 .



VII. Conclusions

.The results from genetic, biochemical and physiological
studies on the tRNA isoatceptors produced in the yeast
straln XB109-5B have identified andkcharacterizedda mutation
in‘Sacchanomyces cenevisiae‘which affects the modification
of ur1d1ne to dlhydrourldlne in tRNA molecules These‘mUtant
tRNAs, missing certain dlhydrourldlne modifications, were
.1dent1f1ed as extra isoaccepting tRNAs by RPC-5
chromatography;iOf the nine tRNA species examined from
XBlO9—5B, tRNAPhe, tRNATyr, tRNASer, tRNAVal, tRNAMet and
tRNALeu'are affected by this mutation in that extra
1soaccept1ng tRNAs are resolved Transfer RNAAsp, tRNAHls
and tRNAGly are not affected and exh1b1t tRNA profiles
identical to that of a wild=type strain (S288C).

The genetic, basis for the production of these ektra
(mutant) 1soaccept1ng tRNAs in the several tRNA species was
establ1shed by segregat1on analyses. XB109-5B was crossed to
~wild type (S288C) and the tRNA profiles from theAresulting
diploids were found to be identical to the wild type
profile. Fourteen progeny tetrads were analysed‘for the
‘Vsegregation of the mutant versus wild type profile of
tRNAPhe and all showed a 2:2 segregatlon pattern ‘These
results suggested that a single rece551ve mutat1on 1s
respon51ble:for the production of the mutant tRNAPhe

isoacceptors. ‘Further, in one&of the progeny tetrads, the

146
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same 2:2 eegregation pattern was observed for the cher five
tRNA species that are known to exhibit mutant ptofiles. This
demohstxated‘that the same mutation is responsible for the
production of the mutant isoacceptdrs for all.the tRNAé
observed. This mutation was designated mla o

Results from nucle051de comp051t10n analyses of the
purified tRNAPhe 1sdacceptors and one of the tRNATYr
- isoacceptors indicated that the mutant tRNAs are missing
some of the dihydrouridine modifieetions normally present.
This identified the actual molecular lesion respoﬁsibie for
.the‘productioh and original idehtifiCation of the mutant
tRNAs, apd suggested thatkmia affects the production of
“dihydrouridine. |

It was observed that the mutant ieoacceptors were
produced at the expense of the wild type tRNAs. Furthermore;
results from the -pulse- label and chase experlments_ |
fdemonstrated that the mutant 1soacceptors can be converted
to the cognate w1ld tYpe molecules. These results are
consistent with the hypothe51s that mla is affectlng a
modification process during the maturation of~tRNA
molecules. Apparently, the mutant 1spacceptors can stlll be
mod1f1ed to the mature tRNAS in vivo . This suggested that
elther the production of d1hydrour1d1ne on the tRNA
molecules was carried out near the end of the maturation
procese or that the maturation process does not.follow an
obltgate sequence. Recent reports have demonstreted a’

sequential ‘order for the nucleoside modifications of yeast
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tRNAs, and the modification of dihydrouridine does not
appear t; be near the end of the maturation process (Melton
et al., 1980; Nishikura and De Robertis, 1981). This
suggests that the sequential order of nucleoside
modificaqions is not obligatory. The production of mutant
tRNAs missing dihydrouridine(s) as well as
N’—aimethylguanosine‘in mia trm1 double mutants is
eonsistent with this hypothesis. -

There is a paucity of 1nformat10n on the productlon of
dihydrourid1ne 1n all organlsms This modification 1is
‘probably a simple enzymatic reduction of the 5,6 douhle bond
on - the uracil moiety and mia is probably affecting the
actual modification enzyme rather than some other component
required for the modiflcation proceés. This hypothesis is
supported by the follow1ng observatlons.

The expre551on of mia was found to be inflhenced hy the
growth conditions of the yeast cultures. The mia tRNA
profiles from cultures grown under non- shaking conditlons
are the same as wild type.'with the increaSe in shaking
. and/or aeration of the cultures, the tRNA profilesmbecome
more mutant (Bell et al., 1978). Similarly, the\production-
of the mutant isoacceptors is also affected by temperature.
The mia tRNA profiles from. cultures grown with a fast .
shaking rate at 23°C are alsd‘identical to wild type and .
become more mutant,with‘the increase in'temperature. At

37°C, virtually all tRNAs that are affected by mia are in

the mutant forms. These results aré con51stent with mia’



being a leaky mutation affecting the actual modification

enzyme. Cultures grown at a fast-shaking rate have a higher

amount of disselved oxygen in the medium due to a higher
gaseous exchange rate compared to a non-shaken culture. As a
result, the enzymatic reduction of uridine is\inhibited and .
mutant isoaecepting tRNAstlacking dihydrouridine.
modifioations ere accumulated. This notion is supported by
the observation that mia cultures grown at the fest shaking
~conditons at 3b°C.but under a nitrogen atmosphere produced
very small amounts of the mutant isoacceptors (see’
Appendices). In the absence of oxygen, even witngthe fast
shaking rate; the defective enzyme was able to carry out the
, reductlon reactlon (although at a slower rate) and therefore
most of the dlhydrourldlnes on the’ tRNAs were produced The
temperature effect on the productlon of the mutant
isoacceptors 1nd;oates that mia is affecting the activity of
an enzyme, which is Very'likely to be the actual A )
mod1f1cat10n enzyme. This idea..is further strengthened by
the observatlon that MIA* cultures grown at 37° C produced
small amounts of mutant isoacceptors. This is probably due
to the decreased activity of the enzyme for”dihydrouridine
production at the elevated temperature.

Examination of tRNA profiles from mia cultures at

different stages of  growth revealed that virtually alinmia'ﬁ

ERNAs during the active growing stages of the cultures are
in the mutant forms. This Suggested that the mutant

isoacceptors missing the dihydrouridine moieties still

149
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poly-U translatlon experiments using the pur1f1ed tRNAPhe

1soacceptors individually in the assays. These results

indicate that dihydrouridines are not’absolutely required
s

for the functioning of tRNA molecules in proteln synthe51s.

In fact, mia stra1ns do not have any obv1ous morpholdg1cal

0

function. This is supported by the results from the in vltPo

phenotypes nor additional nutritional requ1rements and'grow

as well as MIA* strains (see Appendices). The mutants in .

| dlmethylguan051ne and isopentenyladenosine mod1£1cat1ons
also do not appear to affect the survival of the cells
(PhllllpS and Kjell1n Stréby, 1967; Laten et al., 1978).

This indicates that these mod1f1cat1ons are also not

necessary for the translational activity of tRNA molecules

J
during proteln synthesis although 1sopentyladen051ne

def1c1ency affects the act1v1ty of the dchre suppressor

SUP7 1.

iy

An attempt to detect any effect of mia on the
efficiency of the ochre suppressor SUP4 failed to
demonstrate any changes in the act1v1ty of SUP4 on a number
of ochre mutatlons. It i's possible that dlhydrourldlne 1s

, 1nvolved in ‘some other functions of tRNA, but so ﬁar there

ﬁi&

do net seem to be any clear 1nd1catlons In fatt ‘a tRNASer

F{mthat lackgmthe d1hydrour1d1ne loop and stem completely has
Axw%een 1dent1f1ed from mammallan mltochondrla and probably

fdhctlons as a tRNA in proteln synthesis (de Bruijn et al
1980) This is proB%bly a very spec1al case, but it makes

the study of . the structure- funct1on relat1onsh1p of tRNA

~

-
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molecules a more 1nterest1ng problem.

o ‘ . ' . »

. To date! there is very l1ttle sol1d ev1dence wh1Ch

Y
‘ ¥

'frelates the modlfled nucle051des to th partlcular functlon
of . tRNA molecules However; the con51stency of thelr'
1appearance s%ggests that they probably play a part in tRNA
funct1on. Thé%e mod1f1ed nucle051des may be 1nvolved in some

funcblons of tRNA not yet uncovered It is hoped that by

_"StUdYIHQ mutants defect1ve 1n nucle051de modlf1cat10ns, more

1nformat1on about the blosynthes1s and funct1ons of the
g‘mod1f1ed nucle051des as well as the mature tRNAs w111 be
'accumulated and thxs may brzng about a better understandlng

-of. thls versat1le macromolecule._
. o
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