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ABSTRACT

Expression of a X. laevistHtlA ** gene has been s tud ied in
mammalian c e l l s . This tRNA^ gene has a 13 base i n t e r v e n i n g
sequence adjacent t o i t s ant icodon. A fragment con ta in ing the
tRNA^r gene was cloned i n t o the l a t e region of SV40. C e l l s
infec ted with a recombinant v i r u s stock v a s t l y overproduce a
tRNA^ t h a t i s p rope r ly sp l i ced , processed and modified. I t
was a lso found t h a t the x. laevia tRNA^1 i s i d e n t i c a l or near ly
i d e n t i c a l to an endogenous tRNA^ r of monkey kidney c e l l s .
The p o s s i b i l i t y of using the X.laevia tRNA^* gene t o c r e a t e an
amber suppressor for mammalian c e l l s i s d i scussed .

INTRODUCTION

All three types of nonsense codons are known to be utiliz-

ed for terminating translation in mammalian cells. Development

of systems that suppress termination at one of these codons

would permit the isolation of viral and cellular conditional

nonsense mutations. In yeast, this was accomplished by selec-

tion of nonsense suppressor tRNAs (1,2). Selection of equiva-

lent mutations in endogenous tRNA genes in mammalian cells has

been difficult; such mutations may be deleterious for cellular

function. Alternatively, a single tRNA suppressor gene per

.cell may not be adequate for efficient suppression. Another

approach for development of a suppressor tRNA is the applica-

tion of site-specific mutagenesis (3-5) to an isolated tRNA

gene. The suppressor tRNA gene could then be introduced into

mammalian cells with a convenient vector such as SV40. Synthe-

sis of large amounts of the suppressor-tRNA from the replicat-

ing SV40 vector would ensure efficient suppression. In addi-

tion, it might also provide a permissive state for growth of

nonsense mutants of rapidly replicating virus.
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Expression of a functional tRNA from a replicating SV40-

tRNA gene recombinant has so far not been demonstrated al-

though SV40 vectors have been used for expression of a number

of other genes in mammalian cells (6, 7). Most of these genes

are transcribed by RNA polymerase II; tRNAs are RNA polymerase

III products. Goff and Berg (8) inserted the gene for a yeast
Tvr

tRNA J in the late region of SV40. The yeast gene was tran-

scribed, probably by a RNA polymerase I I I , but the precursor

RNA was not processed to mature stable tRNA. The incomplete

processing may have been the result of either a defect in base

modification, RNA splicing or cleavage. A suppressor tRNA

gene from E.coti, has also been cloned into an SV40 vector (9).

However, the tRNA gene was apparently not expressed.

Tyrosine tRNA genes are good sources of amber suppressors

since a single point mutation in the anticodon is necessary for
Tvrtheir conversion to a suppressor. A gene for tRNA has been

isolated in a fragment of X.laevie DNA along with a number of

other tRNA genes (10, 11), This gene contains a 13 bp interven-

ing sequence and lacks the 3' terminal CCA coding sequence.

The sequence predicted for the mature tRNA from the DNA sequen-

ce is 76 nucleotides long and should be vory similar to the

corresponding mammalian tRNA^r (12). Before attempting s i t e -

specific mutagenesis to convert this gene to an amber suppres-

sor, i t was important to show that the tRNA gene would be ex-

pressed and the precursor tRNA processed correctly in mammalian

cells.

This paper reports on the cloning of the X. laevie tRNA^r

gene into the late region of SV40 and on i t s efficient expres-

sion in monkey cells (CV-1 ce l l s ) .

MATERIALS AND METHODS

Construct ion of pSV-tT

The 263 bp Haell-Hhal r e s t r i c t i o n fragment of p t 2 0 1 , which

con ta ins the X.laevis tRNA y r gene, was l i g a t e d i n t o t he l a t e

region of Haell-Hhal cut SV40. This recombinant was then c leav-

ed with BamHI and l i g a t e d i n t o the BamHI s i t e of pBR322 (13 ) .

This DNA was t r a n s f e c t e d i n t o E.ooli C600 by the method of Dag-

ert and Ehrlich (14). Colonies were screened for the presence
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of X.laevie DNA by the method of Grunstein and Hogness (15).

Clones which hybridized to the probe were screened by r e s t r i c -

tion mapping.

Preparation of Virus Stock

Virus stocks of the SV40 recomblnants were prepared by co-

transfection of CV-1 cel ls with two complementing recombinants,

SV-tT and SV-rINS-7 (see Fig.2 for s t ructure) . Plasmid DNAs

(lOpg) of pSV-tT and pSV-rINS-7 were digested to completion

with BamHI and EcoRI, respectively. The DNAs were separately

phenol and ether extracted, ethanol precipitated, resuspended

in 200yl TE ph 8.0 (lOmM Tris pH 8.0, lmM EDTA) and diluted to

2ml with ligation buffer (.50mM Tris pH 7.5, lOmM MgCl2, 15mM

DTT, lmM ATP). Ligase reaction was overnight at 15°C after ad-

dition of 1500U of T4 DNA ligase (.New England Biolabs). CV-1

ce l l s were transfected by the method of Graham and van der Eb

(16) as modified by Chu and Sharp (17). DNA pel le ts were r e -

suspended in 10pl TE pH 8.0 and 0.5ml 2x HeBS (Hepes 10g/l;

NaCl 15g/l; KC1 0.74g/l; Na^C^.B^O 0.25g/l; dextrose 2g/l ;

pH 7.05) was added. 0.5ml of 0.25M CaClo was added, vortexed

for 5 seconds and incubated for more than 20 minutes at room

temperature.

CV-1 ce l l s from 3 plates (10cm) were trypsinized, mixed and

pelleted. The cell pel let was resuspended in the DNA solution

and left 15 minutes at room temperature. Fourteen ml of DME

containing 10% calf serum, l/30x HeBS and 4.2mM CaCl,, was add-

ed and the mixture was divided into two (15cm) plates, each

plate contained in addition 4.5ml of DME containing 10% calf

serum, l/10x HeBS and 12.5mM CaCl2. After 4 hours at 37° the

medium was aspirated off and 2.25ml of 25% glycerol - 75% DME

was added for one minute. The ce l l s were washed with 20ml DME

and 20ml of DME containing 10% calf serum, 100ng/ml penici l l in

and lOyg/ml streptomycin; the cel ls were incubated at 37°C.

Twenty-four hours la ter the medium was changed to DME contain-

ing 2% calf serum, lOOpg/ml penici l l in and lOpg/ml streptomycin.

The virus stock was harvested 14 days after transfection

when CPE was observed. All but lml of medium was removed and

cel ls were scraped off the pla te , freeze/thawed three times and

stored at -70°.
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Infection of CV-1 Cells with SV-tT/SV-rINS-7 and Purification

of Viral DNA and Cytoplasmic RNA

A 10cm dish of subconfluent CV-1 cells was infected with

the SV-tT/SV-rINS-7 virus stock. Forty-six hours after infec-

tion the cel ls were washed with 5ml of DME(-P04) and labeled

with 500uCi of carrier free 32PO. (New England Nuclear) in 3ml

of DME(-PO.) and 2% dlalyzed calf serum. After 6 hours at 37°

the nEdiun was removed and cel ls were scraped off into 4ml cold

PBS (phosphate buffered saline). The cells were pelleted at

800 RPM for 10) .minutes at 0°C and resuspended in lml lysis buf-

fer (0.65% NP40, 0.01M Tris pH 7.8, 0.15M NaCl, 1.5mM MgClg).

Nuclei were removed by centrifugation at 2000 RPM for 3 min-

utes and the cytoplasmic supernatant was poured off. One ml

of urea buffer (7M urea, lOmM Tris pH 7.4, lOmM EDTA, 0.35M

NaCl, 1% SDS) was added to the supernatant. This mixture was

extracted twice with phenol and the RNA was then precipitated

with ethanol. The pelleted nuclei were resuspended in 0.25ml

of PBS and the SV40 DNA purified by the method of Hirt (18).

Purification of tRNA^r by Gel Electrophoresis

This consisted of two steps. The 32P-labeled RNA was elec-

trophoresed f i r s t through a 7.5% polyacry1amide gel (29:1,

acrylamide:bisacrylamide; 8.3M urea; l/2x T3E) at 360V unt i l

xylene cyanol had migrated 26cm. Following autoradiography the

appropriate RNA band was eluted from the gel, ethanol precipi-

tated and electrophoresed on a second gel (10% polyacrylamlde;

29:1 acrylamide:bisacrylamide; 4M urea; l/2x TBE) at 360V until

xylene cyanol had migrated 20cm. The appropriate RNA band was

then eluted and ethanol precipitated.

Purification of tRNATyr by Hybrid Selection

Hybrid selection was as described by Weiner (19) with

the following modification. After the three washes in hybridi-

zation buffer the f i l ters were also washed for 15 minutes in

25ml TE pH 8.0 at 37°C. RNA obtained by hybrid selection was

further purified by 7.5% polyacrylamide gel electrophoresis as

described above.

Fingerprint Analysis of tRNA

Tl-RNase fingerprint. 32P-labeled RNA in TE (pH 7.4) was

digested with one unit RNase Tl at 37°C for 4 hours. The mix-
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ture of oligonucleotides was lyophilized, resuspended in 2-3yl

1^0 and subjected to two-dimensional homochromatography finger-

pr int ing (20). A cel lulose acetate s t r i p (Schleicher and

Schuell, No. 250) was wet in 5% pyridinium aceta te (pH 3.5),

2mM EDTA, 7M urea (deionized). The sample was applied onto the

s t r i p and electrophoresed in 5% pyridium aceta te (pH 3.5) , 2mM

EDTA buffer at 5000V u n t i l bromophenol blue dye migrated 8cm.

The oligonucleotides were then transferred to a DEAE pla te

(Macherey-Nagel & Co., Polygram Cell 300 DEAE/HR-2/15), the

pla te was washed with HUO at 65°C and then chromatographed in

homomix C?M urea, 30% yeast tRNA hydrolyzed in 50n*f KOH over-

night at 65°C, then neutral ized to pH 4.5) at 65°C. The plate

was dried and autoradiographed.

The 3 2P-labeled oligonucleotides were recovered as descr ib-

ed previously (20).

Analysis of Nucleotide Composition by Digestion with T2-RNase
3 2P-labeled tRNA or oligonucleotide was mixed with 0.5 Â gQ

unit of ca r r i e r yeast tRNA and digested with 1 unit RNase T2

for 6 hours at 37°C in 20mM NH. acetate pH 4 ,5 . The sample

was lyophilized five times, then resuspended in l -2yl H_0 and

chromatographed in two dimensions on a pre-coated ce l lu lose

TLC pla te (Merck 5757). Solvent for the f i r s t dimension was

Isobutyrlc acid: NH40H:H20, 48:3.2:32 vol/vol and for the sec-

ond dimension, t -bu ty l alcohol: Cone. HC1: H.,0, 70:15:15 vol /vol .

The p la tes were dried and autoradiographed.

RESULTS

Generation of SV40-tRNA y r Recombinant and Preparation of Virus

Stock

The recombinant plasmid pt201 was obtained from Dr. Stuart

Clarkson C10,11). pt201 contains 3.2kb of X.laevis DNA which

has been largely sequenced and is thought to encode 8 tRNA

genes. The sequence of a 263bp Haell-Hhal fragment containing

the tRNA^1" gene i s shown in Figure 1, This fragment was ex-

cised from pt201 and l iga ted to Haell-Hhal digested SV40 DNA.

Ligation of the complementary r e s t r i c t i o n endonuclease cohesive

ends placed the tRNATyr gene in the l a t e region of SV40 in the

same polar i ty as l a t e SV40 t ranscr ip t ion . The SV40-tRNA y r r e -

combinant DNA was l inear ized by digestion with BamHI and then
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H h a l , , " , , ,
GCGCCACCCTGTAG<^GCTGAACAATTGMGTCCACCMGTCACGGGCGATGGGTGCCCCACCGGfcCTrCGATAGCTCAG
CGCGGTGGGAC^TCGTCGACTTGTTAACTTCAGGTGGTTCAGTGCCCGCTACCCACGGGGTGGCCJGAAGCTATCGAGTC

20 30 37 38 40 50 60 70 73

CTGGTAGAGCGGAGGACTGTAGjSTGTGATCGAGCA MCCTTAGGTCGCTGGTTCGATTCCGGCTCGAAGGA :GCTTTGTT
GACCATCTCGCCTCCTGACATCCACACTAGCTCGT rAGGAATCCAGCGACCAAGCTAAGGCCGAGCTTCCT 3CGAAACAA

+10 +20 +30 +40 +50 +60 +70 +80
i i i t i i i i

TTCCMTGCGAGCCTAAGMGGAGATGAGTGGCATTTCAGGAMGCTCTTTCTGCACCATGTGGCTGAGGACGAATGCTG
MGGTTACGCTCGGATTCTrCCTCTACTCACCGTAAAGTCCTTTCGAGAAAGACGTGGTACACCGACTCCTGCTTACGAC

+ 9 0 + 1 0 0 „ T T

i , H a e l l
AGGACACCACACCCCAGTCAAAGCGCY-3'
TCCTGTGGTGTGGGGTCAGTTTCGCGR-5'

H h a l

Figure 1. DNA sequence ofthe Hhal-Haell restriction fragment of pt201 con-
taining the gene for tRNA^1 of X. laevis. This fragment was inserted into
the late region of SV40 in the construction of pSV-tT. The boxed sequence
is the coding region for the mature tRNA^1. The two coding regions are
separated by a 13bp intervening sequence. The arrow signifies the direction
of transcription. The sequence was determined by Muller and Clarkson (10).

further llgated to BamHI cleaved pBR322 DNA. Bacterial colon-

ies containing the recombinant of pBR322-SV40-tRNATyr (pSV-tT)

were identified by colony f i l t e r hybridization (15).

The SV40-tRNATyr recombinant (SV-tT) i s defective due to the

insertion/deletion in the late region of SV40. Virus stocks of

this recombinant were prepared by co-transfection of monkey

cells with a SV40-rat preproinsulin gene recombinant (SV-rINS-7)

(21; Fig.2A) which has intact late genes but an insertion/dele-

tion in the early region. Monkey cel ls co-transfected with

these two SV40 recombinants underwent CPE in 14 days yielding

high t i t e r virus stocks of SV-tT/SV-rINS-7 (.Materials and Meth-

ods). The approximate t i t e r and homogeneity of the virus

stocks were determined by characterization of vi ra l DNA extrac-

ted by the method of Hirt (18) 52 hours postinfection. Figure

2B shows a Hindlll digestion of viral DNA extracted from either

cel ls infected with the SV-tT/SV-rINS-7 stock or SV40 (3m.o.i.).

The two infections yielded comparable amounts of to ta l viral DNA

and the digestion pattern shows that the SV-tT/SV-rINS-7 DNA con-

tains less than 1% w.t. recombinant virus. In addition no aber-

rant v i ra l DNA forms appear in the recombinant stock.
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B i z
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Figure 2. Hindlll restriction map of SV-rINS-7, SV40 and SV-tT. Solid ver-
tical lines represent the position of HLndlll sites in SV40 and the map units
of the sites are shorn. Sv-rINS-7 has an insertion/deletion in the early re-
gion of SV40 creating the new restriction fragnent A*. Sv-tT has an inser-
tion/deletion in the late region of SV40 creating the new restriction frag-
ment C*. The origin of replication (Ori) and the direction of early and
late transcription are shown. The plasmid DNAs pSV-tT and pSV-rINS-7 were
farmed by insertion of pER322 into the BamHI site of SV-tT and EooHI of SV-
rINS-7 site, respectively. Restriction sites used in construction of the
recambinant: A = Hhal site; A = TaqI site; o = Bell site.

2B. Autaradiogram of a Hindlll digest of viral DNA from (lane 1) SV-tT/
SV-rDE-7 infected cells and (lane 2) SV40 infected cells. 10cm plates of
CV-1 cells were infected with 0.1ml of either the SV-tT/SV-rINS-7 virus stock
or SV40 (lO^fu/ml) virus stock. 46 hours post-infection cells were labeled
with 32P- and the viral DNA was harvested 6 hours later (see Materials and
Methods). The viral DNA was digested with Hindlll and the fragjnents separa-
ted by electrophoresis on a 1.4% agarose gel. Bands are labeled according
to Fig.2A.

X.laevis tRNATyr Synthesis in CV-1 Cells

To determine whether the X.laevie tRNA y r gene could be ex-

pressed in mammalian ce l l s , CV-1 ce l l s were infected with SV-tT/

SV-rINS-7 virus and labeled 46 hours l a t e r with 3 2P. Cytoplas-

mic RNA was prepared 6 hours l a t e r and electrophoresed in a 7.5%

acrylamide-urea gel . A prominent 32P-labeled tRNA band was ob-

served in the recombinant infected ce l l s that was not present in

ei ther mock- or SV40-infected ce l l s (Fig.3) . The prominent

band comigrated with purif ied yeast tRNA y r (77 bases in length

as i t i s missing the terminal A base) and migrated faster than

S.aoli tRNA ^ (85 bases) (.data not shown). We assume that the

overproduced tRNA species observed after infection with the SV-

tT/SV-rINS-7 virus is the mature *• laevia tRNA1^1". The sequence

of the gene suggests the mature tRNA would have a length of 76

4615

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article/10/15/4609/2381222 by guest on 19 April 2024



Nucleic Acids Research

SV-tT
Mock SVflO SVflNS-7

>-tRNA

Figure 3A. Autaradiogram of 32P-RNA purified from CV-1 cells and analyzed on
a 7.5% poly aery lamide 8.3M urea gel. Cells were either mock infected, infec-
ted with SV40 or infected with the SV-tT/SV-rINS-7 virus stock. 46 hours
post infection cells were labeled with 3 2P- and16 hours later cytoplasnrLc RNA
was harvested and electrophoreaed on the gel.

3B. The overproduced tRN4^rr band in the lane narked SV-tT/SV-rINS-7 of
Fig.3A was excised and the RJtt eluted. A co-migrating band in the mock in-
fected lane was also eluted. Tbese RNAs were then elgctrophoresud on a 10%
polyacrylamide 8.3M urea gel. The overproduced tRNA^ band and the co-mig-
rating band in the mock lane were excised and the RHA eluted and analyzed by
digestion with Tl-RNase.

3C. Autoradiogram of hybrid selected RNA. 32P-labeled RNA from uninfect-
ed CV-1 cells was hybridized to f i l te rs containing 20ug of denatured pSV-tT
DNA, pt201 Mtt, pBR322-SV40 WA or no DNA. After washing, the hybridized
RNA was recovered and electropboresed after melting en a 7 , 9 aery lamide

M urea gel The hybrid selected tRN/r^ was eluted from the gel and u8.3M urea gel. The hybrid selected tRN/r^ was eluted from the gel and used
for Tl fingerprinting. Cyto HNA lane is to ta l cytoplasmic RNA from uainfec-
ted cel ls in (B) and SV-tr/SV-rINS-7 infected cells in (C).
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nucleotides and the overproduced tRNA species migrates with a

mobility expected of a tRNA of this length.. Thus, the precursor

to the X.laevis tRNA ̂ r is processed by splicing in mammalian

cells (see below for analysis). The overproduced tRNA was puri-

fied by electrophoresis (Fig. 3B; and see Materials and Methods).

Equivalent samples of mock and SV40 infected cytoplasmic RNAs

were similarly prepared for analysis as controls (Fig.3B).
Tvr

The corresponding endogenous monkey tRNA 3 species was pur-

ified by hybridization. 32P-labeled RNA from unlnfected monkey

cells was hybridized to f i l te rs on which 20ug of either pSV-tT,

pt201 or pBR322-SV40 denatured DNA was immobilized. After hy-

bridization, RNA was released and resolved by gel electrophore-

sis (Fig.3C). Both pt201 DNA (the original pBR322-Z.laevie

plasmid DNA) and pSV-tT DNA (the pBR322-SV40-tRNATyr plasmid

DNA) selected tRNA size RNAs. The pSV-tT DNA selected RNA

should be the endogenous monkey tRNA ̂ r .

Analysis of Xenopue tRNA1^1" Synthesized in CV-1 Cells

Modified base composition. The extent of modification of the
32P-labeled Xenopus tRNA^71" produced in CV-1 cells was examined

by RNase T2 digestion followed by two dimensional thin layer

chromatography (Fig.4). Besides the four major spots corres-

ponding to unmodified 3' monophosphates (Ap, Cp, Up and Gp)

several minor spots were observed. These were identified on

the basis of their mobility as: pseudouridine 3'-phosphate (^p),

dihydrouridine 3'-phosphate (Dp), ribothymidine 3'-phosphate (Tp).

1-methylguanosine 3'-phosphate (ir^Gp), N2-methylguanosine 3 ' -

phosphate (m2Gp), N2-dimethylguanosine 3'-phosphate (m^Gp), 5-

methylcytidine 3'-phosphate (m5Cp), 1-methyladenosine 3'-phos-

phate (mJAp) and pCp. The spot corresponding to pCp which is

derived from the 5' terminus of the tRNA ^ was also identified

by i t s conversion (to pC following treatment with nuclease PI

(which has a 3'-phosphatase activity) and chromatography under

other conditions. The modified nucleotide acp3Up reported to

be present in mammalian tRNA^r (12,22) migrates similarly to

mxGp and probably forms one part of the doublet in Figure 4.

The modified nucleotide N6-Isopentenyl-adenoslne (iGAp), which
Tvr

is present on the 3'-side of the anticodon in yeast tRNA J was
not found nor was N-[N-(9-D-ribofuranoslypurin-6-yl)carboxyl]
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Figure 4. Modified nucleotide ccnposition analysis of 32P-labeled
tRNA^rr purified fran SV-tT/SV-rINS-7 infected CV-1 cells by electrophoresLs
(RNA from lane SV-tT/SV-rINS-7 in panel B or Fig. 3) was digested with RNase T2
and the products were separated by two dimensional thin-layer chromatography.

threonine 3'-phosphate (t6Ap) which has been reported to be a

component of rat liver tRNATyr (23).

Oligonucleotides present in Tl RNase digests. The homogeneity

and sequence of the overproduced tRNA can be par t ia l ly deter-

mined by digestion with a more specific RNase such as Tl, A

fingerprint of a Tl RNase digestion of the 32P-labeled RNA pur-

ified by electrophoresis in two different percentage acrylamide

gels is shown in Figure 5A. First , the complexity of the pat-

tern is that expected for a single tRNA species. Second, fur-

ther digestion of the oligonucleotides with T2-RNase and analy-

sis of the nucleotides produced by thin layer chromatography

have allowed assignment of most of the oligonucleotides on the

basis of the expected sequence (Fig.5B; see Table I for products
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O I
K C U U C t Q

ttCCUUASp I Q

Figure 5. Fingerprints of oligonucleotides present in Tl-RNase digests of
32p_labeled tRNA^*. 32P-labeled X. laevis tRNA^r was eluted from the prom-
inent band marked in Fig.3, panel B (lane SV-tT/SV-rINS-7) and digested with
RNase 11. Tbe oligcnucleotide products were resolved by two dimensional
hcmochrcmatography (20) and are showi in panel A. Panel B is a schematic
representation of the oligcmcleotide sequences, RNase Tl digestion products
of the equivalent band frcm the mock lane of panel B (Fig. 3) are shown in
panel C. Panel D shows the RNase TL products of 3^labeled tRNA^ purified
by hybridization selection of RNA from uninfected CV-1 cells and subsequent
electrophoresls in acrylamide gel (panel C of Fig. 3, lane pSV-tT). Tl oligp-
nucleotides were resolved by electrophoresis on cellulose acetate at pH 3.5
in the first dimension and hamochromatography on DEAE cellulose at 65°C in
the second dimension.

of RNase T2 digestion) and the i r location on the or ig ina l f in-

gerprint (.20). Tl-fingerprint analysis of the overproduced

tRNA ^ r suggests that the 5' and 3' termini are correct ly pro-

cessed. The 5' terminus was released in the Tl oligonucleotide

pCCUUCGp. A low molar yield of the Tl oligonucleotide ACCA cor-

responding to the 3' terminus was obtained. This i s , however,

most l ikely due to ineff icient t ransfer and/or retention of

ACCA on the DEAE-plate during two-dimensional homochromato-

graphy. A similar low yield was observed in the analysis of
Tvrendogenous monkey cel l tRNA J . Further evidence that the mat-
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TABLE 1

Relat ive Amounts of Nucleotides

Released by T2 Digestion of

Oilgonucleotides

Oligonucleotide

Number

1

2

2 . 1

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

Ap=Cp=Up>4ip=Gp

Cp=Up>pCp* (Gp)

Cp>Ap=Up=iJ>p

Cp>Ap=Up (Gp)

Ap>Up>m2Gp

Ap=Cp=Up=Gp

Cp=Up>m1Ap (GP)

Cp>Dp>Gp

Ap>Gp

Cp=Tp=4>p (Gp)

Ap=*p=m1Gp

Cp>Up=Gp>Dp

N . I .

Ap (Gp)

N . I .

Cp=m5 Gp

Gp

-

Identity

A*0CUUAGp

pCCUUCGp

CUCAGp

AUAm2Gp

ACUGp

m1ADUCCGp

CUCGp

AAGp

TiJiCGp

4iAm1Gp

CDGp+CDGp

AGp

Cm§Gp

Gp

ACCA

*pCp contained equivalent amounts of 32P as Cp and Up;

therefore, pCp is present in 1/2 the molar yield as Cp and Up.

(Gp) means that Gp was streaked in the fingerprint and

therefore i t s relative intensity could not be judged.

N.I. , not identified.

,ure X. laevie tRNA is processed at i t s 3' -terminus is derived

from the finding that the oligonucleotide ACGp which spans the

CCA addition site in the precursor is absent from the finger-

print of the mature tRNA.

In experiments to be reported elsewhere, fingerprints of Tl

RNase cleavage products of tRNA transcribed in vitro from pSV-
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tT DNA have been compared with those from in vivo labeled

X. laevie tRNA^r (Fig.5A). The only differences observed are

due to incomplete modification and processing of the in vitro

product. The combination of in vitro labeling with each a32P

nucleoside triphosphate and secondary digestions of Tl-RNase

oligonucleotides by T2-RNase yielded the sequence of most of

the assigned oligonucleotides in Fig.5B ([manuscript in prepara-

t ion) . Thus the overproduced tRNA species in SV-tT/SV-rINS-7

infected ce l l s i s the anticipated X. laevia tRNA •s'r species.

Analysis of endogenous tRNA y r . The Tl RNase fingerprint of

the endogenous monkey tRNA ^ species i s shown in Figures 5C

and D. The 32P-labeled RNA resolved in Figure 5C was purified

from uninfected monkey cel ls in para l le l with the X.laevia
TvrtRNA J sample by sequential electrophoresis in two different

percentage acrylamide gels Csee Fig.3A and B). In th i s sample,

the tRNA y r species i s contaminated by other RNAs that yield

prominent spots here but minor spots in the overproduced tRNA y r

analyzed in Figure 5A. A Tl RNase fingerprint of the 3 2P-lab-

eled RNA prepared by hybridization selection with pSV-tT DNA

from uninfected monkey cell RNA is shown in Fig.5D. The hy-

bridization-selected RNA was also purified by electrophoresis

in acrylamide-urea gels Csee Fig.3C). The Tl fingerprint of

the hybridization selected RNA from uninfected monkey cel ls is
Tvridentical to that of the overproduced X. laevis tRNA , suggest-

Tvring that the X. laevis tRNA 3 species i s very similar if not
Tvridentical in sequence to the endogenous monkey tRNA species.

DISCUSSION

Nonsense suppressors have long been sought in mammalian

cel ls but not yet identified. An a t t rac t ive approach for crea-

tion of a mammalian cel l nonsense suppressor would be to use

s i te -spec i f ic mutagenesis to convert a tRNA gene to a suppres-

sor. The resu l t s reported in th i s paper show that the tRNA ^

gene of X. laevia i s an excellent candidate for such s i t e speci-

fic mutagenesis. When cloned into the la te region of SV40,

this gene produces high levels of mature tRNA y r after infection

of monkey ce l l s . The mature tRNA y r i s apparently completely

processed. This includes the removal of a 13bp intervening se-
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quence and appropriate modification of some of the nucleotides.

Based on DNA sequence studies, Muller and Clarkson (10) con-

cluded that the X. laevia tRNA y r gene contained a 13b interven-

ing sequence and that this intervening sequence was located ad-

jacent to the 3' side of the anticodon (6). Their assignment

on the exact location of the intervening sequence was influenc-

ed by a report that rat liver tRNATyr contained t6A (23).

Since t6A has so far only been found immediately adjacent to

the 3' side of the anticodon, assignment of the splice site by

Muller and Clarkson assumed that an A residue was present next
Tvr

to the anticodon. The X.laevis tRNA * species that is overpro-

duced after infection with the recombinant SV40 virus, however,

does not contain t6A and has instead mxG in this position.

Kuchino and Nishimura (12) also failed to find t6A in tRNATyr

of rat liver. Tl RNase fingerprint analysis of the X.laevie
Tvr

tRNA J expressed in mammalian cells, unambiguously places the
13b intervening sequence in the tRNA ^ gene one base to the 3'

side of the anticodon CFig.6), in the same position as in all

tRNA genes of yeast (24).

It is not surprising that the x.laevis tRNA y r gene is ef-

ficiently expressed in mammalian cells. The Tl RNase finger-
T vr

print of the endogenous monkey tRNA * species was identical to
that of the overproduced X. laevia tRNA y r species. Recently,

Nishimura and colleagues have completed the sequence of tRNA y r

from rat liver (.12). Their sequence agrees with that deduced

from the overproduced tRNA^1" species with one possible differ-

ence. They suggest the rat tRNA ^ has an A at position 27 in-

stead of the G found by Muller and Clarkson CIO) and confirmed

in this analysis. Given the similarities of the endogenous mon-

key and the X.laevie tRNA ^ species it is quite likely that

the overproduced X.laevie tRNA ^ will be active in protein syn-

thesis in mammalian cells.

Little is known about the regulation of synthesis of tRNAs
Tvr

in mammalian cells. The finding that a mature tRNA J can be

overproduced by transcription of high copy numbers of an SV40-
Tvr

tRNA J recombinant suggests that tRNA synthesis is not auto-

regulated. Indeed, not only were high levels of tRNA ^

transcribed, this RNA was also fully processed and modified.
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Figure 6. Sequence and secondary structure of X. laevie tHNA^. . The EN4
sequence data of Muller and Clarkson O-O) wascombined with results fran
Kuchino and Nishimura (12) on rat liver tRN/T^ and on RNA fingerprint data
from this paper to predict the sequence of the X. laevia tRNA^ expressed in
CV-lcjells. Ihis tRNA is very similar, if not identical, to the endogenous
tRNA ̂  of CV-1 cells. The hypermodified guanoaLne derivative aueuosine is
frequently found in the first position of the antioodon of tRNA^. Kuchino
and Nishimura (12) have reported this modified base in rat li\er tRNA^r.
Neither the X. loans tHN/V^ species synthesized in CV-1 cells nor the endo-
genous CV-1 tRNÂ  species contain appreciable levels of queuosine.

These observations might suggest that the pool of tRNA present

in mammalian cel ls represents consti tut ive levels of t ranscr ip-

tion cxf endogenous genes. However, these resul t s should be in-

terpreted with caution as transcription of endogenous genes

might be regulated under normal physiological conditions and

th is regulation affected by ei ther virus infection or amplifi-

cation of template. For the purpose of these studies, however,

i t i s clear that a tRNATyr gene linked to replicating SV40 DNA

is efficiently expressed. Consequently, linkage of a suppres-

sor tRNA to SV40 DNA should yield reasonably high levels of the
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suppressor tRNA.

Among eukaryotic organisms, suppression of nonsense muta-

tions due to the expression of a mutant tRNA gene has been de-

monstrated only in yeast (1,2) and recently in Caenorhabditie

elegans (25). In mammalian cells, amber suppressors may be

less deleterious than UAA or UGA suppressors, because of the

scarcity of amber codons as termination signals in cellular and

viral genes and among eukaryotes in general. For example, none

of the SV40 or adenovirus genes terminate in UAG codons. Thus,

i t might be possible to establish an amber suppressor in a mam-

malian cell line or at least to transiently establish a suppres-

sor state by infection with an SV40-tRNA suppressor recombinant.

The X. laevia tRNA ^ r gene i s a good candidate for conversion to

an amber suppressor by in vitro site-specific mutagenesis as a

single-point mutation converting the anticodon 5'GUA to 5'CUA

should be sufficient.

Finally, a number of amber mutants in viruses of mammalian

cells have been isolated and characterized. These have been in

nonessential viral gene products such as the SV40 sequences in

defective Ad2 ND1 hybrid viruses (26) and the thymidine kinase

gene of Herpes Simplex virus (27). In addition, an amber codon

has been found to separate the gag and pol genes of moloney

leukemia virus (28) and in a SV40 mutant defective for synthe-

sis of the A gene product (29). These viruses and cell lines

can be used to establish the suppressor efficiency of a suppres-

sor tRNA gene. The availability of suppressors for the isola-

tion of mutants of animal viruses with nonsense mutations in es-

sential genes should greatly advance understanding of animal

virology.
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NOTE ADDED IN PROOF
Recently, Temple et al.3 (.Nature 296, 537-540, 1982) have

descr ibed the cons t ruc t ion of an amber suppressor der ived from
human tRNA y s gene and i t s a c t i v i t y following mic ro in jec t ion
in to Xenopus oocy tes .
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