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ABSTRACT The peptide chain release factor 2 (RF2) gene,
priB, was cloned from SalmoneUa typhimurium by DNA hy-
bridization using the Escherichia coli prfB probe. The nucle-
otide and amino acid sequences ofpral are 87.0% and 95.6%
homologous between E. coli and S. typhimurium, respectively,
including an in-frame premature UGA stop codon at position
26, the site of + 1 frameshift for mature RF2 synthesis. The
supK584 mutation, which had been isolated as a recessive UGA
suppressor in S. typhimurium, caused an opal (UGA) substi-
tution at amino acid position 144 in the priB gene. Comple-
mentation, reversion, and gene fusion analyses led to the
conclusion that supK is a S. typhimurium RF2 mutation and this
opal RF2 mutation generates a UGA suppressor activity,
presumably because of inefficient translation termination due
to the reduced cellular level of RF2. In fact, suppression of the
supK opal mutation results from a form of autogenous control
of RF2 synthesis.

Prokaryotic translation termination requires two different
peptide chain release factors, which act at termination
codons. Release factor 1 (RF1) catalyzes termination at UAG
and UAA codons, and release factor 2 (RF2) catalyzes
termination at UAA and UGA codons (1). In Escherichia
coli, RF1 is encoded by the prfA gene, which maps at 27 min
of the chromosome (2), whereas RF2 is encoded by the priB
gene, which maps at 62 min (3, 4). The E. coli prfB gene is in
an operon with the herC gene (4), which affects maintenance
of the ColEl plasmid (5).

In Salmonella typhimurium, a recessive UGA suppressor
mutation, supK, has been isolated and mapped at the 62-min
region of the chromosome (6). Reeves and Roth (7) have
observed reduced levels of tRNA methyltransferase activi-
ties in several supK strains and have suggested that an
unmodified tRNA causes UGA suppression. However, we
have assumed, on the basis of high homology between the E.
coli and S. typhimurium genomes, that the supK mutation
may affect the RF2 protein (4). Two lines of evidence are
consistent with this assumption. First, the supK mutation of
S. typhimurium is complemented by the E. colipriB gene (4).
Second, RF2 mutants of E. coli harbor a recessive UGA
suppressor activity (8). In this article, we describe the DNA
sequence and genetic studies of the S. typhimurium RF2 gene
isolated from wild type and the supK mutant.* These results
affirm the prediction that supK is a S. typhimurium RF2
mutation.

MATERIALS AND METHODS
Bacterial Strains. S. typhimurium LT2 strains used are ST3

(metB-23 trpB-2), GT68 (supK584 hisG200uGApro688::TnS
serA790; a gift from G. R. Bjork, Umea University), KK651

(same as GT68 except rifampicin resistant and streptomycin
resistant; mutations added by sequential selection of spon-
taneous resistant mutants of GT68), and KK665 (same as
KK651 except supK+ and serA+; constructed from KK651
by P22 transduction). E. coli K-12 strains used are YN2970
(prI9i lacZ659UGA) and KK579 (prfB286 laCZ659UGA) (8).
Media. L broth contains 1% Bacto-tryptone (Difco), 0.5%

yeast extract (Difco), and 0.5% NaCI. YT medium contains
1% Bacto-tryptone, 0.1% yeast extract, 0.25% NaCl, and 1%
agar. Minimal E agar plates were described by Miller (9).
Phage and Plasmids. The structures of the phages and

plasmids are shown in Fig. 1. Phage vectors AVIII (10) and
AZAP (11) were used to construct wild-type ST3 DNA
libraries. Phages ASRF2E and ASRF2H, which carry the
COOH-terminal and NH2-terminal regions of the S. typhi-
murium priR gene, were isolated from size-fractionated
EcoRI and HindIII fragment libraries by plaque hybridization
using the E. coli priB probe. The chromosomal DNA of the
GT68 (supK584) strain was digested with EcoRI and Pst I and
fractionated by agarose gel electrophoresis; 1.2-kilobase (kb)
fragments were ligated into the pUC119 plasmid (12). The
1.2-kb EcoRI/Pst I fragment encoding the COOH-terminal
part of the mutant prfB gene was cloned from this pUC119
library. The 1.8-kb HindIII fragment containing the NH2-
terminal part of the mutant prfB gene was cloned from a
size-fractionated HindIII AZAP library of GT68 by screening
with the wild-type S. typhimurium priB probe. The mutant
prfB gene was reconstructed by ligating these two fragments
at the EcoRI site; ligation product yielded a 1.8-kb Cla I/Pst
I fragment, which was subcloned between the Cla I and the
Sph I sites ofpACYC184 (13). The final product includes the
entire supK (pdB) gene and was designated pSUPK. An
intermediate copy number plasmid, pACYC184, was used as
a vector of the prfB gene since structural aberrations can be
induced when it is cloned in the high copy number plasmid.
The Cla I/Cla I fragment ofpSUPK, containing the supK584
substitution, was replaced by the wild-type fragment, giving
rise to pSRF2. Thus, pSUPK is structurally equivalent to
pSRF2 except for mutation supK584. pSUPKAH was con-
structed from pSUPK by deleting the COOH-terminal one-
third of the prfB gene from the HincIlI site.

Plasmids pSRF2Z13, pSRF2Z229, and pSUPKZ229 carry
a gene fusion between the S. typhimurium prfB and E. coli
lacZ genes at the different junction points in the prJB se-
quence. The pSRF2 DNA was digested with EcoO109I, the
5' protruding ends were filled in with the Klenow fragment of
DNA polymerase I enzyme, and the resulting blunt ends were
ligated to a BamHI linker. Then, the DNA segment flanked
by this linker-generated BamHI site and the Sal I site, which
leaves only the NH2-terminal 13 amino acids of RF2, was
replaced by the BamHI/Sal I lacZ fragment of the pMC1403
plasmid (14), giving rise to pSRF2Z13. The EcoRV/Sal I

Abbreviation: RF2, peptide chain release factor 2.
*The sequence reported in this paper has been deposited in the
GenBank data base (accession no. M38590).
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FIG. 1. Chromosomal structure of the prfB region of S. typhimurium. The physical maps of the prJB locus of E. coli and S. typhimurium
are shown. Heavy lines indicate the bacterial DNA segments cloned on phages and plasmids. Arrows indicate location and orientation of the
genes. The lacZ gene was fused to prfB at the points indicated in pSRF2Z13, pSRF2Z229, and pSUPKZ229.

segment of the pSRF2 and pSUPK plasmids, which leaves
the NH2-terminal 229 amino acids of RF2, was replaced by
the Sma I/Sal I fragment of pMC1403, giving rise to
pSRF2Z229 and pSUPKZ229, respectively.

Revertant Analysis of supK584. The mutation supK causes
lethality at high temperature; 10 independent temperature-
resistant revertant colonies were selected from strain GT68 at
430C on YT plates. The revertant frequency was around 10-5.
The chromosomal DNAs of these revertant cells were used
to amplify an internal prJB segment containing the supK584
substitution site by the polymerase chain reaction method
(15) using AAGTTGGCGCAGTTGGAATT and TCAAT-
GACTTCTGTCTTGAA as primers, AmpliTaq DNA poly-
merase (Cetus), and Zymoreactor apparatus (ATTO, Tokyo,
Japan). The amplified 176-base-pair (bp) double-stranded
DNA was directly sequenced by the dideoxynucleotide
chain-termination method.
Other Procedures. Southern blot hybridization, plaque

hybridization, and colony hybridization were conducted by
standard methods (16). The dideoxynucleotide chain-
termination method has been described (17, 18). The /-

galactosidase activity was determined as described (8) except
L broth was used for cultivating S. typhimurium transfor-
mants.

RESULTS
Cloning and Sequencing the S. typhimurium RF2 Gene. S.

typhimurium ST3 DNA was digested with EcoRI or HindIII
and analyzed by Southern blot hybridization using the
1062-bp Sal I/EcoRI DNA probe encoding the COOH-
terminal part of the prfB gene and the NH2-terminal part of
the herC gene of E. coli (Fig. 1). A 2.5-kb EcoRI DNA and
a 1.8-kb HindIII DNA were detected (data not shown).
Hence, independent digestion products of ST3 DNA by
EcoRI and HindIII were size-fractionated by agarose gel
electrophoresis and genomic DNA libraries using A phage
vectors were constructed. The EcoRI library was screened
with the same 1062-bp probe, and the ASRF2E phage carrying
the 2.5-kb EcoRI fragment was isolated (Fig. 1). Then, the
HindIII library was screened by using the 1.0-kb EcoRI/
HindIII S. typhimurium DNA, and the ASRF2H phage
carrying the 1.8-kb HindIII fragment was isolated (Fig. 1).
The DNA fragments cloned in ASRF2E and ASRF2H were

subcloned in the plasmid pUC119 and sequenced. The DNA
sequence was highly homologous to the E. coli prfB region
(Fig. 2). A putative S. typhimurium prfB gene encodes the
same number of nucleotides and amino acids as the E. coli
gene and also contains an in-frame UGA codon at position 26.
Therefore, it appears that the mature S. typhimurium RF2
protein is synthesized by + 1 frameshift at the opal codon, as
has been shown for the E. coli prfB gene. The amino acid
sequence is 95.6% (349/365) identical to E. coli and the
nucleotide sequence is 87.0% (956/1099) identical in the
coding region of priB (Fig. 2).

The pSRF2 plasmid, which carries a 1.8-kb Cla I/Pst I
DNA segment (Fig. 1) was used in a test to complement the
E. coli RF2 mutation. The E. coli strains YN2970 and KK579
carry different missense UGA suppressor mutations in the
prfB gene and a UGA mutation in lacZ. Plasmid pSRF2 was
introduced into these strains and the f-galactosidase activi-
ties were measured. As shown in Table 1, the plasmid pSRF2
complemented the prfB mutations. These results led us to
conclude that this protein-coding sequence, including a +1
frameshift site, encodes a functional S. typhimurium RF2
protein. We refer to the gene as prfB.

Identification of the supKS84 Mutation. The supK mutation
of S. typhimurium confers a recessive UGA suppressor
activity at 30TC and causes lethality at 41TC (6). The prJB gene
was cloned from the supK584 strain by colony and plaque
hybridization. The nucleotide sequence analysis of the mu-
tant DNA disclosed a single base substitution of A for G at
position 433 (Fig. 3). No other alteration was found within the
coding sequence ofprqB. This substitution generates a UGA
nonsense codon for a UGG tryptophan codon at amino acid
position 144 (Fig. 2).
The pSRF2 plasmid encoding the wild-type RF2 protein

eliminated the UGA suppression activity of both the E. coli
prfB mutants as discussed above and the S. typhimurium
supK584 mutant (Fig. 4). In contrast, the pSUPK plasmid
carrying the supK584 mutant RF2 gene failed to complement
these mutations (Table 1 and Fig. 4). However, the suppres-
sion efficiency in strains with the pSUPK plasmid was
slightly reduced compared to those with vector plasmid
pACYC184. This small but significant reduction of the UGA
suppressor activity caused by pSUPK is due to the leakiness
of the opal UGA mutation rather than to the partial activity
of the opal RF2 fragment. This is suggested because the
pSUPKAH plasmid, which produces a truncated RF2 protein
larger than the opal fragment (Fig. 1), did not reduce the UGA
suppressor activity (Table 1 and Fig. 4). In addition to the
UGA suppressor activity, the supK584 strain is heat sensitive
for growth; ability of the strain to grow at 420C was restored
fully by plasmid pSRF2, poorly by pSUPK, but not at all by
pSUPKAH (Fig. 4); this is consistent with the fact that these
plasmids complement UGA suppression activity.
To firmly establish that the UGA suppressor activity of the

supK584 mutant is caused by the opal mutation in the prfB
gene but not by some other mutation(s) in some other gene(s),
revertants of the supK584 mutant of strain GT68 were
isolated and analyzed. Of 10 temperature-resistant colonies,
4 were His- and had lost the ability to suppress the UGA
mutation hisG200; 6 revertants retained the ability to sup-
press this mutation. A 176-bp chromosomal DNA region
containing the opal substitution (nucleotide positions 326-
501 in Fig. 1) was amplified directly by the polymerase chain
reaction method from these revertant chromosomal DNAs
and sequenced. The 4 His- revertants had changed the UGA
codon to UGG (i.e., true reversion) and the latter 6 His' still

herC
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C CC G C CA C AA T AG.GT TC T A
-150 CAACCGTAGTTTACAGATTATTALQTAIGATATTTGGCCGCTATGATCGGGGCGATTTAACAACACTTTCGCTGT

AsnArgSerLouGinliellelleAspAspileTrpProLouEnd
IaI Asn ll

AA A CGTGG_...GCG5 CC T C T CTC
-75 AATTAAGGGGCGAAAJCCGCTAATALTTCGCCCTTATAACCGCATTTTGACAAGTCAAATAAAAGAAATCAGACC

T A T T G
1 ATGTTTGAAATTAACCCGGTGAATAACCGCATTCAGGACCTCACGGAACGCACCAACGTTCTTAGGGGGTATCTT
1 MotPhoGlulleAsnProValAsnAsnArgileGinAspLeuThrGluArgThrAsnValLouArgGlyTyrLeu

EcdO01091 SerAsp
C C C

76 TGACTACGATGCTAAGAAAGAGCGTCTGGAAGAAGTAAACGCCGAGCTGGAACAGCCGGATGTCTGGAACGAACCT
End

26 AspTyrAspAlaLysLysGluArgLouGluGluValAsnAlaGluLouGluGlnProAspVaITrpAsnGluPro

A A T C C CG T C C C C AA
152 GAGCGCGCGCAGGCGCTGGGAAAAGAGCGTTCATCGCTCGAAGCGATCGTCGATACGCTTGATCAAATGACTCAG
51 GluArgAlaGlnAiaLeuGlyLysGiuArgSerSerLouGluAlalleValAspThrLsuAspGlnMotThrGln

Val Lys
A T T T T A C T

227 GGGCTGGACGACGTTTCCGGGCTGCTGGAACTGGCGGTAGAAGCTGACGACGAAGAGACGTTTAACGAAGCCGTC
76 GlyLeuAspAspValS.rGlyLeuLouGluLouAlaVaIGluAliAspAspGluGluThrPh.AsnGluAlaVaI

Glu
T CG CG C A AC C T G T T A T C

302 GCGGAACTGAATACGCTGGAAGAGAAGTTGGCGCAGTTGGAATTCCGCCGGATGTTCTCCGGCGAGTACGATAGC
101 AlaGluLeuAsnThrLouGluGluLysLouAlaGInLouGluPh.ArgArgMetPh.S.rGIyGluTyrAspSor

AspAla EcORU A supK584
C C G G T C G A + G C TGA

377 GCCGATTGCTATCTCGATATTCAGGCCGGTTCCGGTGGTACTGAAGCGCAGGACTGGGCCAGCATGTTGCTGCGT
126 AlaAspCysTyrLouAspileGlnAlaGlySerGlyGlyThrGluAlaGinAspTrpAlaSerMotLouLouArg

Glu
C A T T T A T A C G T G G

452 ATGTATCTGCGTTGGGCGGAAGCGCGCGGCTTCAAGACAGAAGTCATTGAAGAATCGGAAGGGGAAGTCGCCGGT
151 MetTyrLeuArgTrpAlaGluAlaArgGlyPh.LysThrGiuVailleGluGluSerGluGlyGluVaIAlaGly

Ser lie
A T G T C T C T A T C C

527 ATTAAGTCCGCGACTATCAAAATCTCCGGCGAATATGCCTATGGCTGGCTGCGCACTGAAACCGGCGTACATCGT
176 lleLysSerAlaThrIleLysIleSerGlyGluTyrAlmTyrGlyTrpLeuArgThrGluThrGlyValHigArg

Val Asp
G T C C G C T T

602 CTGGTGCGTAAAAGCCCGTTTGACTCCGGCGGTCGCCGTCATACCTCGTTTAGCTCCGCGTTTGTGTACCCGGAA
201 LeuValArgLysSerProPheAspSerGlyGlyArgArgHisThrSerPh.SerSerAlaPh.ValTyrProGlu

Val
T T T T A C C T T A C G

677 GTGGACGACGATATCGATATCGACATTAACCCGGCGGATCTGCGTATCGACGTCTATCGCGCGTCTGGCGCAGGC
226 ValAspAspAspilAspileAspIleAsnProAlaAspLouArgli.AspVaiTyrArgAIaSSrGlyAlaGly

EcORV aal Glu Th r
C T G T C C G G C

752 GGTCAGCAC.GTTAACCGTACGGAATCCGCCGTGCGTATCACCCATATTCCAACCGGAATCGTGACGCAGTGCCAG
251 GlyGInHisValAsnArgThrGIuSerAlaValArgi eThrHisiliProThrGlyliVa lThrGInCysGin

HincIl
C G T

827 AACGACCGTTCGCAGCACAAAAACAAAGACCAGGCCATGAAGCAGATGAAAGCGAAGCTTTATGAACTGGAGATG
276 AsnAspArgStrGInHisLysAsnLysAspGlnAlaMetLysGinMetLysAlaLysLouTyrGluLouGluMet

HindIII
G A T C G T AC A C C T

902 CAGAAAAAGAACGCTGAAAAACAGGCGATGGAAGACACTAAGTCCGATATCGGCTGGGGAAGCCAGATTCGTTCC
301 GinLysLysAsnAlaGluLysGlnAlaMetGluAspThrLysSerAspiliGlyTrpGlySerGlinl ArgSor

Asn
T T C T C C A C G C G

977 TATGTCCTGGACGATTCCCGCATTAAAGACCTGCGTACTGGGGTGGAAACCCGCAATACACAGGCGGTACTGGAC
326 TyrVaiLouAspAspSerArglleLysAspLouArgThrGlyVaiGluThrArgAsnThrGinAlaValLouAsp

C C T C C
1052 GGTAGTCTGGATCAATTTATCGAAGCAAGTTTGAAAGCAGGGCTATGAGGAATCAACATGTCTGAACAAAACGCA
351 GlySerLouAspGlnPholleGluAlaSerLouLysAlaGlyLouEnd MetSorGluGInAsnAla

His
C C AA G T GAAC C

1127 CAGGGCGCTGACGAGGTAGTCGATCTTAACAATGAAATGAAGGCACGTCGCGAGAAGCTGGCTGCACTGCGTGAG
GinGlyAlaAspGluValVaiAspLouAsnAsnGluMetLysAlaArgArgGluLysLeuAlaAlaLouArgGlu

Ala Lou Thr Asn

FIG. 2. Nucleotide and deduced amino acid sequences of the S. typhimurium prfB gene. Nucleotides and amino acids of the E. coli prfB
gene that differ from those of S. typhimurium prfB are indicated. *, Deletion of a base in the E. coliprfB sequence. The numbers ofthe nucleotide
and amino acid positions are counted from the initiation site ofthe prfB coding sequence. The restriction enzyme sites used for DNA manipulation
are shown. Arrows upstream of the prJB gene indicate a dyad symmetry. The supK584 mutation substitutes an A residue for a G residue at the
position indicated.

carried the UGA codon at amino acid position 144 (data not causing only temperature-sensitive lethality. This can be
shown). These results led us to conclude that the opal explained by assuming that the reduction in RF2 level caused
substitution in the RF2 gene of supKS84 is solely responsible by the opal mutation causes inefficient termination of trans-
for both the UGA suppression and the temperature sensitiv- lation and leads to suppression of its own nonsense UGA
ity of growth. codon. To test this assumption, expression of the RF2 gene
Autogenous Suppression. Since the prJB-encoded protein is in the wild-type and mutant cells was analyzed by using gene

essential, it seems extraordinary that a nonsense mutation in fusions (Fig. 1). Three prfB-lacZ fusion plasmids were con-
the prJB gene generates an opal suppressor activity while structed. pSRF2Z13 and pSRF2Z229 carry NH2-terminal 13-
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Table 1. Complementation of the pdB mutations

Strain 83-Galactosidase activity
(relevant genotype) pACYC184 pSRF2 pSUPK pSUPKAH
YN2970 (priBi
lacZ659uGA) 122 4.6 106 146

KK579 (prB286
lacZ659UGA) 118 5.1 87 134
YN2970 and KK579 cells were transformed with the indicated

plasmids by selecting for chloramphenicol resistance. Transformant
cells were grown at 320C in the presence of 0.5% glycerol, 10 ,tg of
chloramphenicol per ml, and 1 mM isopropyl /3-D-thiogalactoside as
described (8). The /3-galactosidase activity of the exponentially
growing cultures is expressed as units per min per mg of protein.

and 229-amino acid portions of the wild-type priB gene,
respectively; thereby the fusion points are before and after
the + 1 frameshift site at position 26. Plasmid pSUPKZ229 is
structurally equivalent to plasmid pSRF2Z229 except for the
supKS84 opal substitution at position 144. Therefore, the
UGA suppression efficiency can be deduced by comparing
the 8-galactosidase levels of strains carrying plasmids
pSRF2Z229 and pSUPKZ229. As shown in Table 2, expres-
sion of the prfB-lacZ fusion protein with the supKS84 opal
mutation (pSUPKZ229) was greatly reduced in the wild-type
strain. However, synthesis of this mutant fusion protein was
increased in the supKS84 strain, indicating that the opal RF2
mutation is autogenously suppressed under these conditions.
The + 1 frameshift efficiency at the early UGA codon (codon
26) was also increased by suppressor mutation supKS84.
Thus, a reduced cellular level ofthe mature RF2 protein in the
opal mutant is the most probable reason for the increased
UGA suppression activity. The efficiency of translation
termination at the supKS84 opal codon was higher at 42°C
than at 37°C in both the supKS84 and wild-type strains. This
might explain, at least in part, the temperature-sensitive
growth of the supKS84 mutant.

DISCUSSION
The prfB gene of S. typhimurium is highly homologous to that
ofE. coli: 87.0% in the nucleotide sequence and 95.6% in the
amino acid sequence. Both genes contain an in-frame UGA
codon at amino acid position 26 and require a + 1 frameshift
at this codon to permit complete translation of the prfB
mRNA. This in-frame UGA stop codon is preceded by
leucine tRNA codon CUU and a Shine-Dalgamo-like se-
quence AGGGGG 3 bases upstream ofCUU. Weiss et al. (19)
have demonstrated that these structures are required for
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FIG. 3. DNA sequence of the wild-type and supK584prJB genes.
Arrow indicates a substitution by supKS84.
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FIG. 4. Complementation of the supK mutation. KK651
(supK584 hisG200uGA) cells were transformed with the respective
plasmids and examined for the mutant phenotype. (Upper) Trans-
formant cells were streaked on a YT plate and incubated at 42°C for
24 hr. (Lower) Transformant cells were streaked on a minimal agar
plate containing 0.5% glucose, 0.002% proline, and 0.002% serine
and incubated at 37°C for 48 hr. The following plasmids were used:
1, pACYC184; 2, pSRF2; 3, pSUPK; 4, pSUPKAH.

frameshift in the prfB gene of E. coli. This "frameshift
window" sequence of the prfB gene is precisely conserved in
S. typhimurium. Downstream of E. coli prfB, the herC gene,
which affects maintenance ofthe ColEl plasmid, is located in
the same operon (4, 5). The herC sequence also followed prJB
in the S. typhimurium genome (Fig. 2). Another homologous
open reading frame ends at a TGA 107 bp upstream of prJB
in S. typhimurium and at a TAG 93 bp upstream ofprfB in E.
coli. Thus, the prfB region is highly homologous between E.
coli and S. typhimurium, including its flanking sequences.
The present work demonstrates that the supK mutation, a

recessive UGA suppressor mutation, affects the S. typhimu-
rium prfB gene. First, the RF2 gene isolated from the
supKS84 strain carried an opal mutation at amino acid
position 144. Second, the prfB gene from supKS84 causes a
reduction in translation termination at UGA codons. Finally,
supKS84 revertants, which lost the UGA suppressor activity
and temperature sensitivity, carried a UGA-to-UGG change.

Table 2. Efficiency of +1 frameshift and UGA suppression in
the supK mutant

Relative activity of 3-galactosidase

Strain pSRF2Z13 pSRF2Z229 pSUPKZ229
(relevant genotype) 370C 370C 37°C 420C
KK665
(supK+) 100 60 4 2

KK651
(supKS84) 100 95 11 7
S. typhimurium KK665 and KK651 cells were transformed with

the indicated plasmids by selecting for chloramphenicol resistance.
Transformant cells were grown in L broth in the presence of 10 ,ug
of chloramphenicol per ml. Cultures grown at 37°C were inoculated
into the same broth and grown at 37°C or at 42°C for 3 hr until the
optical density at 600 nm increased -6-fold. The ,B-galactosidase
activity of the exponentially growing cultures is expressed as units
per min per mg of protein. The values represent /3-galactosidase
activities relative to those of pSRF2Z13.

Genetics: Kawakami and Nakamura
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These data clearly indicate that the phenotypes of mutation
supK584 are due to a prfB opal mutation.
The prJB-lacZ gene fusion experiments revealed that the

supK584 opal mutation reduces the cellular amount of RF2
but causes suppression ofUGA codons in the priB gene. This
is consistent with the previous observation that the increased
gene dosage of the prfB gene reduces the leakiness of the
UGA codon (8). The UGA suppression activity of mutation
supK584 leads to autogenous suppression ofits own opal prJB
mutation, thereby generating another feedback regulatory
loop for the synthesis of RF2 in the mutant. The supK584
mutation also enhanced the normal feedback regulation at the
+ 1 frameshift at the 26th UGA codon. Craigen and Caskey
(20) showed that synthesis of RF2 is reduced by adding
excess RF2 protein to the in vitro coupled transcription/
translation system. Our result is consistent with this in vitro
observation and may be the first in vivo evidence for auto-
genous control ofRF2 synthesis by a + 1 translational frame-
shifting.
Why does the supK584 strain exhibit temperature sensi-

tivity? The suppression efficiency of the supK584 UGA
codon in the supK584 mutant was lower at 420C than at 370C
(Table 2). It is possible that the lower amount of the RF2
protein produced in mutant supK584 at high temperature
(-10% of the wild type) is insufficient for cell growth.
However, another possibility cannot be excluded at present:
a nontryptophan amino acid may be incorporated in the 144th
opal position in supK584 and this mutant RF2 protein may
lose activity at high temperature.
Reeves and Roth (7) observed low levels of tRNA meth-

yltransferase in the supK584 strain. The present work dem-
onstrated that the supK584 mutation is not a mutation in the
structural gene for tRNA methyltransferase but a mutation in
the prfB gene. We assume that RF2 may play a crucial role
in expression of a tRNA methyltransferase gene. Further
studies will be needed to disclose the relationship between
RF2 and tRNA methyltransferase.
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