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The extrachromosomal 47 determinant in the yeast Saccharomyces ceretisiae
enhanced the expression of Mendelian UAA suppressors by 6- to 10-fold. The
+ determinant by itself is a weak UAA suppressor that caused the production of

approximately 1% of the normal level of iso-1-cytochrome c in a strain containing
the UAA mutation cycl-72.

The non-Mendelian factor 47 was first iden-
tified by its ability to modify the expression of
certain UAA nonsense suppressors in Saccha-
romyces cerevisiae (1, 2). Subsequent investi-
gations established that some UAA and frame-
shift suppressors are expressed at higher levels
in 47 strains than in ;7 strains (3, 7, 8). In
addition, phenotypic suppression of UAA, UAG,
and UGA nonsense mutations by paromomycin
was found to be greater in 4+ strains than in ;
strains (11). Genetic analyses have shown that
the 47 factor is not coded by nuclear genes (1,
5), by mitochondrial DNA (20), or by the double-
stranded RNA controlling the killer phenotype
(9). High rates of 4+ -*; mutations occur when
cultures are incubated in hypertonic media (1 7),
and it is believed that such growth conditions do
not induce chromosomal mutations. Although
the molecular identity of 4+ and its site of action
is unknown, it appears to be a self-replicating
extranuclear determinant that perturbates cer-
tain steps in protein synthesis. In this report we
demonstrate that the 4+ factor can act as a weak
UAA suppressor even in the absence of known
Mendelian suppressors. The degree of suppres-
sion of the 47 determinant and the degrees of
stimulation of Mendelian suppressors by the 4+
determinant were quantitatively estimated from
the amounts of iso-l-cytochrome c in cycl mu-
tants.
The levels of iso-1-cytochrome c were com-

pared in 4+ and 47 strains having the cycl-72
marker, which contains a UJAA codon corre-
sponding to amino acid residue position 66 in
iso-l-cytochrome c (J. W. Stewart and F. Sher-
man, unpublished data; see reference 14). Quan-
titative measurements (Table 1) shows that the
47 factor acts as a UJAA suppressor, since the
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level of iso-1-cytochrome c was elevated from an
undetectable level in the 47 cvcl- 72 strain to 0.8
to 1.2% of the wild-type level in the 47 cycl-72
strain. The iso-l-cytochrome c from the 47 cycl-
72 strain was identified by its characteristic chro-
matographic elution position from ion-exchange
columns, and its identity was verified by its
absorption maximum at 549.7 nm, which could
be distinguished from the iso-2-cytochrome c
maximum at 549.2 nm. Unfortunately, the lack
of a sufficient quantity of a purified sample of
iso-l-cytochrome c prevented determination of
the amino acid residue at the site of the UAA
mutation. The results of plating cells on appro-
priate media indicated that the iso-1-cyto-
chrome c from the 47 cycl-72 culture did not
arise from rare intragenic revertants or from
nuclear suppressors. No large colonies, charac-
teristic of intragenic revertants, were observed
after 5 x 104 cells were plated on lactate medium;
less than 1 in 5 x 104 cells gave rise to chromo-
somal UAA suppressors capable of suppressing
the lys2-1 marker.

In addition, we observed partial growth of A+
trp5-48 strains and the lack of growth of 47 trp5-
48 strains on tryptophanless medium, suggesting
that the UAA nmutation trp5-48 also is sup-
pressed by the 47 determinant. However, 47
does not suppress most UAA markers or sup-
presses them at a level too low to be detected.
The cycl-2 mutant, which has a UAA codon
corresponding to the amino acid at position 21
in iso-l-cytochrome c (J. W. Stewart and F.
Sherman, unpublished data; see reference 14) is
not suppressed or is suppressed only at a very
low level by the 47 determinant. No iso-l-cyto-
chrome c was detected in a 47 cycl-2 strain by
a procedure that would have revealed as low as
0.3% of the normal level (Table 1). Furthermore,
there is no evidence with cycI markers and
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TABLE 1. Levels of suppression in 4' and 4- strains

Cytochrome c concn (mg of cytochrome c/kg

Genotype Strain no. [dry wt])' Iso-l-cytochrome c
(% of normal)

Total Iso- I Iso-2

4+ cycl-72 B-577 36, 39 5 33 0.8-1.2
47 cycl-72 SL381-7C 9, 10 <0.2 8.8 <0.064+ cycl-2b D604-2A 17, 21 <1.1 17.9 <0.3
4+ cycl-179 SL82-1D 21, 21 <0.4 20.6 <0.1
A+ cycl-2 SUP16-ob D604-7D 94, 111 78.6 23.4 12-18
47 cycl-2 SUP16-o SL106-9A 19, 23, 26, 38, 51 6.8 26.2 1.0-1.6

4+cycl-2SUP11-o SL-286 114, 130 68.6 53.4 11-16
cycl-2 +
cycl-2SUP11-o SL-285 44, 50 11.2 36.8 1.7-2.6
cycl 2 +

CYCI + normal strains" 430-650 6-50 100

"Total contents were determined by spectrophotometric measurements of quantitatively extracted cyto-
chrome c from a known amount of yeast as described by Sherman et al. (16). The values listed under "Total"
are from independent determinations. The relative arnounts of iso-1-cytochrome c (Iso-1) and iso-2-cytochrome
c (Iso-2) were determined spectrophotometrically after chromatographic separation (12).
'From Liebman et al. (8).
'From Sherman et al. (16), Gilmore et al. (6), Stewart et al. (19), Liebman et al. (8), and Downie et al. (4).
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FIG. 1. Low-temperature (-190°C) spectrophotometric recordings of intact cells of the following strains,

demonstrating suppression of cycl-2 by various UAA suppressors in 4+ and 4- strains: 4- CYCI, normal
strain D311-3A; 4- cycl-2 SUP3-o/cycl-2 sup', strain SL-221; 47 cycl-2 SUP11-o/cycl-2 sup', strain SL-285;
47 cycl-2 SUP16-o, strain SL106-9A; 4- cycl-2, nonsuppressed mutant strain D609-1B; 4+ CYCI, normal
strain SLIII-IIC; 4, cycl-2 SUP3-o/cycl-2 sup', strain L-45; 4+ cycl-2 SUP11-o/cycl-2 sup', strain SL-286;
4+ cycl-2 SUP16-o, strain D604-7D; and 4, cycl-2, nonsuppressed mutant strain D604-2A. The absorption
maxima of cytochromes a * a,, b, c,, and c are found at 603, 559, 554, and 547 nm, respectively. The efficiencies
of suppression can be estimated from the heights of the cytochrome c peaks at 547 nm.
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nutritional markers that 4+ suppresses UAG
mutations. The cycl-179 mutant, which has a
TU-AGT codon corresponding to position 9 in iso-1-
cvtochrome c (18). was not suppressed or was
suppressed at iess than 0.1% of the normal level
(Table 1).
The interacttoon between the 4 determinant

and chroniosoniat s,pptessors was investigated
by measuring the levels of iso-l-cytochrome c in
c and Q strains that contained the UlAA mu-
tatioin (c 1-2 andl ote or anothei of the UAA
suppressors .UtPd-o,c.U'P11-o, and SUPJ6-o.
Haploid strains wvere used to examine the
SUP16--o suppressor, previously denroted SUQ.5,
which causes insertion of serine r,esidues at lJAA
sites (8, 10). Because 4" haploid strains grow
poorly or are inviable when they contain the
SUP3-o or SUPZl-o suppressors, which caause
insertion of tryosine residues at UlAA sites (6),
iso-1-cytochrome c levels were dleternined in
diploid strains that were heterozygous foi the
suppressors. The amounts of iso-1-cytochrome
c were determined either by spectrophotometric
measurements of quantitatively extracted cyvto-
chrome c (16) or by low-temperature spectro-
photometric recordings of intact cells (15). The
ItJAA suppressors SU'P3-o, SUP11-o andl
SUlPJ6-o acted on the cvci-2 mutation approxi-
i-mately 10-fold nmore efficiently in 4' strains than
in 4 strains (Fig. 1; Table 1). In contrast, low-
temperature spectroscopic examinationi of the
cvtochromne c level in intact cells inldicated that
there was no detectable clifference between 4
and 4 strains containinn the U'AG nmutation
cyel- 179 and the UAG suppressor S UP7-a
The levels of suplpression in the 4 StUP-UAA

strains were sonsiderablt greater than the suni
of the levels irn the individual 4 St 'P-'UAA
strains and s.strains (Table 1), indicating a
synergistic interaction that intensifies each
other's levels of suppression. Because SUJPl6-o
inserts serine in both 4 aind 4 strains (8), it
appears that the 4" deternminanit cnhances the
level of suppression of the SUP!6-o suPpressor
rather than vice versa.
The 4' determinant influences (a variety of

processes and yet exhibits remarkable specifici-
ties. Investigations reported here and elsewhere
with inutritional miarkers and cycl mutants in-
dicate that the 42 factor enhances the expression
of UAA and certain fraimeshift suppressors (3)
but not UAG suppressors; that it enhances the
phenotypic ssuppression of all nonsense muta-
tions (UAA, UALG, and tJGA) (11); and that it
suppresses the U,AA mutations cvcl - 72 and trp5-
48 but not other CJAA mutations or UAG mu-
tations.
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