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Introduction

The non-Mendelian determinant [ISP+] is a prion form of 
the global transcriptional regulator Sfp1.1 [ISP+] was initially 
detected as a non-chromosomal anti-suppressor that appears at 
a high rate in strains containing specific sup35 mutations that 
suppress the effects of the nonsense mutations his7-1 (UAA) and 
lys2–87 (UGA).2 As a result, strains containing [ISP+] express the 
dominant non-suppressor (His-Lys-) phenotype, while isogenic 
[isp-] strains have the His+Lys+ phenotype. The [ISP+] status of a 
strain can be changed to [isp-] in medium containing 5 mM gua-
nidine chloride (GuHCl), which both cures cells of [ISP+] and 
also selects [isp-] cells, due to their higher resistance to GuHCl 
relative [ISP+] cells.2 The ability of GuHCl to cure cells of [ISP+] 
is contradictory to the independence of its propagation on the 
Hsp104 chaperone protein,1,2 since GuHCl cures yeast prions by 
inhibition of Hsp104 activity that is necessary for prion shearing 
(reviewed in refs. 3–5). This Hsp104 independence may indi-
cate that chaperones other than Hsp104p participate in [ISP+] 
propagation.

We recently showed that the [ISP+] status of a strain depends 
on SFP1 expression.2 SFP1 deletion causes irreversible [ISP+] loss, 
whereas increased SFP1 expression levels induce the appearance of 
[ISP+]. Notably, [ISP+] cells contain the aggregated form of Sfp1, 
which is localized largely in the nuclei. This nuclear location may 
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be the reason for the low efficiency of [ISP+] cytoduction and its 
independence of Hsp104 for its maintenance.

The conversion of proteins in yeast to their prion forms typi-
cally causes an effect that is similar to that caused by the com-
plete or partial inactivation of the corresponding gene, since the 
conversion results in the loss of protein function (reviewed in refs. 
6–8). However, the strains used in our earlier work illustrated 
another situation, with [ISP+] strains and strains containing the 
SFP1 deletion differing in several ways: (1) [ISP+] strains dem-
onstrated anti-suppression, while sfp1Δ strains did not; (2) com-
pared with isogenic sfp1Δ strains, [ISP+] strains grew faster and 
were more resistant to antibiotics that inhibit translation and 
(3) deletion of SFP1 significantly reduced cell size, whereas cells 
of [ISP+] strains were of normal size.1 Importantly, in the same 
manner, [ISP+] strains differed from [isp-] strains, albeit less obvi-
ously. The last observation would support an advantage for [ISP+] 
strains over [isp-] strains.

This study seeks to elucidate the nature of the anti-suppression 
caused by [ISP+] and to examine [ISP+] effects in the background 
that differs from that required to manifest the [ISP+] pheno-
type. We present data demonstrating that the anti-suppression 
observed in [ISP+] strains is caused by increased levels of Sup35 
and discuss possible mechanisms that underlie this effect. Our 
results also indicate that advantages for [ISP+] strains appear 
only in certain genetic backgrounds, where increased expression 
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the sfp1Δ strain, as with strains containing wild-type SUP35, 
this allele was transcribed less efficiently than in the [isp-] strain 
(lower line in Table 1). At the same time, the level of sup35-25 
transcription in the [ISP+] variant exceeded that shown for the 
[isp-] strain (middle line in Table 1).

We also used protein gel blotting to show that in [ISP+], 
[isp-] and sfp1Δ strains containing sup35-25, the increased level 
of SUP35 transcription in the [ISP+] strain is accompanied 
by an increase in Sup35p production. Again, the initial strain 
2V-P3982 bearing wild-type SUP35 and its sfp1Δ derivative were 
used as additional controls. The results show that: (1) deletion of 
SFP1 in strain 2V-P3982 decreases the amount of Sup35 (Fig. 1A 
and Table 2) and (2) the amount of Sup35 in the [ISP+] strain 
is higher compared with the [isp-] and sfp1Δ derivative (Fig. 1B 
and Table 2). Thus, the manifestation of the anti-suppressor 
effect in [ISP+] strains correlates with increased transcription of 
the sup35-25 allele that is accompanied by increased amounts of 
Sup35. This increase in Sup35 levels may account for the anti-
suppression observed in [ISP+] strains.

Expression of sup35-25 from a high-copy plasmid in an 
[isp-] strain causes anti-suppression. It should be emphasized 
that strains used in the previous section produced mutant Sup35 
encoded by the sup35-25 allele that causes omnipotent nonsense 
suppression in [isp-] strains.2 Nevertheless, an [ISP+] strain produc-
ing increased amounts of mutant protein displayed the non-sup-
pressor phenotype. To examine whether increased amounts of the 
mutant protein could compensate for defects in translation termi-
nation, sup35-25 was expressed from a high copy number plasmid 
pRSU3-25 in the [isp-] variant 25-25-2V-P3982. Transformation 
with the original plasmid pRS425 lacking sup35-25, was used as 
a control. Transformants were selected on SMM-Leu medium. 
A significant increase in the level of Sup35 in these transfor-
mants was confirmed by protein gel blot (Fig. 2A). Phenotypes 
of 96 transformants were analyzed in both cases. Remarkably, 
all transformants containing the pRSU3–25 plasmid displayed a 
non-suppressor phenotype, i.e., His- Lys-, whereas transformants 
with the original plasmid retained suppression. An example of 
transformant growth on medium lacking lysine is presented in 
Figure 2B. These results indicate that an increase in the amount 

of mutant Sup35 encoded by the sup35-25 allele 
may compensate for the decrease in termination 
efficiency caused by the mutation and strongly 
supports the idea proposed above that the anti-
suppression observed in [ISP+] strains may be 
caused by increased levels of Sup35.

Manifestation of [ISP+] in strains contain-
ing wild-type SUP35. The data obtained earlier 
showed that [ISP+] status provided a selective 
advantage over [isp-] strains containing specific 
sup35 mutations in terms of a higher growth 
rate and increased resistance to antibiotics that 
inhibit translation.1,2 To address the question of 
whether [ISP+] specifically influences cells with 
unimpaired translation termination, we needed 
to produce an [ISP+] strain expressing wild-type 
SUP35. While it is possible to cytoduce the [ISP+] 

of particular genes is needed for optimal adaptation to growth 
conditions.

Results

SUP35 expression is increased in [ISP+] strain compared with 
sfp1Δ and [isp-] strains. SUP35 encodes the translation termi-
nation factor eRF3,9,10 and termination defects caused by sup35 
mutation can be neutralized to some extent in [ISP+] cells.2 
Indeed, the SFP1 and SUP35 genes are functionally related, since 
data from transcriptome analysis indicate that SUP35 expres-
sion is positively regulated by Sfp1.11,12 To determine whether 
the efficiency of SUP35 expression in [ISP+] strains differs from 
that of sfp1Δ and [isp-] strains, quantitative real-time RT-PCR 
(see Materials and Methods) was performed. First, it was per-
formed on the initial strain 2V-P3982 containing the wild-type 
SUP35 allele and its SFP1-deleted derivative. Both strains com-
pared were [isp-], since [ISP+] arises in strains containing specific 
sup35 mutations.2 This experiment confirmed the data from the 
transcriptome analysis, as the level of SUP35 transcription in the 
strain lacking SFP1 was essentially lower than in the same strain 
containing SFP1 (upper line in Table 1).

Then, the level of SUP35 transcription was examined in the 
[ISP+] variant of 25-25-2V-P3982, and in its [isp-] and sfp1Δ deriv-
atives. These strains contained the sup35-25 mutation, which is 
one of two sup35 nonsense suppressor mutations for which an 
anti-suppressor effect of [ISP+] was registered.2 The analysis of 
sup35-25 expression performed for these strains revealed that in 

Table 1. The level of SUP35 transcription depends on Sfp1 production 
and on [ISP+] status

Strains compared Allele expressed
Relation  

of transcription levels

SFP1[isp-] to sfp1Δ SUP35 6.4 ± 1.27

SFP1[ISP+] to SFP1[isp-] sup35-25 2.6 ± 0.95

SFP1[isp-] to sfp1Δ sup35-25 2.7 ± 0.25

Results of at least three estimations of transcription levels were 
processed in each case; data are mean ± SEM.

Figure 1. The amount of Sup35 is decreased in strains with deletion of SFP1 and is 
increased in [ISP+] strains comparatively to isogenic [isp-] strains. Detection of Sup35 by 
protein gel blot in strains that express the wild-type SUP35 allele and do not contain [ISP+] 
(A) and in [ISP+], [isp-] and sfp1Δ strains expressing the sup35-25 (B). Polyclonal antibodies 
against Sup35 were used.
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Next, the antibiotic sensitivity of the transformants was  
compared, with cells transformed by empty plasmid acting as 
a control. As mentioned above, compared with [isp-] and sfp1Δ 
strains, the initial [ISP+] strain demonstrated an increased resis-
tance to the translation inhibitors paromomycin and cyclohexi-
mide.1 Since SFP1 deletion is known to increase the sensitivity 
of yeast cells to the macrolide rapamycin, an inhibitor of the 
TORC1 kinase complex,16,17 the effects of Sfp1 prionization 
on the rapamycin sensitivity of the transformants were also 
examined.

The data presented in Table 3 show that transformants of the 
sfp1Δ strain are the most sensitive to all antibiotics used. Notably, 
SUP35 containing transformants of sfp1Δ and [isp-] strains are 
more resistant relative to strains expressing only sup35-25. At the 
same time, SUP35 containing transformants of the [ISP+] strain 
are more sensitive to all three drugs than strains expressing the 
sup35-25 and transformants of the [isp-] strain. It should also be 
stressed that the [ISP+] strain transformed by pRS315 is more 
sensitive to rapamycin than the [isp-] strain transformed by the 
same plasmid.

Thus, the [ISP+] effect may be beneficial in specific genetic 
backgrounds and under particular growth conditions, for exam-
ple, when the compensation of translation termination defects is 
needed to ensure survival. In contrast, some effects of [ISP+] are 
not related to translation, for instance, compensation of the ter-
mination defect by SUP35 expression does not abolish the influ-
ence of [ISP+] on cell size and does not decrease the sensitivity of 
[ISP+] strains to rapamycin.

Discussion

The prion form of the transcriptional regulator Sfp1 known as 
[ISP+] has properties of a typical yeast prion as well as several 
other unique features (see Introduction). While the consequences 
of protein prionization and deletion of its host gene are usually 
similar, [ISP+] strains differ in phenotype from both [isp-] strains 
and strains containing the SFP1 deletion. [ISP+] strains contain-
ing nonsense mutations and specific sup35 mutations display a 
non-suppressor phenotype, which is in contrast to isogenic sfp1Δ 
strains, in which the manifestations of nonsense mutations are 
suppressed.1 This difference might be explained by variations in 
the level of SUP35 expression of the strains examined, which is 
consistent with data from transcriptome analysis indicating that 
Sfp1 regulates SUP35 transcription.11,13 Indeed, our results from 
qRT-PCR analysis of wild-type and mutant SUP35 transcrip-
tion and protein gel blotting to determine Sup35 protein levels 

from the sup35 mutant into the initial strain expressing SUP35 
as was done in our earlier studies,2 this approach is complicated, 
since the effects of [ISP+] are not manifested phenotypically 
in the absence of specific sup35 mutations. As a result, identi-
fication of [ISP+]-containing cytoductants is possible only by 
genetic analysis of individual clones. In addition, the efficiency 
of [ISP+] cytoduction is about 17%, which is much lower than 
that of other yeast prions and is likely due to the predominantly 
nuclear location of [ISP+].1 Therefore, we used another approach 
and constructed strains where the manifestations of the reces-
sive sup35-25 allele were complemented by wild-type SUP35. 
To this aim, the [ISP+] strain 25-25-2V-P3982 containing the 
sup35-25 allele was transformed with a pRSU1 plasmid bearing 
wild-type SUP35. Simultaneously, the [isp-] and sfp1Δ derivatives 
of this strain were transformed with the same plasmid. Twenty 
transformants were selected on SMM-Leu medium for each of 
the recipient strains. As expected, all transformants of the [ISP+] 
strain retained the same non-suppressor (His-Lys-) phenotype of 
the recipient. To control the [ISP+] retention in these transfor-
mants, the phenotype of the clones obtained in mitotic progeny 
of the transformants after pRSU1 loss on YPD medium was 
examined. All 48 clones obtained from three transformants (16 
clones from each) displayed the non-suppressor phenotype (not 
shown). Thus, [ISP+] is stably maintained in cells containing the 
wild-type SUP35 allele.

Transformants of the [isp-] strain also displayed the non-sup-
pressor phenotype due to complementation of sup35-25 effects, 
but after loss of the SUP35 bearing plasmid on YPD, all of 
them displayed suppression of his7-1 and lys2–87 (not shown). 
As such, transformants of both [ISP+] and [isp-] strains did not 
differ phenotypically, but instead differed in their [ISP+] status. 
Interestingly, transformants of the sfp1Δ strain retained the sup-
pressor phenotype despite their wild-type SUP35 expression, even 
though the suppression efficiency was significantly decreased 
compared with the recipient strain (not shown). Retention of 
nonsense suppression in these transformants is most likely caused 
by decreases in the amount of Sup35 due to SFP1 deletion.

Transformants of [ISP+], [isp-] and sfp1Δ strains were com-
pared by their growth rate in SMM-Leu medium, which is neces-
sary for pRSU1 maintenance. Figure 3 shows that the growth 
rates of [ISP+] and [isp-] strains transformed by pRSU1 were not 
significantly different, but transformants of the sfp1Δ strain grew 
much more slowly.

SFP1 is known to be one of the key genes that controls cell 
size in yeast; therefore, cells lacking Sfp1p have a reduced size.11-15 
At the same time, [ISP+] strain cells are significantly larger than 
sfp1Δ cells and are slightly larger than [isp-] cells.1 Here we com-
pared transformants of [ISP+], [isp-] and sfp1Δ strains in terms of 
cellular area (see Materials and Methods) and discovered that in 
spite of the presence of SUP35, the same pattern was retained: 
transformants of the sfp1Δ strain had the smallest cell size (18.0 
± 0.56 μm2), and the [ISP+] cells were larger than [isp-] cells. 
Interestingly, the distinction between transformants of [ISP+] 
and [isp-] was rather significant: 29.0 ± 0.81 μm2 and 23.1 ± 
0.67 μm2, respectively.

Table 2. Sup35 amounts depend on Sfp1 production and on [ISP+] status

Strains compared Allele expressed
Relation  

of Sup35 amounts

SFP1[isp-] to sfp1Δ SUP35 2.7 ± 0.03

SFP1[ISP+] to SFP1[isp-] sup35-25 1.5 ± 0.06

SFP1[isp-] to sfp1Δ sup35-25 1.1 ± 0.03

Area and density of bands corresponding to Sup35 on protein gel blots 
was estimated 10 times by ImageJ tool; data are mean ± SEM.
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Sup45 may be compensated for by increased amounts of Sup35 
that could enhance the probability of the protein interaction. In 
contrast, if a sup35 mutation influences the Sup45 interaction by 
affecting ribosome binding or stop codon recognition, increased 
amounts of Sup35 would not rescue this defect. Allele specific-
ity of anti-suppression caused by [ISP+] was revealed in our ear-
lier work whereby amino acid replacements caused by two sup35 
mutations that were anti-suppressed in [ISP+] cells were found 
to be located close to one another (positions 363 and 378) and 
probably affect the same functional domain of the Sup35.2 This 
is in contrast to mutations insensitive to [ISP+], which occurred 
at positions 413 and 575.

Increased levels of SUP35 expression in [ISP+] cells in com-
parison to sfp1Δ and [isp-] cells implies that a positive effect of 
Sfp1 on SUP35 transcription is not only retained, but is even 
enhanced, despite the prion conversion of the protein. So, [ISP+] 
represents an obvious example of a functionally active prion form 
of a protein. The possibility of protein function retention after 
prion switching, in this example, preservation of enzymatic activ-
ity, was shown for a fusion protein combining the prion domain of 
Ure2 and the bacterial ribonuclease barnase.21 Another example 
is also related to Ure2, which retains its glutathione peroxidase 
activity after switch to prion form.22 The retention of enzymatic 
activity by the prion form of the Ure2 was explained by the small 
size of substrate molecules, which can reach active sites of the 
protein that remain available after prion filament formation.

Sfp1 is a transcription factor that contains several zinc finger 
motifs, which should facilitate DNA binding. However, it is dif-
ficult to imagine that DNA-binding activity of Sfp1 might be 
enhanced after prion switch. In reality, some data indicate that 
Sfp1 may affect its target genes indirectly by mediating the activ-
ity of other proteins.23 For instance, Sfp1p prionization may be 
followed by the binding and sequestration of a potential, as yet 
uncharacterized, SUP35 repressor protein due to its inclusion in 
prion aggregates formed by Sfp1, similar to that shown for Sup45 
inclusion into [PSI+] aggregates.18 Another possibility is induc-
tion of prion conversion of this tentative repressor by [ISP+], 
akin to [PSI+] induction by [PIN+]; (reviewed in refs. 24 and 25). 
Both mechanisms would result in enhanced SUP35 transcription 

support this conclusion. The level of SUP35 expression in the 
sfp1Δ strain is decreased relative to strains containing SFP1. At 
the same time, the [ISP+] strain expressed SUP35 more efficiently 
than did the sfp1Δ and [isp-] strains. As to Sfp1 level, our data 
obtained earlier indicate that Sfp1 production is not increased in 
[ISP+] cells expressing SFP1 from the native promoter relatively 
to [isp-] cells.1

Thus, the anti-suppression observed in the [ISP+] strain cor-
relates with increased amounts of Sup35. It should be stressed, 
however, that compensation for the translation termination 
defect is achieved in this case by the increased production of 
mutant Sup35. Such a mechanism of anti-suppression received 
additional support from results of sup35-25 expression from a 
high copy number plasmid.

It is evident that the effect of Sup35 would be specific and 
dependent on the nature of protein damage and/or its level of 
production. Since the interaction between eRF3(Sup35) and 
eRF1(Sup45) is known to be required for translation termi-
nation,18-20 a mutation that decreases the affinity of Sup35 for 

Figure 2. Expression of sup35-25 from a high copy number plasmid increases the amounts of Sup35 and causes anti-suppression of lys2–87 mutation. 
Detection of Sup35 by protein gel blot in [isp-] strains transformed by pRSU3–25 and pRS425 (A); growth of transformants on SMM-Leu required for 
maintenance of plasmids and on SMM-Leu-Lys necessary for detection of lys2–87 manifestation (B).

Figure 3. The [ISP+] and [isp-] strains transformed by pRSU1 do not differ 
by their growth rates; transformants of sfp1Δ strain grow essentially 
slower. SMM-Leu required for pRSU1 maintenance was used. The means 
for five independent clones of each strain are presented; error bars 
indicate SEM.
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Plasmids used in this study were centromeric LEU2 based 
plasmid pRS315 and its derivative pRSU1 bearing the wild-type 
SUP35; multicopy LEU2 based plasmid pRS425 and its deriva-
tive pRSU3–25 containing the sup35-25 allele. Both pRSU1 and 
pRSU3–25 express SUP35 alleles from its own promoter.2

Yeast were grown at 26°C in rich medium YPD, supplemented 
minimal medum (SMM), SMM lacking one or more supple-
ments (e.g., SMM-lysine). All media were prepared as described 
in reference 27. Standard methods of yeast genetics were used.27 
Drug sensitivity test was performed as described in reference 13, 
using paromomycin (1 M), cycloheximide (5 mM) and rapamy-
cin (1 mM); all from “Sigma.”

Cell-size evaluation. Strains were grown in YPD up to the 
early stationary phase. Then, cells were placed in a counting 
chamber (hemocytometer) and examined in transmitted light 
under a Leica DM LS microscope equipped with FLUOTAR 
objective 20x/0.40 photoadapter Leica DFC 320 camera. Images 
were captured with Leica DFC Twain software and processed 
with Adobe Photoshop CS2. The photographed areas of 50 ran-
domly selected cells of each strain were estimated and processed 
by ImageJ 1.34s program (rsb.info.nih.gov/ij).

Preparation of yeast cell lysates; electrophoresis and blot-
ting. Yeast cultures were grown in liquid media to OD

600
 0.5–0.7. 

Cells were harvested, washed in water and lyzed by glass beads 
in buffer A: 30 mM TRIS-HCl, pH 7.4, 150 mM NaCl, 1 mM 
dithiothreitol and 1% Triton X-100. To prevent proteolytic deg-
radation, 10 mM phenylmethylsulfonyl fluoride and CompleteTM 
protease inhibitor cocktail (Roche Applied Science) were added. 
Cell debris was removed by centrifugation at 1,500 g for 4 min. 
Protein gel blot was performed using rabbit polyclonal antibodies 
against Sup35p (a gift of S.V. Chabelskaya). Staining of gel with 
Coomassie R-250 was used for normalization of the total protein 
amount.

Evaluation of Sup35p amounts. Relative amounts of Sup35p 
in strains used were quantified by protein gel blots analysis using 
ImageJ (rsb.info.nih.gov/ij) as described in reference 28.

Quantitative real-time RT-PCR. Quantitative Real-time 
RT-CR was performed in 96-well plates on a Biorad ICycler 
(Biorad Laboratories, Inc., Hercules) using the SYBR Green 
stain that binds double-stranded DNA and ACT1 as a reference 
gene. The primers used were SUP35qRT_S3 (CCA ACA ACA 
AGG TAA CAA CAG ATA C) and SUP35qRT_AS3 (GTG 
GAT TGA ATT GCT GCT GAT AAC). Reactions were per-
formed in a total volume of 25 mL that contained 2.5 mL of 
cDNA, 0.5 mM of forward and reverse primers, and 12.5 mL of 
2x SYBR Green master mix (Biorad). From one (for 2V-P3982 

and explain the difference in the effects of Sfp1 prionization and 
SFP1 deletion. Indeed, among proteins interacting with Sfp1, 
there are several transcriptional factors and components of chro-
matin remodeling complexes (see thebiogrid.org/31660).

An additional aspect of [ISP+] effects is the advantage of 
[ISP+] strains over [isp-] strains, which was shown in our earlier 
work.1,2 This advantage is manifested by the increased growth 
rates and drug resistance of [ISP+] strains. To determine whether 
this advantage is specific to [ISP+] and whether [ISP+] confers 
this benefit by a mechanism other than rescue of defects in 
translation termination caused by certain sup35 mutations, we 
compared [ISP+] and [isp-] strains that did not differ from one 
another by their nonsense suppressor phenotype since they were 
both transformed by the plasmid bearing wild-type SUP35. In 
this situation, the growth rates of [ISP+] and [isp-] strains did not 
differ, and the [ISP+] strain was more sensitive to paromomycin 
and cycloheximide than was the [isp-] strain, indicating that in 
certain backgrounds, the effect of [ISP+] may even be harmful.

Sfp1 is a phosphoprotein phosphorylated by TORC1, the 
rapamycin sensitive protein kinase complex involved in regulat-
ing many cellular processes, in particular, protein synthesis, ribo-
some biogenesis and cell growth; (reviewed in ref. 16, 17 and 26). 
Phosphorylation of Sfp1 by TORC1 determines Sfp1 localization 
and, consequently, its function. We found that both the sup35-
25 containing [ISP+] strain and its transformants containing the 
wild-type SUP35 allele were more rapamycin sensitive than [isp-] 
strains. An exact interpretation of the molecular mechanisms 
responsible for these effects is complicated by the multiple conse-
quences of TORC1 inhibition by rapamycin. However, it is evi-
dent that prion switch of Sfp1 increases sensitivity to this drug.

The data obtained here indicate that Sfp1 prionization may 
provide an advantage to yeast strains under particular conditions, 
for example, when increased expression of specific genes regu-
lated by Sfp1 can compensate for defects in certain functions. 
The participation of Sfp1 in the regulation of basic cellular pro-
cesses emphasizes that this problem is worthy of special study.

Materials and Methods

Plasmids, strains and genetic methods. In this work we used 
Saccharomyces serevisiae strains 2V-P3982 (MATa ade1–14 his7-1 
lys2–87 ura3Δ leu2-1 thr4-B15 leu2-1) and its sfp1Δ derivative; 
25-25-2V-P3982, which is the MATa derivative of 25-2V-P3982 
(MATa ade1–14 his7-1 lys2–87 ura3 Δ leu2-1 thr4-B15 leu2-1 
sup45–400 sup35-25),1,2 and [ISP+], [isp-] and sfp1Δ variants of 
this strain.

Table 3. Characterization of drug sensitivity of [ISP+], [isp-] and sfp1Δ strains transformed by pRSU1 and pRS315 plasmids

Recipient strain

Drug
[ISP+] [isp-] sfp1Δ

pRSU1 pRS315 pRSU1 pRS315 pRSU1 pRS315

Paromomycin 15.1 ± 0.71 11.0 ± 0.11 13.8 ± 0.17 16.8 ± 0.39 17.2 ± 0.13 22.7 ± 0.24

Cycloheximide 26.9 ± 0.33 24.0 ± 0.31 24.4 ± 0.14 25.5 ± 0.39 29.2 ± 0.26 32.3 ± 0.35

Rapamycin 21.1 ± 0.20 19.2 ± 0.16 20.0 ± 0.16 18.2 ± 0.21 22.7 ± 0.29 26.3 ± 0.25

The average value of inhibition zones (mm) determined by ImageJ is presented. For each case, n = 50; data are mean ± SEM.
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the fluorescence when maximum PCR efficiency was achieved. 
The data expressed as Ct were imported into a Microsoft Excel 
data sheet for subsequent analysis. The data were analyzed by the 
comparative CT method of Livak.29
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and its sfp1Δ derivative) to three (for [ISP+], [isp-] and sfp1Δ 
variants of 25-25-2V-P3982) independent clones were used for 
RNA isolation. Each sample was analyzed three times. A non 
template control for each primer was included in all real-time 
plates. Amplifications were performed under the following con-
ditions: 95°C for 3 min; 40 cycles of 95°C for 10 sec, 63°C for 
30 sec and 72°C for 30 min; and a final extension at 72°C for 
5 min. At the end of the amplification cycle, a melting analy-
sis was conducted to verify the specificity of the reaction. This 
was performed by heating the amplification products from 60°C 
to 95°C at 0.5°C/10 sec and monitoring the decrease in fluores-
cence. The expression levels were described in terms of the cycle 
threshold value (Ct), which is the number of cycles required to 
reach a certain fluorescence value (threshold). The threshold val-
ues were obtained by using the automated setting of the instru-
ment software (base line subtracted curve fit data) considering 
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