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Dissection of the C. glabrata YPS1 promoter

To further validate the speculation that Crzl regulates the
transcription of YPSI in C. glabrata, the YPSI promoter

(a)

350 301
CCCGAGAGAAATCCCGCACAAGAGAAGCAAAGAAGCAAAGCACAATGACG
(-300) 251
[A&7'YGCGCA’CIVGA&AAAACAAATIYGAAGAAAATYCAAATIAAAGC
-250) -201)
TOAAAAGGGCTTGAAAAGGGCTTGAAAAGTTTCTTTTTCACGCTAATGGE
(-200) {181)
ITGGGGEGGAAGGGLAAGGGLATTAACTGCTGATEBEEETCEcCcTGCAAG
(-150) =101}

GCTTGGATCTTGATAATTGCCATATATATAGCTTGTAAAATGTGATTCCT
(-100) 51
GAATACCTTTACTCTAGTACCAGAACTAGAACTAGAACTAGAACCAGAAC
(-50) 1)
TACAAGTAARACTAGAACTAGAACTACAAGTACAAACACACATACAGAAT

(b)

m Mutagenic Primer Deletad ragion
-ttt IscY ) pPYPS1 NiA Nia
~oe—o-o—o - a2’ PPYPSID1  YPSIpemF1 & YPSIprm-Ri  —307 o —297
~Cre-e-e-Ye-l- L2 pPYPSID2  YPS1prm-F2 & YPS1prm-RZ  —166to —160
-ttt [3cZ ) pPYPS1.DI  YPSIprmF3I&YPSIpmmRI  —120ts —120
IOt [scY) pPYPS1.D4  YPSiprm-F4 R YPS1prmRA  -250 bo —222

~CFNMe - (2l > pPYPS1.042 YPSiprm-F4 & YPS1prm-R4
“CHE e facZ) pPYPS1-06  YPS1prm-£5 & YPS1prm-R4
oo oW sl > pPYPS1-064 YPS1prm-FS & YPSIprm-RS
IR o TRz > pPYPS1.082 YPS1prmeFS & YPS1prmRd
ORI sz pPYPS106  YPS1prm-F6 & YPS 1prm-RA

=250 to ~222, ~166 to ~160

~250 to ~200

=222 to ~200

=230 to ~200, ~166 to ~160

—250 to —148

pPYPS1
pPYPS1-D1
pPYPS1-D2
pPYPS1-D3

pPYPS1-D4 :
pPYPS1-D42
sy

pPYPS1-D5
pPYPS1-D54 |
pPYPS1-D52 |
pPYPS1-D6 |
pPYPS1 (in Acrz1) |
pPYPS1
pPYPS1-D1
pPYPS1-D2
pPYPS1-D3
pPYPS1-D4 |
pPYPS1-D42 41°C |
pPYPS1-D5
pPYPS1-D5-4
pPYPS1.D52
pPYPS1-D6
pPYPS1 (in Acrz1)
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elements were dissected using a lacZ reporter system. The
355-bp sequence immediately upstream of the YPSI ORF
and the putative transcription factor-binding sites in this
region are shown in Fig. 3a. The intact 355-bp promoter
region and the first 12 codons of YPSI were fused to lacZ in
pEM14 to generate the pPYPSI1 reporter construct. Site-
directed deletion mutagenesis was then used to sequentially
introduce mutations into the promoter region to construct
the reporter plasmids illustrated in Fig. 3b. The B-galactosi-
dase activities of these reporter constructs in strains 2001TU
and TG174 were then compared after 3h of incubation at
41°C (Fig. 3c). Interestingly, we identified a sequence, 5'-
ATGACGTAAT-3', in the upstream region ( — 306 to — 297)
of C. glabrata YPS1 matching the consensus sequence of the
S. cerevisiae Skol-binding site, 5'-ATKACGTMAT-3' (Proft
et al., 2005) (Fig. 3a). The transcription factor Skol has been
characterized as a downstream target of the Hogl signaling
pathway in S. cerevisiae (Proft et al., 2001; Proft & Struhl,
2002). However, Skol-mediated transcriptional regulation
of YPSI was not evident, because the deletion of this
sequence did not affect promoter activity, as evidenced by
the high-level induction of B-galactosidase activity in the
strain containing pPYPS1-D1 (Fig. 3c).

We also identified the sequence 5'-GGGGCTCC-3/,
which was similar to the consensus Crzl-binding site 5'-
GNGGC(G/T)CA-3" (Yoshimoto et al., 2002), in the up-
stream region (— 166 to —159) of C. glabrata YPSI (Fig.
3a). The deletion of this sequence resulted in only a slight
decrease of promoter activity, displaying 90% activity of the
intact promoter at 41 °C (pPYPS1-D2 in Fig. 3c). A genome-
wide analysis in S. cerevisiae previously revealed that the
promoters of most calcineurin-dependent genes contain one
to six copies of the Crzl-binding sequence 5'-GNGGC(G/

F

Fig. 3. Dissection of putative promoter elements in the upstream region
of Candida glabrata YPS1. (a) The 355-bp sequence upstream of C.
glabrata YPS1. Nucleotide sequence numbers relative to the transcription
start site (A of ATG) are indicated. A putative Sko1-binding site, 5'-
ATGACGTAAT-3', is underlined (— 306 to —297), while a putative Crz1-
binding site, 5-GGGGCTCC-3, is shown in a gray box (— 166 to
—159). Five copies of the core Crz1-binding sequence ‘GGCT' are
italicized and underlined. A putative TATA box, 5/-TATATAT-3/, is shown
in bold and underlined (— 128 to — 122). (b) A summary of the deletions
introduced into the YPST promoter sequences. Symbols: open box,
putative Sko1-binding site; shaded circle, core Crz1-binding sequence;
shaded box, putative TATA box. (c) B-Galactosidase assay. Candida
glabrata wild-type strain (2001TU) containing a single copy of the
reporter constructs was incubated at 41°C for 3h. The Acrz7 mutant
containing pPYPS1 was also included as a control. B-Galactosidase
activities were calculated in Miller units (nmolmin~"mg™" protein) at
37 °C. The activity of each reporter construct is expressed relative to that
of pPYPS1 in the wild-type strain at 30 °C. Three independent transfor-
mants for each reporter construct were assayed in triplicate. Error bars
represent SDs from the means of three independent experiments.
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T)-3', with any base substitution in the core ‘GGCT’
sequence resulting in the elimination of Crzlp binding,
except the T to G change (Yoshimoto et al., 2002). Similarly,
five copies of the core Crzl-binding sequence ‘GGCT’ were
present within the 355-bp upstream region of C. glabrata
YPS1 (‘GGCG’ was not found), as shown in Fig. 3a. There-
fore, we extended the originally deleted regions in the YPSI
promoter to sequentially remove the core Crzl-binding
sequences, as summarized in Fig. 3b. The pPYPS1-D4
construct, in which the first and the second ‘GGCT’ sites
were deleted, showed 72% activity of the intact promoter at
41°C (Fig. 3c). The induction of promoter activity of
pPYPS1-D42, which contained the additional deletion of
the putative Crzl-binding sequence, 5'-GGGGCTCC-3’,
was significantly impaired compared with the results with
pPYPS1-D4 and pPYPS1-D2, suggesting that both regions
contribute to the full activity of the YPSI promoter. Com-
pared with the activity levels of pPYPS1, pPYPS1-D42
displayed 54% activity at 30 °C, but only 24% activity at
41°C. The induction ratios of pPYPS1 and pPYPS1-D42
were 4.10 and 1.86, respectively. The results suggested that
the deletions in pPYPS1-D42 did not drastically affect the
basal activity of the YPSI promoter, but impaired the
induction of promoter activity at an elevated temperature.
On the other hand, the absence of the putative TATA box, 5'-
TATATAT-3, or the first three ‘GGCT’ sites impaired not
only the induction but also the basal activity of the YPSI
promoter (pPYPS1-D3 and pPYPS1-D5, respectively). To
examine whether the drastically decreased promoter activity
of pPYPS1-D5 was solely due to the loss of the — 221 to
— 200 region containing the third ‘GGCT’, we constructed
pPYPS1-D5-4, in which only the —221 to —200 region
was deleted. The pPYPS1-D5-4 construct displayed 83%
activity of the intact promoter at 41°C, suggesting that
multiple sites were involved in the induction of the YPSI
promoter activity. As expected, the promoter activity was
completely lost by the simultaneous deletion of the putative
Crzl-binding sequence and the first three or four ‘GGCT’
sites (pPYPS1-D52 and pPYPS1-D6, respectively). The
results from these promoter assays suggest that C. glabrata
Crzl regulates YPSI transcription via multiple binding sites
in the promoter region of this gene. Consistent with the
results of the real-time RT-PCR assay, no B-galactosidase
activity was detected in the Acrzl mutant containing
pPYPSI.

Transcription of yapsin genes other than YPS1 is
not regulated by the calcineurin-Crz1 or the Sit2
pathway in C. glabrata

In addition to YPSI, the expression levels of the other 10 YPS
genes in C. glabrata were also examined by quantitative real-
time RT-PCR in the wild-type, Acnbl, Acrzl, and Aslt2 strains

FEMS Yeast Res 11 (2011) 449-456
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after a 2-h incubation at 41 °C (Fig. 4). Although YPS3 and
YPS5 were not transcriptionally induced in response to
elevated growth temperature, the expression levels of the
remaining eight YPS genes (YPS2, YPS4 and YPS6-11) were
increased at 41°C in all the strains tested in this study
compared with the respective control data obtained at 30 °C.
The results suggested that the upregulated YPS genes might be
involved in cellular adaptation to high temperature indepen-
dent of the calcineurin-Crzl and Slt2 pathways. In agreement
with the results of the gene expression assay, a putative Crzlp-
binding motif could not be found in the 1-kb upstream
regions of the YPS genes other than YPSI.

Although the induced expression levels of YPS4 and
YPSI10 in the Acnbl mutant were higher than those in the
wild-type strain, this phenomenon was not observed in the
Acrzl mutant. In addition, none of the YPS genes were
compensatory upregulated in the Ayps] mutant and over-
expression of YPSI in the Acnbl mutant did not affect the
expression levels of YPS4 and YPSIO (data not shown).

mRNA relative abundance
0.01 0.1 1 10

3 1 i

41°C = -

YPS1
a0c p—
30°C = .
YPE3 | s |
YPse | ..
30°C s
30°C :
30°C
i !41»'1: .
30°C
YPS8 ] e
YPS9 ::g " W hepe
= Acnb1
30°C o=
YPS’OIAPC e Acrz1
- Asi2

YPS11 ] ol
41°C

Fig. 4. Relative mRNA abundance of YPS genes in response to elevated
growth temperature. Logarithmic-phase cells grown in SC-trp broth at
30°C were further incubated at 41 °C for 2 h, and total RNA was then
extracted. The relative mRNA abundance was measured by quantitative
real-time RT-PCR. Results are expressed as the mean + SD. The quantita-
tive real-time RT-PCR was performed in triplicate and representative data
of two independent experiments are shown. Candida glabrata strains:
wild-type, strain TG11; Acnb1, strain TG162; Acrz1, strain TG172; and
Aslt2, strain TG152.
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These results suggested that YPS4 and YPS10 were upregu-
lated as a general response to loss of calcineurin independent
of YPS1 expression levels.

Concluding remarks

Although a previous genome-wide analysis in S. cerevisiae
revealed that the expression of > 160 genes is regulated in a
calcineurin-Crzl-dependent manner (Yoshimoto et al,
2002), none of the orthologous genes have been studied in
a C. glabrata Acrz]l mutant. Our present study has provided
evidence that Ypsl is required for the growth of C. glabrata
at high temperatures and that the heat-induced expression
of the YPSI gene is dependent on the calcineurin-Crzl
pathway. The results of the B-galactosidase assays performed
using mutated YPSI promoters suggest that C. glabrata Crzl
may bind to multiple sites in the YPSI promoter region to
induce the transcription of this gene. The YPSI promoter-
lacZ reporter system established in this study will be a useful
tool for monitoring the activation of the calcineurin-Crzl
signaling pathway in C. glabrata.
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Summary

We aimed to assess differences in early viral dynamics following treatment with either peg-IFNo2a
or peg-IFNa2b in combination with ribavirin in patients with chronic genotype 1b HCV infection.

Sixty-one patients in the peg-IFNoi2a + ribavirin treatment (group 0:2a) and 88 patients in the peg-
IFNo2b + ribavirin treatment (group a2b) were retrospectively analyzed. The early dynamics of
HCV RNA over 12 weeks were evaluated. Sustained virological response (SVR) was defined as un-
detectable HCV RNA at week 24 after end of therapy. First- (day 0-1) and second-phase (day 1-28)
viral decline rates were calculated in accordance with theoretical formulae.

Baseline HCV RNA concentrations were almost similar between the 2 groups. In group o2a, vi-
ral decline was significantly greater than in group o2b at weeks 4, 8, and 12. In group o2a, viral
decline was significantly greater in SVR patients than in non-SVR patients at week 2, whereas sig-
nificantly greater viral decline in SVR patients was found during weeks 1-12 in group a2b. The
first-phase viral decline rate was significantly larger in group 0:2a than in group o2b (1.31+0.84 vs.
0.70+0.97 log IU/mL/day; p<0.0001). Within SVR patients, firstphase viral decline rate was sig-
nificantly larger in group 02a compared with group o2b (1.45+0.85 vs. 0.78+1.0 log IU/mL/day;
p<0.0001). Second-phase viral decline rate was comparable between the groups.

Peg-IFN0:2a showed earlier viral decline than peg-IFNa:2b and the difference was obvious, espe-
cially in the first-phase viral decline.
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BACKGROUND

Approximately 170 million people are infected with hepati-
tis Cvirus (HCV) worldwide and natural history studies show
that 5-20% of patients develop cirrhosis after approximately
20 years of infection [1]. Currently, the pegylated-interferon
(peg-IFN) plus ribavirin combination therapy has become
the standard of care for chronic HCV-related liver disease
because it achieves the highest rates of sustained virologi-
cal response (SVR), defined as undetectable HCV RNA in
blood 24 weeks after completion of therapy [2]. Moreover,
peg-IFN and ribavirin are effective in treating chronic hep-
atitis C in children [3]. However, in patients infected with
genotype 1 or 4 HCV, only about half achieve SVR following
combination therapy, and genotype 1b in high viral loads
accounts for >70% of patients with HCV infection in Japan
[4]. The response to IFN is influenced by viral factors in-
cluding viral load and genotypes, and host factors such as
sex, age, insulin resistance, staging of the disease, and re-
sponses to previous antiviral therapies, as well as therapeu-
tic factors such as dose and duration of treatment [5-8].

The stability of HCV RNA levels in individual patients with
chronic HCV infection represents a steady state in which vi-
ral production is equivalent to viral elimination [9]. Initial
viral dynamic studies of HCV showed the standard biphasic
decline model after initiation of unmodified IFNa. [9-11].
Peg-IFN + ribavirin therapy produced a biphasic viral de-
cline, as was illustrated in initial studies. The first-phase de-
cline in viral loads was rapid, usually occurring within the
first 24 h, and was followed by a second, slower phase. The
first-phase decline was dose-dependent and the second-phase
decline, which was predictive of an SVR, showed consider-
able variability among individual patients [12,13]. Recently,
mathematical modeling approaches have been developed
to interpret the complex HCV kinetics observed in patients
treated with peg-IFN and ribavirin [14-17]. The studies of
viral kinetics in chronic hepatitis C patients during antiviral
therapies have been described and early monitoring of viral
decline was used to predict treatment outcomes [18-21].

In the IDEAL trial, antiviral efficacy was compared between
peg-IFNo2a and peg-IFN0i2b in combination therapy with
ribavirin for patients with HCV genotype 1 infection, and
the SVR rates, as well as the adverse effects, did not differ
between the 2 groups in their standard dosing regimens
[22-24]. However, there is limited information on the dif-
ference of viral kinetics, especially in the early-phase vi-
ral decline, between peg-IFNa:2a and peg-IFNa2b in com-
bination therapy with ribavirin for chronic hepatitis C. In
the present study, the early dynamics of serum HCV RNA
and the rate of viral decline were retrospectively analyzed
in Japanese patients with genotype 1b chronic hepatitis C
with high viral loads who received treatment with peg-IF-
No2a + ribavirin or peg-IFNo2b + ribavirin.

MATERIAL AND METHODS

Patients with chronic hepatitis C who were treated with peg-
IFN + ribavirin combination therapy in the National Hospital
Organization Group of Japan between 2007 and 2009 were
enrolled for this study and retrospectively analyzed. The
study protocol was approved by the Ethics Committee of
the National Hospital Organization, and written informed
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2V 2% phase viral decline
=
=
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27 days
01 7 14 21 28 35 (days)
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Figure 1. Early viral kinetic model during peg-IFN plus ribavirin
combination therapy. The first-phase decline slope for 24h
should be sharp whereas the subsequent second-phase
decline slope should be dull. Expected first-phase and
second-phase viral decline rates were calculated from the
formulae presented under the graph.

consent was obtained from all patients. According to the stan-
dard protocols in Japan, patients received subcutaneous in-
jection of peg-IFNo2a (180 pg) or peg-IFNo2b (1.5 pg/kg)
once weekly for 48 or 72 weeks. Ribavirin (15 mg/kg/day)
was included in both protocols. Doses of peg-IFN and rib-
avirin were reduced in some patients because of anemia,
leukocytopenia, thrombocytopenia, or other adverse events,
but not within the first 4 weeks. Serum HCV RNA concen-
trations were determined by COBAS TagMan PCR HCV test
(Roche Diagnostics, Tokyo, Japan) at baseline and at weeks
1,2, 4, 8, and 12 after treatment initiation. SVR was defined
as undetectable HCV RNA at week 24 after completion of
therapy. The first-phase (24-h virological response) and sec-
ond-phase (day 1-28) viral decline rates by treatment were
calculated as shown in Figure 1. The calculation is based on
a biphasic viral decline model where the first-phase is the
sharp decline observed over the first 24 h of treatment and
the dull decline of the second-phase continues for the fol-
lowing 27 days [25—27]. This calculation method was first
introduced in the International Liver Congress 2009, 44®
Annual Meeting of the European Association for the Study
of the Liver [28].

Results are expressed as means +standard deviation.
Differences between categorical variables were analyzed
by Fisher’s exact test or chi-square test. Mann-Whitney U
test was used for continuous variables. P-values <0.05 were
considered statistically significant.

RESULTS

A total of 149 patients were retrospectively analyzed; their
baseline characteristics are shown in Table 1. All patients
were infected with genotype 1b HCV with high viral loads;
their baseline HCV RNA levels in serum were »5.0 log
IU/mL. The patients were divided into 2 groups: group
02a included 61 patients with peg-IFN0.2a + ribavirin treat-
ment and group a2b included 88 patients with peg-IFNo2b
+ ribavirin treatment (Table 1). Baseline serum HCV RNA
concentrations were similar between the 2 groups (6.1+0.5
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