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Abstract

Strains of Hansenula polymorpha overproducing own uricase (UOX) have been
constructed. Uricase gene under the control of the strong H. polymorpha alcohol oxidase
promoter was multicopy integrated to the recipient strain H. polymorpha C-105 (gcrl catX).
The recombinant producer characterized by a forty-fold increased UOX enzyme activity (up
t0 3.36 U ml™ in cell-free extract) compared to the initial strain.

CkoHcTpyHpoBaHbl IITaMMbl Hansenula polymorpha ¢ ycuneHHOW 3Kcnpeccueit
COOCTBEHHOW ypuKa3pl. [€H ypuKaspl T1OA KOHTPOJIEM CHJIBHOTO TIPOMOTOpa TeHa
ankoronbokcuaassl H. polymorpha BBeéH B TEHOM pelUIHEHTHOTO mtamma H. polymorpha
C-105 (gcr!l catX). PekoMOMHAHTHBIA IITaMM XapaKTEPU3UPOBAJICS COPOKAKPATHBIM
YBE/IMUEHHEM aKTHBHOCTH ypukassl (3.36 ME wmn' B 0GeCKIETOYHBIX SKCTPAKTAaX) B
CPaBHEHHUH C UCXOTHBIM IITAMMOM.

CkoHcrpylioBaHi mtamu Hansenula polymorpha 3 MOCUIEHOIO €KCIIPECI€0 BIACHOT
ypikazu. ['eH ypikazu mig KOHTPOJIEM CHIBHOTO TIPOMOTOpA aJIKOTOJIhOKCHIazu H.
polymorpha Gyno BBeneHO B TeHOM penmmieHTHoro mramy H. polymorpha C-105 (gcrl
catX). PekoMOIHaHTHHI IITaM XapaKTEpH3yBaBCs MIABUINECHHAM aKTHMBHOCTI ypikazu B 40
pasis (3.36 ME mr' B Ge3KIITHHHHX EKCTPAKTAX) Y TOPIBHSHHI 3 BUXiIHIM IITAMOM.
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ANALYSIS OF TESTIS - EXPRESSED STELLATE GENES PROMOTER REGION
IN D. melanogaster

The first described case of a natural RNA-mediated silencing found to be necessary
for male fertility maintenance was discovered in Drosophila (Aravin et al., 2001). In wild-
type testes, hyperexpression of tandemly repeated X-linked Stellate genes is prevented by
homologous, bidirectionally transcribed Y-linked Suppressor of Stellate repeats (Su(Ste)), and
deletion of Su(Ste) leads to abnormalities of spermatogenesis (Palumbo et al., 1994). In the
Drosophila germline, selfish genetic elements, such as retrotransposons and repetitive
sequences, are suppressed by rasiRNAs (Vagin et al., 2006). However, a little is known about
classical transcription regulation of the Stellate genes. The expression of the Stellate genes is
restricted to D. melanogaster testes. The transcription start site was determined in (Livak,
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1990) by primer extension experiments. Sequence in -30 region upstream transcription start
has shown no TATA-element similarity, so the Stellate gene promoter appears to be TATA-
less but initiator-containing one. As we have shown earlier (Aravin et al., 2001) a 134 bp-long
region containing Stellate initiator site is sufficient for high-level expression of transgene
reporter LacZ in testes of ¢ry’ males. This result provides a strong evidence for a presence of
cis-regulatory sites within this region. In this article, we present our analysis of the promoter
region of the Stellate genes.

Materials and methods

Reporter construction design. For PCR amplification, a plasmid template containing 6
full-length Stellate genes was used. PCR amplifications of Stellate regulatory sequences with
primers, generating a duplex with 5° overhangs containing sites for Xbal and BamHI, and
ligation in pCaSpeR-B-gal vector opened with Xbal and BamHI, were performed as in Aravin
et al., 2001.

Drosophila strains, transformation, and genetic crosses. Flies were reared on standard
medium at 25°C. P-element-mediated germline transformation of Df(1)w®“*®y embryos was
performed according to standard protocol (Rubin and Spradling, 1982). The number of
insertions in genome was estimated by Southern blot. The strain with deletion of the bulk of
Su(Ste) repeats on the Y chromosome was c¢ry'Y, described in Palumbo et al., 1994. To
produce males carrying the ¢ry'Y chromosome, Df(1) w*’*% (2)y females were crosses to
X/ery' BYy" males.

Testis nuclear extract preparation. It was prepared as in (Dignam et al., 1983) with
minor modifications.

Electromobility shift assay. The binding probes were terminally [**P]-labeled with T4
polynucleotide kinase. Testis nuclear extract 10-15 micrograms was incubated for 20 min at
room temperature with 0.3-0.6 pmol of labeled oligonucleotide. All binding reaction were
carried out in 20 mM HEPES pH7.6, 50-60 mM NacCl, 0.1 mM EDTA, 5 mM MgCl,, ImM
DTT, 5% glycerol, 20 ng/ul poly(dI-dC), 0.1 ng/ul heparin in total volume of 15 ul. DNA-
protein complexes were resolved by 5% non-denaturing polyacrylamide gel electrophoresis in
0.75xTris-borate-EDTA buffer with 2.5% glycerol at 8°C.

Results and discussion

Determination of 5’ border of proximal promoter region of Stellate genes. General
approach taken to determine upstream borders of gene transcription-control regions involves
creating a set of 5’-deleted reporter constructs. It was previously shown that lacZ reporters
driven by 5 Stellate fragments carrying the Ste225-lacZ and Stel31-lacZ constructs were
sufficient to provide high-level expression of B-galactosidase in cry’Y males testes (Aravin et
al., 2001). 134 bp 5’-fragment of Stellate heterochromatin gene contains 33 bp of 5’-
transcribed region from ATG start codon, and promoter—proximal region lying 101 bp
upstream of the start site. To determine whether the 134 bp fragment can be account as
minimal promoter region of the Stellate genes, we constructed two additional 5’-deletion
mutant constructs of Stellate promoter-proximal region Ste63-lacZ and Ste44-lacZ with lacZ-
reporter gene, and established the transgenic fly lines by P-element-mediated germline
transformation. Both mutant constructs also contained 33 bp of 5’-transcribed region of
Stellate gene sequence downstream from the ATG start codon fused with lacZ gene and
untranscribed 5’ upstream fragments of Stellate heterochromatin gene of 30 bp or 11 bp,
respectively. Analysis of B-galactosidase activity in dissected testes from the cry’ males
revealed that B-galactosidase expression of the Ste63-lacZ was significantly weaker than that
of the Stel31-lacZ (fig.1).
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Figure 1. Activity of B-galactosidase expressed in testes of D. melanogaster under
control of the Stellate promoter sequences of different sizes.

The Ste44-lacZ construct did not show [-galactosidase activity and did not differ
markedly from control fly lines, which were used for P-element transformation. In our
experiments, only flies bearing the Stel31-lacZ construct allowed high-level expression of the
lacZ reporter in testes. As a result, we consider the fragment of 134 bp (-101 bp upstream and
+33 bp downstream transcription start site) to be a minimal promoter region of the Stellate
genes, which is sufficient for their correct testes-specific transcription. We suppose that the
short 71 bp fragment (from -101 bp to -30 bp) shared by the Ste/31-lacZ and the Ste63-lacZ
constructs contains a cis-acting protein-binding control element, or a few elements, which
regulate Stellate gene transcription in testes.

Identification of cis-acting elements within Stellate promoter. To solve the question
which cis-acting elements for testes-specific transcription are present in Stellate promoter,
electromobility shift assay was performed. We used four 5’-radiolabeled oligonucleotides in
27-37 bp encompassing the minimal promoter of 134 bp and named Stel, Ste2, Ste3 and Ste4
as probes. We observed three specific DNA-protein complexes formed with Stel, Ste2, and
Ste4 oligonucleotides, respectively, after their incubation with testis nuclear extract (fig.2). In
all of these cases, 50-fold excess of unlabeled specific oligonucleotide was able to compete
for binding, whereas nonspecific was not. The signal intensity of binding complexes
decreased reproducibly in next array: Ste2 > Ste4 > Stel. Within Ste2 we found palindrome
hexanucleotide sequence CACGTG. Sequence CANNTG is well known as transcription
control element named E-box (Atchley et al., 1997; Ledent and Vervoort, 2001). We aligned
Stel and Ste4 oligonucleotides using Ste2 as a template and found that both of them
contained degenerated E-box sequences: CATCTG and CAAGTG, respectively.

1234 12341234 1234

probe* M Ste2  Ste3  Sted

Figure 2. Electromobility shift assay.l- without extract; 2, 3, 4- with testis nuclear
extract; 3- in presence of 50-fold excess of unlabeled specific oligonucleotide; 4- in presence
of 50-fold excess of unlabeled nonspecific oligonucleotide.
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To verify if this testes-specific protein factor binds just E-box in the Ste2 sequence,
we performed gel shift assay with mutated Ste2 oligonucleotide, Ste2mut, where E-box
CACGTG sequence was replaced by GGCTAT. Using Ste2mut as radiolabeled probe with
testis nuclear extract abolished the gel shift (data are not shown). These observations suggest
that the gel shift complex of Ste2 oligonucleotide is determined by the E-box motif. We also
have noted that all three complexes run shifted probes in gel nearly with the same mobility.
To confirm that all three oligonucleotides Stel, Ste2 and Ste4 bind the same factor, we
designed cross-competition assay. We assumed that the unlabeled Ste2 oligonucleotide
containing the perfect E-box would compete with all E-box-containing oligonucleotides for
the E-box binding factor, whereas Ste2mut would not. Actually, we observed that the 70-fold
molar excess of unlabeled Ste2 competed effectively for complex formation with all three
radiolabeled oligonucleotides, however the same excess of unlabeled Ste2mut did not affect
the binding (fig. 3). Therefore, we determined three cis-acting motifs within minimal Stellate
promoter to be E-boxes and detected the single protein factor from testis nuclear extract
interacting with them in vitro in our experiments.

123 123 123

probe*

Figure 3. Cross-competition shift assay. Testis nuclear extract was incubated with
oligonucleotide probes. 1- without competitors; 2- in presence of 70-fold excess of unlabeled
Ste2 oligonucleotide; 3- in presence of 70-fold excess of unlabeled Ste2mut oligonucleotide.
#-unspecific binding.

Discussion. The most of genes are transcribed during the organism life cycle
according to the environmental conditions and in certain cell types and organs. The changing
set of transcription factors provides control of place, time, and level of transcription for every
particular gene. The composition of transcription factors binding sites (cis-regulatory regions)
near a gene is the major determinants of its expression. The binding sites comprise a small
part of nucleotides within promoter region. This fraction ranges from 10-20% within well-
studied regulatory regions (Wray et al., 2003). Some genes analyzed to date, expressing only
during Drosophila spermatogenesis, have extremely short regulatory regions located near
basal promoter (Santel, 2000; Blumer et al., 2002). Here we determined a fragment of 134 bp
as a minimal promoter region of the Stellate genes, which is sufficient for their correct testes-
specific transcription. We identified three cis-regulatory sites within this minimal Stellate
promoter in vitro. These cis-regulatory sites are known as E-boxes. The perfect E-box
CACGTG is located from -47 bp to -42 bp upstream transcription start site of the Stellate
gene. It resides within the promoter fragment of 71 bp which has been shown above to be
responsible for the high-level expression of the reporter gene. E-box regulatory sites have
been identified in a lot of promoter and enhancer elements. The E-box motif is known as
cognate recognition sequence for basic helix-loop-helix (bHLH) superfamily of
transcriptional regulatory proteins that are found in organisms ranging from yeast to humans.
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According to our data, we can expect that the protein which binds to the E-boxes in our
experiments also belongs to the bHLH superfamily.

Conclusions

We determined fragment of 134 bp (-101 bp upstream and +33 bp downstream
transcription start site) to be minimal promoter region of the testis-expressed Stellate genes in
D. melanogaster. We also identified three cis-regulatory sites within it to be E-boxes and
showed that all of them interacted with the same DNA-binding factor from testis nuclear
extract.
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Abstract

Here we present our analysis of a promoter-proximal region of Stellate genes
expressed in D. melanogaster germline. We determined the minimal core promoter of Stellate
genes using the series of deletion transgene constructs. We analyzed this region by gel shift
assay and revealed three E-box sites which bound to the protein factor from testis nuclear
extract.

3mech MBI TIPENCTaBIsIEM HaIl aHAIW3 TMPOMOTOPHOM obOmactu TeHoB Stellate,
OKCIPECCUPYIONUXCS B TEPMUHANBHBIX KieTkax D.melanogaster. Mpbl omnpenenuim
MUHHMaJIbHBI KOPOBBIM MPOMOTOP C TIOMOIIBIO JAETCIIMOHHBIX TPAHCTEHHBIX KOHCTPYKITHH.
Mpbl NpoaHaNM3MPOBAIM €ro C TIOMOINBI0 TeNb-IuUTa W BBLSBHIM Tpu E-Ookca,
CBSI3BIBAIOIINXCS C OCITKOBBIM (DAKTOPOM U3 SIEPHOTO IKCTPAKTA CEMEHHHUKOB.

TyT MU mpencTaBIseMO Hall aHajli3 MPOMOTOPHOI AUISHKU TreHiB Stellate, 1m0
eKCTIPECYEThCS B TepMIHANBHUX KiIiTHHAX D.melanogaster. My BU3HAYWIM MiHIMAJIbHUI
KOPOBHI IPOMOTOpP 32 JIOMOMOIOI0 JENICHIOHHUX TPAHCTeHHUX KOHCTPYKLIA. Mu
IpOaHaji3yBajii HOTO 3a JOTIOMOTO0 TeNb-IU(Ty Ta BUSBHIN TPU IUITHKA TaK 3BaHHX E-
OOKCIB, 1110 3B'SI3yIOThCA 3 OUTKOBUM (PAKTOPOM 3 SJIEPHOTO EKCTPAKTY CEMEHHHKIB.
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