ISSN 0233-7657. Biopolymers and cell. 2007. vol. 23. N 6. Translated from Ukrainian.

Development and characterization of monospecific

anti-Sgtl antibodies

Kapustian L.N., Rozhko O.T., Bobyk V.I., Kroupskaya L.V., Sidorik L.L.

Institute of molecular biology and genetics NAS of Ukraine
Academicain Zabolotnog str., 150, Kyiv, 03680 Ukraine

L.m kapustian@imbg.org.ua

The method of development and purification of monospecific polyclonal antibodies against Sgtl was de-
scribed and their characteristics were presented. Protein Sgtl plays an important role in the regulation of
cell cycle, Hsp90-related proteasome degradation of proteins and pro/anti-apoptotic signaling along with
other molecular chaperons and co-chaperons. The further investigation of Sgt1 role and its functioning with
other members of Hsp90-chaperons family is important for elucidation of the cell signaling regulation,
which is significant for cardio-vascular pathologies progression, particularly, for dilated cardiomyopathy.
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Introduction. The study of the mechanisms of
anti-stress response is quite important for evaluation of
cardio-vascular pathologies progression and for devel-
opment of new effective therapeutic tools based on the
apoptotic signaling blockage. Specialized family of
anti-stress proteins including molecular chaperons,
their co-chaperons, and target proteins plays a critical
role in pro- and anti-apoptotic signaling. Recently dis-
covered protein Sgtl is a potential co-chaperon and/or
target protein.

Sgtl has been first described in regulation of cell
circle in yeast [1] which suppresses G2 allele of Skp1
protein, one of the kinetochore CBF3 core complex [2].
Recently it has been shown that Sgtl plays a role in
Hsp90-related proteasome degradation of proteins via
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interaction with complex of Skp1-Cull-F-box (SCF)
E3 ubiquitin-ligase [3]. Sgtl expression has been ob-
served in numerous eukaryotes including plants and
mammals [4, 5]. However, mammalian Sgtl cellular
distribution and peculiarities are poorly understood.
The investigation on Sgtl expression in human tissues
revealed the variation of its expression in different tis-
sues with maximum level in brain, kidney, lung, intes-
tines, and heart [6]. The sequence-analysis of Sgt1-pro-
teins purified from yeast, human cells, rat, rice, and
Arabidopsis  suggests 3 conservative domains
(tetratricopeptide repeat (TPR), CHORD-containing
proteins and Sgtl (CS), and Sgtl-specific domain
(SGS), as well as two variable regions — VR1 and VR2
[7, 8]. TPR is known as HSP-binding domain, SGS-do-
main interacts with Ca’’-binding proteins of S100-fam-
ily [9], and CS-domain has a high sequence-homology
with Hsp90-co-chaperon p23 protein [10].
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The study on the role and function of Sgtl in com-
plexes with other members of Hsp90 family is impor-
tant for elucidation of the cell signaling regulation,
which is sufficient for cardio-vascular pathologies pro-
gression, in particular, for dilated cardiomyopathy.
The development of monospecific antibodies with high
affinity is necessary for this purpose although it could
be difficult due to high conservation of Sgtl molecule
structure which determines its low immunogenicity.

Materials and methods. Recombinant human Sgt1
of 95% purity (truncated C-end domain, molecular
weight 20 kDa) is a kind gift of Prof. Anna Filipek
(Nencki Institute of Experimental Biology of Polish
Academy of Sciences, Warsaw, Poland). Hsp90 prepa-
ration purified from bovine brain is a kind gift of Prof.
Jacek Kuznicki (International Institute of Cell and Mo-
lecular Biology, Warsaw, Poland). Recombinant
GroEL was purified according to [24].

Animal experiments have been carried out in accor-
dance to the Ukrainian Ethic Committee Protocol. Ani-
mals were decapitated under ester narcosis, and the
heart was stopped by perfusion with cold phosphate
buffer saline (PBS).

Total lysate and cytoplasmic postmitochondrial
fractions of cardiomyocytes were obtained as described
earlier in [11]. Heart section was homogenized in RIPA
buffer (25 mM Tris/HCIL, pH 7.5; 2 mM EDTA; 5 mM
MgCl,; 250 mM sucrose , 0.1% NP-40, 0.1% DTT,
0.1% protease nuclear inhibitor cocktail (Sigma, USA).
Total lysate was obtained after centrifugation at 4000 g,
15 min, and postmitochondrial cytoplasmic fraction —
after centrifugation at 10 000 g, 40 min.

Protein purity was checked by electrophoresis in
12% PAGE at denaturing conditions by the method of
Laemmli [12].

Protein concentrations were estimated by the Brad-
ford’s method [13].

Preparation of anti-Sgtl monospecific polyclonal
antibodies. The immunization of rabbits has been per-
formed according to the specific scheme developed in
our laboratory recently [14]. In 7 days after the last im-
munization, the blood from rabbits was collected, the
serum was tested for content of anti-Sgt1 antibodies us-
ing ELISA method. Immunoglobulins were precipi-
tated from the serum with sodium sulphate buffer at
50% saturation.

496

Immunoglobulins were stored under saturated so-
dium sulphate buffer with 0.3% NaN, before purifica-
tion at 4°C.

Purification of antibodies using DEAE-Toyopearl!
650M column chromatography. DEAE-Toyopearl-
650M column (ToyoSoda, Japan) was equilibrated with
phosphate buffer saline (PBS), pH 7.2. Precipitate of
immunoglobulins was dissolved in PBS buffer with 0.1
mM PMSF, loaded onto column (40-50 mg of total pro-
teins per 2.5 ml of resin), and washed by 2-3 volumes of
PBS. Unbounded fractions were collected, and further
purification of antibodies was conducted using Protein
G-Sepharose column (Pharmacia, Sweden), equili-
brated with PBS buffer. Purified on DEAE-Toyopearl
immunoglobulins were applied on the column (1.5 mg
of protein per 1 ml of resin) and incubated for 2-3 hours
at room temperature. The column was washed by PBS
buffer, elution of Ig was done with 0.2 M glycine buffer
(pH 2.5) with neutralization of eluate by Tris base. The
purity of IgG obtained was controlled by SDS-PAGE
electrophoresis. IgG-containing fractions were dia-
lyzed against PBS-buffer per night at 4°C, saturated by
glycerol up to 50% and stored at -20°C.

Affine column synthesis. Affine column was pre-
pared by coupling highly purified antigen (truncated
C-end domain of Sgtl) to the CNBr-activated
Sepharose 4B (Pharmacia, Sweden) as described in
[14].

Affine purification of specific antibodies. 1gG , pu-
rified by the Protein G-Sepharose chromatography,
were dialyzed over night with PBS buffer, pH 7.4 at
+4°C, and applied to the column (10-12 mg per 2 ml of
resin) with subsequent incubation at room temperature
for 3-4 hours. After washing with PBS/0.5 M NaCl
buffer, pH 7.4, and then with PBS, coupled antibodies
were eluted by 0.2 M glycine buffer, pH 2.5 with neu-
tralization by 1 M Tris-base, pH 11.0. Combined pro-
tein fractions were dialyzed over night in PBS buffer
with PMSF, pH 7.4 at +4°C.

The concentration of antibodies obtained was as-
sayed spectrophotometrically using the extinction coef-
ficient at 280 nm E= 1.35 cm'mg'ml and M, 150 000.

The specificity of antibodies obtained at each puri-
fication step was controlled by the ELISA method and
their purity was estimated by 12% PAGE-SDS electro-
phoresis.
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Fig.1 Electrophoretic analysis of the purity of human recombinant
Sgtl (AC fragment), used as antigen for immunization of rabbits: /
— human recombinant Sgtl (AC fragment); 2 — mixture of standard
protein markers (Sigma)

Enzyme-linked  immunosorbent  assay(ELISA).
ELISA assay was performed as described in [15] with
modifications. Antigen (recombinant Sgtl, C-end trun-
cated form, 10 pg/ml) was adsorbed to the wells of
96-well plates (Nunc) in 0.1 M carbonate buffer, pH
9.0, overnight at 4°C. The remaining adsorption sites
were blocked with PBS, containing 0.1% Tween-20
and 0.5% gelatine (PBS-T-Gel); antisera or specific an-
tibodies in properly concentrations/dilutions were
added in 0.1 ml of PBS-T-Gel to each well; incubation
with antibodies lasted 2 h at 37°C. All further proce-
dures were carried out at 37°C . Then, wells were
washed with PBS-T, and secondary antibodies of gout
against whole molecules of rabbit IgG conjugated with
horse-radish peroxidase (Promega) were added to the
wells and incubated for 1 h. After washing with PBS-T,
the reaction product was visualized by adding ABTS
(0.5 mg/ml, Sigma) to 50 mM sodium citrate buffer, pH
5.0, and 0.05% H,0,. The reaction was stopped by add-
ing of 0.5 ml citrate buffer containing 0.3% NaN,, and
the result of reaction was assayed quantitatively on
BioLab ridder (UK).

Western-blot analysis. The specificity of anti-Sgtl
antibodies and their possible cross-reactivity was re-
vealed using Western-blot analysis as described in [16]
with some modifications.

After separation by electrophoresis polypeptides
were electrotransferred onto nitrocellulose membrane
(Protran, USA) in 20 mM Tris/100 mM glycine/20%
methanol buffer at 200 mA/20 V during 2 h. Protein
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Fig.2 Immunoreactivity of specific anti-Sgtl antiserum (2) and
monospecific anti-Sgt1 antibodies (/), defined by immunosorbent
essay (ELIZA); 3 — antiserum of intact (not-immunized rabbit)

transfer onto nitrocellulose membrane under pressure
(“passive’) was done overnight in PBS buffer. Washing
and blockage of the membrane was done in PBS-T
bufter (80 mM Na,HPO,; 20 mM NaH,PO,; 100 mM
NaCL pH 7.5; 0.1% Tween-20) containing 5% of
fatty-free dry milk (PBS-T-M) at room temperature. All
further procedures including the incubation with spe-
cific antisera or purified antibodies were carried out in
PBS-T-M buffer at room temperature. After washing
with PBS-T, secondary antibodies of gout against
whole molecules of rabbit IgG conjugated with
horse-radish peroxidase (Promega) were added to the
membrane and incubated during 2 h. After extensive
washing with PBS-T, the fluorogene ECL (Admersham,
UK) was added to the membrane (according to the man-
ufacturer’s protocol) and exposed on the X-ray film
(Kodak) for visualization of the signals.

Results and discussion. The study of apoptotic sig-
naling regulation revealed the important role of molec-
ular chaperons Hsp90 family in the mechanisms of acti-
vation and suppression of such signal pathways [17,
18]. It has been shown recently that the Hsp90 is one of
the major factors in the mechanism of quality control of
proteins via poly-ubiquitination and proteasome sub-
strate degradation [19]. Investigation of Hsp90 struc-
ture revealed the C-terminal domain of dimerization
and ATPase N-terminal domain, which interact with
different substrates and numerous cohort co-chaperons
[20]. The sequencing of recently discovered protein
Sgtl [6], participating in anti-microbial innate immu-
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Fig.3 Immune cross-reactivity of monospecific anti-Sgtl antibod-
ies, defined by Western blot analysis: / — extract of cytoplasmic
fraction of mouse myocardium; 2 — bovine serum albumin; 3 — re-
combinant GroEL (prokaryotic homologue of eukaryotic Hsp60); 4
— Hsp90, isolated from the bovine brain; 5 — recombinant Sgt1 (AC
fragment)

nity, identified that both plant and mammalian Sgtl
protein are composed of 3 domains. Sgtl central
CS-domain was identified as Hsp90-linked protein
p23-like structure [7, 8] capable of interacting with
Hsp90 [21]. C-terminal domain of Sgtl molecule
(SGS) interacts with Ca**-binding S100 proteins [22],
such as annexins, psoriasin, calcyclin, parvalbumin,
calmodulin, and troponins which may suggest the im-
portant role of Sgtl in contractility of muscle cells, and
cardiomyocytes in particular [23].

The investigation of abovementioned problems de-
pends on the availability of specific anti-Sgtl antibod-
ies with high affinity. The development of such anti-
bodies is complicated due to high evolutionary conser-
vative structure and low immunogenicity of Sgtl
molecule. Thus, the first stage of such antibodies gener-
ation was the development of specific scheme of ani-
mals (rabbit) immunization. We used the C-terminal
fragment (molecular weight ~ 20 kDa) of recombinant
human Sgtl with 95% of purity (Fig.1). We obtained
anti-Sgtl immune sera with sufficient titer (more than
10™) only after 5 immunization steps although we used
only 300 ng of antigen in all procedures using unique
scheme of immunization, previously developed in our
laboratory.
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After all the procedures of antibodies purification,
their affinity, specificity and possible cross-reactivity
were identified. The results of identification of the titer
of specific anti-Sgtl antisera and anti-Sgt antibodies at
different purification steps on the different matrixes are
presented in Fig.2. The affinity of the specific antibod-
ies obtained increased with every step of purification.

The problem of the development of specific anti-
bodies directed against recombinant antigens is compli-
cated by the fact that the antibodies obtained de novo
are very often capable of recognizing the recombinant
antigen only, but not the native one (in animal cells and
tissue lysates), even at detected expression of gene for
protein investigated. The mechanism of such process is
not known but could be linked with differences in re-
combinant and native proteins folding. Therefore, the
characterization of new antibodies specificity and
cross-reactivity by Western-blot analysis is important.
The results presented in Fig.3 demonstrate specific in-
teraction of anti-Sgt1 antibodies with recombinant anti-
gen as well as corresponding polypeptide with molecu-
lar weight ~ 40 kDa in lysates of mouse
cardiomyocytes. Moreover, anti-Sgtl antibodies ob-
tained recognized native Hsp90 purified from bovine
brain, recombinant GroEL (prokaryotic analog of
eukaryotic Hsp60) [24], and native Hsp60 in mouse
cardiomyocytes lysate. We supposed that Sgtl has a
common domain(s) with Hsp60 supported by anti-Sgt1
cross-reactivity in Western-blot analysis. In this case
our further investigations should be concentrated on
common domains searching with sequencing of such
domains, and evaluation of possible Sgtl acting like
co-chaperon or target protein. This is sufficient to un-
derstand the role of Sgtgl and other CHORD-contain-
ing proteins in cardiomyocytes functioning and
anti-stress response, whose disregulation is manifested
in cardiovascular pathologies progression.

Conclusions. Anti-Sgtl monospecific polyclonal
antibodies with high purity and affinity have been first
developed. Anti-Sgtl obtained can be used in ELISA,
Western-blot analysis and immunoprecipitation.

We observed the cross-reactivity of anti-Sgtl anti-
bodies with chaperons Hsp90 and Hsp60 for the first
time.
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JI. H. Kanycmsan, O. T. Poocko, B. U. bobwix, . B. Kpynckas,
JI. JI. Cuoopux

IMony4yenue m XapakTepucTuka aHTH-sgtl MoHoOcmenu(pUUIECKUX

AHTUTECII

Pesrome

Onucan Memoo NOIYyUeHUs U OYUCKU, a MAKIHCe OXAPAKMEePU306a-
Hbl CBOUCMBA MOHOCHEYUPUUECKUX NONUKIOHATbHLIX aHMUmMen
npoOMuUE BbICOKOKOHCEPBAMUBHO20 dYKAPUOMH020 benka Sgtl, ue-
paiowezo GaAMNCHYIO PONb 6 peyiayul KIemouHo20 Yukid, 6
Hsp90-onocpedosannou npomeacomnol deepadayuu 6eiko8 u
emecme ¢ Opy2uMu MOIEKYIAPHLIMU WANEPOHAMU U KO-UANepOHa-
MU ABNAIOWE2OCI BANCHBIM PESYNAMOPOM NPO- U AHMUANONMUYEC-
Kux cueHaiohovlx nymei. Hzyuenue poau u gyuxyui Sgtl &
Komniekcax ¢ beakamu waneponoso2o cemeiicmea Hsp90 neobxo-
OUMO 01151 NOHUMAHUSL MEXAHUMOB Pe2YAiAyUl CUSHALbHBIX NPOYeC-
€08, KOHMPOIUPYIOWUX JHCUZHb U CMEPMb KICMKU, YMO KPUMUUHO
05 pazsumus cepoeyHo-cocyOUuCmuix Namoao2ull, 8 YacmHoCmu,
OUNAMAYUOHHOU KAPOUOMUONATNUU.

Knioueswvie cnosa: monocneyupuueckue anmumena, Sgtl, wane-
POHbI.

JI. M. Kanycmsn, O. T. Poxcko, B. 1. boouk, I. B. Kpynceka, JI. JI.
Cuoopux

OpepxaHHA Ta XapakTepHCTHKa aHTH-Sgtl MoHocmenugpiyHuX

AHTHUTII

Pesrome

Onucano memoo 00epiucants i OUUWenHs ma 0XapaKmepu3o06aHo
61ACMUBOCH MOHOCHEYUDIUHUX NONIKIOHATLHUX AHMUMIN NPOMU
BUCOKOKOHCEpBAMUGHO20 eykapiomnoco 6inka Sgtl, sakuil €
BANCIUBUM YUHHUKOM pe2YNsayii KIIMuHHo20 Yyukiy, bepe yuacmy y
Hsp90-onocepeokosaniti npomeacomHiil deepadayii OIIKi6 [ pazom
3 [HUWUMU WANnepoHamu [ KOuanepoHamu 8ioicpae 6axiciugy poiv y
peaynayii  npo- ma aHMUANONMUYHUX CUCHANbHUX — UWLIAXIG.
Busuennss poni i ¢gyukyin Sgtl y komniexcax 3 Oirkamu
waneporoeoi poounu Hsp90 neob6xiono 05t po3yMinHi MexaHizMie
pe2yaayii CUSHAlIbHUX npoyecie, AKi KOHMPONIIOMb HCUMMA ma
cmepmy  KAIMUHU, WO € KPUMUYHUM Y pPO3GUMKY 0aeambox
cepyeso-cyouHHUX namonozit, 30Kpema, ounsmayitinoi
Kapoiomionamii.

Knrwuosi cnosa: monocneyughiuni anmumina, Sgtl, waneponu.
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