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PROTEOLYTIC ACTIVITY OF IgGs FROM BLOOD
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The aim of this work was to study the proteolytic activity of IgGs purified from blood serum of Wistar
rats at experimental rheumatoid arthritis (ERA) induced by an injection of bovine collagen of type I1. Twenty
rats were immunized with a preparation of bovine collagen Il (Sigma-Aldrich, USA) in the presence of com-
plete Freund's adjuvant. ERA development was determined by inflammation in limbs of treated animals. IgG
preparations were isolated from blood serum of immunized and non-immunized animals by precipitation of
antibodies with 33% ammonium sulfate followed by chromatography on the Protein G-Sepharose column. Hu-
man histone HI, bovine collagen 11, calf thymus histones, myelin basic protein (MBP), bovine serum albumin
(BSA), and bovine casein were used as substrates of the proteolytic activity of IgGs. It was found that IgG
preparations from blood serum of rats with ERA were capable of cleaving histone HI and MBP, however,
they were catalytically inactive towards collagen 11, casein, BSA, and core histones. IgGs from blood serum of
non-immunized rats were proteolytically inactive towards all used protein substrates. Thus, we demonstrated
that immunization of rats with bovine collagen Il induced IgG-antibodies possessing the proteolytic activity
towards histone HI and MBP. This activity might be associated with the development of inflammatory pro-
cesses in the immunized rats.
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cause not only binding, but also a destruction

or modification of these antigens. Some pro-
teins, nucleic acids and oligosaccharides play a role
of substrates during catalysis with participation of
antibodies. Antibodies possessing the catalytic ac-
tivity are named abzymes [1-4], and abzymes with
the proteolytic activity are named protabzymes
[2, 4]. The protabzymes of IgG sub-class that are
capable of hydrolyzing intestinal vasoactive peptide
(VIP), have been detected in blood serum of asthma
patients [5]. It was found that destruction of autoan-
tigens by the protabzymes is tightly associated with
development of some autoimmune diseases. For in-
stance, in patients with the acute allergic thyroiditis,
the anti-thyreoglobulin auto-ABs are capable of hy-

I nteraction of antibodies with antigens may

drolyzing thyreoglobulin [6], while in patients with
autoimmune myocarditis, the auto-Abs are capable
of hydrolyzing myosin [7]. In patients with multiple
sclerosis, the auto-ABs were capable of hydrolyzing
myelin basic protein (MBP) [8]. The proteolytically
active ABs have been also detected in blood serum
of patients with some cancer and inheritable diseases
[9, 10], as well as in blood serum of some clinically
healthy people [3, 11-14]. It was shown that in norm
protabzymes may participate in destruction and re-
moval from the organism of some pathogenic pro-
teins involved in virus infections [3] and neurode-
generative diseases [11-13]. These data demonstrate
that, depending on substrate specificity, protabzymes
may possess the pathogenic or defending function in
human organism.

Abbreviations used in the work: ABs— antibodies, auto-ABs — autologic antibodies, SLE — systematic lupus erythema-
tosus, RA — rheumatoid arthritis, ERA — experimental rheumatoid arthritis, MBP — myelin basic protein.
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We have found for the first time that IgG-pro-
tabzymes capable of hydrolyzing histone H1 are
present in blood serum of patients with multiple
sclerosis, systematic lupus erythematosus (SLE),
multiple myeloma, as well as in colostrum of healthy
women [11, 15, 16]. These protabzymes have not
been detected in blood serum of healthy donors.
Comparative studies of blood serum of SLE patients
and colostrum of healthy mothers have shown that
IgG- and slgA-protabzymes with affinity for his-
tone Hl1 are capable of cleaving two different sub-
strates — histone H1 and MBP [17, 18]. Their level
in blood serum positively correlated with heaviness
of multiple sclerosis [19, 20]. We suggested that the
appearance of IgG-protabzymes in blood serum may
be caused by an inflammatory process linked with
development of the autoimmune diseases. To check
this presumption, experimental model of the rheu-
matoid arthritis (RA) has been used. The inflamma-
tory processes in joints and subtend tissues are major
features of the RA. [21]. The development of experi-
mental RA-similar pathology may be induced in rats
by the injection of complete Freund adjuvant (adju-
vant arthritis) [22], or bovine collagen II type in a
complex with incomplete Freund adjuvant (collagen-
induced arthritis) [22, 23]. In this work, we aimed at
a search of proteolytically active IgG in blood serum
of rats with experimental collagen-induced arthritis.

Materials and Methods

Blood was obtained from 20 immunized and
20 non-immunized (control) Wistar rats of different
sex, aged 2 months, weighing 160-200 g. Animals
were treated in compliance with the Council of Eu-
rope Convention on protection of vertebrate animals
which are used for scientific purposes.

Immunization of rats. Immunization was per-
formed according to [22]. Rats were injected once
with 400 pg of bovine collagen II type (Sigma-Al-
drich) in 15 mM acetic acid in the incomplete Fre-
und adjuvant (Calbiochem-Behring) into right hind
leg. The animals were observed for 36 days after the
immunization, and arthritis development was deter-
mined by monitoring inflammation in tissue of hind
legs [22-24]. Animals were decapitated in order to
obtain blood of the immunized and control animals.

Purification of IgGs. 1gGs were purified from
blood serum of rats according to [16]. To do that,
1 ml of rat blood serum was centrifuged (5,000 g,
5 min). Total ABs were precipitated with 33%
(NH,),SO,, followed by dialysis against TBS buffer

96

(140 mM NaCl, 20 mM Tris-HCI, pH 7.5) for 18 h.
IgGs were purified by the affinity chromatography
on a column filled with protein G-sepharose (Sigma-
Aldrich). IgGs were eluted from the column with
0.1 M glycine-HCI buffer (pH 2.6) and neutralized
with 1.5 M Tris-HCI (pH 8.8). The obtained IgG
preparations were dialyzed against the TBS for 18 h.
Protein concentration in the IgG-preparations was
measured by means of NanoDrop ND-1000 spectro-
photometer (NanoDrop, USA).

Assessment of proteolytic activity of IgGs. Bo-
vine collagen II, bovine myelin basic protein, BSA
were purchased from (Sigma, USA), chicken egg’s
lysozyme (Reanal, Hungary), bovine milk casein,
linker histone H1, and total histones of calf thymus
(Axora, Germany). They were used as substrates of
the proteolytic reaction. The reaction was conducted
for 3 h at 37 °C in 20 pl of the incubation mixture
containing 20 mM of Tris-HCI (pH 7.5), 1-3 pg of
antibodies, and 5-10 pg of protein substrates. The re-
action was stopped by addition to the mixture of 5 ul
of denaturation buffer (0.2 M of Tris-HCI (pH 6.8),
4% DSNa, 8% 2-mercaptoethanol, and 20% glyce-
rol). The reaction mixture was heated at 100 °C for
3 min, and products of hydrolysis were separated
by electrophorese in 15% PAAG in the presence
of DSNa [25]. Proteins on gels were stained with
Coomassie R-250.

Results and Discussion

Inflammation of tissues in the hind legs of im-
munized rats, but not in control animals, were ob-
served (Fig. 1). IgG isolated from blood serum of
both immunized and control animals was checked
for the presence of the proteolytic activity towards
possible protein antigens. Typical results of lacking
proteolytic activity towards bovine collagen II of the
IgGs purified from blood serum of the immunized
and control rats are presented on Fig. 2, 4. On the
other hand, IgGs purified from rats with ERA were
capable of cleaving histone H1 contained in the prep-
aration of total calf thymus histones (Fig. 2, B, lane
2). 1gG isolated from the non-immunized animals
was lacking such activity (Fig. 2, B, lane 7). The de-
struction of core histones by the IgG of immunized,
as well as control animals, was not detected.

At the next step, [gG-preparations capable of
cleaving histone H1 were tested for hydrolyzing
activity towards other protein substrates. It was
found that IgGs from blood serum of rats with ERA
cleaved histone H1 (Fig. 3, lanes 4, 4°, 5, 5°). The
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Fig. 1. Inflammation of tissues in the hind legs of Wistar rats immunized with bovine collagen I1. A — legs under
control (non-immunized animal), B — legs of animal on the 36" day after immunization
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Fig. 2. Elecrtophoretic pattern of 1gGs possessing proteolytic activity and purified from blood serum of
immunized and non-immunized rats towards collagen Il (4) and histones of calf thymus (B). Lane 1 — non-
immunized animals. Lane 2 — animals 36 days after immunization. Lane 3 — control (collagen Il (4) and total
histones (B) without addition of IgGs). On the left, the positions of collagen II on the gel (coll II), heavy (H)
and light (L) IgG chains are shown. On the right, the position of linker histone HI and core histones of calf

thymus (core his) are shown

amount of peptide products of the proteolytic re-
action suggests that the efficiency of hydrolysis of
MBP was much higher than the hydrolysis of histone
HI1. At the same time, the IgGs under study were
inactive towards bovine serum albumin and casein
(Fig. 3, lanes 2, 2°, 3, 3°). Similar substrate specific-
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ity towards hydrolysis of histone Hl and MBP was
demonstrated for the protabzymes which we earlier
purified from blood serum of systemic lupus erythe-
matosis patients [16—20].

Recently, it was shown that IgG- and IgM-an-
tibodies present in blood serum of RA patients, are
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Fig. 3. Electrophoretic pattern of IgGs (lane 1) possessing of proteolytic activity and purified from blood
serum of the immunized rats toward: BSA (lanes 2, 2'), bovine casein (lanes 3, 3'), bovine myelin basic protein
(lanes 4,4°), humane histone HI (lines 5, 5'). Lanes 2, 3, 4, 5 — protein substrates without of addition of IgGs.

Lanes 2" 3" 4" 5'

— protein substrates after treatment with IgGs. Positions of heavy (H) and light (L) chains

of IgG on the gel are shown on the left. M — markers of the molecular mass of proteins (150, 120, 100, 85, 70,

50, 40, 30, 25, 20, 15, 10 kDa)

capable of hydrolyzing synthetic Pro-Phe-Arg-4-me-
thyl —cumarinimid peptide [26]. Antibodies possess-
ing similar proteolytic activity have been found in
blood serum of sepsis patients [28]. It was detected
that increasing of level of protabzymes in blood se-
rum positively correlated with the development of
that pathology. The obtained results allow one to
suggest that revealed protabzymes possess either
positive or negative action in human organism; how-
ever, this assumption should be studied additionally.
Summarizing, we have shown that ERA in-
duced by the immunization of rats with bovine col-
lagen type II was accompanied by an appearance of
the catalytically active antibodies capable of hydro-
lyzing histone H1 and MBP in blood serum. That
might be connected with the development of inflam-
matory processes in the immunized animals. Further
studies to prove this assumption are in progress.
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Mertoro poGotu Oyno JOCHIAMTH  MPO-
TEONMTHYHY aKkTUBHICTH IgG cupoBaTkm KpoBi
mypiB  JiHii  Wistar 3a  eKCIIepHMEHTAJIBHOTO
pesmaroinnoro aptputy (EPA), immykoBanoro
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konarenoMm Owka Il tumy. [Ins mporo 20 miypis
IMyHI3yBaJHu mpenapaToM Komareny Owka Il Tumy
(Sigma Aldrich, CIIIA) y npucyTHOCTI ajJ’foBaHTa
Opeiinna. Pozsutok EPA BusHavanu 3a 3amaneH-
HSM KiHIIBOK y mianociigaux TBapuH. [Ipenaparu
IgG Buainsin i3 cUpOBaTKM KPOBiI iIMYHi30BaHUX
1 HEIMYHI30BaHMX TBAapHH, OCAPKEHHSM aHTUTLI
33%-uM pO3YMHOM Cynb(paTy amoOHII0 3 HACTYII-
HOKO Xxpomatorpadiero Ha mportein-G-cedaposniit
KomoHi.  SIk  cyOcTpaTm  MPOTEOJITHYHOI
AKTUBHOCTI AHTHUTIJ BHUKOPHUCTOBYBAJIH: KOJIAreH
Ouka Il Tumy, ricTOHM TUMyca TEJsTH, OCHOBHUUN
nporein mieniny (OIIM), BCA, kopoB’siunii ka3eiH.
Bcranosneno, mo npenapatu IgG cupoBaTku KpoBi
mypiB i3 EPA 3pmatHi rigpomisdyBaru rictron HI,
OIIM, ane KaTamTUYHO HEAKTHBHI I[OJ0 KOJIa-
reny Il Tumy, kazeiny, BCA Ta KOpOBHX TiCTOHIB.
IgG cupoBaTku KpOBi HEIMYHI30BaHUX IIypiB HE
BUSBIISLINA [TPOTEONITHYHY aKTHBHICTB JI0 KOJHOTO
i3 X IpoTeiHOBUX cyOcTpaTiB. OpepkaHi HaMu
JlaHl BKa3ylOTh Ha Te, U0 33 KOJIAr€HiH/yKOBaHOT'O
apTPUTY y CHUPOBATIi KPOBi IMYpIiB 3’BISIOTHCS
IgG-anTuTiNng, SKi BHSIBISIOTH TNPOTEONITUUHY
akTUBHICTH moa0 rictony H1 i OIIM, mo moxe
OyTH IOB’S13aHO i3 PO3BUTKOM 3aMaJIbHUX MPOIECIB
B IMYHI30BaHUX ILIYyDiB.

KnmoduoBi ciaoBa: aHTWTIIAa, WPOTEO-
JTITUYHA aKTUBHICTh, CyOCTpaTHa CHEeIH]IYHICTS,
pPEeBMAaTOITHUN apTPUT, Iy pH JiHii Wistar, koiareH
ouka lI, imyHizaris.

HNPOTEOJIMTUYECKASA
AKTHUBHOCTbD IgG CBIBOPOTKH
KPOBHU KPBIC IMHUU WISTAR
IPU DKCIIEPUMEHTAJIBHOM
PEBMATOU/THOM APTPUTE
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Llenpto paboOThl OBUIO HCCIEIOBAHUE NPOTEO-
JIUTAYECKOW akTUBHOCTH IgG CHIBOPOTKM KpOBHU
KpbIC TUHUHM Wistar TPy SKCIIEPUMEHTAIBHOM PEB-
MaTouHoM apTpute (OPA), MHIYIIMPOBAHHOM KOJI-
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nareHoM Obika I tuna. J{nsg atoro 20 Kpbic UMMY-
HU3HUPOBAJIM MpenapaToM KoyuiareHa oObika I Tumna
(Sigma-Aldrich, CILIA) B mpucyTCTBHH aJbIOBaHTa
Opeiinna. Pazsutue OPA onpenesnsinu no Bocmnale-
HUIO KOHeYHOocTel )kMBOTHBIX. [IpenapaTs! IgG BbI-
JIEJISLTA U3 CBIBOPOTKU KPOBH UMMYHHU3HPOBAHHBIX
U HEMMMYHHU3MPOBAHHBIX JKMBOTHBIX, OCaXIas
aHTuTena 33%-bIM pacTBOpPOM cyib(daTa aMMOHUS
¢ moclenyiomeld xpomarorpagueil Ha MPOTEHH-
G-cedaposnoii konmonke. B xauectBe cyOcrpara
MPOTEONIMTHYECKON aKTUBHOCTH AHTUTEN HCIOJb-
30Banu: KoJjutareH Obika Il Twma, THCTOHBI TUMY-
ca TelieHKa, OCHOBHOM mpoTenH muenuna (OIIM),
BCA, xopoBuii ka3euH. YCTaHOBIIEHO, UTO Mpernapa-
Thl IgG chIBOpOTKM KpOoBU Kpbic ¢ DPA crocoOHBI
paspymats ructon Hl u OIIM, HO KaranuTuye-
CKM HEaKTHMBHBLI OTHOCHTEJLHO KojutareHa II, xa-
3enHa, BCA n xopoBbIX THCTOHOB. IgG CBIBOPOTKH
KPOBH HEMMMYHH3HPOBAHHBIX KpPbIC HE 00JaJatoT
MPOTEONIUTUYECKON aKTHUBHOCTBIO HHU K OJHOMY
U3 ATUX MPOTEHHOBBIX cyOcTpaToB. llomydeHHbie
JTaHHBIE YKa3bIBAIOT HA TO, YTO MPU KOJIJAreHUH-
JyLUPOBAHHOM apTPUTE B CHIPOBATKE KPOBU KPBIC
nogBisitores  IgG-anTuTeNna, MPOTEOTUTHUYECKU
akTUBHBIE B oTHOomeHun rucrona H1 u OIIM. Oto
MOXET OBITh CBSI3aHO C Pa3BUTHEM BOCHAJIUTENb-
HBIX MPOIIECCOB B OPraHM3Me HMMYHHU3UPOBAHHBIX
KpBIC.

KnrmoueBple CciaOBa: aHTUTENIA, IPOTEO-
JUTUYECKass aKTUBHOCTh, CyOCTpaTHasl CIeIlH-
(bUYHOCTBH, PEBMATOUIHUI apTPUT, KPBICHI JIMHUU
Wistar, xonnaren Obika 11, uMMyHH3aIus.
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