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It is known that human milk contains secretory immunoglobulines A (slgA-abzymes)
possessing affinity to mammalian DNA and capacity to cleave plasmid DNA. Regulation
of DNA-hydrolyzing activity of those slgA-abzymes is poorly studied. Here we investigate
the effect of nucleoside triphosphates towards the DNase activity of sigA-abzymes which
were purified from human milk by a sequential chromatography on protein A-agarose,
DEAE-Fractogel, and DNA-cellulose. By using DNA-hydrolysing assay, we revealed that
1 mM ATP and 1 mM dATP markedly reduced the cleavage of linear form of plasmid DNA
by slgA-abzymes, while the effect of GTP, CTP, TTP and dGTP was much weaker. dCTP
and dTTP did not influence DNase activity of the slgA-abzymes. Possible mechanisms of
nucleotide-mediated inhibition of the DNase activity of slgA-abzymes are discussed.

Key words: abzymes, secretory immunoglobulin A, human milk, DNA-hydrolyzing
activity.

1. INTRODUCTION

DNA-hydrolyzing IgGs were originally discovered in blood serum of patients with
the autoimmune disease — systemic lupus erythromatosis [1]. Antibodies possessing
similar activity have been revealed in blood serum of patients with various types of au-
toimmune and with non-autoimmune diseases [2, 3]. Besides, natural catalytic antibo-
dies which belong to sIgA and IgG classes have been found in woman’s colostrum and
milk [2, 4]. Those abzymes possessed a capacity to phosphorylate proteins [5, 6], lipids
[7, 8], and polysaccharides [9]. They also cleaved plasmid DNA [10], tRNA [11], nucle-
otides [12], polysaccharides [13], and casein [14]. Regulation of the catalytic activity of
abzymes of human milk by endogenous effectors remains poorly studied. The presence
of Ig9Gs in healthy human’s blood serum which inhibited protein kinase activity of sIgA-
abzymes was demonstrated [6]. Besides, it was found that oligodeoxynucleotides sti-
mulated protein kinase activity of slgA-abzymes [15, 16]. Here we show that ribo- and
deoxyribonucleoside triphosphates inhibit DNA-hydrolyzing activity of slgA-abzymes
isolated from human milk, and that effect significantly depends on the nucleotide type.
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2. MATERIALS AND METHODS

2.1. Isolation of silgA Abzs from human milk

Fraction enriched with sIgA was obtained, as described elsewhere [10]. Milk (10 ml)
was taken from healthy human mothers and centrifuged for 30 min at 6000 g. The lipid
phase was removed and proteins were precipitated with the ammonium sulphate at 50%
saturation. The pellet was dissolved in TBS (20 mM Tris-HCI, pH 7.5, 150 mM NaCl), and
loaded on 3 ml protein A-Agarose Fast Flow (Sigma) column. The column was washed
with TBS containing 0.5% Triton X-100, and antibodies were eluted with 100 mM Gly-HCI,
pH 2.6. Ig fraction was immediately neutralized with 1M Tris-HCI, pH 9.0, and dialyzed
against of buffer A (10 mM Tris-HCI, pH 7.0). Then slgA was separated from 1gG by chro-
matography on Fractogel TSK DEAE-650 (M). slgA was eluted with 10 mM Tris-HCI,
pH 7.0, 100 mM NaCl and loaded on a column containing 3 ml glutaraldehyde-modified
calf thymus DNA immobilized on cellulose (1000 A, units to 1 g cellulose). Proteins were
eluted with 50 mM NaOH and dialyzed for 24 h against 20 mM Tris-HCI, pH 7.0. sIgAs,
possessing affinity to DNA-cellulose (anti-DNA sIgA) were concentrated on mini-column
containing 50 pul Toyopearl TSK DEAE-650 (M). Anti-DNA slgAs were eluted with 100 mM
NaCl in buffer A, and analyzed by SDS-electrophoresis in 12% PAGE [17], and further
used in DNA-hydrolyzing activity assay.

2.2. Size-exclusion chromatography (SEC)

Size-exclusion chromatography of the purified anti-DNA sIgA from human milk was
performed in 0.1 M Gly-HCI, pH 2.6, on Toyopearl TSK HW-55 (Toyo Soda, Japan) column
(180x5 mm) equilibrated with the same solution. The column was previously calibrated
with protein molecular weight standards (Serva, Germany). Anti-DNA slgAs were precipi-
tated with 50% ammonium sulphate, the pellet was dissolved in 30 pl of 0.1 M Gly-HCI, pH
2.6, and subjected to SEC. Individual fractions (each 300 pl) were collected, dialyzed over-
night against 20 mM Tris-HCI, pH 7.5, 100 mM NaCl, 5 mM MgCl, analyzed by SDS-
electrophoresis in 7-18.5% gradient PAGE, and examined for DNA-hydrolyzing activity.

2.3. DNA-hydrolyzing activity assay

Linear form of plasmid DNA was obtained via cleavage of super-coiled and relaxed
forms of DNA plasmid pBR322 by EcoR1 (Fermentas, Lithuanian Republic) during 18 h
at 37°C. DNA-hydrolysing activity of the anti-DNA sIgA preparation was determined using
assay mixture containing 20 mM Tris-HCI, pH 7.5, 100 mM NaCl, 5 mM MgCl,, 3 ug of
the linear pBR322 plasmid DNA and 0.5 mg/ml of anti-DNA sIgAs. The reaction mixture
(total volume 50 pl) was incubated for 1 hr at 37°C and analysed by electrophoresis in
1% agarose (89 mM Tris-borate running buffer, pH 8.3, 2 mM EDTA). The gel was stained
with ethydium bromide. For examination of DNA-hydrolysing activity of protein fractions
obtained by SEC, 1 ug of linear pBR322 plasmid DNA was added to 25 pl aliquots. The
reaction mixture was incubated 2 h at 37°C and separated by electrophoresis in 1%
agarose at the same conditions. To study the effect of nucleotides towards DNA-hydro-
lyzing activity of slgA-abzymes, different amounts of ribo- or deoxyribonucleoside tri-
phosphates (Sigma) and 0.5 mg/ml of anti-DNA slgA were added to the reaction mixture.
The reaction mixture was incubated for 1 h at 37°C, and the products of hydrolysis were
examined, as described above. Relative quantity of linear plasmid DNA on the gel was
calculated using Gel-Pro Analyzer 4.0 program.
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3. RESULTS

3.1. DNase activity of slgA-abzymes

When studying abzyme-mediated catalysis, it is important to use highly purified pre-
parations of antibodies in order to exclude presence of any possible enzymatic contami-
nation. For purification of DNA-hydrolysing antibodies, the scheme has been developed
that is based on two main characteristics — antibody nature and DNA specificity [18]. By
using this approach, DNA-hydrolyzing abzymes have been isolated and characterized
from blood serum of patients with different diseases, and from colostrum and milk of
healthy women [5, 10]. We used similar protocol for purification of DNA-hydrolyzing sIgA
from human milk. Earlier, it was found that immobilized protein A is an optimal sorbent at
the first step of slgA-abzymes purification procedure, since for an unknown reason, it pos-
sesses higher affinity for sigA-abzymes then for slgA lacking the catalytic activity [2, 4-12].
Therefore, a fraction of milk antibodies was first purified by chromatography on Protein
A-Agarose under conditions that remove non-specifically bound proteins (Fig 1a, lane 1).
Next, IgG and slgA were separated by the ion-exchange chromatography on DEAE-
Fractogel column. In order to isolate anti-DNA sIgAs, highly purified slgA preparation
(Fig.1a, lane 2) was subjected to affinity chromatography on DNA-cellulose column. Ear-
lier, we established that slgA-abzymes remain stable at alkaline conditions [6, 11]. That
allowed us to use 50 mM NaOH for a final elution of anti-DNA sIgA from the DNA-cellulose
column. Fractions isolated in that way consisted of anti-DNA slgA (Fig 1a, lane 3). They
were further used in DNA-hydrolyzing assays. Since abzymes with DNase activity pos-
sessed a capacity to induce multiple cleavage of a linear plasmid DNA into short and me-
dium size oligodeoxyrybonucleotides [2], it was used as a substrate in DNA-hydrolyzing
assay. Incubation of anti-DNA slgAs isolated from human milk with a linear plasmid DNA
showed their DNase activity (Fig.1b, lane 2). The lack of contaminating nucleases attached
to slgA, was additionally checked by size-exclusion chromatography under the acidic con-
ditions (Fig. 2a). As shown in Fig 2b, anti-DNA sIgA showed one chromatographic peak
containing polypeptides whose molecular weights corresponded to a secretory compo-
nent, H-, L-, and J-chains of slgA [19]. Examination of DNA-hydrolyzing activity of chro-
matographic fractions displayed a coincidence of the capacity to cleave plasmid DNA
exclusively with a peak containing sIgA (Fig. 2c). The rest of the eluted fractions were

1 2 3 1 2

Fig.1. Purification of slgA-Abzs from human milk with fol-
lowing examination of their DNA-hydrolyzing activity.
a— SDS-electrophoresis in 12% PAGE sIgA prepara-
tions obtained by chromatography on Protein A-aga-
rose (lane 1); DEAE-Fractogel (lane 2), and DNA-
cellulose (lane 3). Coomassie G-250 stained the gel.
b — electrophoretic analysis of plasmid DNA in 1%
agarose after its incubation with sIgA preparation, pu-
rified by chromatography on DNA-cellulose (anti-DNA
slgA). Lane 1 — linear pBR322 DNA incubated alone;
lane 2 — DNA incubated with anti-DNA slIgA. Ethydi-
um bromide stained the gel. Arrows show a position
of sIgA polypeptides slgA: SC — secretory compo-
nent, H — heavy chain, L+J — light and joint chains.
Since L- and J-chains of sIgA do not separate in this
electrophoretic condition [19], they are marked onto

a b the gel, as one polypeptide band
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Fig. 2. Verification of impurities absence by size-exclusion chromatography. Purified anti-DNA slgAs from hu-
man milk were subjected to size-exclusion chromatography on Toyopearl TSK HW-55 F column in 0.1 M
Gly-HCI, pH 2.6 (a). Fractions were collected, renaturated and analyzed by SDS-electrophoresis in
7-18.5% gradient PAGE (b). Aliquots of fractions were incubated with plasmid DNA, followed by electro-
phoresis in 1% agarose in TBE, pH 8.3 (c). Ferritin, 450 kDa; Catalase from bovine leaver, 240 kDa. Ar-
row shows plasmid DNA position on the gel

catalytically inactive, thus indicating that DNA-hydrolyzing activity co-eluted with sigA.
The slgA fraction isolated from total sIgA pool of anti-DNA sIgA by size-exclution chroma-
tography in acidic condition displayed approximately 35% of the initial DNA-hydrolyzing
activity after renaturation. Lack of the catalytic activity observed after the chromatographic
run is a consequence of e prolonged exposure of sIgA to denaturing condition.

These data demonstrated that the DNA-hydrolyzing activity of the anti-DNA sIgA
preparations under study was associated with the antibodies, and that ruled out an in-
volvement of any DNase contaminants.

3.2. Inhibitory effect of nucleoside triphosposphates towards DNase activity
of slgA-abzymes

Earlier, we have demonstrated that slgAs isolated from human milk can interact
with ATP [5, 6]. Affinity modification of slgA by [*?P]-labelled reactive derivative of ATP
revealed that the ATP-binding sites are located on both L- and H-chains of sIgA mole-
cule [20]. Here we addressed a question if ATP could be involved in regulation of DNA-
hydrolyzing activity of sigA-abzymes. To check that suggestion, ATP was added in dif-
ferent concentrations to the reaction mixture. Figure 3 illustrates that ATP in a concen-
tration-depended manner inhibits the cleavage of plasmid DNA by sIgA-abzymes iso-
lated from milk of healthy human. The DNA-hydrolysing activity of sigA-abzymes was
markedly reduced, when the ATP concentration was increased from 0.1 to 0.5 mM (Fig.
2, lane 3, 4). The increasing of ATP amount to 1-3 mM almost completely blocked DNA
cleavage by the slgA-abzymes (Fig. 3, lane 5, 6).

We also checked whether others nucleoside triphosphates could affect DNA-hydro-
lysing activity of slgA-abzymes. Since 1 mM ATP effectively blocked DNase activity of sl-
gA-abzymes, we used the same concentration of a panel of nucleoside triphosphates in
the DNA-hydrolyzing assay. As shown in Figure 4a, ribonucleoside triphosphates de-
creased DNase activity of slgA-abzymes in the order: ATP>GTP>CTP>TTP. The inhibit-
ing effect of deoxyribonucleotides was different from the effect of ribonucleotides. Oppo-
site to CTP and TTP which were moderate inhibitors of that DNase activity (Fig. 4a, lanes
4,5), dCTP and dTTP in 1 mM concentration failed to reduce plasmid DNA cleavage by
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44Fig. 3. Influence of different concentration ATP on DNA-
hydrolyzing activity of slgA-Abzs isolated from hu-
man milk. Lane1 — linear pBR322 DNA incubated
alone; lane 2 — DNA incubated with slgA-abzymes;
lanes 3—-6, DNA incubated with slgA-abzymes in the
presence 0.1-3.0 mM ATP. Arrow shows plasmid
DNA position on the gel
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Fig. 4. Influence of nucleotide triphosphates on DNA-hydrolyzing activity of slgA-abzymes isolated from hu-
man milk. Cleavage of plasmid DNA by slgA-abzymes in the presence of ribonucleoside triphos-
phates (a), or deoxyribonucleoside triphosphates (b). Lanes 1 — linear pBR322 DNA incubated alone;
lanes 2—5 — plasmid DNA incubated with slgA-abzymes in the presence of 1.0 mM nucleotides; lane
6 — DNA incubated in absence of nucleotides. Arrows identify plasmid DNA position on the gels.
Relative quantity of the linear pBR322 DNA on the gels is shown

slgA-abzymes (Fig 4b, lanes 4, 5). Only a weak inhibitory effect was detected in case of
dGTP (Fig 4b, lane 3), however, it was essentially lower than the effect of GTP (Fig 4a,
lane 3). An interesting result was obtained when dATP was used as effector. In that case,
there was no big difference between the inhibitory effect of dATP and ATP, which both ef-
fectively blocked DNase activity of sigA-abzemes (Fig 4a, lane 2).
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4. DISCUSSION

Here we demonstrated that specific nucleoside triphosphates reduced DNA-hydroly-
zing activity of slgA-abzymes isolated from milk of healthy human. There are two possible
explanations of the mechanisms of such effect. The 1%t one is based on data showing that
the catalytic center of slgA-abzymes possessing DNase activity is located in the light chain,
while the DNA-binding center is predominantly formed by its heavy chain [10]. Thus, it is
possible that high concentrations of ATP and dATP block binding the plasmid DNA to the
DNA-binding center of sigA-abzymes, and that leads to inhibition of their catalytic activity.

The 2" potential mechanism is based on the data showing that a pool of anti-DNA sl-
gAs isolated from human milk by DNA-cellulose chromatography contains slgA-abzymes
possessing protein kinase activity [15, 16]. Since both slgA-abzymes possessing protein
kinase and nuclease activities were purified in similar way, it was reasonable to assume that
the slgA-protein kinases might phosphorylate the slgA-nucleases or both those activities
are intrinsic properties of the same slgA-abzymes. Thereby, it is possible that the nucleotide-
dependent inhibitory effect could be realized through phosphorylating the polypeptide sites
involved in binding plasmid DNA or providing its catalytic degradation. That suggestion
could also confirm the data showing that slgA-abzymes possessing protein kinase activity
isolated from human milk, can use, as substrate, not only ATP, but other ribo- and deoxiry-
bonucleoside triphosphates, as well [6]. The involvement of phosphorylation in the regula-
tion of DNase activity of slgA-abzymes looks very attractive thought it is difficult to explain
why an effective inhibitory concentration of nucleotides is apparently higher than that which
is necessary to provide the phosphorylation reaction [16].

Since human milk contains different nucleotides [21], it was reasonable to suggest
that some endogenous nucleotides could be involved in regulation of DNA-hydrolyzing
activity of slgA-abzymes. Though a biological role of sigA-abzymes stays unknown, it
was suggested that they participate in providing a defence of newborn’s mucous layers
against the pathogenic microflora [10, 11].

We hypothesise that a protective role of slgA-abzymes could be realized in another way.
slgA-abzymes belong to antibodies which transfer in mucosal fluids by means of receptor-
mediated transcytosis through mucosal epithelial cells [22]. It was demonstrated that their
passing through the lining epithelial cells of mucous membranes during secretion, IgA anti-
bodies might participate in neutralizing intracellular pathogens, such as viruses [23]. Taking
into account these data, it was reasonable to suggest, that slgA-abzymes are involved in the
intracellular neutralization of viruses via degradations of their DNA or RNA. Besides, comple-
ment-independent cytotoxicity of IgG-abzymes with DNase activity, isolated from blood sera
of patients with lymphoproliferative or autoimmune diseases, have been described [24, 25].
Thereby, the cytotoxic activity of slgA-abzymes towards the epithelial cells might also exist. It
has been established, that sigA-abzymes with DNase activity also possessed RNase activity
[2, 10]. Thus, one cannot exclude, that the slgA-abzymes which penetrated in the cell, can
hydrolyze intracellular RNA or nuclear DNA, and, in that way, affect metabolism of the epithe-
lial cells. Since ATP and dATP possess an ability to block DNA-hydrolyzing activity of sIgA-
abzymes, it might be suggested that such metabolic disturbance is protected by high concen-
tration of nucleoside triphosphates that are present in those cells.
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riAPONI3 AHK sigA-AB3UMAMU MONOKA NIOAUHU ANDEPEHUIMHO
IHFNBYETbCA HYKIEOTUATPU®OCPATAMU

FO. A. Kim

IHemumym 6ionoaii knimuHu HAH Ykpainu
syn. [pacomaHosa, 14—16, Jlbeie 79005, YkpaiHa

Bigomo, Lo MOMOKO NOAMHN MICTUTb CEKPETOPHI iMyHOrnodyniHu A (slgA-abanmn),
[Ki BonoAitoTb crnopigHeHicTio o AHK ccasuis i 3gaTHi rigponisysatu nnasmigHy OHK. Pe-
rynsauis JHK-a3Hoi akTMBHOCTI Lmx ab3umiB 3anvaeTbcs ManosmeyeHot. MeTtoto pobo-
™ Oyno pocnigntn BnnAMB Hykneotuatrpudocdartis Ha [HK-asHy akTtuBHiCTb SIgA-
ab31MiB, OYULLIEHMX i3 MOIIOKa NIOAMHM NOCHIAOBHUMI XpomaTorpadisiMm Ha KOMOHKax i3
npoteiH A-arapo3soto, IEAE-dpakTorenem i [JHK-uentonosoto. Y pesynesrati npoBegeHo-
ro aHanisy BcTaHoBneHo, wo ATP (1 mM) i dATP (1 MM) npakT“4yHO NOBHICTIO iHriOyHOTb
po3LenneHHs niHinHoi doopmm OHK nnasmign slgA-adavmamu. MNpu LboMy iHriGyBans-
Hun edpekt GTP, CTP, TTP i dGTP Ha [HK-a3Hy akTuBHiCcTb sIgA-ab3umiB 6yB 3Ha4HO
Hk4min, HixX y ATP i dATP, a dCTP i dTTP nomiTHO He BnnvBanu Ha LWBUAKICTb rigponidy
nnasmigHoi JHK urmun abanmamun. Y poboTi 06roBopeHo MOXIMBI MeXaHi3mu iHribyBasnb-
Hoi gii HykneotuaTpudocdartie Ha [JHK-a3Hy akTuBHiCcTb sIgA-ab31MiB MOMoka fauHN.

Knrovoei crroea: ab3vmu, CEKPETOPHUI iMyHOrNobyniH A, monoko noguHn, OHK-
asHa aKTUBHICTb.

rmngpPosin3 AHK sigA-AB3UMAMU MOJTOKA YENNOBEKA AU®DEPEHLUMATIBHO
MHITIMBUPYETCA HYKNEOTUOATPUDPOCDATAMU

FO. A. Kum

UHcmumym 6uonoauu knemku HAH YkpauHsbi
yn. Apazomarosa, 14—16, Jibeoe 79005, YkpauHa

3BeCTHO, 4TO MOINOKO YernoBeKka COAEPXKUT CEKPETOPHbIE MMMYHOMNMOBYNMHbI A (SIgA-
ab3umbl), KoTopble obnaaatoT cpoacTeom K AHK mnekonutatoLLmMx 1 cnocobHbl rmaponm3o-
BaTb Nna3muaHyto AHK. Perynauns HK-a3Hom akTMBHOCTY 9TMX ab31MOB OCTaeTCs Maro-
n3yyeHHon. Llenbto paboTtu Bbino nccnegoBats BnvsiHME Hykneotuatpudocdgaros Ha [HK-
a3Hyt0 aKTUBHOCTb SIgA-ab31MOB, OYMLLIEHHBIX 13 MOJIOKa YernoBeka nocneaoBaTenbsHbIMU
XpomarorpacmsiMm Ha KOfMoHkax ¢ npotemH A-araposou, OEAE-dpaktorenem n [OHK-
uennono3on. B pesynsrate npoBegeHHOro aHanmaa ycraHosneHo, 4to ATP (1 mM) n dATP
(1 MM) npakTuyeckn MOMHOCTHIO MHIMBMPYIOT pacluenneHne nuHeriHon dopmbl OHK
nnasmugbl slgA-abanmamu. Mpu atom nHrmbmpytowmn edpdekt GTP, CTR, TTP n dGTP Ha
[HK-a3Hyto akTMBHOCTL SIgA-ab31MOoB Obin 3HAUNUTENBHO Hke, YeM y ATP n dATP, a dCTP
n dTTP 3aMeTHO He BNMSINM Ha CKOPOCTb rvaponuaa nnasmugHon OHK atumn abanmamu.
B pobote ob6cyxaatoTcsi BO3MOXHbIE MEXaHMU3Mbl MHIMOMPYIOLLEro OENCTBUA HYKNeoTua-
TpudbocatoB Ha [JHK-a3Hyto akTMBHOCTL SIgA-ab31MMOB MOroKa YernoBeka.

Knroveenle cnoea: ab3nmbl, CEKPETOPHBIN MMMYHOTIOBYNMH A, MOSTOKO YernoBeka,
[HK-a3Has akTMBHOCTb.
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