
Antibodies (Abs) raised against stable analogs of the

transition state complexes of catalytic reactions capable

of catalyzing more than 100 various reactions have been

described [1�8]. Natural abzymes with proteolytic, nucle�

ase, phosphatase, and amylolytic activities have been

detected in the blood of patients with various autoim�

mune (bronchial asthma, systemic lupus erythematosus,

autoimmune thyroiditis, polymyositis, polyarthritis, and

multiple sclerosis) and some viral (hepatitis, AIDS) dis�

eases (for review, see [6, 9�11]). However, abzymes have

not been found in the blood of healthy donors and

patients with influenza, pneumonia, tuberculosis, tonsil�

litis, duodenal ulcer, and some types of cancer proceeding

without immune status disorder [9�11].

DNA and anti�DNA Abs at increased concentra�

tions, which are considered to arise from cell apoptosis,

can be detected in the blood of patients with some

autoimmune diseases (AD) [9�11]. Apoptotic cell anti�

gens are often recognized as auto�Abs targets [9�11].

Many anti�DNA Abs are directed against histone–DNA

nucleosomal complexes appearing as a result of internu�

cleosomal cleavage during apoptosis. Apoptotic cells are

the primary source of antigen and immunogen in SLE,

and these features in recognition, perception, processing,

and/or presentation of apoptotic auto�antigen by anti�

gen�presenting cells can cause autoimmune processes.

In AD, spontaneous accumulation of primary Abs

against proteins, nucleic acids, and their complexes

occurs, and then secondary Abs forms to already accu�

mulated primary Abs, and so on [12, 13]. Thus, in the

blood of patients with AD various Abs can be found; there

can be Abs directly to antigen with changed conformation

(transition state analog) or antiidiotypic Abs whose

appearance can be explained using Jerne’s antiidiotypic

net model [14]. According to the accepted concept, the

presence of abzymes in blood indicates development of

autoimmune processes in the human body [9�11].
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Abstract—Catalytically active antibodies (abzymes) hydrolyzing proteins, polysaccharides, ATP, DNA, and RNA have been

detected in the sera of patients with various autoimmune and some viral diseases, but abzymes from the sera of animals are

practically unstudied. The development of lupus�like autoimmune disease of MRL/MpJ�lpr mice is an experimental model

for study of autoimmune pathologies and immunopathogenesis. In this work, homogeneous IgG preparations were isolated

from the sera of MRL/MpJ�lpr mice. These antibodies (Abs), their Fab�fragments, and isolated light chains were shown to

possess catalytic activity in DNA hydrolysis, whereas Abs from the sera of control healthy mice did not hydrolyze DNA. The

data demonstrate that DNA hydrolyzing activity is an intrinsic property of Abs from MRL/MpJ�lpr mice. It was shown that

various markers of autoimmune pathologies (level of total protein concentration in urea (proteinuria), Abs titers to native and

denatured DNA, and DNA�hydrolyzing activity of IgG) increased in animals with aging, but they noticeably increased (2�

22 times) only after appearance of obvious indicators of pathology independently of age. The highest increase in proteinuria

(25�fold), anti�DNA Abs titers (12�19�fold), and abzyme activity (120�fold) was found in mice after their immunization with

DNA–protein complex.
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The presence of natural abzymes in donors without

any immune status pathology was considered impossible

for a long time. However, we demonstrated that autoim�

mune processes similar to that in AD patients occur in

apparently healthy women during pregnancy and imme�

diately after childbirth [15]. Because of the specific state

of the immune system of pregnant and especially lactat�

ing women, they are subject to immunization by external

(nutritional) as well as internal immunogens [16�18]. The

blood of such women, like that of AD patients, contains

DNA at increased concentrations [19�21] and fetal cells

at low concentrations [22]. We were first to describe

human breast milk abzymes sIgA in the breast milk of

healthy women in childbirth that catalyze protein phos�

phorylation [23�25]. Later it was shown that small sub�

fractions of breast milk IgG and sIgA catalyze hydrolysis

of DNA, RNA [16�18, 26], ribo� and deoxyribo�NMP,

�NDP, and �NTP [27], polysaccharides [28], and also

cleavage of DNA and RNA 5′�terminal phosphate (phos�

phatase activity) [17, 18]. It is interesting that human

breast milk Abs possess higher activity than most abzymes

of AD patients [9�11].

These data raised several completely new questions

about the origin and mechanisms of abzyme accumula�

tion in mammals. However, these questions can be

answered only using experimental animals for modeling

certain states of the immune system. Mice provide the

most convenient models; however, by they have not yet

been widely used for study of the mechanisms of abzyme

accumulation. DNA� and RNA�hydrolyzing activities of

monoclonal antibodies obtained by immunization of

mice with various DNA are described in [29, 30].

Spontaneous SLE�like disease of MRL/MpJ�lpr

mice is an experimental model for study of the pathogen�

esis of autoimmune pathologies. The lpr gene bears a

mutation causing a defect in the Fas molecule responsible

for cell apoptosis [31]. Decrease in apoptotic function

results in accumulation of a large number of so�called

binegative T�cells (CD4–CD8–, B220+, TCR+) in periph�

eral lymphoid organs. Definite lymphoadenopathy is

accompanied by production of various auto�antibodies,

immune complexes, and glomerulonephritis [32]. Along

with cell apoptosis disorder, many other factors con�

tribute to genesis of animal autoimmune pathology.

Disorder in proliferation and differentiation of hemopoi�

etic stem cells is now considered as one of the most

important AD origins. Some authors consider systemic

and organ�specific AD as polyclonal abnormal stem cell

proliferative syndrome [33]. Earlier it was shown that

stem cells of MRLlpr/lpr mice are noticeably more radio�

resistant than stem cells of normal mice; increase in the

number of bone�marrow hemopoietic precursors of vari�

ous cells with aging is also noted [34].

We recently studied colony�forming capacity of

bone�marrow hemopoietic precursors during the devel�

opment of AD in MRL/MpJ�lpr mice [35, 36]. A normal

ratio of hemopoietic precursors was detected in bone

marrow of young MRL/MpJ�lpr mice, as described for

normal non�autoimmune mice. Changes in the level of

proliferation and direction of hemopoietic stem cell dif�

ferentiation were observed in mice with definitely mani�

fested disease. The data indicate that MRL/MpJ�lpr mice

can be a suitable model for study of abzyme accumulation

mechanisms and their correlation with disorder in stem

cell proliferation and differentiation.

The goal of this work was to demonstrate DNA�

hydrolyzing activity of antibodies from the blood of

MRL/MpJ�lpr mice using the methods described in the

literature. The relative activities of such Abs in hydrolysis

of DNA from blood of young healthy subjects, after spon�

taneous appearance of AD symptoms, and as a result of

the immune response stimulation by immunization of

animals with DNA–protein complex were compared.

MATERIALS AND METHODS

Serum preparations. MRL/MpJ�lpr mice and Balb/c

and (CBA×C57BL)F1 control mice were kept under

standard conditions; the animals were from 1.5� to 7�

month�old. To obtain Abs, we used sera prepared accord�

ing to the standard procedure by addition of 4% sodium

citrate to blood samples (1/4 of blood volume) and subse�

quent removal of cells by centrifugation (2000 rpm,

10 min).

Immunization of mice. Mice were immunized with

20�40 µg antigen DNA per mouse. A conjugate of high�

molecular�weight thymus DNA with methylated BSA

dissolved in physiological solution was used as antigen. A

mixture of 0.5 volume of complete Freund’s adjuvant and

0.5 volume of antigen solution was used. The mixture was

stirred to form a homogeneous gel and injected subcuta�

neously or into paw pads. Two further immunizations

with a mixture containing incomplete Freund’s adjuvant

were performed after 14 and 23 days, respectively.

Immunization results were analyzed a month after the

first immunization.

Estimation of the level of proteinuria. Calibration BSA

solutions (1�2 µl) at concentrations from 0.1 to 4 mg/ml

and then 1�2 µl of mouse urine were applied on Whatman

3 MM paper. The paper was dried (5 min), wet with ace�

tone for protein fixation, and dried again for 5 min. Then

the paper was put into solution for protein staining (45%

methanol, 10% acetic acid, 0.25% Coomassie Blue R250)

for 5 min, and excess dye was washed out with solution

containing 10�20% butanol and 5% acetic acid to disap�

pearance of background staining. Then the paper was

rinsed with water and dried. Protein concentration in

mouse urine was determined by scanning of spot density

using a calibration curve obtained for BSA.

Enzyme immunoassay of anti�DNA antibody concen�
tration. We adapted and optimized a procedure for
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enzyme immunoassay of titers of anti�DNA Abs using

standard test�system plates with immobilized double� and

single�stranded DNA from Specialized Scientific

Laboratories (Moscow); this procedure was developed for

analysis of titers of anti�DNA Abs in human blood. For

blocking, 200 µl of TBS (25 mM Tris�HCl, pH 7.5,

150 mM NaCl) containing 0.01% sodium azide and 0.5%

ovalbumin were added in each well and incubated for 1 h

at 22°C. Then wells were washed with TBS containing

0.05% Triton X�100 (TBS�1, 3 times with 200 µl per

well). Blood serum was 200 times diluted with blocking

solution, and 50�µl samples of diluted serum were placed

into each well and incubated for 1 h at 22°C. Then wells

were washed with TBS�1 buffer (3 times with 200 µl per

well) and treated with conjugate of Abs (50 µl, 2 µg/ml)

against mouse IgG with peroxidase, and the plate was

incubated for 1 h at 22°C. Then wells were washed with

TBS�1 (2 times with 200 µl per well) and the last time

with TBS. Liquid was carefully removed from wells, and

50 µl of solution containing tetramethyl benzidine and

hydrogen peroxide in citrate�phosphate buffer (concen�

trations corresponded to those described for the standard

test�systems) was placed into each well. After incubation

for 10 min, the reaction was stopped by addition of 50 µl

of 50% sulfuric acid. The relative anti�DNA Ab concen�

tration in samples was expressed in optical absorption

(OA) units at 445 nm of solution in wells (A445 units, the

average of three measurements). OA was measured using

a multichannel spectrophotometer (Pushchino, Moscow

Region). For calculating mouse blood serum OA, absorp�

tion of control Abs not interacting with DNA was taken

into account.

Isolation of antibodies from mouse blood serum. Abs

from mouse blood was purified by a modification of a

procedure earlier developed for isolation of abzymes from

blood of patients with AD [37�39]. To precipitate pro�

teins, ammonium sulfate was added to blood serum to

50% saturation, protein was isolated by centrifugation

(12,000 rpm, 10 min), and the pellet was dissolved in the

initial volume of TBS. This solution was applied on a col�

umn with protein A�Sepharose equilibrated with TBS.

Proteins not interacting with the sorbent were washed off

with TBS. Nonspecifically adsorbed proteins and lipids

were eluted with TBS containing 0.5% Triton X�100. The

IgG fraction was eluted with 40 mM glycine�HCl,

pH 2.6, and immediately neutralized with 1.5 M Tris�

HCl, pH 8.8. The obtained Abs fractions were dialyzed

against several volumes of TBS and used for estimation of

enzymatic activity.

IgG was separated from IgA and IgM by high�pres�

sure gel filtration on a Superdex 200 HR 10/30 column

(100 × 300 mm) (using a Sprint Biocad chromatograph

from Pharmacia, Sweden) equilibrated with 20 mM Tris�

HCl, pH 7.5, analogously to [15]. Before application on

the column, the sample (0.2�0.3 ml) was incubated with

TBS containing 2.5 M MgCl2 for 20 min at 20°C. Buffer

containing 1.5 M MgCl2 and 1 M NaCl (2 ml) was

applied on the column as a “salt pillow” before the sam�

ple. Abs were eluted with 20 mM Tris�HCl, pH 7.5

(0.2 ml/min).

It should be noted that abzymes purified on protein

A�Sepharose are subject to so�called acidic shock; not

every enzyme can sustain this shock, many of them

completely losing their catalytic activity [9�11]. Abs

slowly regain their activity after acidic shock on storage

in neutral buffer for 0.3�2 months at 4°C. That is why

Abs preparations purified as described above were used

for analysis of their activity 2�5 and more weeks after the

last purification stage. During this time some of them

were partly destroyed, forming free light and heavy

chains.

Chromatography of Abs on DNA�cellulose accord�

ing to [25, 26] was the last stage of the standard purifica�

tion procedure; at this stage, partly destroyed IgG mole�

cules were separated from the native ones.

Acidic shock. High�pressure gel filtration of Abs

under severe conditions was performed analogously to

that for Abs isolation (see above). A column was equili�

brated by acidic (50 mM glycine�HCl, pH 2.6, containing

0.3 M NaCl) or alkaline (50 mM potassium�phosphate,

pH 10.5) buffer. Before gel filtration Abs were preincu�

bated in the mentioned acidic buffer or 0.1 M KOH for

30 min at 30°C, as described in [40, 41].

Abs activity in DNA and RNA hydrolysis signifi�

cantly decreased immediately after Abs treatment with

acidic buffers. Activity was restored noticeably after dial�

ysis against 500 volumes of buffer A for 10 h and subse�

quent incubation of solutions for a week or more at 4°C.

Abs activity in DNA hydrolysis was estimated as

described earlier for abzymes from blood of AD patients

[37�42]. The reaction mixture (20 µl) contained 20 mM

Tris�HCl, pH 7.5, 5 mM MgCl2, 1 mM EDTA, 10�

20 µg/ml Bluescript plasmid DNA, and 0.05�0.2 mg/ml

Abs. After incubation for 2�4 h at 37°C, 5 µl of solution

containing 0.05% Bromophenol Blue, 50% glycerol,

20 mM Tris�HCl, pH 7.5, was added to the reaction mix�

ture. The reaction products were analyzed by elec�

trophoresis in 1% agarose gel; buffer for electrophoresis

contained 40 mM Tris�acetate, pH 7.5, and 1 mM

EDTA. After electrophoresis, DNA was stained with

0.5 µg/ml ethidium bromide. To estimate the relative

activity, the gel was photographed and scanned.

Testing of DNA�hydrolyzing activity of antibodies in
the gel. DNA�hydrolyzing activity of Abs in gel was esti�

mated by SDS�PAGE (5�20% gradient polyacrylamide

gel containing 5�20 µg/ml polymeric DNA from calf thy�

mus analogously to [17, 18, 26, 39, 41]). After separation

of proteins in the gel, the latter was washed free of SDS

with 4 M urea for 1 h and then with water (10 portions of

water for 5�7 min each). To restore Abs activity, the gel

was incubated in 20 mM Tris�HCl, pH 7.5, containing

5 mM MgCl2 and 1 mM EDTA for 16 h at 37°C, and then



1084 DUBROVSKAYA et al.

BIOCHEMISTRY  (Moscow)  Vol.  68  No. 10   2003

stained with ethidium bromide. The gel portion where

DNA was cleaved, was revealed as a dark spot on uni�

formly fluorescing background. Positions of protein

bands were determined by staining of the gel with

Coomassie Blue R�250.

Reagents. The following reagents were used in this

study: acrylamide, N,N′�methylene�bis�acrylamide,

sodium dodecyl sulfate (SDS), glycine, EDTA, and

Triton X�100 from Merck (Germany); TEMED from

Reanal (Hungary); MgCl2, Freund’s adjuvant, sodium

azide, and ethidium bromide from Sigma (USA); sodium

citrate and agarose from Serva (Germany); Tris from INC

(USA); sodium chloride from USB (USA); BSA from

Euro Bio. Conjugate of Ab with horseradish peroxidase

was kindly given by Dr. L. Matveev (Institute of

Bioorganic Chemistry, Novosibirsk). Other reagents were

of extra pure grade and of Russian production.

RESULTS AND DISCUSSION

DNase activity of Abs from MRL/MpJ�lpr mouse

sera was analyzed. A high level of proteinuria (protein

concentration in urea ≥ 3 mg/ml) is a marker of autoim�

mune pathology in animals [43]. In the first stage of the

work, mice with spontaneous autoimmune process and

clearly manifested proteinuria (>8 mg/ml) were used.

Isolation of Abs from mouse sera by affinity chromatog�

raphy on protein A�Sepharose is presented in Fig. 1 as an

example. After Abs adsorption, a column was washed

with a buffer containing Triton X�100, which destroys

even tightly bound noncovalent protein complexes.

Subsequent washing of the column with more acidic

buffer (pH 2.6) resulted in elution of peak 3; according to

the electrophoretic data, this peak is a mixture of highly

purified Abs (IgG, IgM, and IgA) without admixtures of

non�immunoglobulin nature (data not illustrated here)

[27, 44].

Subsequent separation of Abs by gel filtration on

Superdex 200 HR under severe conditions (in the pres�

ence of MgCl2 and NaCl) yields catalytically active (Fig.

1) and electrophoretically homogeneous preparations of

IgG, IgA, and IgM antibodies [27, 44]. Electrophoretic

analysis of IgG preparations from mouse blood is pre�

sented in Fig. 2 as an example. As shown, abzymes are

homogeneous before (Fig. 2a, lane 1) and after (Fig. 2a,

lane 2) treatment with dithiothreitol (DTT). IgG prepa�

rations contained only heavy and light chains (H ~ 50 and

L ~ 25 kD).

In subsequent experiments only IgG preparations

were used. For several experiments, Abs with increased

affinity to DNA were additionally purified by affinity

chromatography on DNA�cellulose.

Evidence for nuclease activity of Abs. Catalytic activ�

ity of Abs is usually proved by checking 13 sufficiently

rigid criteria (for review, see [9�11]). We checked some of

these criteria and showed that (some data are not illus�

trated):

– Abs preparations were electrophoretically homo�

geneous (Fig. 2a, staining with silver);

– optical absorption profiles of proteins on gel filtra�

tion in acidic or alkaline buffer coincided with the profiles

of DNA�hydrolyzing activity (IgG purified on DNA�cel�

lulose were used);

– incubation of Abs with anti�IgG�Sepharose result�

ed in complete removal of DNA�hydrolyzing activity

from solution;

– homogeneous preparations of Abs Fab�fragments

possessed DNA�hydrolyzing activity (Fig. 3b, lane 9, Fab

corresponds to Ab of lane 1);

– DNase activity was detected only in Abs from

urine of mice with definite proteinuria (usually mice 5�8�

month�old), whereas Abs from sera of young mice (1�2�

month�old) without definite markers of autoimmune

reactions (Fig. 3a, lane 13) and also from sera of not

autoimmune�prone Balb/c and (CBA×C57BL)F1 con�

Fig. 1. Profiles of optical absorption (I) and DNase activity (II)

on affinity chromatography of protein from mouse sera on pro�

tein A�Sepharose (a) and subsequent high�pressure gel filtra�

tion of Abs (3) on Superdex 200 HR 10/30 (b).
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trol mice (3�7�month�old) did not possess activity (Fig.

3a, lanes 13 and 14).

It should be noted that among the known criteria

there are some undoubtedly indicating that directly Abs

and not admixtures possess the activity. Detection of Abs

activity in situ after protein separation by SDS�PAGE in

the substrate�containing gel is the first of such criteria [9�

11]. As we demonstrated earlier, when this most rigid cri�

terion is met, other less rigid criteria are also met [9�11].

As shown in Fig. 2b, after SDS�PAGE of IgG (Abs

purified on DNA�cellulose) in DNA�containing gel,

hydrolysis of DNA before reduction of disulfide bonds is

observed only in the gel portions corresponding to the

positions of protein bands of the initial IgG (lane 2) and

Fig. 2. a) Electrophoretic analysis of homogeneity of IgG preparations (silver�stained) from mouse blood before (1) and after treatment

with DTT (2); 3) protein markers with known molecular masses. b) Analysis of IgG activity in situ in the DNA�containing gel (negatives

are presented) (2, 4); protein staining with Coomassie Blue R250 after electrophoresis (1, 3): before (1) and after (2) partial reduction of

disulfide bonds with DTT.
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Fig. 3. a) Analysis of DNase activity of IgG preparations from several mice of various ages and at various stages of autoimmune process

(plasmid Bluescript DNA, negative). Lanes: 1�12) twelve MRL/MpJ�lpr mice; 13, 14) DNA incubation with Abs from control Balb/c and

(CBA×C57BL)F1 mice, respectively; 15) DNA incubated in the absence of Abs. Plasmid forms: C) coiled; SC) supercoiled. Abs were added

at concentration 0.1 mg/ml. b) Optimization of Abs concentration for quantitative analysis of DNase activity of IgG preparations for 8 dis�

eased MRL/MpJ�lpr mice (lanes 1�8). Lanes: 9) Fab�fragment of IgG of one Abs preparation (lane 1); 10) DNA incubated in the absence

of Abs. In each case Ab concentration was fitted so that only nicked coiled DNA (C) is formed from supercoiled DNA (SC). Abs concen�

tration was thus varied from 0.1 to 100 µg/ml depending on preparation. Lane 1 corresponds to Abs of a mouse (1 µg per 20 µl of a mixture

or 50 µg/ml) which activity was taken as an activity unit in calculations of the relative activity of other Abs preparations (table).
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after reduction of disulfide bonds with DTT – only at the

positions of Ab light chains (lane 4). This result undoubt�

edly indicates that catalytic activity is an intrinsic proper�

ty of light chains of IgG from mouse blood, since in each

of these cases other DNA cleavage sites are absent.

Thus, we first demonstrated that sera of autoimmune

MRL/MpJ�lpr mice could contain DNA�hydrolyzing

abzymes. Analogously to human IgG, DNase activity of

Ig from mouse sera is caused by activity of Ab light chain.

This is in accord with literature data that for most

abzymes; catalytically active sites are positioned in the

variable part of Ig light chains [9�11]. However, analysis

of some natural abzymes and Abs induced by transition

state analogs demonstrated that heavy as well as light Ab

chains can participate in functioning of the active sites

and sometimes the contribution of heavy chains in larger

[9�11]. For example, both light and heavy chains partici�

pate in formation of DNA�hydrolyzing sIgA and ATP�

hydrolyzing IgG from human breast milk [17, 27]. Active

sites of the natural abzymes seem to be variously organ�

ized, but for DNA�hydrolyzing IgG from mouse sera, the

active site is localized on the light chain, as for most Abs

from sera of AD patients.

Dynamics of change in DNase activity of mouse sera
Abs during aging and after immunization. As mentioned

above, autoimmune pathologies of MRL/MpJ�lpr mice

arise spontaneously. Usually, the appearance of visual

symptoms is a definite marker of autoimmune pathology:

pink spots, baldness of head and some areas of the back,

general state worsening and so on; they are often observed

at the age of 3�7 months. Definite proteinuria is observed

together with other symptoms. It is known that auto�Abs

formed in the mice react with DNA, histones, leucocytes,

thrombocytes, and erythrocytes [45], and immune com�

plexes thus formed cause complement activation, which

results in development of glomerulonephritis. As a result,

protein content in urea rises (proteinuria). It is assumed

that proteinuria can be a marker of profound develop�

ment of autoimmune reactions in mammals in AD, when

kidney functions are significantly disrupted.

Comparison of the relative catalytic activity of Abs

from mouse sera at various life periods was of special

interest, since by now it is not known at what AD stage

appearance of catalytically active Abs can be detected. We

studied activity of Abs from sera of mice of various age:

1.5, 2.5, and 7 months (four animals of each age).

Analysis of DNase activity of IgG in hydrolysis of super�

coiled DNA by Ab preparations from several mice (IgG at

equal concentrations were added) is presented in Fig. 3a

as an example. However, the relative activity of Abs in

hydrolysis of DNA from blood markedly differed from

mouse to mouse. Figure 3a presents a part of the cleavage

spectrum of plasmid DNA by antibodies from several

mice during 2 h. As can be seen, some Abs cause only sin�

gle breaks in supercoiled DNA during this time (lanes 1,

5, 8, and 9) and others cause multiple breaks thus form�

ing linear DNA (lanes 2, 3, and 10). Most active Abs

hydrolyze DNA to short� and middle�length oligonu�

cleotides (lanes 4, 6, 7, 11, and 12). Based on these data,

quantitative estimation of the level of DNA hydrolysis

appeared to be rather complicated.

For quantitative comparison of change in the rela�

tive IgG activity in the course of spontaneous appearance

of mouse SLE symptoms, in each case such Ab concen�

tration was fitted that during 2 h incubation supercoiled

DNA is converted into the coiled nicked form without

formation of linear DNA and low�molecular�weight

products of its hydrolysis (Fig. 3b). Activity of Ab prepa�

ration of a mouse in which 1 µg of Abs converted com�

pletely (~100%) all supercoiled DNA into the coiled

nicked form (Fig. 3b, lane 1) was taken as an activity

unit. The relative activity of other Ab preparations was

estimated accounting the percent of SC DNA conver�

sions into the coiled nicked form and Abs concentration

used. Abs activity was analogously analyzed for DNA�

immunized mice. The results are presented in the table

along with the data on Abs titers against the native and

denatured DNA in the sera and protein concentration in

mouse urine.

As shown in the table, IgG from sera of not autoim�

mune�prone control Balb/c and (CBA×C57BL)F1 mice

do not possess DNase activity. For these mice, definite

proteinuria is also not observed, and Abs titers against the

native and denatured DNA are very low. For young

MRL/MpJ�lpr mice (approximately equal data for 1.5�

and 2.5�month�old mice) with anti�DNA Abs concentra�

tion and the level of proteinuria comparable with those

for control mice, DNase activity of Abs in most cases is

also absent or is very low (table).

It is interesting that some MRL/MpJ�lpr mice can

exhibit no definite SLE symptoms for a rather long time,

i.e., up to 7�8 months. The level of anti�DNA Abs and

proteinuria of four such mice was analyzed. It was found

that protein concentration in urea of these mice can be ~2

times higher than that of young mice (table). Anti�DNA

Abs concentration in sera also increased ~2�3 times. The

level of DNase activity of Abs increases ~3 times but still

remains relatively low (table).

Spontaneous SLE of MRL/MpJ�lpr mice (7�month�

old mice were used) first results in drastic increase (~18

times) in the average proteinuria level (table). However,

anti�DNA Abs titer does not change so drastically (only

~2.4�3.4 times) compared with that for young mice.

DNase activity of Abs increases ~22 times on average. In

spontaneous SLE this can indicate preferential activation

of immunocompetent cells producing abzymes and to a

lesser extent, cells synthesizing anti�DNA Abs without

catalytic activity. As a whole, this corresponds with our

data that the titer of Abs subfraction with DNase activity

in the blood of patients with SLE and multiple sclerosis

increases in acute period more rapidly than the total anti�

DNA Abs titer [11].
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Immunization of animals with a DNA complex with

methylated BSA has maximal effect on the level of anti�

DNA Abs and their catalytic activity (table). Increase in

the level of proteinuria (25 times) is comparable with that

for mice with spontaneous SLE (18 times), but increase

in the total anti�DNA Abs titer (12�18 times) and DNase

activity of the abzyme fraction (120 times) is ~5 times

higher in case of immunization.

So, catalytically active Abs with DNase activity can

be synthesized as a result of spontaneous SLE of

MRL/MpJ�lpr mice. However, the relative level of

abzyme activity as well as titers of anti�DNA antibodies

Mouse group

Control (CBA×C57BL)F1

mice (3�7 months)

Control Balb/c mice (3�7

months)

Young MRL/MpJ�lpr mice

(1.5 months)

Old healthy MRL/MpJ�lpr

mice (7 months)

Old diseased MRL/MpJ�

lpr mice (7 months)

Immunized MRL/MpJ�lpr

mice

DNase activity
of Abs, relative

units

0

0

0

0

0

0

0

0

0.04

0

0

0

0.01 ± 0.008

0.01

0.04

0.02

0.05

0.03 ± 0.01

0.17

0.64

0.06

0.2

0.22 ± 0.24

5.1

3.3

4.7

1.3

3.6 ± 1.3

Characteristics of autoimmune process in MRL/MpJ�lpr mice

Abs against 
denatured DNA, 

A445 units

0.01

0.01

0.03

0.02 ± 0.01

0.02

0.01

0.02

0.017 ± 0.004

0.02

0.02

0.21

0.1

0.09 ± 0.07

0.17

0.11

0.21

0.22

0.16 ± 0.05

0.08

0.13

0.30

0.36

0.22 ± 0.11

1.17

1.29

1.02

0.84

1.1 ± 0.16

Abs against
native DNA,

A445 units

0.03

0.02

0.05

0.04 ± 0.01

0.02

0.03

0.04

0.03 ± 0.01

0.01

0.05

0.04

0.03

0.032 ± 0.01

0.13

0.08

0.12

0.11

0.11 ± 0.02

0.05

0.03

0.20

0.22

0.12 ± 0.08

0.61

0.85

0.46

0.39

0.6 ± 0.17

Proteinuria,
mg/ml

0.2

0.11

0.05

0.12 ± 0.07

0.15

0.10

0.06

0.1 ± 0.08

0.4

0.4

0.4

0.3

0.38 ± 0.02

1.1

0.5

0.9

1.0

0.8 ± 0.3

9.8

4

10

3.5

6.8 ± 3

6.5

9.9

11

10.5

9.5 ± 1.7

Number of mouse

1

2

3

Mean

1

2

3

Mean

1

2

3

4

Mean

1

2

3

4

Mean

1

2

3

4

Mean

1

2

3

4

Mean

Activity of antibody preparation of a mouse in which 1 µg of Abs converted almost completely (~100%) supercoiled DNA into the linear form

after 2 h incubation of the reaction mixture was taken as an activity unit.

* 
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remain relatively low and increase drastically on immu�

nization of mice with DNA–protein complex.
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