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SUMMARY

Anti-mitochondrial antibodies (anti-M7) in sera from patients with dilated cardiomyopathy and
myocarditis recognize, besides mitochondrial antigens, bacterial sarcosine dehydrogenase. The
common target antigen was identified as the covalently bound FAD of mitochondrial and bacterial
flavoenzymes. Thus, anti-M7-positive serum reacted on Western blots exclusively with covalently
flavinylated enzymes. The antigenic specificity of anti-M7 sera was reproduced by an antiserum raised
in rabbits with 6-hydroxy-D-nicotine oxidase. The heart mitochondrial membrane antigen recognized
by anti-M7 serum was identified as the flavoprotein subunit of succinate dehydrogenase, the antigens in
rat liver mitochondrial matrix as the flavoenzymes dimethylglycine dehydrogenase and sarcosine
dehydrogenase. Anti-M7 serum contained a specific anti-flavoenzyme antibody fraction. Nanomolar
concentrations of FAD and riboflavin inhibited the immune reaction on Western blots and in ELISA,
and incubation with FAD-agarose depleted the anti-M7 activity of the serum. N-terminally deleted
dimethylglycine dehydrogenase proteins were only immunoprecipitated by anti-M7 sera when the FAD
was covalently incorporated. An affinity constant (KD) of 10¹8

M was established for the anti-
flavoenzyme antibodies by competitive ELISA. Of patients with cardiomyopathy and myocarditis,
36% and 25%, respectively, were anti-flavoenzyme-positive by Western blot and ELISA, but only two
of 15 patients with other heart diseases and none of 50 healthy controls.
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INTRODUCTION

Recently, an anti-mitochondrial antibody was described in sera
from patients with heart diseases of unknown aetiology which
reacted with submitochondrial particles from bovine heart (HSMP)
as shown by ELISA and Western blotting, and this antibody was
named anti-M7 [1,2]. On Western blots of bovine heart and rat
liver mitochondrial proteins, anti-M7-positive sera recognized an
epitope of< 64 kD, and in rat liver mitochondria a second band of
< 90 kD. Anti-M7 antibodies were detected in 60% of patients
with acute myocarditis and 33% of patients with dilated cardio-
myopathy [1]. The findings were suggestive of an organ-specific
autoimmune reaction at least in some aetiologically undefined
heart diseases [3]. At this time, the M7 antigen was identified as
an epitope of bacterial sarcosine dehydrogenase (SaDHb) [1],
which belongs to a class of flavoenzymes containing covalently
bound FAD. In mammals, enzymes with covalently bound FAD
are predominantly located to the mitochondria and are represented

by monoamine oxidase of the outer mitochondrial membrane, by
the flavoprotein subunit of succinate dehydrogenase (SDH) located
in the inner mitochondrial membrane, as well as by the closely
related mitochondrial matrix enzymes dimethylglycine dehydro-
genase (DMGDH) and sarcosine dehydrogenase (SaDHm). Bac-
terial SaDH and mammalian DMGDH share sequence similarities,
including the covalent type of FAD attachment to a histidine
residue of the enzyme [4].

The present study was aimed at the identification of the mito-
chondrial anti-M7 antigens. It will be shown that the common
epitope of mitochondrial and bacterial proteins recognized by
anti-M7 sera represents the covalently bound FAD moiety of
flavoenzymes.

PATIENTS AND METHODS

Patients
A marker serum with high anti-M7 titres from a patient with
dilated cardiomyopathy as documented by heart catheterization,
echocardiography, myocardial scintigraphy, and coronarography
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was used. Furthermore, sera from 25 patients with dilated cardio-
myopathy as well as from 12 patients with myocarditis and 15 sera
from patients with other heart diseases (coronary heart diseases,
n¼ 5; hypertrophic obstructive cardiomyopathy,n¼ 3; postpartale
cardiomyopathy,n¼ 2; not defined,n¼ 5) were tested. The criteria
used for selection of the patients were left ventricular insufficiency
and left ventricular end diastolic diameter (LVEDD)$ 60. As anti-
mitochondrial-positive controls two sera were analysed from
patients with syphilis stage II reacting with cardiolipin (M1) [5],
two sera from patients with primary biliary cirrhosis (PBC)
reacting with the pyruvate dehydrogenase complex (M2) [6] and
two sera from patients with Venucuran-induced pseudolupus
syndrome reacting with an antigen of the outer mitochondrial
membrane (M3) [7].

In order to evaluate the specificity of anti-M7 for heart
diseases, sera from four patients with systemic lupus erythemato-
sus, four patients with cryptogenic liver cirrhosis, four patients
with PBC, four patients with fibromyalgia syndrome, four patients
with systemic sclerosis and 50 healthy controls were included in
the study.

Chemicals
35S-methionine was from Amersham Corp. (Braunschweig, Ger-
many). Immunodiffusion plates NOR-Partigen-IgG-HC were
obtained from Behringwerke AG Diagnostika (Stuttgart, Ger-
many). 5-Bromo-4-chloro-3-indolyl-phosphate, nitrotetrazolium
blue and the chemiluminescence Western Blotting kit (rabbit)
were purchased from Boehringer (Mannheim, Germany). Adeno-
sine, AMP, ADP, ATP, riboflavin, FMN, FAD, FAD insolubilized
on 4% beaded agarose, goat anti-rabbit, anti-human and anti-
mouse IgGs conjugated to alkaline phosphatase, peroxidase-con-
jugated goat anti-human IgGs, bacterial sarcosine dehydrogenase,
sarcosine oxidase (SaO), monoamine oxidase from bovine plasma,
o-phenylenediamine and protein high molecular weight markers
were from Sigma (Deisenhofen, Germany). Monoclonal mouse
anti-human IgG1, IgG2, IgG3 and IgG4 were from Pharmingen
(San Diego, CA).

Antisera
Antisera against DMGDH, 6-hydroxy-D-nicotine oxidase (6HDNO)
and SDH (a kind gift of Dr Gary Cecchini, San Francisco, CA)
were raised in rabbits according to standard protocols [8].

Isolation of mitochondria and mitochondrial fractions
Rat liver mitochondria were prepared as described [9]. Separation
of rat liver mitochondria into a soluble and a membrane fraction
was performed by four times freeze-thawing the washed mitochon-
dria in liquid nitrogen, followed by centrifugation at 100 000g for
30 min at 28C. HSMP were prepared according to [10].

Purification of 6HDNO and 6-hydroxy-L-nicotine oxidase
6HDNO wild type and the 6HDNO.Cys mutant, which is unable to
bind FAD covalently, were prepared as described [11]. 6-Hydroxy-
L-nicotine oxidase (6HLNO) was purified fromArthrobacter
nicotinovoranscells according to [12].

Western blotting
Mitochondrial proteins (50mg) and 1mg of the purified proteins
were resolved by SDS–PAGE and transferred onto nitrocellulose
(Optipran BA-S 85; Schleicher & Schuell, Dassel, Germany) using
a semidry horizontal apparatus (BioRad, Mu¨nchen, Germany).

Individual lanes of the membrane were incubated with human
sera at a dilution of 1:300 and with rabbit sera at a dilution of
1:1000. Second antibodies were used in a dilution of 1:3500. The
membranes were stripped for redecoration by shaking at 508C for
30 min in 50 ml stripping buffer (2% SDS, 60 mM Tris–HCl pH 6·7,
100 mM mercaptoethanol).

Isotypes of anti-M7 antibodies were determined using mono-
clonal mouse anti-human IgG1, IgG2, IgG3 and IgG4 antibodies
(dilution 1:500) and alkaline phosphatase-conjugated anti-mouse
antibodies (dilution 1:1000).

Immunoinhibition
The reaction of anti-M7 sera with purified 6HDNO as antigen was
competed by incubating the serum overnight with various con-
centrations of adenosine, AMP, ADP, ATP, riboflavin and FAD.
Depletion of anti-M7 sera of the anti-flavoprotein antibody fraction
was performed by incubating the sera with FAD–agarose at room
temperature for 15 min. The FAD–agarose beads were removed by
centrifugation and the serum was used to decorate Western blots of
mitochondrial proteins and purified bacterial flavoproteins.

Affinity purification of antibodies
Affinity purification of the anti-flavoenzyme antibody fraction of
anti-M7 sera was performed with the aid of 6HDNO immobilized
to nitrocellulose membrane, as described [13].

Single radial immunodiffusion
Immunodiffusion was performed on NOR-Partigen-IgG-HC plates
to determine the IgG concentration in the sera according to the
supplier’s instructions (Behringwerke AG Diagnostika, Stuttgart,
Germany).

ELISA
An ELISA was performed according to standard methods [14].
Maxisorb microtitre plates (Nunc, Roskilde, Denmark) were
coated with 500 ng purified 6HDNO per well. Sera were employed
in dilutions of 1:1000. Bound antibodies were visualized using
peroxidase-conjugated goat anti-human IgG antibodies at a dilu-
tion of 1:3500 ando-phenylenediamine as substrate. A competitive
ELISA with 6HDNO as antigen and FAD was performed accord-
ing to [15].

N-terminal deletions of DMGDH,in vitro transcription-translation
and immunoprecipitation
N-terminal deletions of DMGDH2 (96 kD) [16,17] resulting in
proteins of 93 kD (DMGDH1), 91 kD (DMGDH3) and 74 kD
(DMGDH4) were in vitro translated in the rabbit reticulocyte
lysate (RL) in the presence of35S-Met according to the supplier’s
instructions (Promega, Madison, WI). Holoenzyme formation was
tested by trypsin resistance. Translated proteins (4ml) were immu-
noprecipitated under denaturing conditions with 20ml anti-M7 or
control serum according to [16], analysed by SDS–PAGE on 7·5%
polyacrylamide gels [18], followed by autoradiography. The
intensity of the bands on the exposed films was quantified by
densitometry.

RESULTS

Characterization of the M7 antigen as the covalently bound
flavin of flavoenzymes
Mitochondrial extracts were applied to Western blotting using the
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anti-M7-positive marker serum in order to identify the proteins
which were recognized by anti-M7. As shown in Fig. 1, the serum
reacted with two proteins of 90–110 kD in the matrix fraction of rat
liver mitochondria (Fig. 1a, lane 1) and with one prominent protein
of around 66 kD in the membrane fraction (Fig. 1a, lane 2). The 66-
kD antigen was also present in submitochondrial particles prepared
from bovine heart mitochondria (Fig. 1a, lane 3), in accordance
with the results of the original work defining the anti-M7 serum [1].
In addition, the bacterial enzymes SaDH ofPseudomonassp.
(45 kD), SaO ofBacillus subtilis (42 kD) and 6HDNO ofA.
nicotinovorans (48 kD), all flavoenzymes with FAD covalently
bound to a histidine residue [19], reacted on Western blots with the
anti-M7 marker serum (Fig. 1a, lanes 4, 5 and 6, respectively). In
contrast, 6HLNO, the enantiozyme of 6HDNO [20], which loses
the non-covalently bound FAD by denaturation of the protein
during SDS–PAGE, gave no reaction (Fig. 1a, lane 7). Similarly,
a 6HDNO mutant, incapable of binding FAD covalently because of
the replacement of the FAD-binding His by Cys [21], gave no
immune reaction on Western blot with anti-M7 serum (results not
shown). These data may indicate that the covalently bound flavin is

the common epitope of bacterial and mitochondrial proteins
recognized by the marker serum. In order to substantiate this
assumption, antibodies to 6HDNO were raised by immunizing
rabbits with the highly purified bacterial protein. Surprisingly, the
rabbit serum exhibited the same antigenic recognition pattern as
the human anti-M7 sera with the exception of 6HLNO, the
enantiozyme of 6HDNO, which was known to be recognized by
the anti-6HDNO serum (Fig. 1b, lane 7).

Identity of the mitochondrial antigens
To identify the predominant mitochondrial antigens recognized by
anti-M7 and anti-6HDNO serum, two antisera were employed, one
specifically established to the flavoprotein subunit of bovine SDH
(mitochondrial membrane protein) and the other to DMGDH
(mitochondrial matrix protein). Figure 2a shows that the antigen
reacting with the anti-M7 and anti-6HDNO serum in the mitochon-
drial membrane was identical to the antigen recognized by anti-
SDH serum. One of the high molecular weight bands of rat liver
mitochondrial matrix corresponded to DMGDH (Fig. 2b). The
second high molecular weight antigen most probably represents
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Fig. 1. Mitochondrial antigens reactive with anti-M7 and anti-6-hydroxy-D-nicotine oxidase (6HDNO) sera. Rat liver mitochondrial matrix
(lane 1), mitochondrial membrane (lane 2), bovine heart submitochondrial particles (HSMP) (lane 3), sarcosine dehydrogenase (SaDH) of
Pseudomonas sp.(lane 4), sarcosine oxidase (SaO) ofBacillus subtilis(lane 5), 6HDNO (lane 6) and 6-hydroxy-L-nicotine oxidase (6HLNO)
of Arthrobacter nicotinovorans(lane 7) were subjected to Western blot analysis with anti-M7 serum (a) and with anti-6HDNO serum (b).
Arrowheads indicate the position of migration of the major antigens recognized by the antisera; the molecular weights of marker proteins are
indicated between the two panels.

Fig. 2. Identity of the mitochondrial antigens. (a) Rat liver mitochondrial membrane proteins (lane 1) and heart submitochondrial particles
(HSMP) (lane 2) were analysed by Western blots decorated with anti-M7 serum. The blot was stripped and redecorated with an antiserum
against succinate dehydrogenase (SDH). In parallel a Western blot with the same antigens was first decorated with anti-6-hydroxy-D-nicotine
oxidase (6HDNO) serum, stripped and redecorated with anti-SDH serum. (b) Rat liver mitochondrial matrix (lane 1) and mitochondrial
membrane (lane 2) proteins were analysed by Western blots and decorated first with anti-M7 serum, stripped and redecorated with anti-
dimethylglycine dehydrogenase (DMGDH) serum. The same experiment is shown in the second half of the figure, except that the membrane
was first decorated with anti-6HDNO serum, stripped and developed with anti-DMGDH serum.



SaDHm, which migrates on SDS–PAGE as a 105-kD protein band
[22]. This protein is not recognized as antigen by the DMGDH
antiserum (Otto and Brandsch, unpublished observation). In agree-
ment with previous reports [2], the anti-M7 and anti-6HDNO sera
failed to recognize the two high molecular weight proteins in the
matrix fraction of bovine heart mitochondria (data not shown),
which is in line with the tissue-specific expression of DMGDH and
SaDHm in the liver but not in the heart.

Isolation of the anti-M7 antibody fraction
In order to evaluate the specificity of anti-M7 sera to flavoenzymes
with covalently bound FAD, the marker serum was incubated with
6HDNO blotted onto a nitrocellulose membrane. An antibody
fraction that specifically reacted with the mitochondrial and
bacterial flavoenzymes could be isolated (Fig. 3a). No such anti-
body fraction was present in control sera from healthy people
(Fig. 3b).

FAD as antigenic determinant of anti-mitochondrial
autoantibodies
To prove that the mitochondrial antigens were identified by the
anti-M7 and anti-6HDNO serum because they carry covalently

bound FAD, the reaction of the anti-M7 antibodies on Western
blots with mitochondrial antigens was competed with FAD.
Besides FAD, adenosine and adenosine nucleotides, which represent
the moiety of the second nucleotide of FAD, as well as riboflavin
were employed in the competition. As shown in Fig. 4, nanomolar
concentrations of riboflavin and FAD, but not adenosine deriva-
tives, were able to neutralize the anti-flavoenzyme antibodies of
the anti-M7 sera. Incubation of antisera specific for different
antigens with FAD did not affect the immune reaction (results
not shown). FMN had the same effect as FAD and riboflavin. An
affinity constant KD ¼ 10¹8

M was determined for the anti-flavo-
enzyme antibodies by competitive ELISA. Apparently the riboflavin
moiety of FAD represented the main mitochondrial antigenic
determinant of the covalently flavinylated enzymes. In addition,
incubation of the anti-M7 and anti-6HDNO serum with FAD–
agarose abolished their anti-flavoenzyme activity (Fig. 5a,b), while
agarose itself had no effect. Incubation of an anti-M2-positive PBC
serum with FAD–agarose did not affect the anti-M2 activity.

Immunoprecipitation of N-terminally truncated DMGDH proteins
The amino acid fingerprint sequence of the dinucleotide binding
site of flavoenzymes is found in DMGDH2 between Gly49 and
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Fig. 3. Isolation of the anti-M7 antibody fraction. The antigens tested in this experiment were rat liver mitochondrial matrix (lane 1),
mitochondrial membrane (lane 2), sarcosine dehydrogenase from bacteria (SaDHb) (lane 3), sarcosine oxidase (SaO) (lane 4) and 6-hydroxy-
D-nicotine oxidase (6HDNO) (lane 5). (a)i Western blot analysis with anti-M7 serum. (a)ii Incubation of the identical Western blot with the
affinity-purified fraction of the anti-M7 serum. (b) Western blot developed with control serum (bi) and with the affinity-purified fraction of
control serum (bii). The weak reaction shown in lane 5 (bi) was unspecific, since it disappeared after affinity purification.

Fig. 4. Inhibition of the immune reaction by incubation with FAD. Purified 6-hydroxy-D-nicotine oxidase (6HDNO) was blotted onto a
nitrocellulose membrane and developed with anti-M7 serum preincubated overnight with different concentrations of adenosine, AMP, ADP,
ATP, FAD and riboflavin. As control the anti-M7 serum was incubated without nucleotides overnight. To identify the protein-bound site the
membrane was marked by a lane.



Gly54. The residue to which FAD is covalently attached is His85

[17]. The dinucleotide binding site and His85 are present in
DMGDH2, DMGDH1 and DMGDH3, but absent from
DMGDH4. The N-terminally truncated DMGDH proteins were
transcribed and translated in the rabbit RLin vitro system in the
presence of35S-methionine. The trypsin resistance of the trans-
lation products is an indication of the extent of holoenzyme
formation, since incorporation of FAD present in the RL into
DMGDH renders the protein protease-resistant [16]. Of the trans-
lation product of DMGDH1, DMGDH2 and DMGDH3, 20–40%
adopted the trypsin-resistant holoenzyme conformation (Fig. 6a),
but DMGDH4 formed no protease-resistant molecules. Immuno-
precipitations under denaturing conditions revealed that only those
proteins which were able to form holoenzyme were precipitated by
the anti-M7 serum (Fig. 6b). Similarly, the 6HDNO His71 to Cys
mutant protein which had lost the ability to bind FAD covalently
was not precipitated by anti-M7 sera (results not shown). This is in
accordance with the assumption that the protein-bound FAD is the
major antigenic determinant of the anti-flavoenzyme antibodies of
the anti-M7 sera. Attempts to demonstrate the formation of
immunocomplexes by double diffusion techniques or to inhibit
DMGDH and 6HDNO activity by anti-M7 sera were unsuccessful.

Anti-flavoenzyme antibodies detected by ELISA in anti-M7 sera
An ELISA with recombinant purified 6HDNO holoenzyme as
antigen was performed with various sera (Fig. 7). The results of
both methods, ELISA and Western blot, used to detect anti-M7-
positive sera were consistent. Thirty-six percent anti-M7-positive
sera were found in patients with dilated cardiomyopathy (n¼ 25)
(Fig. 7, DCM) and 25% in patients with myocarditis (n¼ 12)
(Fig. 7, myocarditis). Among patients suffering from cardiac
diseases of other origin (n¼ 15), two were found to be anti-M7-
positive (13%) (Fig. 7, OHD). One suffered from hypertrophic
obstructive cardiomyopathy, the other from postpartale myopathy.
No anti-M7-positive serum was detected in control sera (n¼ 50).
In addition, no significant difference was observed in the concen-
tration of the IgG fraction between sera from healthy and affected
people. The anti-flavoenzyme antibodies of the anti-M7 sera

belonged to the IgG class. No anti-M7 antibodies of the IgM
type were found. When they were tested for subtypes on Western
blots with MoAbs it was found that in addition to IgG1, 31% of the
sera contained IgG2 and 38% contained IgG3. The IgG4 subtype
was not detected.

Antibodies to the covalently flavinylated enzymes were con-
fined to patients with myocarditis and dilated cardiomyopathy, and
were not found in sera from patients suffering from various
autoimmune and non-autoimmune disorders (data not shown).

DISCUSSION

In the present study it is shown that anti-M7 antibodies in sera from
patients with acute and chronic heart diseases react with enzymes
containing covalently bound FAD, and that the covalently bound
FAD moiety is essential for antibody binding. This conclusion is
supported by similar findings made with the antiflavin antibodies
raised by FAD attached to albumin [23]. These antibodies failed to
inhibit the enzyme activity of tested flavoenzymes. From the
structure of many flavoenzymes it is known that the cofactor is
buried in the protein in a hydrophobic pocket. It seems that the
native conformation of the enzymes had to be unfolded and the
FAD moiety to be exposed in order to be recognized by the anti-
M7 antibodies. The quantitatively predominant antigen recognized
by the anti-M7 sera in mitochondria was identified as the flavo-
protein subunit of the succinate dehydrogenase complex. This is
not surprising considering the large amount of the respiratory chain
components in the inner mitochondrial membrane. No antigen
corresponding to monoamine oxidase, which contains FAD bound
to a cysteinyl residue, was recognized by the anti-M7 or anti-
6HDNO sera. The reason could be the different type of FAD
attachment. The report that the antiflavin antibodies generated
against FAD–albumin showed a certain specificity for the type of
FAD attachment to the protein supports this assumption. They
reacted most strongly with the FAD–His complex [23]. When an
antiflavin antiserum was induced with fumarate reductase, which
contains FAD bound to a histidine residue, the antiserum reacted
with enzymes containing a covalent FAD–histidyl complex, but
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Fig. 5. Depletion of the anti-flavoenzyme reactivity by incubation with FAD–agarose. (a) Rat liver mitochondrial matrix (lane 1),
mitochondrial membrane proteins (lane 2) and 6-hydroxy-D-nicotine oxidase (6HDNO) (lane 3) were Western blotted and decorated with
anti-M7 serum (¹). The second part of the Western blot which carries the same pattern of proteins was decorated with an anti-M7 serum
depleted of the anti-flavoenzyme fraction by incubation with FAD–agarose (þ). (b) The same experiment as in (a) was performed with the
anti-6HDNO serum. Lanes 1 and 2 show the mitochondrial matrix and membrane proteins and lane 3 sarcosine oxidase (SaO).



not with a FAD–cysteinyl attached cofactor [24]. The specificity of
the anti-flavoenzyme antibodies towards the nature of the FAD–
amino acid complex may indicate that a conformational epitope of
the flavinylated enzymes forms part of the antigenic determinant.

Riboflavin, the predominant flavin form in human serum, is
transported in the blood at a concentration of< 30 nM in a loosely
associated form with albumin and in a more tightly bound form
with immunoglobulins (see [25] for a review). However, the anti-
flavoenzyme antibodies are not identical to the riboflavin-binding
immunoglobulin fraction. A specific anti-flavoenzyme antibody
fraction could be isolated from anti-M7 sera but not from sera of
healthy individuals. In addition, the antiserum to 6HDNO raised in
rabbits had the same immunological properties as human anti-M7
antibodies.

Our results revealed that at least one third of the sera from
patients with defined dilated cardiomyopathy were anti-flavo-
enzyme-positive. One could argue that a peptide derived from a
covalently flavinylated enzyme either of bacterial or endogenous
origin acted as a true autoantigen or as neoantigen when presented
to autoreactive T and B cells via antigen-presenting cells.

It is a well established phenomenon that epitopes being
complexed with carrier proteins become immunogenic, as docu-

mented for instance in drug-induced human diseases, and good
evidence for this concept are the clinical observations that patients
with pseudolupus syndrome caused by the intake of Venocuran had
anti-mitochondrial antibodies to an outer mitochondrial membrane
antigen which disappeared when the offending drug was with-
drawn [7,26]. Furthermore, several protein hapten components
occur in bacterial and mammalian cells in the form of enzymes
with covalently bound prosthetic groups. Thus, FAD in some
flavoenzymes, lipoic acid in pyruvate dehydrogenase and 2-oxo-
glutarate dehydrogenase, biotin in carboxylases and the heme
group of cytochrome C are covalently attached to the apoenzyme.
These enzyme-prosthetic group compounds may be of potential
hazard to the organism and lead to a humoral response, as demon-
strated by anti-mitochondrial antibodies to pyruvate dehydro-
genase in PBC [6,27] and those against cytochrome C [28] and
biotinylated proteins in human sera [29], and as shown in this
work, by antibodies to flavinylated proteins.

The clinical relevance of anti-flavoenzyme antibodies remains
obscure, and considering the fact of a strict organ-specific reaction
a pathogenic role seems rather unlikely. The demonstration of anti-
M7 of the IgG3 type may be interpreted in such a way that a certain
T cell subpopulation is activated, inducing cytotoxic reactions, a
characteristic phenomenon in organ-specific autoimmune disorders
[30,31]. The identification of M7 at a molecular level provides new
avenues in studying FAD-specific immune responses of autoreactive
T cells in patients with dilated cardiomyopathy, hereby facilitating
more refined immunological studies on the T cell level to obtain a
better insight into the aetiopathogenesis of this chronic heart
process of unknown aetiology.

Screening patients with acute myocarditis for this antibody
type may be another diagnostic approach to recognize at early
stages the transition to the chronic stages. The diagnostic specifi-
city of anti-flavoenzyme antibodies of the IgG type is without
question considering their lack in other autoimmune and non-
autoimmune disorders as well as in healthy individuals. Further-
more, the screening of patients with acute and chronic heart
diseases for these antibodies may help to identify patients with
an underlying autoimmune condition.
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Fig. 6. Trypsin digestion and immunoprecipitation of N-terminally trun-
cated dimethylglycine dehydrogenase (DMGDH) proteins. (a) Coupled
transcription-translation of DMGDH2 (lanes 1 and 2), DMGDH1 (lanes 3
and 4), DMGDH3 (lanes 5 and 6) and DMGDH4 (lanes 7 and 8) was carried
out in rabbit reticulocyte lysate (RL) as described in Patients and Methods.
After 3 h, 2ml of the assays were subjected to trypsin digestion (lanes 2, 4, 6
and 8). The labelled proteins were separated by SDS–PAGE and auto-
radiographed. (b)In vitro labelled DMGDH proteins were immuno-
precipitated under denaturing conditions with anti-M7 or control serum
and analysed as in (a). The amount of precipitated proteins was expressed as
percentage of DMGDH proteins immunoprecipitated with anti-DMGDH
serum. Three independent experiments were performed.B, Anti-M7;
A, control.
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