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Summary

Frequently observed structural deviations of myeloma-derived immunoglobulins affect
polypeptide chain packing and domain stability, enhancing their tendency to aggregate, with
all the clinical consequences. Congo red complexation with myeloma immunoglobulins is pro-
posed in this work as a general test to disclose the instability of these proteins. The large rib-
bon-like supramolecular ligands of Congo red form complexes with proteins by adhesion to f-
conformation polypeptide chains, if allowed to make contact with their backbone interfaces.
This can occur in the case of myeloma-derived immunoglobulins with deficient polypeptide
chain packing.

Specially adapted two-dimensional agarose electrophoresis of serum proteins, which allows
the transient contact of Congo red and serum proteins during migration, was used to reveal
the presence of protein components amenable to ligand penetration and binding. The combi-
nation of electrophoresis and Congo red binding to proteins permits the removal of loosely
attached dye and evaluation of the effective complexation properties of the immunoglobulin
fraction directly in the serum.

Comparative studies of dye complexation with two L chains having different reactivities with
Congo red confirmed that dye binding depended on protein instability in the conditions used.
Myeloma proteins revealed different binding capabilities in the test used here.

The complexes formed by the supramolecular dye Congo red with myeloma immunoglobu-
lins differ in stability. Those of high stability indicate the abnormal protein structure thought
to produce clinical symptoms. This work proposes an easy technique to differentiate the sta-
bility of complexes.
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BACKGROUND

The structural abnormality of myeloma immunoglobu-
lin proteins can often be detected directly by their sig-
nificantly altered molecular weight or unusual proper-
ties [1,2]. However, the majority of monoclonal proteins
observed by clinical tests are at least apparently normal,
although many of them actually carry barely noticeable
structural faults which may lead to fatal consequences,
arising basically from the increased tendency of their
molecules to aggregate [3,4]. It is important to find a
common general feature of myeloma protein that can
help to predict its higher association propensity and can
be used to develop simple clinical tests.

In approaching this problem we assumed that any
structural deformation of the polypeptide chain or spe-
cific atypical changes in amino acid residues result in
packing deterioration and decreased domain stability,
compared to the corresponding normal native mini-
mum-energy structure [5-8]. The less compact protein
packing can in turn be registered as the molecule’s
increased susceptibility to penetration by various lig-
ands, such as the often used fluorescent dye ANS (8-
anilino-1-naphtalenesulfonic acid). Such an effect is
actually observed upon protein melting, which is a non-
native structural transformation involving the hydro-
phobic core [9-13].

Unfortunately, most structural alterations associated
with commonly observed myeloma proteins seem to
render accessible only rather peripheral protein regions
of moderate hydrophobicity, thus with limited ability to
attach nonspecific ligands. However, an exceptional
type of binding permitting the detection of decreased
packing stability is presented by Congo red dye and
some related compounds with high self-assembling
activity, which in water solutions form ribbon-like,
supramolecular, polyanionic structures with specific
interaction properties [14-16]. Oligo- or polymolecular
assemblies derived from Congo red micelles form spe-
cific supramolecular dye ligands capable of adhering to
structurally corresponding B-conformation polypeptide
chains [17-19]. Because of the great extent of contact in
complexation, plasticity, and in particular the significant
exposure of the hydrophobic portion of the ribbon-like
supramolecular ligand, Congo red binding has the char-
acter of a specific interaction, making the resulting sta-
bility of the complex much higher than predicted for
single-molecule binding [19-22]. To reach the polypep-
tide chain backbone interface, a condition for proper
complexation, the dye ligand must be allowed to pene-
trate the protein body. This is simple in clearly unstable
proteins. For Congo red, however, it also seems possible
in the case of at least transient local protein deforma-
tions in polypeptide chain packing [17,18,22].

While native, well-packed immunoglobulin domains
may become accessible for dye penetration and binding
at elevated temperature only, their structurally abnor-
mal derivatives usually bind Congo red without heating.
Thus Congo red would seem to be suitable as the
sought-after probe of protein instability. The nature

and high stability of the protein-dye complex renders
structural deviations of myeloma proteins detectable
even if standard clinical test results seem normal.

This work proposes a simple technique using Congo
red to disclose evident and discreet instabilities of
myeloma proteins, which may enhance the propensity
to aggregate.

MATERIAL AND METHODS

The reagents used were the following:

* Congo red (Aldrich Chemical Co. Inc. Milwaukee,
USA);

* Sandoglobulin-P (Sandoz Pharma Ltd, Switzerland);

* Bio-Gel P-6 (BIORAD Lab, California, USA);

e agarose SERVALYT PRECOTES 5-9 gels (SERVA,
Germany);

¢ Sephacryl S-300 (PHARMACIA, Sweden);

* DPCC-trypsin (trypsin treated with diphenyl carbamyl
chloride - devoid of trace chymotrypsin activity);

* PSMF (phenylmethylsulfonyl fluoride), purchased
from SIGMA Chemical Co. (St. Louis, Missouri, USA).

All other reagents were of analytical grade:

* TCL silica gel 60 (Merck, Germany)

* Rabbit antibodies against human IgG (DAKO, A/S,
Denmark).

Analysis of Congo red-IgG immunoglobulin complexes

Myeloma IgG was isolated by direct elution from the
agarose gel after electrophoresis of the patient’s serum.
Normal polyclonal IgG was obtained by gel filtration of
Sandoglobulin-P on a Sephacryl S-300 column protein
concentration measured spectrophotometrically (A at
280 nm for 0.1% equals 1.4). Samples containing the
myeloma or polyclonal IgG with a 60-fold molar excess
of Congo red were incubated for 15 min at appropriate
temperatures, then the dye-protein complexes were iso-
lated by gel filtration on BioGel P6 columns. The dye-
protein ratio in the complexes was estimated after
developing chromatograms on TCL silica gel 60 plates
in methanol-water solution (3:2). The Congo red was
eluted from the bed and determined spectrophotomet-
rically (A at 490 nm for 0.1% equals 46). The protein
content was estimated by extracting and measuring the
bromophenol blue used to stain it.

Formation and analysis of L) chain-dye complexes

Human immunoglobulin chain LA chain dimer proteins
were isolated from the urine of patients with multiple
myeloma by salting out with ammonium sulfate and sub-
sequent gel filtration on a Sephacryl S-300 column. The
concentration of L chains was estimated spectrophoto-
metrically (A at 280 nm for 0.1% equals 1.2). Analysis by
SDS PAGE (in reducing and nonreducing conditions)
revealed that both the L chain dimers were linked by
disulfide bonds. Samples containing the LA chain (5
mg/mL, in 0.1 M pH 7.0 phosphate buffer, 0.9% NaCl)
and Congo red (20-fold molar excess to the LA
monomer) were incubated at a given temperature for 15
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min. The presence of dye-protein complexes was
revealed by agarose gel electrophoresis (1% agarose, sodi-
um barbiturate buffer pH 8.6). The gels were stained
with bromophenol blue. The susceptibility of dye-protein
complexes to proteolysis was analyzed by digestion with
DPCC-treated trypsin, at 1:50 (w/w) enzyme: LA
monomer ratio, in Tris-HCI buffer pH 8.0, 0.9%NaCl, for
20 min at 20°C. The reaction was blocked with PMSF.

Two-dimensional electrophoresis of serum proteins

The first run was performed by standard method (1%
agarose, 0.05 M sodium barbiturate buffer pH 8.6).
Before the second run a solution of Congo red (5
mg/mL) was applied to the gel, below and along the
protein start line through a strip of net material for
screen printing (180 mesh). After electrophoresis the gel
was washed briefly (1 min) with water-methanol solution
(7:3 v/v), then stabilized for 15 min in a mixture of satu-
rated picric and acetic acids (5:1 v/v). The stabilized gel
was washed with methanol until the Congo red spots
turned back to red. The free dye was removed by blot-
ting with wet filter paper, and hot air dried gel was
stained with bromophenol blue dye.

Reversed electrophoresis of serum proteins

Electrophoresis was run in standard conditions, except
that the gel and buffer contained soluble CM-cellulose
(0.5%, Sigma, USA). In this system the migration of
serum proteins is reversed. Fast migration of immuno-
globulin proteins significantly facilitates their analysis.
All steps preceding staining with amido black were per-
formed as described above. Cytochrome ¢ was chosen as
the migration indicator.

Amino acid sequence analysis

Amino acid sequence analysis of the N-terminal parts of
the LA chains was performed on a gas-phase sequencer
(Model 491, Perkin Elmer-Applied Biosystems, Foster
City, California, USA).

Carbohydrate detection

The carbohydrate component was determined using
labeled lectins (DIG Glycan Diferentiation Kit — Roche
Molecular Biochemicals, Germany).

Computer simulation

The computer simulation used the CHARMM program
(Harvard University) for 1, 2, 4, 6, 8 and 9 ns molecular
dynamics of the model peptide 1-21 aa N-terminal frag-
ment as it appeared in 4BJL (PDB file) light chain A
dimer 1 in two forms: (1) the natural form, with Pro at
position 13, and (2) mutationaly changed Prol3Leu, to
reveal the proline’s influence on the stability of the
polypeptide structure.

Independently, molecular dynamics were simulated for
two forms of light chain dimer: (1) the natural form as it
appeared in PDB (4BJL), and (2) a polypeptide chain

-+ —O— normal IgG
40— —@— myeloma IgG

Bound Congo red / IgG
[molar ratio]
1

Temperature [°C]

Figure 1. Differences in accessibility of normal and myeloma-derived
IgG to Congo red binding, measured at increasing tempera-
tures. Samples containing the studied proteins with a 60-fold
molar excess of Congo red were incubated for 15 min at
appropriate temperatures. The dye-protein complexes were
isolated by gel filtration on BioGel P6 columns for analysis.

deprived of 1-21 amino acid residues to reveal the N-
terminal fragment’s role in the stability of the protein.

RESULTS

No B-structure able to act as a receptor for Congo red is
available for complexation in native well-packed pro-
teins. Appropriate susceptibility seems necessary for a
protein to bind a large ligand composed of self-assem-
bled dye molecules. Complexation is hence possible in
unfolding conditions, although the constraints associat-
ed with antigen binding in immunoglobulins have also
been found to generate sufficient structural alterations
[15,17,18,23-25].

Myeloma immunoglobulins that form complexes with
Congo red readily without heating may thus be suspect-
ed to have abnormal structure. The difference in Congo
red binding between heated, normal and some random-
ly selected myeloma immunoglobulins is shown in Fig. 1.

Our research intended to verify the dependence of
Congo red binding on protein instability, based in this
work on two human myeloma-derived LA chains (called
here An and Kok), having significantly different dye-
binding capabilities. L chains were chosen for model
studies as the simplest protein molecules still represent-
ing the structure of standard immunoglobulin polypep-
tide chain fold.

The experiments indicated that some weak, easily
removable surface protein-dye interaction with no
noticeable relation to protein stability usually occurs in
the presence of dye excess. However, complexes that
persist in electrophoretic conditions and that migrate as
definite fractions — or similarly, complexes separated
from the free dye by gel filtration — are formed only if
the packing stability of the polypeptide chain is defi-
cient, allowing the dye to penetrate and reach polypep-
tide backbone interfaces.

BR187



Basic Research

Med Sci Monit, 2003; 9(4): BR185-193

1
: 1
£ 8 _ 100+
o] — € -
© @ L
< 8E g0+
s |g3™
209 5§ ™7
£ &
8 o 2%
® r e
© "
i 20 " J0 40 5 ' 60 | 7
50 8— Temperature [°C]
3
o |
o
c
g
o 0,7
g
Sk
o s sfe—se——k——k—K—X
° T I T I T I T I T I
20 30 40 50 60 70
Temperature [°C]

Figure 2. Complexation-derived shifts in the Congo red spectrum
observed at different temperatures in samples containing L
chain A and the dye. (O) Congo red + LA(An), (®) Congo
red + LA(Kok), () Congo red (control). Insert:
Fluorescence (A exc=370 nm) effect found in a correspond-
ing complexation experiment with ANS. Samples containing
L chains (1 mg/mL, in 0.1 M phosphate buffer pH 7.0,
0.9% NaCl) and ANS or Congo red (both at 4-fold molar
excess to the LA monomer) were incubated at a given tem-
perature for 15 min.

The binding of Congo red and/or ANS to heat-dena-
tured proteins usually affects the visible spectrum and
fluorescence, respectively. The spectral changes involve
increased absorbency and a shift of the main absorption
band toward red. A similar effect is observed upon dis-
solving Congo red in alcohols [26]. The effect likely
increases with a decrease of the dielectric constant. In
the case of Congo red complexation with protein, this
results from the dye’s penetration to the protein inside.
The hydrophobic interior of heated L chain An, accord-
ing to this test, is impenetrable until about 60°C, while
the accessibility of L chain Kok begins at 40°C. The alter-
ation of the Congo red spectrum appears parallel to
changes in ANS fluorescence, which is known to depend
on hydrophobicity at the site of ANS binding (Fig. 2).

In contrast, almost no or only negligible spectral
changes are observed upon complexation of Congo red
at room temperature and up to 40°C to myeloma pro-
teins (Fig. 2) even though the complexes formed are
definite (Fig. 3A). This can be explained by assuming
that the location of Congo red in the domain is not nec-
essarily in the hydrophobic center, but may be more
peripheral. Perhaps the most convincing indication that
Congo red ligation is conditioned by the instability of
polypeptide chain packing, allowing the dye to pene-
trate, is the effect of its complexation on the increase in
immunoglobulin’s susceptibility to proteolysis, which
also differs for L chain An and Kok (Fig. 3B). This effect
may be interpreted as resulting from the replacement of
the unstable polypeptide loop by the supramolecular
dye ligand at the packing locus, and the resulting expo-
sure to enzymatic attack [27]. At least two structural fac-
tors seem to be responsible for the significantly higher
instability of the L chain Kok we observed. These invol-
ved the improper glycosylation revealed using labeled

A
L,(An) L(Kok)
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Figure 3. Congo red complexes formed with L chains An and Kok at
20°C and 45°C as seen in agarose electrophoresis (A), and
also registered by facilitated proteolysis, revealed by SDS-
PAGE (B). The spots in panel A represent the bromophenol
blue-stained proteins (Congo red was removed from com-
plexes before staining by reduction with sodium dithionite).
Fractions migrating faster than uncomplexed L chains (indi-
cated by arrows) represent the positions of Congo red-pro-
tein complexes. Panel B presents the proteolysis (trypsin,
20(C) of the samples shown in panel A, analyzed by SDS
PAGE. 1, 4 — control samples (uncomplexed LA); 2, 5 (com-
plexes formed at 20°C; 3, 6 — complexes formed at 45°C; S
— molecular weight standards (Sigma, USA).

lectins [28-31], and in particular the Prol3Leu muta-
tion in the conservative f-turn, important for proper
packing of the N-terminal polypeptide loop, which is
pivotal for the stability of the V domain [32]. This is
seen when the amino acid sequence of the polypeptide
fragment (21 aa) of these L chains are compared:

10 20 30
LA(An)  SSELTQPPSVSVSPGQXXRITCSGEAVSTHSFAW-
LA(Kok) ~ SELTQDPAVSVALGQTVRITCQGDSIRTIYASWQ

A special technique to study Congo red binding to
myeloma immunoglobulins was applied in two-dimen-
sional agarose gel electrophoresis. Congo red was intro-
duced to the second run by distributing it below and
along the protein fractions developed in the first run.
The fast-moving anionic dye overtakes and overruns the
migrating proteins, selectively binding those susceptible
to dye penetration. This technique allows Congo red-
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Figure 4. Congo red binding capability of myeloma-derived immunoglobulins disclosed, after separating other serum proteins in two-dimensional
agarose electrophoresis. A1, A2 — non-myeloma protein serum electrophoresis with high polyclonal immunoglobulin content, stained respec-
tively with Congo red (A1) and bromophenol blue (A2). B1, B2 — two-dimensional electrophoresis of serum proteins containing myeloma
immunoglobulin B1 stained by Congo red, B2 stained by bromophenol blue. Arrows in panel A2 and B2 indicate the direction of elec-
trophoretic runs. One-directional electrophoreses of these sera are inserted at the bottom of panels A2 and B2, respectively. Panels C, D, E, F
and G show magnified immunoglobulin spots and their immediate area stained with Congo red (left) and bromophenol blue (right). The pre-
sented examples show the different character and behavior of myeloma protein-Congo red complexes in electrophoresis. Protein spots not
stained by Congo red but revealed by bromophenol blue, seen in panels D, E, F and G, represent the polyclonal immunoglobulin fraction and
nonbonding monoclonal immunoglobulins or their portions. At higher concentrations they are also exposed before bromophenol blue staining
as yellow spots resulting from the attachment of picric acid used for protein fixation.
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Figure 5. The use of Congo red in the electrophoretic test to differenti-
ate monoclonal proteins of high instability in human myelo-
ma sera. A — standard electrophoresis of sera containing
polyclonal IgG (1-3) and monoclonal components IgG and
IgA (4-11) stained with bromophenol blue dye. B — The
same sera (positioned as in A) analysed in electrophoretic
testing for Congo red binding. The sera used for Congo red
binding analysis were suitably diluted to bring the myeloma
proteins to the same concentration (about 22 g/L). The dot-
ted line shows the position for application of Congo red.

binding proteins to be distinguished as stained, extra-
charged spots migrating faster than the original mole-
cules [25]. The normal native serum immunoglobulin
fraction loses weakly attached dye in the electric field
and remains unstained. The adsorption of dye to the
immunoglobulin fraction indicates that an abnormal
protein component, possibly with an increased propen-
sity to associate, is present in the serum (Fig. 4).
Additional staining of the plate with amido black or bro-
mophenol blue dyes, directly or after prior removal of
Congo red by reduction with sodium dithionite, reveals
a polyclonal immunoglobulin fraction or possibly the
presence of myeloma protein not binding Congo red
(Figs 4A2, B2). Some serpin and haptoglobin derivatives
and complexes formed by these proteins also bind
Congo red, but their electrophoretic migration differs
significantly and there is no overlap with the immuno-
globulin fraction that could interfere with the evaluation

of dye binding.

A protein’s significantly increased ability to bind Congo
red may also be revealed by a screening technique based
on unidirectional agarose electrophoresis, which allows
for preliminary evaluation of several sera in a single
electrophoretic run (Fig. 5). For this purpose the elec-
trophoresis is done in the standard way initially. After a
short time to allow the albumin and globulins to sepa-
rate, Congo red (1.5 mg/mL) is introduced and elec-
trophoresis is continued until the fast-migrating dye
overruns the proteins. The plate is then washed for 10
min in 20% methanol and blotted with filter paper
(Whatman 3MM), to remove the dye and stained solu-
ble protein electrophoretic fraction from the plate,
while the myeloma proteins, strongly binding the dye,
remain adsorbed to agarose. Blotting is done with wet
filter paper covered by several layers of dry filter paper
to enhance the transfer of easily soluble protein compo-

L 3

Figure 6. Different reactivities of myeloma IgG with Congo red revealed
by reverse electrophoresis in agarose gel with CM-cellulose
added to the gel and buffer. Immunoglobulins were isolated
by extraction from agarose gels after electrophoretic separa-
tion of sera. The right lane in each test represents the elec-
trophoretic behavior of the sample incubated with Congo red.
A - non-binding myeloma immunoglobulin; B — non-
homogenous (in respect to Congo red binding) myeloma
immunoglobulin. (B’) non-homogeneity of myeloma IgG
from panel B, shown by immunoelectrophoresis with anti-
IgG serum; (B”) electrophoretic homogeneity of this protein
(pl 7.1) tested by isoelectric focusing (right panel), com-
pared to polyclonal IgG fraction (left panel); C — strongly
binding myeloma IgG. a — non-complexed monoclonal
immunoglobulin; b — Congo red; ¢ — Congo red-protein com-
plexes; d — polyclonal immunoglobulin fraction. Amido black
was used for staining.

nents. After blotting, the plate is dried and additionally
stained with bromophenol blue dye if necessary.

While decreased stability of the myeloma protein result-
ing from structural defects seems reasonable and may
be expected to involve all molecules of the given myelo-
ma protein, it was surprising to find seemingly typical
monoclonal proteins, which, however, showed nonho-
mogenous reactivity with Congo red despite their
homogeneity in standard agarose electrophoresis and
even in isoelectric focusing.

Although the two-dimensional electrophoresis described
here may sufficiently disclose this phenomenon, an
additional electrophoretic variant was developed to veri-
fy it. This is standard agarose electrophoresis with solu-
ble CM-cellulose added to the barbiturate buffer and
the gel. The charge effect introduced to the elec-
trophoretic bed by CM-cellulose reverses the migration,
but with the standard order of protein distribution pre-
served. As a result, immunoglobulins represent the frac-
tion with the fastest migration toward the cathode, while
albumin migration is the slowest. Evaluation of the
properties and behavior of the immunoglobulin frac-
tion, which becomes highly mobile, is significantly facili-
tated. In this electrophoresis, migration of the extra
negatively charged immunoglobulin-dye complex is
slower than the migration of free protein not engaged
in complexation. Despite the highly unfavorable condi-
tions for Congo red-protein complexes in this elec-
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20 aa N-terminal polypeptide fragi (4BJL) f1

Pro 13 : Leu 13
B
RMS-F (mean) of the complete and 20 aa N-terminal fragment lacking
V domain (4BJL)
Complete V domain N-terminal fragment lacking V domain
TEMPERATURE RMS-F TEMPERATURE RMS-F

K] 1A] : IK] 1A]

300 172 300 241

340 3.65 340 4.78
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Figure 7. Effect of defective N-terminal polypeptide chain structure and
its deficient packing on V domain stability. A — Overmobility of
20 aa N-terminal polypeptide chain fragment resulting from
Pro13Leu exchange, revealed by simulation of molecular
dynamics in model studies (based on 4BJL PDB notation).
Consecutive steps in time show the post-dynamic structures
after 0, 2, 4, 6, 8 and 9 ns, respectively, represented by stick
models additionally differentiated by alteration of blackening
(decreasing in time). B — Essential decrease of V domain sta-
bility in LA (4BJL) deprived of 20 aa N-terminal chain frag-
ment versus the complete V domain, revealed by simulation
of molecular dynamics as increased fluctuation. The effect is
represented as the root mean square fluctuation values
(RMS-F) averaged for V domains at increasing temperature.
RMS-F V — values for the complete V domain; RMS-F V' —
values for N-terminal peptide-deprived V domain.

trophoretic system, their stability is usually enough to
affect migration and they can easily be registered (Fig. 6).

Conclusions

The ribbon-shaped structures of strongly associated
Congo red molecules easily adhere to cellulose and other
chain-like periodic polymers, including B-conformation
polypeptides [16,17,19]. The clefts formed transiently in
B-structural protein fragments with decreased stability,
which become accessible to penetration by foreign com-
pounds and offer direct contact with polypeptide back-
bone interfaces, are suitable receptor sites for supramol-
ecular Congo red ligands. While heating is necessary to

make normal native immunoglobulin molecules accessi-
ble for Congo red complexation, many molecules pro-
duced by cancer cells appear to have abnormal structure,
making them significantly unstable and hence accessible
for dye attachment even at room temperature.

In general, two defective steps of immunoglobulin
biosynthesis may be responsible for the instability of
these molecules: (1) improper recombination or hyper-
mutation [33-37] and (2) transcriptional or posttran-
scriptional alterations [38,39]. The first may be expected
to produce monoclonal proteins that are homogenous
in respect to Congo red binding, while structural devia-
tions originating from posttranscriptional steps may not
be homogenous, as an effect of only partial involvement
of proper RNA processing, polypeptide chain folding or
glycosylation.

Congo red was chosen as a probe to register the
decreased stability of myeloma proteins. The mecha-
nism of Congo red complexation with proteins is still
not understood unequivocally. It is likely conditioned
by the complicated liquid crystalline character of this
dye, its polymorphic form in water solutions and differ-
ent possible interactions [40]. However, the most ener-
getically optimal supramolecular dye arrangement
seems to result from face-to-face stacking of molecules
[15-17], which produces ribbon-shaped micellar entities
easily adhering to linear polymers. This most probably
determines their specific affinity to -structure.

Congo red interaction may also involve nonspecific sur-
face attachment to protein. However, the complexation
products that persist in standard agarose electrophore-
sis or gel filtration are likely formed by adhesion of
supramolecular dye to polypeptide backbone interfaces,
after penetration into crevices formed in unstable pro-
tein P-structural regions [22]. The conformation-depen-
dent affinity also explains the interaction of amyloid
deposits with Congo red, commonly considered to be
specific for these protein forms, in spite of their differ-
ent origins and amino acid sequences [41-45]. Studies
addressing the mechanism of Congo red interaction
with amyloid proteins have also supplied some evidence
that the polypeptide conformation and the particular
supramolecular dye organization may determine bind-
ing specificity [46,47], rather than the specific amino
acid combination which is suggested for single dye mol-
ecule surface attachment [48-50].

Congo red’s ability to bind myeloma proteins was not
observed to diminish upon dilution, although protein
association at high density may favor dye complexation
by arresting transiently unpacked conformations [51].
This would confirm intra- rather than intermolecular
dye binding.

Disclosure of Congo red-immunoglobulin complexes
persistent in electrophoresis and/or gel filtration may
represent a simple general test for protein instability.

The ability to register dye anchorage at the periphery of
the protein of the still impenetrable hydrophobic core
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significantly enlarges the range of diagnostic analysis of
abnormalities in myeloma immunoglobulins [52-54].
Most of the studied myeloma proteins do not affect ANS
fluorescence at room temperature, while Congo red
complexation is already clearly registered. Congo red
may thus close the gap in the registration of packing
deviations of the polypeptide chain, that is, the gap
between the normal native immunoglobulin fold and
that which corresponds to the molten globule [20].

Theoretical model studies help to understand how local
packing instability makes the V domain accessible for
Congo red binding. These studies have involved the
instability caused by the Prol3Leu mutation (Fig. 7A),
and show the difference in mobility during 9 ns simula-
tion of the 21 aa N-terminal fragment with Pro or Leu
at the conservative p-turn in the V domain (4BJL PDB
file). The inserted table (Fig. 7B) represents the aver-
aged RMS-fluctuation (RMS-F) data concerning domain
mobility calculated for the complete L chain, and the
same chain deprived of the 21 aa N-terminal fragment,
indicating the importance of this fragment for domain
stability.

The electrophoretic technique used in this work disclos-
es, besides myeloma immunoglobulins, several other
proteins in serum which appear to bind Congo red:
mostly serpin derivatives, serpin complexes, p-lipopro-
tein, and some as-yet-unidentified protein serum com-
ponents. These may participate in aggregation phenom-
ena, and seem to explain the observed nonhomogeneity
of Alzheimer plaque and amyloid deposits [55-60].

The expanding field of protein aggregation-derived
pathology requires new specific clinical tests for analysis.
The method proposed here offers a step forward. The
identification of dye-binding myeloma protein in serum
may have diagnostic value in revealing potential patho-
genic activity.

CONCLUSIONS

Many myeloma proteins bind supramolecular dye
Congo red. The complexes formed by Congo red with
these proteins differ in stability. Those of high stability
indicate abnormal protein structure, expected to pro-
duce clinical symptoms. This work proposes an easy
electrophoretic technique allowing the stability of com-
plexes to be differentiated.
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