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Abstract-We compared the induced fit theory with the concept in accordance with the dogma that the

electrodynamic binning theory for the interaction between
antibodies and antigens. For the induced fit theory we found 8
knock-out criteria which reduce the probability for the
correctness of this theory to 0.000003%; for the
electrodynamic binning theory we calculated a probability of
99.9999999%. Main reason for this is that the electrodynamic
binning theory can calculate the contribution of the antibody
constant regions to affinity and specificity.
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I. INTRODUCTION

In 2011 we developed a theory to explain the binning
curves of highly specific IgE-antibodies to recombinant
antigens [1]. The measured binning curve of an antibody
was different from the binning curve expected from the law
of mass action if the antibody was not labelled but it was in
accordance with the law of mass action if the antibody was
labelled with a 40 nm gold particle. And so we concluded
that binning cannot be caused by direct chemical interaction.
Instead of direct chemical binding/binning our
electrodynamic binning theory is based on electrodynamic
interaction between antibodies and antigens. Antibodies
have a motor, a steering unit and a detection system for
antigenic determinants.

We started with a mathematical analysis of the principle
and showed that electrodynamic interaction can explain both
the binning curves of unlabeled antibodies and labelled
antibodies from mathematical point of view [1].

In addition to these measurements and mathematical
analysis [1] we used third party measurements to calculate
the probabilities for our electrodynamic binning theory
compared to the currently used induced fit theory which is
based on chemical interaction.

I1. INDUCED FIT THEORY

In 1984 Emil Fischer developed the lock and key

principle for the interaction between substrates and enzymes.

After finding that this concept cannot describe the substrate-
enzyme interaction correctly D. E. Koshland [2] developed
the concept of induced fit in 1958. Induced fit means that
the molecules change their atomic configuration so that a fit
can be done between enzyme and substrate. A mathematical
or physical description of this process was not done. The
induced fit model was accepted because it was the only

binding/binning between substrate and enzyme is of
chemical nature.

This model was transferred to the interaction between
antibody and antigen. The induced fit theory is the currently
accepted theoretical model for antibody-antigen interactions.
Development of therapeutic antibodies is currently based on
the concept of induced fit.

I11. ARGUMENTS AGAINST INDUCED FIT THEORY AND DIRECT
CHEMICAL BINDING/BINNING

Eight very strong arguments (knock-out criteria) can be
found which are in contrast to the induced fit theory based
on direct binding/binning.

1. The induced fit process requires energy because the
molecular structure of antibodies must be rearranged for
induced fitting. No energy source for the induced fit
process is known.

2. X-ray measurements have shown that only 30% of the
complementarity determining regions (CDRs) of an
antibody are in contact with the antigen and the contact
area between antibody CDRs and antigen is relatively
flat [3]. And so the authors assumed that other effects
like electrostatics and hydrogen bonds must have a
significant influence.

3. Further arguments against direct binding/binning are the
symmetric bispecific antibodies developed by X-Body
Biosciences [4]. They have produced antibodies where
the light chain has affinity to a different antigen than the
heavy chain. This antibody type is not possible if
chemical binding/binning (induced fit) is responsible for
the binding/binning effect.

4. Also the finding of Alexandre Rothen [5] that buried
antigens are attracting antibodies is in contrast with the
induced fit theory. And so he stated: “Great difficulty is
therefore encountered in trying to explain such
phenomena on the basis of the current chemical theories
which axiomatically assume that the reaction occurs
between groups of the antigen and definite groups of the
antibody. If this were the case, how could definite
groups of antibody molecule react with definite groups
of the antigen film buried under seven layer of the same
antigen 56 A deep?”’

5. We put a 7 nm SizNs-membrane between antigen and
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antibody and found that antibodies are still attracted by
antigens. The experimental setup is described in [6].

6. Argument No. 6 against direct chemical binding/binning
is that FAB-fragments can have lower affinity than a
full-size antibody with same Fabs [7].

7. Seventh argument against induced fit is the experimental
fact that the constant region of an antibody have an
influence on affinity and specificity of an antibody. 11
independent groups have found this effect in different
setups [8,9,10,11,12,13,14,15,16,17,18,19,20, and 21].
All these papers are in contrast to the dogma of direct
chemical binding/binning, because they have found a
significant influence of the constant region which is not
in contact with the antigen.

8. The last argument against direct binding/binning is that
direct binding/binning cannot explain the long distance
interaction we have discovered [1].

All together we have 8 independent knock-out criteria
for the induced fit theory measured by 17 independent
groups.

Assuming the worst case that only 50% of the
independent groups are working scientifically correct
(which means that the other 50% are working as good as
they can but they are making errors from scientific point of
view), and assuming that 50% of the measurements can be
equipped with artefacts and assuming that both events are
independent we calculate a probability of 99.999997% that
the induced fit theory is wrong. That means that there is
only a chance of 0.000003% that the induced fit theory and
direct chemical binding/binning is a true theory supported
by experimental measurements.

I\VV.ELECTRODYNAMIC BINNING THEORY
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Fig. 1: Block diagram of an 1gG-antibody according to the
Electrodynamic Binning Theory
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Fig. 1 shows the block diagram of an antibody according
to our electrodynamic binning theory. The antibody is split
into the functional groups VL, VH, CL, CH1, CH2, CH3,
and hinge region. The group VL is build by the three CDR-
oscillators CDR-L1, CDR-L2, and CDR-L3; the group VH
is build by the CDR-oscillators CDR-H1, CDR-H2, and
CDR-H3. As constant heavy chain group oscillators we
have the CH1, the CH2 and the CH3-oscillator, and as light
chain group oscillator we have only the CL-oscillator. All
oscillators are able to oscillate in the terahertz range and are
coupled by coupling systems. Additional to these couplings
we have the elasticity of the hinge region, which is very
important for phase locking to an external electromagnetic
field.

When searching for a target the oscillation energy is
permanently transferred from one arm of the antibody to the
other. This results in a permanent change of phase of the
electromagnetic wave. An external electrodynamic field of
same frequency leads to phase locking; the antibody has
detected the antigenic components. The hinge elasticity is
very important for phase locking. Mathematical analysis
showed that phase locking would not be possible without
hinge elasticity [1].

The knowledge that the induced fit theory and the theory
of direct molecular binding/binning is wrong does not
implement automatically that our electrodynamic binning
theory is true. At first all required components for our
theory must be found.

The first requirement of our theory is that we must have
springs, masses and electrical charges in the molecule. Each
molecule has a mass, NHs" ions are found as charges, beta-
sheets and alpha-helices are found as springs [22, 23, 24, 25,
and 26]. So we have all components we need for building
up an electromagnetic oscillator.

The second requirement is that an antibody is able to
oscillate in the terahertz frequency range (THz) and that an
antigen is also able to oscillate in the terahertz range. It is
known that there is an antibody-antigen interaction in the
THz-range [27] and Peter Ortoleva has discovered that a
virus is emitting THz-waves [28, 29].

The third requirement is that the antibody must have
twisted arms (heavy and light chain) otherwise the antibody
would not be able to rotate. This required twisting of the
antibody chains was found [30], but in contrast to the shown
rotation the antibody would rotate in the opposite direction.

Additional to these requirements the electrodynamic
binning theory has no problems with the knock-out criteria
of the induced fit theory.

1. Energy supply is known; energy is coming from
Brownian Movement. Parts that hit the oscillators create
Dirac-pulses (Dirac-delta function) that bring energy to
the corresponding oscillators.

2. The CDRs must not be in direct contact with the antigen,
because the electric fields are coupling in phase. So it is
no problem if only 30% of the CDRs are connected with
the antigen.
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3. Each CDR can show affinity to a different antigen. So
the antibody produced by X-Body Biosciences is
possible with the electrodynamic binning theory.

4. The theory is also supported by the measurements of
Alexandre Rothen. Buried antigens can attract
antibodies.

5. A 7 nm membrane between antibody and antigen does
not suppress antibody-antigen interaction. This is also
explainable with the electrodynamic binning theory.

6. Fab-fragments can have lower affinity compared to full-
size antibodies because the constant regions (mainly the
hinge region) have an influence on oscillation frequency.

7. The measurements [8,9,10,11,12,13,14,15,16,17,18,19,
20, and 21] which demonstrate that the constant regions
has a big influence on affinity and specificity of
antibodies can be calculated and explained exactly.

8. The long distance force was the reason for developing
the electrodynamic binning theory. So it is in accordance
with the electrodynamic binning theory.

Marcella Torres and Arturo Casedeval have defined 5
questions in their review “The immunoglobulin constant
region contributes to affinity and specificity”” [11] which
can be answered with the electrodynamic binning theory:

1. Are class switch recombinations and VDJ recombina-
tions linked to produce Abs of particular isotype?
Answer: No

2. How does isotype alter the idiotype response?

Answer: This is calculable.

3. Does the V-region type affect CH-region function?
Answer: The V-region does not but can affect CH-
region function. In worst case the antibodies become
autoantibodies.

4. What are the crucial residues that are permissive for the
transmission of structural effects from the CH region to
the V-region and vice versa?

Answer: This is calculable with the electrodynamic
binning theory.

5. If CH-region type affects specificity, how does one
separate the effects of changed specificity from different
CH-conferred effector functions when assessing the
relative efficacy of different AB isotypes against
microbes and tumors?

Answer: This is calculable. The antibody is not able
to bind, if a tumor is detected as friend; microbes are
always identified as foe.

Additional there are further effects which can be
explained with the electrodynamic binning theory.

Labelled antibodies are losing their capability of long
distance detection because the external load suppresses the
synchronous rotation of the antibody. That means antibodies
with linked toxophores have lost their long distance
detection system. This effect is calculable with mathematics.
And it is an effect that is very important for designing
therapeutic antibodies.

Viruses, bacteria and dendritic cells are not only
emitting THz-waves they are also emitting low frequency
radio signals. This effect was found for viruses and bacteria
by Luc Montagnier [31, 32]. He thought that theses signals
are coming from DNA, but according to our theory these
signals are coming from the membranes of the viruses and
bacteria. Our theory states that viruses, bacteria and
dendritic cells have a motor, a steering unit and a detection
system as antibodies have. For a virus we have found this
effect. A dendritic cell is moving in direction to high
chemokine concentration which can be interpreted as such a
controlled mechanism. For a bacterium prove of principle is
pending. Fig. 2 shows the principle of a virus, a bacterium
or a dendritic cell.

Direction of energy transfer

Epitopes
emitting
THz-waves

Coupling membrane
emitting low frequency
radio signals

Fig. 2: Principle of a virus, a bacterium or a dendritic cell

Each epitope is a terahertz-wave oscillator that is
coupled to neighboured oscillators via a membrane. The
energy transfer is producing a low frequency radio signal
(frequency of phase modulation). The low frequency radio
signal stops if the phase is locked to the THz-wave of an
external target.

ScFv and BiTe-antibodies need a linker of definite size.
Without this linker, affinity and specificity of these single
chain antibodies reduces. This effect is also expected from
the electrodynamic binning theory. For getting high affinity
and specificity the linker must simulate elasticity of the
hinge region (and the connected constant region) of the full-
size antibody from which the scFv or BiTe-antibody
components are taken. The block diagrams of a scFv
antibody and a full-size antibody are shown in Fig. 3.

All together we have found 17 independent effects
measured by 23 independent groups that support our
electrodynamic binning theory. Assuming that in worst case
only 50% of the independent groups are working
scientifically correct (which means that the other groups are
making errors from scientific point of view), and assuming
that 50% of the measurements can be equipped with
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artefacts and assuming that both events are independent,
because every body is working as good as he can, we can
calculate a probability of 99.9999999% that the
electrodynamic binning theory is correct.

a.) scFv-antibody

b.) Full-size antibody
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Fig. 3: Block diagram of a scFv-single chain antibody compared to a full-
size antibody. For correct working the linker (yellow) of the scFv-antibody
must simulate the hinge and connected constant region of a full-size
antibody (yellow).

V. MESSENGER MOLECULES

We think the electrodynamic principle is not only
limited to antibodies, viruses, bacteria and dendritic cells.
We have beta-sheets and alpha-helices in enzymes and
substrates and a lot of other molecules. Messenger
molecules are also equipped with molecular electrical
charges and springs (alpha-helices, beta-sheets), and so we
think signal transfer of messenger molecules is based on
electrodynamic effects and not on chemical binding/binning.
To support this theory we used simple mathematics.

Electrostatics and molecular forces have a detection
range of maximal 3 nm, so the sphere for chemical
interaction has a volume of 113.1 nm®. When transporting a
signal over a distance of 1 micron to a target we have a
sphere of about 4188790205 nm°. That means the
probability that the molecule takes the shortest way to the
target is 2.7*10°®. In this case it is very improbable that the
messenger molecule reaches the target. Even if the distance
to the target is only 10 nm we have a probability of only
2.7% that the messenger molecule takes the shortest way to
the target. Compared to this low probability our
electrodynamic binning theory has a 100% reliable signal
transfer.

But this does not mean that no messenger molecule is
moving to its target. For some messenger molecules we
have found structures that can be interpreted as motor,
steering unit and detecting system. In this case the

messenger molecule can locate the target via phase locking
of electromagnetic waves and than it is moving directly to
the target. We think for example that Interleukin 6 has a
motor, a steering unit and a detection system. In contrast to
this we think that the Tau-protein is not able to move in a
controlled way, we are expecting only rotation of the
molecule.

V1. MATHEMATICS OF ELECTRODYNAMIC BINNING THEORY

The electrodynamic binning theory is based on
mathematics. A full-size antibody can be split into the
functional groups VL, VH, CL, CH1, CH2, CH3, hinge
region etc. (Fig. 1). Each of these functional groups can be
described by a tensor differential equation of higher rank.
Each functional group can be coupled to other functional
groups by coupling systems. So it is possible to simulate an
antibody completely. An antigen can be described very easy
by a single tensor differential equation if the antigen has
only one beta-sheet without damping. Then it is very easy to
calculate the interaction of the antigen tensor differential
equation with the tensor differential equations of the
functional groups of an antibody (VL, VH, CL, CH1, CH2,
CH3, hinge region etc.).

But if one of these groups has damping mathematics will
be on a significant higher level. In this case the hits of parts
from Brownian Movement must be taken into account,
because each hit can be interpreted as Dirac-pulse that leads
to a phase jump of oscillation. A big number of hits lead to
an increase of oscillator bandwidth. In electrotechnics it is
known that the bandwidth A depends on stored energy
Eswores; resonance frequency @ and power loss caused by
damping E| ¢

E

A o= Stored

M

Loss

This law from electrotechnics simplifies mathematics
significantly. The hits from Brownian Movement are simply
supplying the oscillator with the energy E, o

Antigens can also be equipped with alpha-helices.
Alpha-helices have non-linear spring characteristics. In this
case a non-linear tensor differential equation must be solved
for describing antibody-antigen interactions correctly.

Fig. 4 shows the differences of spectra for an undamped
beta-sheet, a damped beta-sheet and an alpha- helix.

But it must be taken into account that the interaction
between an antibody and an antigen is slightly different
from the interaction between an antibody and a virus or a
bacterium. So a mathematical analysis of a complete virus
or bacterium makes sense. The rank of tensor differential
equation depends on the number of epitops on the surface of
the virus or bacterium membrane. A virus with 1500
epitopes requires a tensor differential equation of rank 1500,
a bacterium with 1500000 epitopes requires a tensor
differential equation of rank 1500000. If the epitopes have
alpha-helices the differential equations are of non-linear
type which becomes a mathematical challenge, but this type
of mathematics is manageable.
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Fig. 4. Differences of the spectra of an oscillator with an undamped beta-
sheet, with a damped beta-sheet and with an alpha- helix

Mathematical calculation of the interaction between
antibody and cell is on a higher level, because there is an
additional interaction between the alpha-helices of a cell
membrane protein and the constant regions CL and CH1 of
an antibody. Mathematical correlation leads to the
assumption that MHC 1 is the responsible cell membrane
protein with high probability. The interaction between the
MHC 1 protein and the constant region CL/CH1 of the
antibody can switch the antibody off. This is important for
therapeutic antibodies against cancer cells. A normal
antibody is from mathematical point of view not able to
reach a cancer cell with working MHC 1 proteins, because
the MHC 1 proteins are switching the antibody off.

Another important result of our mathematics is an
explanation of autoimmune diseases. Normally the MHC 1-
proteins on the cell surface are protecting the cell against
antibodies. The MHC 1-proteins are interacting with the
constant regions CL and CH1 of an antibody and switch the
antibody off. A disturbed interaction leads to a defect in
antibody switch off; the antibody becomes an autoantibody
and attacks the cell. The cell will be destroyed by the
immune system.

One example: Diabetes type 1 requires according to our
electrodynamic binning theory a virus or bacterial infection
focussed on beta-cells; otherwise Diabetes type 1 is not
possible. After infection the immune system is producing

antibodies with CL and CH1 constant antibody regions that
are not able to interact correctly with the MHC 1-proteins.
Now the alpha-helical MHC 1-epitopes of the beta-cells are
not able to switch off the antibodies; the beta-cells will be
detected as foe and destroyed. The same effect can have a
too big number of MHC 1- proteins on the cell membrane;
in this case the electromagnetic fields of neighboured MHC
1-proteins can interfere  physically. Third party
measurements have found that MHC 1 is involved in
diabetes [33].

VIl. ELECTRODYNAMIC BINNING THEORY AND PHAGE

DISPLAY TECHNOLOGY

Phage display is currently used to create bio-molecular
bibliotheca. Using our mathematics we found the following
critical points.

a.) Phage display

b.) Full-size antibody
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a
3
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Fig. 5: Comparison of phage-display and full-size antibody. The
masses of the phage and the constant regions of a full-size antibody are
different (yellow). Additional to this the Phage does not have the hinge

elasticity of a full-size antibody.

1. With phage display technology it is possible to produce
broadband antibody components with limited specificity
and affinity. The CDRs have slightly different affinities
to different antigens. This is no problem if the antigen is
of broad band type (damped beta-sheet or alpha-helix)
but it can become a problem if the antigen has an
undamped beta-sheet in his epitope. In this case affinity
is not comparable with a natural high affinity antibody.
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If for example a natural high affinity antibody can detect
a big concentration of antigens in a distance of 2 mm, an
antibody created with phage display has a detection
range of only 1 micron in best case.

2. Transferring the binding sites from phages to complete

antibodies reduces affinity according to our mathematics.

The higher the affinity the higher is this effect. Physical
reason for this is that a phage has a mass different from
the mass of the CH2 and CH3 region. A high affinity
phage Fab-fragment would theoretically lose its affinity
and specificity completely (Fig. 6a), a real Fab-fragment
partly (Fig. 6b). To compensate this effect normally the
CDR-H3 is modified. Modifying only CDR-H3 leads to
an increase of affinity, but CDR-L1, CDR-L2, CDR-L3
have still affinity to a slightly different antigen, and
CDR-H1 and CDR-H2 can change their affinity to a
different antigen. This can lead to harmful side effects.
Even a process of sequential change of all CDRs will not
lead from mathematical point of view to a high affinity
antibody that is comparable with a natural high affinity
antibody. The reason for this is that the beta-sheets from
phage display have always damping.

a.) Undamped beta-sheet

Accepted frequency range
of the antigenic determinant

—

Amplitude —»

Frequency of
phage

Frequency of
antibody

o —»

p.) Damped beta-sheet

Accepted frequency range
of the anfigenic determinant

0] | |
g Frequency
-%i Frequency speplrum of
€ | spectum of anfibody
< | phage
o0 —»
Fig. 6: Frequency change of Fab-oscillators caused by Fab-transfer

from phage to full-size antibody. A Fab-fragment with undamped beta-
sheets would loose affinity totally (a); a Fab-Fragment with damped beta-
sheet shows a decrease of affinity and specificity (b).

So we think it is not possible with phage display to
produce therapeutical antibodies that have effectivity
comparable with natural high affinity antibodies. Additional
to this harmful side effects are possible. Taking a known
high affinity antibody and modifying all CDRs according to
mathematical laws will lead theoretically to significantly
better results. In this case an antibody without beta-sheet
damping can be produced.

VIII. CONCLUSION

Based on own and third party measurements we
calculated that there is no chemical binding/binning between
antibody and antigen with a probability of 99.999997% as it
is expected from the induced fit theory. Instead of this there
is electrodynamic binning with a probability of
99.9999999%. That means the dogma that the constant
region of an antibody has no influence on the binning of an
antibody is no more sustainable. From this it follows that the
dogma of a chemical binding/binning between antibody and
antigen is also no more sustainable. This has an extreme
impact on the development of therapeutic antibodies. In
combination with our theory of autoimmune antibodies
which will be published soon there are the following
impacts for the design of therapeutic antibodies.

1. Designing therapeutic full-size antibodies with help of
phage display will lead in general to antibodies with low
affinity. Affinity maturation by modifying only CDR-
H3 can lead to harmful side effects. Other technologies
are required to produce high affinity antibodies without
creating side effects.

2. Natural full-size antibodies against cells (for example
cancer cells with working MHC 1 proteins) will not
work because cells are inactivating antibodies about 3
nm before reaching the cells.

3. Camelid antibodies or comparable antibody technologies
can reach cancer cells, but the effectivity of this antibody
type compared to a full-size antibody is very small,
because this antibody has no motor.

4. Antibodies with linked toxophores are not able to bind to
cancer cells with working MHC 1 proteins and their long
distance detection system is not working. They stop in a
distance of 3 nm to the cell. By stochastic effects the
toxophore can reach the cancer cell. This type of
antibodies will not work in solids.

5. Theoretically it is possible to created special antibodies
that are able to attack all cancer cells in liquids and
solids with high effectivity.

6. Vaccines against cancer will not work, because the
antibodies produced by the immune system will not bind
to cancer cells with working MHC 1 proteins, they will
stop 3 nm in front of the cancer cell.

7. There is a chance to reduce the -effectivity of
autoantibodies with personalized molecules by a factor
of 250000 in liquids. Autoantibodies with reduced
effectivity are not able to move in solids.

Currently development of therapeutic antibodies is based
on some experimental findings and a try and error process;

JLM Volume 2, Issue 2 April 2014 PP. 32-38 www.vkingpub.com © American V-King Scientific Publishing

37



Journal of Life Medicine

JLM

other experimental findings as the contribution of the
constant regions to affinity and specificity are ignored
completely. So development of a working therapeutic
antibody is an extreme risky process.

Mathematics in combination with electrodynamic
binning theory can help in installing a controlled
engineering process for development of therapeutic
antibodies with significant lower risk.

We think that electrodynamic interaction is a general
principle of life.
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