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KINETIC PARAMETERS OF POLYREACTIVE
IMMUNOGLOBULINS INTERACTION WITH ANTIGENS
IN THE PRESENCE OF PROTAMINE
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The discovered earlier phenomenon of the enhancment of polyreactive immunoglobulines (PRIGs)
binding to antigens in the presence of protamine and Tween 20 was investigated in more details. The com-
parative analysis of PRIGs reaction dynamics with immobilized antigen was provided. In addition, the rate
constants for the reaction and the affinity constants of PRIGs-antigen binding in the presence or absence
of optimal protamine concentration were determined. The rate constant of PRIGs-antigen reaction did not
increase in the presence of protamine optimal concentration and was even reduced approximately twice.
However, in the presence of protamine the concentration of reactive PRIGs molecules, that were able to inter-
act with antigen, increased approximately 30 times, and this led to strong reaction rate increase. Protamine
also influenced the affinity constant of PRIGs-antigen binding, which increased approximately three times.
The suggestion was made that such protamine effect was due to its influence on the PRIGs molecules special
structure, and, as a result of the conformational change PRIGs became able to bind more effectively to the

antigens.
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e have shown earlier [1, 2], that PRIGs
\ ’s / binding to antigens strongly depended
(resulted in increase or decrease) on the
properties of the incubation medium. For example,
the presence in the incubation media either Tween
20 or 1-anilino-8-naphthalenesulfonate significantly
inhibited PRIGs binding to antigens. In contrast,
several proteins, which had positive charge at neutral
pH in aqueous solutions, were able to increase PRIGs
reactivity and stimulate PRIGs-antigen interaction.
Some of such proteins were salmon caviar protamine
and hen egg lysozyme. As we have found, the pro-
tamine much stronger increased PRIGs interaction
with antigens than lysozyme [1, 2]. In addition, it
was determined, that albeit Tween 20 weakened the
PRIGs interaction with antigens. We could observe
the opposite effect in the presence of protamine —
together with protamine Tween 20 increased the
PRIGs binding to antigens more efficiently, than the
same concentration of protamine in the absence of
Tween 20.

Since more detailed study of this effect could
shed light on the details of the mechanism of PRIGs
interaction with antigens, we decided to investigate
how protamine optimal dozes influenced the rate

constant of PRIGs binding to the immobilized on the
plate antigen in the presence of Tween 20, as well as
on the affinity of PRIGs binding to the antigen in so-
lution. The results of this investigation are described
in this paper.

Materials and Methods

Antigen, PRIGs, and ELISA. We used bovine
serum albumin (BSA) from Sigma, USA as an an-
tigen. Protamine from the salmon caviar was from
Sigma, USA. Mice normal serum was used as a
pool of PRIGs. In our preliminary investigations it
was shown that this serum had high level of PRIGs
activity (not published).

The quantity of immunoglobulins bound to the
absorbed antigen on the plate in different conditions
was determined by enzyme-linked immunosorbent
assay (ELISA). For this purpose, the plates with
PRIGs bound to immobilized antigen were incuba-
ted with goat anti-mouse IgG antibodies conjugated
with peroxidase (Sigma, USA) during 60 min at
4 °C. The unbound conjugates were carefully washed
away, and peroxidase substrate — the solution of or-
thophenilen diamine (1 mg/ml) in 0.01 M phosphate
buffer, pH 5.0 and 0.003% H,O, solution were added.
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The reaction was stopped after colour developing,
by adding of 0.05 ml 2 M sulfuric acid per well, and
optical density was measured by microphotocolo-
rimeter ELx800 (BIO-TEK) at 490 nm.

PRIGs interaction with BSA as an antigen,
either in a solution or being immobilized on mi-
croplates, was studied. As an incubation media ei-
ther the physiological solution of NaCl buffered
with phosphate buffer, pH 7.2 plus 0.01% Tween
20 (TBS), or the same TBS solution with adding
0.2 mg/ml protamine were used. The investigations
of the kinetics of PRIGs binding to the immobilized
BSA were carried out either in TBS or in TBS +
protamine. PRIGs solutions in TBS or in TBS +
protamine were added to the plate wells at different
intervals at room temperature. After the incubation
the plates were thoroughly washed and the quantity
of PRIGs bound to the immobilized antigen was de-
termined by ELISA as described above.

To estimate the affinity constant for PRIGs —
BSA interaction, their solutions in TBS or in TBS
+ protamine were mixed 1:1 together and incubated
for 60 minutes at room temperature. Then all sam-
ples of PRIGs-BSA mixtures were added to the plate
wells with immobilized BSA in order to determine
the quantity of free PRIGs in each sample, which de-
pended on the concentration of BSA in the samples.
It should be noted, that in case of using TBS as the
solvent, dilutions of mice serum, used as a PRIGs
source, were 1 : 10 000, but when using TBS + pro-
tamine the dilution of serum was 10 times higher,
namely 1 : 100 000.

In order to bind BSA (as an antigen) to the plate
wells we used a method we had developed earlier
[3]. In short, 0.1 ml of the solution of BSA (2-3 mkg/
ml) in 1% solution of NH _HCO, + 0.01% NaN, were
added to each well and dried on plates at 37 °C. This
method of antigen sorption on plates was approxi-
mately 10 times more effective than the traditional
method of antigen immobilization when solution of
antigen was incubated in plates at 4 or at 37 °C [3].
So, firstly, our method allows us to use ten times
lower antigen concentration for plates covering. This
method of antigen immobilization by drying antigen
solution provided more efficient denaturation of im-
mobilized antigens than by antigen adsorption using
traditional method. As far as PRIGs bind more effec-
tively to denatured antigens, our method of antigen
immobilization is more suitable for PRIGs investiga-
tion.

Theory of PRIGs-antigen kinetics and equilib-
rium investigations. Assuming, that PRIGs bind to

30

immobilized antigen approximately in a similar way
as specific antibodies do, one may consider that this
reaction is practically irreversible and that it should
follow according to the scheme:

R— P, (1)
where R is PRIGs in a solution, P — is the reaction
product, that is PRIGs bound to immobilized antigen
on microplate. In this case, the dynamics of PRIGs
binding to microplate is described by the following
equation:

P=P (1-¢e™), 2)
where k — is the rate constant of the reaction, P, —
quantity of the reagent bound to immobilized anti-
gen during reaction time ¢, P — quantity of reagent,
bound to immobilized antigen at reaction time ¢ = oo,
namely, when the irreversible reaction became to-
tally finished.

Inasmuch as equation (2) is irrational, for this
reason it has no analytical solution in general case
for calculation of two unknowns k and P_. For this
reason, Guggenheim has proposed graphical method
for its solution [4], which was later improved by Ka-
zdy et al. [5], and later by Swinbourne [6].

In contrast to the mentioned graphical methods,
we suggested the analytical solution of equation (2)
for a special case, namely when 7, = 2¢, [7]. It was
shown that the unknown variables k and P_ in equa-
tion (2) might be obtained by using the curve of dy-
namic receptor binding as follows. At first using the
data of experimental kinetic curve displaying de-
pendence of quantity of bound reagent P, on time ¢,
the total quantity of reaction product may be calcu-
lated P_ by equation (3):

2
P, = —2 3)

T 2PPy

where P, — quantity of receptor binding for reaction
time 7, P, — quantity of bound receptor at time 7,
when the necessary condition is ¢, = 2¢..

It should be noted that the quantities P , P, and
P, might be expressed not only in molar concentra-
tions but also using any quantities proportional to
them. In the course of using ELISA for these calcu-
lations it is convenient to use the optical density of
dyes developed in microplate wells, which in experi-
ment must be proportional to the quantity of PRIGs
bound to plate.

After this, knowing the value of P , one may
calculate also the reaction rate constant, k, by the
following equation:
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It is important to note, that the values of P_ may
be calculated more precisely, if we determine it in-
stead of two measurements values of 7, P and ¢,, P,,
but by finding a tangent of the slope angle of liner
dependence sized P on 2P, — P, as it follows in ac-
cordance to equation (3). By the same way, £ may be
calculated more precisely if we determine a tangent
of the slope angle of liner dependence In(P /(P — P))
on ¢ in order to find the value of k in accordance
with equation (4).

For estimating the equilibrium constant for in-
teraction of antibodies with antigens by the method
of ELISA the ideas of the following methods were
used [8, 9]. In addition, these methods were im-
proved by us [10], and a new method was proposed
for estimating affinity of two antibodies, which are
found in the studied mixture [11]. The use of our
method is very important, if the affinities of two
studied antibodies differ greatly from each other.
Thus, we used this method to estimate equilib-
rium constants for interaction of PRIGs with anti-
gen in both media indicated above, i.e. in TBS or in
TBS + protamine. In addition, our method allows
determining the relation between concentrations of
high affinity and low affinity reagents in the studied
samples [11].

For this purpose the curves of the dependen-
ces of free PRIGs concentration in solution with
different concentration of antigen when the equi-
librium of reaction is established, were compared
with theoretical curves for similar interaction of
the reagents according to equation (5) [11] and the
quantities of both equilibrium constant for high and
low affinity PRIGs were calculated by the method of
linear regression using computer program Origin 9.
The relations between concentrations of high and
low affinity PRIGs in TBS or in TBS + protamine
were also determined as relations between the values
of A4 uA,:

L AH2K,) A (+21K,)

. §
' (1+1K ) (I+1K ) )

where K and K, — affinity constants for high and
low affinity PRIGs, 4, and 4, — the quantities which
are proportional to the concentrations of high and
low affinity PRIGs in investigated samples (when
[, = 0), A, — the value, proportional to concentration
of free PRIGs in investigated PRIGs-antigen mixture

after achievement of equilibrium, if the concentra-
tion of antigen was /. The values 4, 4, and 4, were
introduced in units of optical density of microplates
wells measured by ELISA; in our investigations they
were proportional to the concentration of PRIGs,
bound to immobilized antigen on the plate.

Results and Discussion

The kinetic curves of PRIGs binding to the
immobilized antigen on the plate are presented in
Fig. 1. One of the curves in Fig. 1 represents the
binding of PRIGs in TBS and another one in TBS +
0.2 mg/ml of protamine. It is important to note, that
in preliminary investigations we established that the
reactivity of PRIGs in mixtures of TBS + 0.2 mg/
ml protamine is a minimum ten times higher than
the reactivity of PRIGs in TBS [1]. Then for keeping
an absolutely necessary condition of proportionali-
ty between optical density of wells, obtained by
ELISA, and the concentration of PRIGs bound to
immobilized antigen on the plate, the concentration
of PRIGs in the samples with 0.2 mg/ml protamine
was 10 times lower than in the samples without pro-
tamine.

As one may see in Fig. 1, in spite of the fact
that PRIGs concentration in TBS + protamine was
10 times lower than in TBS without protamine,
the amount of PRIGs bound to the plate in sam-
ples TBS + protamine was much higher, than in
the samples where PRIGs were in TBS. The calcu-
lations of the unknown according to equation (2),
i.e. of the amount of bound PRIGs (at # = ©) in the
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Fig. I. Kinetic of PRIGs binding to BSA immobilized
on plates either in solutions TBS or in TBS + 0.2 mg/
ml protamine
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units of optical density, P_, are shown in Fig. 2 and
Fig. 3. It was found that for samples PRIGs in TBS
P_=1.1870, and for samples PRIGs in TBS + prota-
mine P_ = 3.3874.

Thus, these data demonstrated that the con-
centration of reactive PRIGs molecules in the stu-
died samples of PRIGs in TBS + protamine, (i.e. the
values P ) was almost three times higher than this
value for the samples of PRIGs in TBS. In view of
the fact that the PRIG samples in TBS + protamine
were diluted ten times in comparison with the PRIGs
samples in TBS, the quantity of PRIGs molecules,
which were able to react with the antigen, increased
almost 30 times, due to the presence of 0.2 mg/ml
protamine in solutions.

In Fig. 4 the plots of dependence of the con-
centration of non-blocked PRIGs are presented in
studied samples with different concentrations of
blocking antigen, if those samples were found ei-
ther in TBS or in TBS + 0.2 mg/ml protamine. From
Fig. 4 we can see, that the process of nonspecific
PRIGs blocking by antigen took place significantly
more extensively, if in the mixtures of PRIGs and an-
tigen in TBS the 0.2 mg/ml protamine was present.
This fact showed convincingly, that the binding of
PRIGs with antigen proceeds much more effectively,
if protamine was present in PRIGs-antigen solution.

Using equation (5) the calculations of affinity
constants, K, and the relation between quantities of
high and low affinity PRIGs (values of 4, and 4 )
depending on the presence of protamine in solution,
completely confirmed this conclusion. It turned out

0.4
y = 1.1870x — 0.1495 /
0.3 >
~ 02
Q /
0.1

«

0.1 0.2 0.3 0.4 0.5

2P~ P,
Fig. 2. Determination of P_ values for PRIG in TBS
using the data presented in Fig. 1 (cure below) and
equation (3). The liner dependence of P’ and 2P -
P,, and its equation are shown. Since tangent of the
slope of this function according to equation (3), is
P, then in this case P_= 1.1870
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Fig. 3. Determination of P_values for PRIG in TBS
+ 0.2 mg/ml protamine using the data presented
in Fig. 1 (cure upper) and equation (3). The liner
dependence of P’ or 2P-P,, and its equation are
shown. Since tangent of the slope of this function
according to equation (3), is P, then in this case

P,=3.3874

that the affinity constant for PRIGs-antigen interac-
tion in TBS, according to equation (5), were three
times lower than that for the interaction of PRIGs
with antigen, if these reagents were in the same so-
lution, but with addition of 0.2 mg/ml protamine,
ie, K =11410°M"' and K = 3.47-10° M", corre-
spondently (Table). In addition, not only the absolute
values of 4 and 4, were different significantly for
the samples of PRIGs in the presence or in the ab-
sence of protamine, but also the relation between 4
and 4, differed substantially for both solutions.

As one may see from the Table, practically all
PRIGs in the presence of 0.2 mg/ml protamine might
be attributed to high affinity ones, because almost
93% of total amount belonged to the high affinity
PRIGs. In the absence of protamine the affinity of
PRIGs binding to antigen was not only three times
lower, but also the quantity of high-affinity PRIGs
was lower at least twice (almost 42%), when low-
affinity PRIGs (K , = 6.20-10* M") were in a larger
part of all reactive PRIGs. On the contrary, in the
presence of protamine only about 7% of PRIGs had
very low affinity (K , = 1.04-10* M), while approxi-
mately 93% of PRIGs had relatively high affinity
(K, =3.4710°M™).

The analysis of the data obtained showed that
the reactive ability of PRIGs regarding their interac-
tion with antigens might be changed to a significant
degree depending on the environment. Probably,
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The affinity constants (K , and K ,) for PRIGs samples either in TBS or in TBS + (.2 mg/ml protamine, and the
relations between amounts of high and low affinity PRIGs (4,, and A, in those solutions

Parameters A, K, 4, K, A, A, HA,,), Yo
TBS 0.626 1.14-10° M 0.880 6.20-10* M 42
TBS + protamine 1.147 3.47-10° M! 0.090 1.04:10* M! 93
1.2 1.6
¢ TBS A
_ - 14
| TBS+protamine 4
1.0 €12
c
y =0.0113x — 0.2457 3 10 l& —*=TBS
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02 —§ Fig. 5. Dependence of free PRIGs concentration
on antigen concentration after the equilibrium of
0 . . . . PRIG-antigen reaction in TBS or in TBS + prota-
0 20 40 60 80 mine is achieved. These curves allow calculation
. _ the equilibrium binding constants of high-affinity
Time, min and low-affinity, K , and K ,, and also the ratio of
P, the concentrations of high-affinity and low-affinity
Fig. 4. Liner dependence between Y = In P _p PRIGs using equation (35) (see table)
(o] L

in time t for binding kinetics of PRIGs with BSA pre-
sented in Fig. 1. Since according to equation (4), the
P, — P;
on time t are equal to reaction rate constants, for
PRIGs binding with antigen in TBS solution the rate
constant is 0.0113 min”, and for PRIGs in TBS +
protamine solution the rate constant is 0.0057 min’’,
i.e. two times lower

tangents of the slope of liner dependence In

such dependence may be connected to a relatively
high plasticity of PRIGs molecules, which are able to
change their conformation. Because of these proper-
ties, PRIGs molecules can expose hydrophobic sites
on their surface and as a result of this PRIGs may
become able to bind nonspecifically to various anti-
gens. We suggested that due to molecular dynamics
of PRIGs polypeptide chains, such hydrophobic sites
might appear for a short time on the surface of Fv-

regions of the Ig molecules and due to that PRIGs
obtained the ability of nonspecific binding with anti-
gens by hydrophobic interaction, as it was suggested
by us earlier [12, 13].

In conclusion, it is necessary to stress that in
contrast to specific antibodies, the PRIGs molecules
may change their structure and acquire the proper-
ties to interact with antigens. If this is so, then the
PRIGs ability to bind antigens changes in the pro-
cess of PRIGs-antigen reaction because during the
time “non-active” PRIGs molecules can transform
into “active” molecules. Then the scheme (1), that
describes the reaction of specific antibodies with
antigen, may be hardly suitable for more complex
process of PRIGs-antigens reaction. For these rea-
sons the rate constants and the affinity constants for
PRIGs interaction with BSA, which were found by
as above, may not be exact ones and they are suitable
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only for relative comparisons between each other.
The true scheme of PRIGs—antigen interactions may
appear much more complex and in this case the cal-
culations of kinetic parameters of this interaction,
possibly, will require much more complex mathe-
matic calculations.
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Bigkputuit  HamMu  panime (beHomen
MiJCUIICHHS PeakIlii 3B’I3yBaHHs MONIPEaKTUBHUX
imyHornoOyninie  (I1PII') i3 aHTurenamum B
npucyTHOCTI mportaminy i TBiny 20 mocimimxkeHo
neranpHinre. IIpoBeaeHo MOpIBHSIBHIM —aHami3
nuHaMmiku 3B’s3yBanHs [IPIT 3 iMmoOinizoBaHNM
AQHTUTCHOM, BHU3HAYEHO KOHCTAHTH IIBUAKOCTI
peakuii, a Takox KoHcTaHTH adinnocti [IPIT
J0 aHTUTEHY B NPUCYTHOCTI ONTHUMAaJbHUX J03
nporaminy i1 3a #oro BigcytHocti. [lokaszano,
II0 KOHCTaHTa MWBHAKOCTI 3B’s13yBanHs [IPIIT 3
iMMOO1J1130BaHUM aHTUTCHOM y MIPUCYTHOCT1 ONTH-
MaJbHHX JI03 TPOTaMiHy He 301IbIIy€EThCS, a HABITH
3MEHIIYETbCsl B J1Ba pasu. lIpore B mpucyTHOCTI
nporaminy y 30 pa3iB 301/IbIIYEThCS KOHLIEHTPALIis
peakuilino3nataux wmosekyn IIPIT, 3a paxyHok
YOro MOMITHO 301JBIIYETHCS MIBUAKICT B3a€MOJIi.
[Iporamin BmyMBae Ha KOHCTaHTY adiHHOCTI
3’si3yBanHs [IPIIT i3 po3umHeHMM aHTHTEHOM i
30inbmIye i MpUOMM3HO B TpU pasu. 3polieHo
NPUIYLICHHS, M0 TOMIOHMH eQeKT npoTamiHy
MOB’3aHUM 3 MOro BILUIUBOM Ha CTPYKTYpPY MoJje-
kyn IIPII, BHAcniloK 4Oro BOHU 3MiHIOIOTH CBOIO
KoH(opMallito i eeKTUBHILIE 3B’ SI3yIOTHCS 3 AHTH-
reHaMHu.

KnwogosBi ciaoBa: MOJIipeaKTHBHI
IMYHOTTIOOYIJTIH!, aHTUT€HH, KOHCTaHTA IIBUIKOCTI,
KOHCTaHTa PiBHOBATH.
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OOHapyxeHHBI1 HaMH paHee (EHOMEH YCH-
JICHHUSI PEaKLUHH CBSA3BIBAHUS IOJUPEAKTHBHBIX
nvmmyHOTI00yTHOB (I[TPUI) ¢ anTHTeHamMu B ipu-
CyTCTBUM mpoTamuHa u TBuHa 20 uccienoBan 0o-
nee peranbHO. IIpoBeneH cpaBHUTENBHBIN aHAIN3
nuHaMUKH cBsa3piBanusa [IPUT ¢ umMmMoOmnIn3oBaH-
HBIM aHTUTEHOM, OIPENENICHbl KOHCTAHTBI CKOPO-
CTH peaKkLHH, a TaK)Ke KOHCTaHThl aduHHOCTH
ITPUI" k aHTUTEHY B HNPUCYTCTBUU ONTHUMAJIbHBIX
7103 IPOTaMMHA U B ero oTrcyTcTBuu. Ilokazano, uto
KOHCTaHTa cKkopocTH cBsi3biBaHus [IPUT" ¢ mmmo-
OMIM30BaHHBIM AHTUITCHOM HE YBEIMYHMBAcTCA B
MIPUCYTCTBUM ONTHMAaJbHOH KOHLEHTpALUH IMpo-
TaMHUHa, a Jake CHI)KAeTCsl IPUMEPHO B /IBa pasa.
3aTo B MPUCYTCTBUHU MpoTaMHHA HpumepHo B 30
pa3 yBEJIMYUBACTCS KOHLEHTPALMsl PEaKIHOHHO-
cnocooHbrx Monekyi [1PUI, 3a cyer dero 3amMeTHO
MIOBBIIIACTCSI CKOPOCTh PEAKLHMH B3aUMOJACHCTBHUSL.
[IpoTamuH oka3bIBaeT BAUSHUE HA KOHCTAHTY ad-
¢unaHOCTH CcBs3piBaHus [IPUIT ¢ pacTBOpUMBIM
AQHTUT'CHOM M IOBBIIIAET €€ IPUMEPHO B TPU pasa.
CrhenaHo TpeAnoioKeHne, 9To MoJ00HBIH d(dexT
IIPOTaMUHA CBSI3aH C €r0 BIUSHHUEM Ha CTPYKTYPY
monekyn [IPUI, B pe3ynbrare 4yero OHU MEHSIIOT
KoH(popmaruio u 6onee 3(h(HEeKTHBHO CBA3BIBAIOTCS
C aHTUT'CHAMU.

Knanouesnie cJioBa: TMOJUPCAKTHBHBIC
I/IMMYHOFHO6YJII/IHBI, AHTUTCHBI, KOHCTAHTa CKOPO-
CTHU, KOHCTaHTa paBHOBECHU .
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