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Abstract: The main structural protein of the human eye, which accounts for about 50 % of the mass of all
water-soluble proteins comprising the lens, is a-crystallin. Alpha-crystallin functions as a molecular chape-
rone, preventing other lens crystallins from interfering in the vital activity. Alpha-crystallins partially or fully
stabilise unfolded proteins, preventing the formation of deposits, helping to preserve the lens transparency
and reducing the risk of a number of diseases, including cataracts. This biological phenomenon can be con-
sidered in the framework of materials science when considering the problem of slowing down the aging pro-
cesses of polymers. In the present study, methods for slowing down the process of aggregation of
a-lactalbumin in solution are considered, using the binary system a-lactalbumin—aA-crystallin as an example.
To this end, experimental data on the rate of change of the aggregation process were formalised, i.e.
expressed in terms of transition temperatures and plasticisation functions of the components. The proposed
expressions make it possible to clarify the concentration dependence of the initial aggregation rate, its order,
and also to quantify the effect of the dose of UV irradiation on the aging process of the system. The experi-
mentally obtained result means that an increase in the content of a-crystallin leads to an additional blocking
of hydrogen bonds in the surface layers of a-lactalbumin and, accordingly, to an increase in the plasticising
effect. In addition, the obtained expression of the activation energy of polymer chain rearrangement helps to
account for the influence of infrared radiation on the development of so-called thermal cataracts (usually
occurring in glassblowers, steelmakers, blacksmiths, welders, etc.), when the etiological factor consist in
infrared rays having wavelengths from 0.74 to 2.50 microns, which freely pass through the cornea and iris
without damaging them, and are largely adsorbed by the lens, causing its overheating.
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Pe3rome: OCHOBHbIM cmpyKmypHbIM 6erikoM, Ha Qo1 Komopozo rnpuxodumcsi okono 50 % macchkl ecex 8000-
pacmeopumbix 6esikog xpycmaruka 4eslo8eqecKoeo enasa, sensgemcs a-kpucmasiiuH. OOHa U3 OCHOBHbIX
yHKUUL a-KpucmarsiuHa — warepoHHasi, obycrnaenuearowiasi HeobHoeIeMocms 6e/IKo8 8 MPOoUEecce KU3He-
desimenbHocmu. a-KpucmarnnuHbl Yacmu4HO Uru MosIHOCMb0 cmabunu3upyrom pa3eepHymsie b6eriku, npensm-
cmeysi obpa3osaHusi ocadka, Ymo criocobcmaeyem CoXpaHeHUIo MPo3paYyHoOCMU Xpycmaruka U CHUXEHUI pucka
B03HUKHOBEHUS psida 3abonesgaHull, 8 mom yucne kamapakmbl. C Opy2ol CmopOHbI, 3MoO si8rIeHUe MOXHO pac-
cMampugamb 8 paMKax MamepuanogedeHUs Mpu peweHuU 8onpoca 3amedrieHUs Mpouecco8 cmapeHust rnosnu-
mepos. B daHHOM uccriedoeaHuu Ha npumepe bGUHapHOU cucmembl a-riakmaribbymMuH—aA-KpucmarsiuH pac-
CMOMpeHbI criocobbl 3amMedrieHus1 npouecca azpe2ayuu a-akmanbbymuHa e pacmeope. C amou Yerbio Kcre-
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pumMeHmarsbHbie 0aHHbIe Mo CKOPOCMU U3MeHeHUSs rpouecca azpeaayuu bbinu ghopmarnusosaHbl, mo ecms 8bi-
paXkeHbl Yepe3 memrepamypbl nepexoda u hyHKYUU racmugukayuu KOMnoHeHmos. [1pedrioxeHHbIe 8bipa-
JKEHUST [10380J151H0M YMOYHUMb KOHUEHMPAaUUOHHYO 3a8UCUMOCMb HavyasibHOU CKOpOCMU agpesayuu, ee ropsi-
00K, @ makxKe KO/Iu4eCcmeeHHO oueHUmb erusHue 0o3bl Y®P-0bnyyeHus Ha npouecc cmapeHusi cucmemsl. Ou-
3U4ecKU Mosy4YeHHbIU pesyrnbmam 03HavYaem, 4mo rosbieHue codepxaHusi a-KpucmarnauHa npueodum K 0o-
rnonHUmMernbHoMy 6r0KUpo8aHU0 8000POOHbIX cesi3eli 8 MOBePXHOCMHbIX Cr0sIX a-nakmanbbymuHa u, coom-
8eImMCMEEeHHO, K y8erludeHuUro nrnacmuguyupyrouez2o agpgpekma. Kpome moeo, rnosyHeHHoe 8blpaxkeHue 3Hep-
auu aKkmueauyuu rnepecmpoeHUsi Ueru rosiumepa ro3eosnsem y4ecmsb enusHue VIK-usnyyeHus Ha passumue mak
HasblgaeMoU mernsioeol Kamapakmbl (06bIHHO uMeem Mecmo y cmekinodyeos, cmasneeapos, Ky3Heuos, ceap-
wukos u nodeli Opyaux rnpoghecculi), koeda amuosiocudeckuM ghakmopom sensromesi UK-riyqu ¢ OnuHou 8osiHbI
om 0,74 0o 2,50 mKkm, Komopble c80600HO MPOxX0dsIM Yepes po2osyto U padykHyro 0O0SI0HKU, He rospexoast UX,
U 8 3Ha4yumesibHoU cmerneHu adcopbupyromcs XpycmarnukoM, 4mo fnpueodum K e2o rnepezpesy.

Knro4deebie cnoea: a-nakmanbbyMuH, KpucmasiuH, buHapHass cucmema, rnopsidok aspesayuu, yHKUUU
nnacmucgukayuu, memrepamypsl nepexoda

Ungpopmayus o cmamsbe: [Jama nocmyrnineHus 16 asaycma 2019 a.; ama npuHamus K nedyamu 29 masi
2020 e.; dama oHnatiH-pasmeuwieHus 30 uroHs 2020 a.
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Max. M3gecmusi 8y308. [puknadHas xumusi u buomexHosnoaus. 2020. T. 10. N 2. C. 223-231. https://doi.org/
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INTRODUCTION

Binary biopolymer systems, such as protein-
protein and protein-polysaccharide formations, are
widespread in nature. Moreover, processes occur-
ring in such systems under the influence of va-
rious external factors are of practical interest not
only for the biological systems themselves as an
example of self-regulation, but also for binary sys-
tems based on synthetic polymers.

An analytical description of such processes is
of significant interest both in the case of medicine
(for example, in the development of drugs to slow
the development of cataracts), and in the case of
polymer materials science when attempting to
slow down processes leading to degradation of
materials.

Typically, the development of aging proces-
ses is influenced by many factors (heat, light,
penetrating radiation, oxygen, moisture, aggres-
sive chemicals, mechanical stresses) that cause
two types of irreversible chemical reactions in po-
lymers: destruction, when bonds in the main chain
of macromolecules break, and structuring when
chain stitching occurs. A change in the molecular
structure leads to changes in the properties of the
polymeric material: elasticity is lost, rigidity in-
creases, dielectric parameters deteriorate, etc. [1].

Here we will focus on the action of only one
factor, namely light (photochemical destruction),
when the destruction of macromolecules occurs
under the influence of ultraviolet (UV) rays having
a wavelength A <400 nm. Polymers containing
atomic groups or individual polar groups capable
of absorbing light are particularly intensively de-
grade. In the case of proteins, these are amino
acids tryptophan (W) and tyrosine (Y) [2]. The
choice of the protein-protein system of the eye
lens as an example was motivated by the signifi-
cant accumulation of experimental material ob-

tained during studies of the aging of this system
(development of cataracts) [3, 4], which can be
formalised in the framework of polymer physics.

One of the natural mechanisms of inhibition
of cataract development in the human eye is as-
sociated with the presence of the a-crystallin pro-
tein in the lens, which performs a molecular cha-
perone role — in this case, preventing the aggre-
gation of B-crystallin and thereby preventing the
development of cataracts [4]. In this case, the
a-crystallin molecules permeate into a S-crystallin
structure that has denatured under the influence
of UV radiation, permeating it and reducing the
B-crystallin thermal aggregation rate.

The influence of infrared radiation can be
seen in the development of so-called thermal ca-
taracts typically occurring in glassblowers,
steelmakers, blacksmiths, welders, etc. Here, the
etiological factor consists in infrared rays having
wavelengths from 0.74 to 2.50 microns, which
freely pass through the cornea and iris without
causing damage to them, but are then largely ad-
sorbed by the lens, leading to overheating. An
increase in the temperature of the lens in turn
leads to an increase in the rate of thermal aggre-
gation of B-crystallin.

EXPERIMENTAL PART

An analytical description of the effect of
aA-crystallin on aggregation of B -crystallin and
the effect of UV irradiation on initial adsorption
ability of a-crystallin were examined in detail on
the example of the a-lactalbumin—aA-crystallin
model system. The results of experimental studies
given in [5, 6] were used as the initial data togeth-
er with information on the amino acid composition
of the proteins of the system under consideration.
a-Lactalbumin has a molecular weight of about
14 000 g/mol; its molecule is comprised of a sin-
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gle polypeptide chain consisting of 123 amino acid
residues and containing four disulphide bonds.
The predominant amino acids of a-lactalbumin
are, mg / g: aspartic acid — 18.7; glutamic acid —
12.9; leucine —11.5; lysine — 11.5; tryptophan —
7.0; isoleucine — 6.8; cystine — 6.4 etc. The eye
lens protein aA-crystallin, consisting of 173 amino
acid residues (AAR), belongs to the family of
small heat shock proteins (sHSPs), having a mo-
lecular weight of about 20 000 g/mol.

RESULTS AND DISCUSSION

Refinement of the concentration dependence
of the initial aggregation rate and the physical
meaning of the parameters included therein

An empirical expression for determining the
initial aggregation rate of v as a function of x
(phase concentration ratios of a-crystallin and
a-lactalbumin) was proposed in [5]:

(lj ~1-AC,X,, )
\Y)

o)

where v, — is the initial aggregation rate when
x = 0; n — the aggregation order, which according
to [7] is equal to 5.3+0,3; AC, — initial chaperone
adsorption capacity; x = [a-crystallin])/[a-lactal-
bumin], [a-crystallin] and [a-lactalbumin] — molar
concentrations of aA-crystallin and a-lactalbumin
in a solution. In the study of anti-aggregation ac-
tivity of aA-crystallin the authors of [6] obtained
the value AC, = 1.18 with [o-lactalbumin]
= 0.5 mg/ml.

In order to establish the dependence of the
coefficient AC, on the characteristic temperatures
of the polypeptides of the system aA-crystallin and
a-lactalbumin, we use the theory of absolute reac-
tion rates [8] in calculating v:

v—k—Tex (As*jex (—AH *J
= P " P T ) (2

The values of AS" and AH’ represent chang-
es in the system’s entropy and enthalpy during the
transition of the rotational polymer isomers
(a-lactalbumin and aA-crystallin) into an activated
state.

Let us determine the relative concentration of
a-crystallin C,.et in the original system as

c [er —cryst] X
o T —cryst]+[a—lact] 1+x’ 3)
and Cg i — like
1
Ca—lact = 1_
+ X (4)

Then the activation enthalpy of the complex
a-crystallin and a-lactalbumin AH *,, can be re-
presented as

1 X

AH*cpl = 1+x AH*cx-lact"' 1+x AH*G-CYVSI' (5)

Assuming that the changes in the activation
entropy of a-crystallin and a-lactalbumin are the
same and using expression (2), equation (1) in
general form can be written as follows:

H,,—AH

cpl

exp(_ A a-lact J
KT '
(Vive) " = " ©)

or

X
) exp(yl—(l— y)j,
(Vivp)" = X @)
AH:;fcryst .

wherey = nkT y= AH*o(-lact/AH*cl-crvst-

Given that 1-y<<1, the dependence of
(vIvo)M" from x will be non-linear:

1Un
[1} 1ac, X
v 1+x

° (8)
where
AC, =V (1-Y). ()]

From expression (9) it follows that for
Xmax ~5.5 AC, = 1.18, (Viv,)''" ~0, i.e. the aggre-
gation process is completely stopped. According-
ly, the dependence (v/vo)”"=f(x) will differ from
the linear (1) already for x =0.35 and 0.5 (see.
Fig. 6 in [5]). Dependence (1) can be obtained
from expression (9) when x << 1.

Unfortunately, in [5], measurements for
x=0.5 and x = 0.6 were not performed; however,
measurements for x = 0.7 show that in this case
(v/vo)l’n =0, i.e. the aggregation process ends ear-
lier Approximating the function (vivy)""=f(x) at
three points (for x=0.14, x=0.35 and x =0.7),
estimate its values at the points x=0.5 and
x = 0.6. The obtained values are given in Table 1.
The experimental values are shown in bold type
and the corrected corresponding values are indi-
cated in brackets (for x = 0.6) when approximating
the PI(W, x) quadratic parabola.

To identify the causes of the discrepancy
of function (9) with constant AC, from the experi-
mental dependence, we will dwell in more detalil
on expression (8). It was shown in the work [9]
that the activation energy of the rearrangement
of the polymer chain can be expressed in terms
of its glass transition temperature. In this case,
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Table 1
Values of the plasticisation function PI(W) for 0.35 <x £0.7
Ta6bnuuya 1
3HaveHus pyHkyuu nnacmugpukayuu PI(W) npu 0,35 <x £0,7
X 0.140 0.349 0.500 0.600 0.701
(VIve)'" 0.840 0.661 0.520 0.400 (0.467) 0.002
PI(W, x) 1.000 1.000 0.989 0.982 (0.971) 0.947

const - (T,), s
Y= n—.l_gma and y= (Tg )u—lact /(Tg )cx—crist

and the expression (8) takes the following form:

const - (T, ] )a_cryst

AC, = T (1- (Tg)a-lact /(Tg)a-crist) (10)

It follows from expression (10) that, in the
case of the model system under consideration,
y —const. However, y may change when swit-
ching from a model system to a real one. If in the
model system a decrease (Tgn)aiact IS achieved
due to the plasticising effect of dithiothreitol (DTT)
[6], then with UV irradiation of B, -crystallin, plasti-
cising effect is driven by the destruction of tyro-
sine and tryptophan due to photoionisation and
subsequent formation of radicals and solvated
electron. Therefore, in the case of a model system

y= (Tgo)a—lact PI(W) /(Tg)a»crist ’

where PI(W) — is the plasticisation function, which
depends on the content of DTT in the solution —
W; PI(W) = (Tg)aact/(Tgo)artact: (Tgo)a-lact— glass tran-
sition temperature of a-lactalbumin when DTT is
absent; (Tg)o.act — 9lass transition temperature of
a-lactalbumin at a concentration of DTT — W. In
the case of a real system, the plasticisation func-
tion will depend on W and radiation doses D, i.e.
PI(W, D).

From the work [10] it follows that in the case
of egg and milk proteins, which include the protein
system studied in [5], the ratio Ty/ T4y Can be
considered as a constant value, slightly depend-
ent on protein type. Therefore, in expres-
sion (10), the ratio (Tg)guact / (Tg)a-crist AN be written
as (TQ)G-Iact/ (Tq)a—crist = (Tdn)cx-lact/ (Tdn)u-crist-

Below, we perform a series of numerical es-
timates for the model system a-lactalbumin—aA-
crystallin in order to determine constants in ex-
pression (10). In Table 2 and 3 amino acid com-
positions of aA-crystallin and a-lactalbumin and
the expressions used to evaluate their denatura-
tion temperatures are presented. Since the con-
sidered proteins have a below-critical degree of
polymerisation, this fact was considered using the
expressions proposed in [11]. The performed es-
timates give (Tan)exo=63°C, T,=46°C for
aA-crystallin, (Tgn)ea =47 °C — for a-lactalbumin,

and const = 121.5 for n = ~5 (it will be shown be-
low that for the systems under consideration
n =5.5). However, for calculating (v/v O)1 ' the
main thing to know is the ratio const / n in expres-
sion (10).

Thus, in the case of the considered model
system, expression (9) will take the following form:

Un
[XJ —1-24.85(1—0.9525PI(W, X)) ——.
v (11)
Using expression (11) and the values
(Vv o)*'™ and x given in the table 1, we obtain the
values of the plasticisation function PI (W) with the
corresponding values of x (see Table 1). The
function PI(W, x) will be approximated by a quad-
ratic parabola: PI(W, x) = 1 — ax — bx®. The coeffi-
cients a and b can be found from the values of
Pl (W, x) for x= 0.5 and x= 0.7. As a result, the
dependence Pl (W, x) will take the following form:

PI(W,x) =1 + 0.113x — 0.27x°.

Correction PI(W,x) for x=0.6 gives
PI(W, x) = 0.971.

The empirically-obtained result means that
an increase in the content of a-crystallin leads to
an additional blocking of hydrogen bonds in the
surface layers of a-lactalbumin and, accordingly,
to an increase in the plasticising effect. In this
case, plasticisation occurs in the area of action of
the Zhurkov mechanism [12], i.e. due to blocking
of hydrogen bonds.

Similarly, if the dependence (viv,)''"= f (x) it
is possible to perform estimates for the system
a- and B, -crystallins irradiated with UV. It should
be noted that x = 0.7 is the limit value Xy, which
does not depend on the model substance, since
all measurements are carried out at physiological
temperature, the molecular chaperone properties
of a-crystallin are studied.

On the reason of the temperature decrease
of B-crystallin denaturation and the initial adsorp-
tion ability of the chaperone AC, under UV irradia-
tion Under UV irradiation of B-crystallin, two amino
acids (tryptophan and tyrosine) are exposed,
which B-crystallin contains significantly more than
a-crystallin. The resulting amino acid radical in-
teracts with neighbouring peptide chains of the
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Table 2
Parameters of aA-crystallin
Ta6bnuuya 2
lMapamempb! aA-KpucmarssnuHa
AAR n Av;, A nAv, A° @ Temis K @i/ Tani
M 2 117.1 234.2 0.0132 527 2.500-10°
S 19 72.1 1369.9 0.0772 667 11.570-10°
Q 5 111.9 559.5 0.0315 408 7.720-10°
A 6 64.7 388.2 0.0219 1141 1.920-10°
K 8 127.4 1019.2 0.0574 282 20.350-10°
T 9 89.1 801.9 0.0452 447 10.110-10°
v 10 98.8 988.0 0.0557 410 13.584-10°
P 10 87.2 872.0 0.0492 452 10.880-10°
G 9 47.6 428.4 0.0242 898 2.690-10°
D 15 90.7 1360.5 0.0767 814 9.420-10°
L 14 115.9 1622.6 0.0915 347 26.370-10°
| 9 115.9 1043.1 0.0588 347 16.940-10°
E 10 107.8 1078.0 0.0608 529 11.490-10°
F 14 140.4 1965.6 0.1108 519 21.350-10°
w 1 170.1 170.1 0.0096 432 2.220-10°
N 2 94.8 189.6 0.0107 521 2.050-10°
H 7 119.5 836.5 0.0472 670 7.045.10°
R 12 146.6 1759.2 0.0992 277 35.810-10°
Y 6 147.0 882.0 0.0497 457 10.870-10°
c 2 82.2 164.4 0.0093 1147 0.811.10°

Note. 5 niAV;= 17532,9A% AVi— van der Waals volume of the i-th amino acid residue; n; — the number of amino acid resi-
dues of the i-th type; ¢i= NAVYE NAV;, Tan = £ @iTani 5 Tan = T = 443 K = 170 °C; N = 5 nj= 174 — degree of polymerisa-
tion; critical degree of polymerisation Nc=346. (Tan)exp= 63 °C. If using the expression Tg= Tm, » — K * No/ Nnye, Where
k =20.8, we define Nn. globules aA- crystallin, Nnye = 67, and accordingly the degree of polymerisation of the edge
Neon = 107.

lpumeyaHue. > niAV,= 17532,9A3; AVi— eaH-0ep-8aarnbcoebili 06beM i-20 aMUHOKUCIIOMHO20 ocmameka; N — Yucsio amu-
HOKUCITIOMHbIX Ocmamkos i-20 muna; @i= niAVil2 nAV;; Tont=2 (pdeni'l; Tan = Tme~ =443 K =170°C; N= 3 nj= 174 — cme-
MeHb rosuMepu3ayuu; Kpumuyeckasi cmeners nonumepusayuu Ne= 346. (Tdn)exp= 63 °C. EC/IU C MOMOWBIO 8bIPAKEHUS
Tan= Tm,« - K'Ne/Nnue, 20e k = 20,8, onpedenum Nnyc 2r1obyrnbl aA-crystallin, Nnwe = 67, u coomeemcmeeHHO cmeneHb rosnu-
Mepusayuu onywku Neon = 107.

Table 3
Parameters of a-lactalbumin
Tabnuua 3
lMapamempsbI a-nakmanb6ymuHa
AAR n; AV, A° nAv, A® @ Tani, K @i/ Tani
M 3 117.1 234.2 0.0132 527 2.500-10°
S 9 72.1 1369.9 0.0772 667 11.570-10°
Q 7 111.9 559.5 0.0315 408 7.720-10°
A 5 64.7 388.2 0.0219 1141 1.920-10°
K 12 127.4 1019.2 0.0574 282 20.350-10°
T 8 89.1 801.9 0.0452 447 10.110-10°
\Y 8 98.8 988.0 0.0557 410 13.584-10°
P 2 87.2 872.0 0.0492 452 10.880-10°
G 7 47.6 428.4 0.0242 898 2.690-10°
D 13 90.7 1360.5 0.0767 814 9.420-10°
L 17 115.9 1622.6 0.0915 347 26.370-10°
I 9 115.9 1043.1 0.0588 347 16.940-10°
E 7 107.8 1078.0 0.0608 529 11.490-10°
F 6 140.4 1965.6 0.1108 519 21.350-10°
w 4 170.1 170.1 0.0096 432 2.220-10°
N 8 94.8 189.6 0.0107 521 2.050-10°
H 4 1195 836.5 0.0472 670 7.045.10°
R 1 146,6 1759.2 0.0992 277 35.810-10°
Y 4 147.0 882.0 0.0497 457 10.870-10°
C 8 82.2 164.4 0.0093 1147 0.811.10°

Note. 5 nAV;= 17732,7A% Tan= Tmew =457 K=184°C; N =3 n;= 142 — degree of polymerisation; N¢= 360; Nnuc = (Nnuc)aa-
crys (N) a-lact /(N)aA-cryS: 54, Ncon: 88. |f USIng the EXDYESSIOH Tdn: -I-mY oo_k B Nc/ Nnuc, Whel’e k: 20.8, we deflne (Tdn)cal glO'
bules a-lactalbumin, (Tan)ca = 47°C.

lpumeyaHue. 5 nAVi= 17732,7A3; Tan=Tme=457 K=184°C; N=5 nj=142 — cmeneHb nonumepusayuu; N¢= 360;
Nnue = (Nnuc)aa-crys . (N) alact/(N)aa-crys = 54; Neon = 88. Ecniu ¢ nomowibto 8bipaxeHust Tan= Tm=- K-Ne/Nnue, 20e k = 20,8, onpe-
derum (Tdn)cal 27106yrIbI a-nakmanbbymuna, (Tan)ca = 47 °C.
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protein molecule’. As a result, it is possible to
form ring structures along the macromolecule
chain, which will be a mixture of ring and linear
sections with a significantly lower degree of
polymerisation (the number of amino acid resi-
dues) than the initial chain. The latter will lead to
the temperature of denaturation of such a chain
decreasing. Therefore, by selecting a dose of ra-
diation, it is possible to achieve the transition of
B-crystallin to a disordered state at physiological
temperature. This is the difference between the
conversion of a-lactalbumin to a disordered state
(this occurs due to plasticisation of DTT) from
B-crystallin.

Moreover, since a-crystallin also contains
tryptophan and tyrosine, although in smaller quan-
tities than B-crystallin, UV radiation can affect
(Tq Jacrist through its decline on the basis of the
mechanism mentioned above. The latter is con-
firmed by the data given in [5]. The dependence
found in [5] is well-described using equation (10) if
instead of (T )g-crist Write (T )a-crist P! (D) (hereinaf-
ter the meaning of Pl (D) will be clarified).

The value of AC,/AC,,inact= 0 corresponds to
the condition (Tg)gact/(Tg)a-crist = 1. From this the
glass transition temperature of irradiated
a-crystallin can be determined, which helps to
calculate the change in its effective degree of
polymerisation upon the formation of ring struc-
tures [11].

Since, upon irradiation, there is a decrease in
(Te)acristy then introducing the plasticisation func-
tion Pl(D) = (Tq )a—crist /Tq )a—crist,inacta where D is the
dose of UV irradiation; PI(D) <1, and using ex-
pression (10), AC, /AC, inact CaN be written as fol-
lows:

ACYACaas = PID) LB MAIRO) | 112

From expression (1la), the dependence
PI(D) can be determined from the experimental
values of AC,/AC, inact given in [4]. In Table 4 the
calculated values of Pl (D) are %iven. For PI
(D*) = 0.9525, where D* = 32.5 J/cm*, PI(W, x)= 1,
the value AC,/AC, »act = 0, @ change in the effec-
tive degree of polymerisation of the chain of
a-crystallin AN under UV irradiation will be ~ 4
units (per 4 amino acid residues). When evaluat-
ing AN, the Fox — Flory equation was used, which
is usually used to calculate T4 polymers with a
degree of polymerisation below critical. Most of
the proteins are polymers of this kind, including
a- and B-crystallin.

Approximation of the data presented in Ta-
ble 4 gives the following dependency:

P(D)=1-0.244D +0.169D%.

It should be noted that while an increase in
the content of a-crystallin leads to a decrease in
the rate of aggregation, then UV irradiation leads
to inhibition of this process (an increase in the
aggregation rate). Thus, considering the effect of
irradiation, equation (11) can be written as follows:

{lj —1-24.85PI(D)(1—-09525 "W X)_X_ (11p)
PI(D) 1+x

VO
Determination of the aggregation order by
calculation
Equation (1) includes the aggregation order
parameter n, which, according to [7], is equal to
n = 5.3+0.3. Show that the found value n can be
estimated using the data of A.N. Kolmogorov cited
in [13], where was first proposed the equation that
describes the kinetics of crystallisation of metals,
which later became widely used in the description

Table 4
The values of the plasticisation function PI(D) for a-crystallin depending
on the dose of UV-irradiation at 0 <x £0,15
Tabnuuya 4
3HayveHus1 pyHKyuu nnacmudgpukayuu PI( D ) dnsa a-kpucmannuHa e 3agucumMocmu
om do3bl D Y®-06nyqerus npu 0 < x £ 0,15
Parameter Value
D 0.038 0.077 0.154 0.231 0.308 0.407
AC,IAC, inact 0.83 0.70 0.35 0.40 0.20 0.06
PI(D) 0.987 0.977 0.951 0.955 0.940 0.929

Note In the considered range of x, the function PI(W, x) = 1, D = D/D*.
MpumeyaHue. B paccmampusaemom duana3oHe usmeHeHus X gyHkuus PI(W, x) =1, D = D/D*.

'Bnagumupos FO.A., MoTaneHko A.A. ®U3MNKO-XMMUYECKUe OCHOBbI (POTO-BMOMOrMYEcKUX NPOLIECCOB: y4eb.
nocobue ansa men. u 6uon. cneu. By3oB. M.: Beicw. wik., 1989. 199 c.
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of nucleation processes of various structures in
food, biological and pharmaceutical materials [14].

Usually in the modern notation [14] the equa-
tion of A.N. Kolmogorov, which abroad is called
the Avrami equation, has the following form:

1-a =exp(-K.t"), (12)

where a is the degree of structural order (crystal-
linity) of the solution; K. is speed constant; n is a
parameter characterising nucleation (in our case,
the aggregation parameter).

A.N. Kolmogorov wrote the right side of

equation (12) as exp(—%[cb), , while

Q= ja(t')(jk(r)drfdt',
0 t (]_3)

where K(t) is the rate of increase of the crystallised
mass; a(t) is the probability of formation per unit
volume unit time interval of one crystallisation
centre [13].

A.N. Kolmogorov showed that, given the va-
rious functions a (t) and k (t), one can obtain
Q = const-t" . Two cases were considered:

— when a(t) and k(t) do not depend on time,
i.e. a(t)=a= const, and k()= 1, and then t" ~t*;

— when all crystallisation centres are formed
at the beginning, and then t" ~t°.

In our case, the decrease in the rate of ag-
gregation of a-lactalbumin occurs due to the cap-
ture of molecules of a-lactalbumin by molecules
of a-crystallin when they converge and mutually
penetrate each other. In this case, k(t) will be

proportional to the size of the diffusion zone of
their mixing, i.e. t'? [15].

For a(t)=a=const, and k(t)~t™" from equation
(13) we obtain t" ~t>° ie.in equation (1) n=5.5,
which, within the limits of measurement accuracy,
corresponds to the data of [7].

1/2

CONCLUSIONS

Thus, as a result of the transformations of the
equation for calculating the initial aggregation rate
of a-crystallin, the physical meaning of the coeffi-
cients included in it was revealed, which allows us
to determine ways to slow down the aggregation
process in the binary system a-lactalbumin-aA-
crystallin.

Due to the fact that a-crystallin has a high
degree of polydispersity, both aggregates of va-
rious sizes and individual molecules of a-crystallin
will be present in its solution. It was shown that
the enhancement of the chaperone-like action of
a-crystallin is achieved either by increasing the
concentration of individual molecules with an in-
crease in its total content in the system, or by ex-
ternal action on aggregates of a-crystallin, causing
them to decompose into individual molecules.
This property can be used in the development of
drugs that slow cataract development, either by
selecting substances that contribute to the de-
composition of a-crystallin aggregates, or by cau-
sing plasticisation of B-crystallin and increasing
initial adsorption capacity of chaperone.

The calculation equation of the initial molecu-
lar chaperone adsorption capacity (10) also allows
us to consider the influence of infrared radiation
on the development of the so-called thermal cata-
ract typically occurring in glassblowers, steelma-
kers, blacksmiths, welders, etc.
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