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P TILLLTICLL WOpul OF JIDRATION OF 5i0POLY.LLS 14 oCGLUTION

[/ #ollowing is tho translation of an article by L. G.
oedykh and §. V. Sedyxh, Kazan state University imeni

V. 1. Ulyanova=Lenina, published in t:.ie nussian-language
pericdical Biofizika (Blophysies), Vol Xil, .o S, 1967,
puges 936-958., It was submitted on 12 vec 1UBE,

Tae problem of determining tkhe boundaries of hydration of
plopolymers in solution depending on sH of the medium, asymaetry
of macromolecules, its chemical composition, energics of bonds
wnieci are participating in hydration, their quantity, and also the
coordination number of molecules of water has been formulated culte
accurately w.t. the help of a model of whole number linear pro-
gramminge

jathematical Statement of the Problem

it is imown that protelns and nucleic acids have & various
tyoes of .iydrophilic groups. ’

e ,will designate the number of hydrophilic groups of tne (
type ( tL=7/4 ) in a molecule by X,/ .

The process of hydration consists of the orientation of hydro-
»ailic groups with an expenditure of a specific energy of a4 certain
nwaber of wuater molecules, from which is formed the so-called
nonolayer or more ordersd (solidly bound) water.

We will designate the amount of water which 1s solidly oriented
by tne I hydropghilic group by €7 , and the energy of this orienta-
tion by @i . iurther crientation of water molecules by hydroghilic
crouyss lecads to the formatlion of a certain amount of less ordered
{(weakly bound) water immediately adjacent to the monolayer.

Sinco each hydrophilic group orients water with a specific

energy taen the total energy of all hydrophilic groups on a molecule
can be written in the form

n
E}wa
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This energy sould not exceed the total energy (4) of the mono=-
layer, that is, the numbers X, X;...X, ... should satisfy the inequality
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Various types, of aydropsnilic srouns arg #n.ountercd ox
t ec 01
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molccule tarough J anino acid radicals. J JIor dili'ercn
nydrophilic jroups can be variocuse lHaving designated the t
number of monomer units in a iacronmolecule by 4, tac number ol tyoes
¢f hydrophilic groups which are encountercd throug.a  amino acias
and no more than one time on th~ radical by P, and the number of
types of hydrophilic groups wnich are encounterd tiorough  radicals
more than one time on each of them by P', it is possidble to write
the lnequality

el
ty
ot
o

i
-
[

2""’([1%]*‘)*[%}"" (2)

Summatica is conducted based on those tyses of ahydrophilic groups
which are encountered through the sume number of anino acid radicals.
a unit is added in the event Z is not divided completely by J +7

This inequality usually breaks dowr into 2 number of inequalities.

Since each hydrophilic group is encountered on a macromolecule
no less than one time and taeir number cannot be divided, this
should fulfill the conditicn

7(i 2; 7, whole, (3)

As is known, many biopolymers are polyelectrclytes. Thercfore,
during the solving of concrete problems it is necessary to taxke into
consideration that at neutral $i certein hydrophilic groups, for
example, CO0O— and NH+ , disappear, that is, components X = 0 ’
and at alkaline and acld pH's again appear,

With a change in form of the molecule some hydroghilic groups
may be screened or, conversely, take part in hydration. In the firse
case components Ci =¢ and in the second (y=2 (i=7Rh e

According to certain data the greatest hydration is observed at
a/b > 1 and it decreases in the case of a/b= 1 417, wnere b - width
and a -~ length of the molecule,

Suppose 1t 1is necessary to determine the boundaries of a mono-
layer and less ordered water with a calculation of all the above
formulated limitations.

Since each hydrophilic group of the i type solidly orients €7

water molecules, the total amount of water taking part in the forma-
tion of the monolayer can be written in a linear fora

2 €% . (4)
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Since we are intcrocted in the boundaries of rnore ordered water
then tie roblem aumounts to finding a vector X= (X, «-vv Xp),
sutisryinzg thae limitution (1, 2, 3) and rceversing into maximum, for
finding the up_er limit, und into mlnimun, for finding the lower
limit ol the monolayer, tne linear form (4)

2 €;x, — max (min). (5 )

=1

salidnz use of the solution found with & czleuliatlon of tae
orientetion of water in a monolayer ana the cooridln.cion nwiser of
water molecules, it is not difricult tu calculate the boundaries of
lcss ordered water under the same conditionse.

The vroblem set up above is a problem of whole number lincar
progrumaing and may be solved oy the metnod of Gonory [27 or by the
metnod of dvn-=ic programming ZE7. Setting up such a proble™ "or a
conscrete siuouiyaer and checiiing it on an electronic comgw... \ e en)
wita limitations (1, 2, 3), it is possible to detcrmine the numder
of hydrosnilic groups of ailfferent types and the number of water
molecules telking part in hydration.

In & comparison of calculated data with those ootained experie-
rmantally it is possible to make up a more accurate picture of the
phenomenon of blopolymer hydration.

Solution of Concreto rrobleus

A calculation was made of aydiantion of serum albumin, ogg
albuain, and cvtoplasmic proteins ol ..-tions 0.2 nd 0.7, isolated
from plants , in a solution.

The results obtained, in a comparison wita those known for
animal proteins 5-17 and experimentally determined by_the metiod of
Gielkometriya / <xact_translation not estubl.shed. =d./ &t ultra=-
-nign Irequency [5, 27 for plant proteins, are precented in the
tubles-

Quuntity of vater !lolwcules per 1 iloleculo ol rProtein
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zey: (a) Crdored water in monolayer; (b) Less ordered water;
(¢) ~inimum; (d) Maximum; (e) Calculated; (I') sxjperimental; (g)
Serum albumin; (h) Egs albumin; (1) Fraction.
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As 1t follows irom tac tuble the bvoundaries ol caleulated
hydration coincido culriciently woll witih those ootained exocriczune
tally. Thus tne possibility i: presented of using the constructed
rnodel as a method I'or culculating the boundurice cof hydreticn of
biopolymerse It rollows TO note tadt & porsion of Cfixed viaten
enters into the experimentally obtuined value o tie nonelayew,
that 1s, water, the circulation of which in an exiuraal ulira-hi-n
frequency fleld is mechanically restrained 0y a macromcleculo. Tne
amount of such water [or blopolymers vhich are striving for maxiiun
hydratlion can be determined if the calculated amouat of water is
3ubtracted from the experimentally obtained value. In a comgarison
of experimental data with that calculated from the model it is pos=
sible to determine how completely the hydropgshilic bonds belon_ing
to the macromolecule are replaced by water, that is, to what extent
the hydrution of protein differs from the maximum possible. In tne
above cited calculation the presence of more or less ordered water
was assumed and the result was the maximum possible amount of
hydrat:.ble . ¢ in protein solutions from 0.3 g/g to 0.~ = =
protein. Thils value is supoorted by various methods of rcuasulomens
[I07. If it 1s assumed that polyhydration takes place (several
layers of ordered water), then the maximum possible amount of
hydrateble water increases by 2-3 times, which does not corrsspond
to calculated and experimental data. In connection with this the
ldea of polyhydration /I1/ is not confirmed.

It 1s necessary to note that hydration water is continuously
exchanged wita moving (free) water, which indicates a chan-e in the
times of longitudinal and transverse magnetic relaxation /12/. 1In
connectlion with this the boundaries of a imonolayer and less orasred
water, determined both from calculation and from experiment, are
averiged out in time.

Conclusions

A mathematical model has been proposed which describes sufficiunit-

1y well tne process of hydration of biopolymers in solution.
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