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&eoretical approaches to the modelling of protein spatial structures formation in the neigh-
@' Ea distant energy minimum at various stages of meat raw material processing

I‘;IPM‘OV N.N., ROGOV I.A., STEFANOV A.V.

%Scow Technological Institute for kieat & Dairy Industry, Moscow, USSR

Properties of proteins as edible components of technological raw material for the meat

énd'&try may be connected with their primary, secondary, tertiary and quaternary structures.
c°r the biological value of proteins which is characterized by the essential amino acids
t°ntent is fully predetermined by its primary structure. Digestibility (attacking) of pro-
seins by the proteolytic enzymes depends first of all on their conformation, i.e, on their
f“-ondary and tertiary structures. Preliminary theoretical works allow to state that a num-
D“‘ of functional, physico-chemical and organoleptic properties of the meat systems - pre-
ied foods and finished products - is stipulated for initial quaternary protein structures
S, those being formed on the different technological stages of the meat product manufeac-
e
ngore going on, let's pay attention to that terms "structure of protein" and "protein
dx‘ucture", speaking strictly, are not equivalent. However, as to the quaternary structure,
refinitions which are accepted in the biochemistry allow to interprete these terms as to be
Sther jdentical.
the of the most wide-spread in modern biochemical literature /7,10,I3/ interpretations of
%9 Concept "quaternary structure of protein" is a non-covalent interfixation of protein
1°1‘0moleculea-monomers in the form of spatially ordered oligomers. This interpretation al-
e‘"s to look at the process of quaternary structures formation by protein fractions of the
1 &t systems from the positions of physical chemistry fundamentals.
Dy to consider protein macromolecules-monomers or their associators as charged disperse
31"(“-10193 which have adsorption and diffusion layers of counter ions using approaches /I,2,
ti e/ developed on the basis of the DIFO-theory®, one can then qualitatively and quantita-
th e analyse the influence of disperse systems parameters on the aggregating stability of
%936 objects and model the process of their structure-formation, If starting from these
gesitions it 1s possible to introduce concepts of quaternary protein structures of the first,
tond and third levels which have no analogs in the biochemistry.
lg Or quaternary structures of the first level we'll understand associators of macromolecu-
Db‘*monomera which are formed in consequence_of their coagulation in a potential well (in
pbimary energy minimum) for which the value U of energy barrier of paired interaction at
S~determined parameters of a disperse system exceeds their Brownian-motion energy

1mﬁory of Deryagin-Landau-Fairway-Overbeck

%nd depth of the secondary energy minimum, if such takes place, is not enough for
8 : =

: T interfixation, i.e. e >hT> |min Us) D0

e k is Boltzmann's constant, J; T temperature, K.

u&tﬁrx} otein structures of the secand level may be understood as periodical colloidal
igruetu;g gging formed as a result of a coagulation interfixation of protein associators
the secondary energy minimum. For this the following inequality must be satisfied:
"Qd ,minUXI>kT (2)1 o
Lt 4 under quaterna protein structures of the third level we mean spatial prote-
%n‘:arcig:gg'consistgng of ciyain aggregates being formed in consequence of coagulation in-
qer ixation (in the primary energy minimum) of associators of protein macromolecules-mono-
ﬁe +» In forming such structures protein associators are able to take part for which at pre-
betel'mined parameters of a disperse system the Brownian-motion energy exceeds an energy
t3Tier value of their paired interaction. As examples of quaternary protein structures of
0p first level the most coarsely disperse elements of fine-grained end fibrillar mass /8/
tn U8Structured sausage emulsions (as a result of treatment in grinder), muscle fibres and
qtia le connective tissues (as a result of massaging or tumbling the raw material for cured
Y%,,S manufacture) may serve. At the same time, structures formed by mean-statistical ele-
orntﬁ of fine-grained and partly fibrillar mass, e.g. in raw sausage emulsions, are examples
b quaternary structures of the second level. A special feature which allows to judge
550“‘? their presence is an isothermic thixotropy of a number of structural-mechanical pro-
thy 'ies of sausage emulsions. During heat treatment, gquaternary protein structures of the
ey level are formed in sausage emulsions. These structures ensure the necessary elasti-
x‘t}' and sgolidity of sausages. Destruction of individual chains of the quaternary structu-
Dga Of the third level is accompanied by non-thixotropic changing structural-mechanical pro-
o;.ibties of macrovolumes in spite of that microvolumes which compose them are able to keep
gin the initial product.
e Drmatig§g?e§ggilg§ed above pbangmenologically formalized concepts of the quaternary pro-
aii“ 8tructures of three levels allow (on the basis of fundamental conceptions of the phy-
(N al chemistry) to evaluate quantitatively the role of protein organizations (elements),
8y ®sponding to the concrete level of the quaternary structure, in such properties of meat
aistems as consistency of the finished product, limit shearing stress and intrinsic visco-
3? of masses to be agitatedand conveyed, water- and fat binding capacities, water- and

8. : ecess base
fop R014 ities, etc. Carrying out such an evaluation may serve as a n ary

Dg realirzlgtzggagf the’idea to regulate above-enumerated properties at the expense of pur-
tisi"e changing the relationship between structural elements of every level. At the same
Te, it should be realized that in this way there is the whole number of serious difficul-
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ties connected with the absence of a necessary information of some parameters of proteins-
Wonopers or toeir associators anc with an insufficient development of corresponding compu-
ational algorithms which restrain the use of numerous results based on the DIFO-theory for
Dodelling of the quaternary protein structures formation process in meat systems.

t's consider some of these difficulties and outline trends for their elimination. Ome of
the instruments for modelling we are interested in is a functional dependence of total in-
8raction energy of disperse particles on the set of concrete parameters of a disperse sys-
ém and protein macromolecules or their associators which form its disperse phase:

Us=U(a,H, Vs E AR) (3

Indicatora-arguments of this function may be united into the following groups:
~ the characteristic linear dimension & of protein macromolecules or their associators and
he distance H between their surfaces are independent variables, m;
~ Stern's potential ¥s of protein macromolecules or their assoclators is a conditionally
Constant value, which indirectly characterizes their electric charge, Vs
S dielectric constant & and constant A of molecular attraction foices are conditionally
Constant values, characterizing the disperse phase properties, Fmn™ & J, respectively;
*~ Debye's parameter £ is a design variablf characterizing the intensity of potential fall-
ing in a diffuse layer of counter ions, m~i,

% present, there is a sufficient quantity of theoretical and applied works in which the
Concrete forms of the functional dependence (3) are given and limits of their use are based.
the basis of this information analysis from the standpoint of its applicability for mo-

dell:l.ng of the quaternary protein structures formation process in meat systems, proceeding
On the assumption that protein macromolecules considered or their associators in the first
Ypproximation may be recognized as having a spherical shape, identical dimensions and a
Tactional composition, the dependence showed in the work /2/ was selected as a basis. After
SCaling coefficients entering into it which allowed to puss to dimensions of quantities of
8 arguments that correspond to the international system of units /SI/ the next formula
/6/ was developed: " aA
. Uz=5,2880£%57{1*9XP(—&H)}—1—2—’7 (%)
In connection with that in literature available we didn't find any information of Stern's
Potential values for proteins of the meat industry raw material which are necessary for
Calculations by formula (4), a computation method for Vs based on the known characteris-
ics was developed /5/. For this purpose, approaches to the derivation of dependence equa-
ion of a threshold concentration of coagulating ions on the disperse system parameters in-
Sluding Y, were borrowed from the work /2/ and this equation was solved for Vs . As a re-
SWlt the next mathematical expression was received:

(22-pHxp) 2 6 25
N 8t )
Y, = 2kT A 082ERT T (5)
¥ e / 1 (%2 -PH%) g% 0 ‘) o

£ "\ E R T
Yhere @ = - 1,602« 10” 9 4is the electron charge, Cl; A = 1,381 - 1072> Boltzmann's con-
Stant, J/K; pHor the active acidity corresponding to the threshold of protein coagulation

fraction composition considered; $8r the temperuturgocorresponding to the coagulation
breshold, K; £ =£H20 = 7,083 «10-16", F/m; 4 = I07¢Y, J

F°rmula (3) was used for calculations of for caseins /5/. The result received differ-
84 not more than 3 per cent from the value of a sense-analogous potential determined by
Ueans of other approaches /9/. On the basis of averaging literature data /4,9,I10/ with pH.n
4 ., values of VW, were calculated for the wide group of protein fractions of the meat
1“qustry raw magerial. Some of them are cited logerx myogen = Yg = =1,2° 10’3. V; myosin -
F‘rf = -2,0 » 102, V; fibrinogen - ¥z = -2,I * 10”2, V; serum albumin - Y, = =2,9 - 103, V.
Or calculations of values @ corresponding to the structure formation conditions consider-
gd the known /3,II/ formula was used which after reducing the dimensions of quantities en-
wering into it to the international system of units /SI/ end after some modifying may be
Titten in the following form:

(z‘_pli) 0,5
p o [ €602 % (10 Zf-_L} )
ERT

;hﬂre pIi = = 1g (of a molar concentration of coagulating ions of the i-th sort).
the graphs illustrating the results of a specific e ple of modelling the paired interac—
F1°n of protein elements (with a radius @ = 100 ¢10~7, m) of three fractions are shown in
1g.I. The curve I corresponds to myosin, the curve II to fibrinogen and the curve III to
Serum albumin. The disperse medium temperature is assumed to be equal to 288K, pH 5,8. Con-
Sentration of the rest counter ions in a system is such thaf Debye's parameter value calcu-
l‘ted by the formula (6) was proved to be equal to 5,55° I0°, m =1, The analysis of model-
tins results shows that curves of "interaction energy" are of two-extremum® character and
N ® secondary energy minimums corresponding 30 myosin, fibrinogen angzgerum albumin are not
“leariy marked, equal to minl/r= =-8,3* IO =23, J; min 42 = -8,II * I07<2, J; min Us = -6,87°
1023, J, respectively, and are reached at Hy = 750 *I0-9, m; H2 = 800 - 109, m;

he reglon (H< 50 « 10-7, m) corresponding to the third extremum - potential well -
8 not considered in our case
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H3 - 1000 - 10-9, m. The further qualitative and quantitative pattern of the process of
Quaternary structures formation by protein elements of a fraction composition considered
Day be received on the basis of the following logical reasonings. A protein element being
&n associator of macromolecules of one of the fractions considered may reach a potential
well, that is, interfix with an identical element at a distant corresponding to a global
Dinimum of their paired interaction energy provided that its thermal-motian energy would be
Sufficient for doing work against electrostatic repulsion forces on the path from the se-
Condary energy minimum to the primary energy maximum. Formally this condition is satisfied

When /éT)/minU!/*"NUUI =&I (7)

ds follows from the functional dependence (4), under other conditions being equal, its
Values are proportional to the radius @ of protein elements interacted, therefore, on the
bagig of an elementary proportion it may be possible to set up an equation for their criti-
Cal size determination @ or; exceeding this size involves a change of inequality Bign in
the expression (7): a T aRT (8)

cr =

(0 7
1t is not difficult to determine the value of llxavproceeding from the results of modellén
Carried out, i.e. from grapga in Fig.I. As follows from these, the value of &; (I00 - I075 m?
or myosia equals I9,I - 10-25, J; for fibrinogen and serum albumin - 24,1+ 1023, J, and
93,5 ¢ 1073, 'J, respectively. Subgtituting these values into the formulg (8) we receive
Yhat for myosin Q cr = 2,082 I0™©, m; for fibrinogen Qcr = 1,649 107°, m; for serum al-
b Q cr = 0,425+ 10 =6, m,
¥rom here it follows that under conditions in a meat system considered in our example the
Quaternary protein structures formation of the third level by associators of myosin macro-
Bolecules is possjible provided that in initial state the radius of these associators didn't
8xceed 2,08 « 10~ . An analogous condition is possible glso for fibrinogen provided that
the radius of its associators shouldn't exceed 1,649 * 10~ . For serum albumin the struc-
tuwre-formation process is possible from the standpoint of energy if the radius of protein
elements doesn't exceed 0,425 * I0™° m.
48 uncomplicuted logical analysis shows, for a case when protein elements of an initial
lLeat system are characterized by dimensions which are more than Q ¢r , two conditions may
Prevails - the radius values of these elements belong to the interval Q@ c¢r<Q< Q'cr and
€lements themselves cannot interfix in the secondary energy minimum because of that their
Townian motion energy exceeds the absolute value of its depth, what allows to consider
them as elements of quaternary protein structure of the first level;
= the radius values of elements of an initial system exceed Q'sp , what stipulates for the
Possibility of their interfixation in the secondary energy minfmum and satisfies conditions

]
u;? Fig.I Graph of the paired interaction total energy
s as a function of the distance between surfaces
ke | of particles interacted:

I - myosin; 2 -~ fibrinogen; 3 - serum albumin.

of the formation of quaternary protein structures of
the second level. '
In the general case, the values of & ¢cr may be de-

°
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8
termined by equations
18 \ . Q' akT ()
‘ A\ er |min Us (Q) |
2 : _
of 20 xﬁ&u %\g)m X % 100 For an example considered, Qecr = 4,79 é 106, m,

\ \ Heo?, corresponds to myosin, ( or = 4,21 .10-°, m, corres-
= \ 8 et ponds to fibrinogen and g'cr = 5,79 ¢I10-6, m, corres-
-4 \\ ponds to serum albumin. i

Q\ As these dimensions practically exclude Brownian
! N\ 1 motion, the possibility of spontaneous formation of
e ' - quaternary protein structures of the second level is
l°W-probable and depends, rst of all, on external factors.
Conclusions

1 Phenomenologically formelized concepts of three overmolecular levels of quaternary pro-
tein structures are formulated which are intended for the qualitative analysis and quan~-
titative ‘evaluation of meat systems properties at various stages of their technological

rocessing.

2 groceduresof modelling the process of quaternary protein structures formation supplemen-
ted with necessary calculating formulae has been developed. It serves as an important
element in developing the automated system of multicomponent meat products designing
which provides for optimization of their consumer characteristics, minimization of power
consumption and raw material technological losses.
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