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E[SICO-CHEICAL INVESTIGATION OF THE MECHANISM OF
ENZYME INACTIVATION.

PART III, THEMOD7AAMIC ANALYSIS OF STRUCTURAL AND
CHEMICAL CHANGES IN PROTEIN DURING RADIATION INACTIVATION.

Biefizika (Biophysics) L. Nh. Eydus
Vol ii, go 4, July-August 1966, Institute of Biolog.
pages 601-604. ical Physics,Moscow

Academy of Sciences,
USSR

At the present time it has been established that the inactivation of
a number of enzymes in the presence of radiation effects takes place in two
stages, in the first of which long-lived latent damage develops which does
not affect the enzymatic function of the protein and is realized in visible
damage (inactivation) only in the second stage - in the presence of supple-
mentary non-radiation effects (1-4), One of the types of latent damage Is
realized upon the action of oxygen on the anaerobioally irradiated enzyme
(1-4); the other type, upon heating the irradiated protein in an aqueous
medium ("thermal" after-effect)(2-5).

As regards what structural and chemical changes take place in the
protein molecule during the individual stages of inactivation, at present
practically nothing is yet known. However, the revealed discreteness of the
various stages of radiation inactivation permits charting the course of the
study of these changes during each of the stages individually. In the pre-
sent report is proposed such a method of analysis, investigated with the
example of the radiation inactivation of myosin and pepsin - enzymes whch
are quantitatively the most studied in the present connection (6)o This
method consists of applying the method of thermodynamic analysis of protein
denaturing proposed by Pyring and Stearn (7, 8) to the thermal radiation
after-effeot reaction. The information obtained as a .result of such an anal-
ysis characterises the structural and chemical changes in the irradiated
protein which take place in the second stage of inactivation - upon reali-
sation of the latent "thermal* damage. From the comparison of these changes
with those that take place upon thermal Inactivation of intact protein can-
taining no latent damagsD cnolusime can also be dramp, An aeoormoe with
the different.a effse, con ning distuubn eee of the stnctare *Uich are
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brought about in the first stage of the radiation effect upon the formation
of latent damage.

Thi's is depicted schematically in the illustration. Under number III
inteillustration is designated the state of the "activated complex"# from

which the protein has already spontaneously passed over into the inactivated
state@ A whole set of various conformations of the protein structure fits
the enzymatically active state; the transition from these to the activated
complex requiren the urmmomting of anergy barriers varying in magnitude
and entropy changes. It is usual~ly assmeod that the activated complex in aln
these oases Is the same; the differanat consists ounly In the greater or les-
ser difficulty of its formation from ast or another Initial state of the
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not possible to substantiate this hypothesis exactly. However, in the case
of myosin the results of our preceding work (9), in which it was shown that
for this object the activated complex is one and the same for inactivation
proceeding from different initial states of the intact protein, serves as a
serious argument in its favor.

A. •Scond Stag.e of Radiation Inactivation

The kinetic and thermodynamic characteristics of the inactivation of
intact enzymes and of the thermal after-effect reaction in the case of X -
irradiation, which correspond to the experimental data given in (6), are
given in the table. Within the scope of the concepts of Eyring and Steam
the conclusion should be drawn from analysis of this table that activation
in the thermal after-effect reaction consists of the rupture of one disul-
fide bond and approcximately four hydrogen bonds. Of course it is not ruled
out that, along with the hydrogen bonds, not the disulfide bond but sme
other covalent bond is ruptured here, and moreoverjuithin the limAts of &a-
curacy of the experiments the whole series of A HtPa. and* A St.a val-
ues obtained can be correlated. The assumption congebiig the rup;,e of
only some hydrogen bonds is, however, clearly contradicted by these data;
in this case myosin, for example, would have nunu a 2.25. Mw arguments in
favor of the rupture of specifically the disulfidi band can be obtained
from examination of the reasults of radiation inactivation and in other an-
petrs.

B. First St&ge of Radiaton In•actvation

From comparison of the structural changes taking place upon inactiva-
tion of intact proteins and prote.ins containing latent radiation damage it
should be concluded that the forma~on of latent damage (first stae of in-
activation) is accompanied by the rupture of ~10-15 hydrogen bonds without
the rupture of covalent bridges. This conclusion correlates well with the
retention, at this stage of protein damage, of its enzyme activity# for the
maintenance of ihich the completeness of the molecule's tertiary structure
is apparently mainly responsible.

The physical process which can lead to simultaneous rupture of a num-
bar of hydrogen bonds in the irradiated protein molecule was pointed out in
their time by Platzman and Franck (10). It consists of the polare ation of
the intramolecular metum "a a result of the su.den formation of an electric
eharge upon ionization of the protein aolecule. The quantitative evaluation
of this offect, wh*ih was derived by the authors, aees well with the val-.
use we obtained of the number of ruptured hydrogen bonds In the first stage
of inactivation. It should, however, be pointed out that, in the opinion of
the anthea•, one a tics effect only i insufficient for the inaetiva--
tion of Practcally allý the protein molecules except Perhaps, the cownessml-
lost In sise (10, 1). Tis conclu•ion Is connected with their deniea of
the role of mgntion processes in the radiatioa damage of protean. Natuml-
ly it Is dfficult to explaIn the great effectivness of radiation aMotva-
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Kinetic and Thermodynamic Characteristics of the Thermal Inactivation
of Intact Enzymes and Thermal After-effect Reaotions in

-Irradiated Myosin and Pepsin Solution.

"ko4 /mol kcajmol iwea/d- 1

Thermal Inactivation of Intact Eszymes
WOOLa 35 1-4.02 1 25.9 97 f 237 .19.8 18.3 10.92

25 -s.35 1 26.1 97 I_ _Z•, 60. ! O -4h.5 I 26., 90 1g 19 -15 ,65 ,,04-

Thermal After-effect in Irradiated Solutions

k 1. 30 -3.5 1 22.7 38~.4 1 52 1 4.3 1 5.6 10.84_
Pepsin 56 -3.0os 1 4.1 1356.0 .36,5 5.0 " .o 11.0

tics with an ion yield close to umityp as is observed in maa enzymes, by

the local "fusion" of 10-15 hydrogen bonds in any arbitrary section of the
protein molecule. However, the situation can chane in the presence of mi-
gration of the charge along the protein with Uts localization at the jumo-
tion sites of the structure that are responsible for the configuration in
the native state; for examplep at the S-S bridges. In this case polarisa-
tion would lead to deformation of this section, *hich could contribute to
its subequent , upturei n particular the heat-activated rupture of the di-

,,aIs ide bend fte'es The possibility of localisation of the charge at the
disulid bond In ,.diated protein molecules now has alneady been y e
e rmenaly •, , during the second stage of inactivation.

•, c(ioawszcaN8

1. A method for studying the structural end chemical changes during
the Individual staeps of the radiation Inactivation of enzymes is proposed#
*Lab consists of app•ring the Wring-tearn met of thermodamic •n&-
An of protein denatuin to the thermal radiation after-effect reaction.

J. It hasbeen s•hon by thi method that In the presse of farmsa-
ticn of latent daaep in the mroain ad pepsin moecules 10-5 hYdrogen
bends ane rvu wed, but the coalent beads ane not rp !rd; In the semand
stage o inactivation -- uo realizatian of the latent daage - the up-
twoe of ee cevalent bond (appaetly the disvUlfi bend) ed -hrogen
beds takes p.aoe.

It a w~pm*$"s ,MO'e d that us ofat the wram
bob f as tuefirt stgep at Satiaio ahs PM as #a to the Atuf-
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FYranck polarization effect# but =47 after preliminary migration and 100ali-
zation of the charge at "weak$ sites of the structure# particularly at the
S- bridges. "Fui~on" of sectiLons of the protein molecutle in this regiqon

during the first stage of inactivation guarantees the posesibility of carry-
in out thb seaond stagese

Submitted to the editor
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