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OBJECTIVES: An experimental study of the nature of labile intermediates in
enzyme action combined with the thcoretical study of how such

intermediates should act according to various thcories of physical

chemistry,

ABSTRACT OF RESULTS:

8« Results sincc start of project: The aviailability of our clewric

analog computcr has permitted us to elucidate in detail

the rcaction kinetics of the catalasc system, und to verify in somc
dctail our mechanism for its actions. It hos permitted us to cluci-
date certain pcculiaritics in the rcaction of : ¢roxidasce in the
prescnce of oxidasc systems that preduce hydrogen peroxide (coupled
oxidations).

We havc proposcd a collision hypothesis lJor the mechanism of
action of inscluble cnzymes that are tightly bound to particles of
muscle or liver, but which may rcact by limitcd movements lcading
to collisions of adjacent enzymes. It has furthcr becn possible to
set up some general thcorems conccrning the kinetics of oxidation and
reduction of the componcnts of a scquence of enzyme rcactions. The
consequences of this hypothesis have becn examined by means of the
computer and a practical applicaticn Yo the cytochrome components of
the succinic oxidase system has becn possible,

b. Progress during the currcat rcport period: Dchydrogenase Systems.

Studivs of the kirctics of an interrcdiate compound cof glyceralde-
hyde-3-ph- sphate dehydrogenase and diphosphopyridine nuclcotide (DPN)
opened up a necw area of spectrophotometric investigation of reaction
kinetics in dohydrogenasc systems. The cxperimental work which was

carried on in collaboration with Dr. J. Harting was published in




abstract form and prescnted at the 1953 Federation mecting. Since
that timc, the investigations havc been extended to the study of

this compound in respiring ycast cells, Such & compound has been
detacted there and has provided a dircct assay of the amount of DPN
bound to this glyccraldechyde phosphatc dehydrogenase. Results of this
study werec reported at the McCollum~Pratt symposium on Enzyme
Mechanisms and tho full report is published in the volume entitled
Enzyme Mctabolism,

A further extension of cur studies of DPN linked dchydrogenases
was provided by the work that Dr. Joscph E, Hayes, Jr., did during
his six-months stay at this laboratory. Whereas he had previously
obtained from mecasurcments of the overall rcaction kinctics the
velocity constants for the forward reaction with alcohol, his work
in this laboratory with a rapid cccording spectrophotometer permitted
him to obtain preliminary valucs for the velocity constants of the
reactions in the opposite direction lcading to a complete determina-
tion of the kinctics of this system which are represented in the

following diagram below.
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From these data the cquilibrium constent can be calculated and is
of three

found to be within a factor/-f that determined directly from the

equilibrium, Such overall comparisons of kinctic and equilibrium

data are of considerable value in establishing the validity of our

studies,

On the theorctical aspects of dehydrogenase action, we have
investigated scveral possible mechanisms for glyccraldehyde phusphate
dehydrogenase. The analysis that we carricd cut was sufficiently ine-
cisive to tell us that there arc serious discrepancies between the
kinetics of reduction of DPN and the kinetics of formation and dis-
appecarance of the glyceraldehyde phosphate dehydrogenase-DPN complex
as registered by our spectrophotometer. This means that there are
unknown reaction steps that cannot be cxamined spectrophotometricaliy
at the prescnt time, It is our cinclusion that this problem shcould
be set aside until a more sensitive spcctropheotometric method could
bc developed whereby a morc accurate comparison of the time course

of DPN reduction and thc kinetics ¢f thc complex could be obtained.

Succinic Oxidase System: The expcrimental nspects of our kinctic and

steady-state analysis of the succinic oxidasc systcm have moved
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forward agairn this fall. We have cbtained more accurate and exten-
gsive data on the specd or reaction of succinate with the cytochrome

b component cf the cyanide~inhibited succinic oxidase system, Fur-
thermore, we have been abie to titrate succinate-reduced cytochrome

b with fumarate ~nd ave ahle to give values for the ratic of fumarate-
to-succinate that give equal ratios of reduced-tc-oxidized cytochrome
b, When calculated as oxidation-reduction potentials, values cone
siderably different from those now accepted in the literature are
obtained, Further work is being continued in order to discover the
cause of such discrepancies,

On the theoretical side, we are setting up our computer to
represent the kinetics of reduction of cytcchrome by succinate,
taking into account the presence of fumarate and the reversible re-
actions invclved, in order to show whether cytochrome b reacts fast
enough with succinate to engage in clectron transport in the heart
muscle preparation,

It is cur hypothesis that cytochrome b has lost a portion of
its physiological function beccause of the preparation method recom-
mended by Keilin and Hartree, which, of course, leads to maximal
puccinic oxidase activity., It is interesting to speculate that one
of the functicons that cytochrome b has lost in its preparation is
that of oxidative phosphorylation, Indirect support for this hypo=-
thesis is that in liver mitochondriz where oxilalive phosphorylation
can occur, we find the kinetics of rcduction of cytochrome b to
agree much more closely with those of cytochreme ¢ than in the heart
muscle preparatiun, which, as menti:rned above, has already lost the

capacity for oxidative phosphorylation.
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Oxidative Phosphorylation. Experimental work that is not supported

by this contract but which furnishes most interesting data for anale
ysis is our recent discovery of spectroscopic changes that accompany
the initiation of oxidative phosphorylation in rat liver mitochondria.
An analysis of the reaction kinetics that occur upon the addition of
adencsine diphosphate to these mitochondria will be most interesting,
It is our hope to be able to determine on a kinetic basis those
respiratory enzymes which are involved in oxddative phosphorylation
by measuring the speeds with which a change in a steady-state level
occurs upon the addition of adenosine diphosphate,

Rapid kinetic studies of the speeds of oxidation cf the reduced

respiratory pigments of various materials. With the aid of a new

form cf the regenerative flow apparatus, it is now possible to
measure the speeds of oxidation of cytochrome a3, 2, C b, flavo=-
protein, and reduced pyridine nuciecotide in suspensions of yeast
cells, or in ascites tumor cells, In bacteria that contain various
other types of respiratory pigments it is possible to study their
kinetics as well, These data are of the greatest importance for our
theoretical studies of the action of sequential enzyme systems. Our
preliminary results show that oxidizing equivalents are carried
rapidly up through cytochrome c; thereafter slower oxidations of
cytochrome b, flavoprotein, and reduced pyridine nucleotide occur.
Our current hypothesis is that the system of cytochrome ag, 3, and

¢ is a closely knit one in which oxidizing equivalents can be rapidly
transported through cytochrome ¢ (and possibly through Slater's
factor as well). Thereafter the system may branch off into several
directionss i.e., toward cytochrome b, toward diaphorase, or toward

other types of cytochrome ¢ reductases, We would then suppose that
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it is this branching =f the oxidation chain that causes the reaction
velocity tc diminish,

Technical assiziranre. This contract has rendered valuable service

to the work mentioncd ahove in *erms c¢f *echnical assistance in the

preparation of enzymes,in the cul wre cf microorganisms, etc,

Technological improvements. This laboratcry wns fortunate erough to
receive fium the OW4E (Cffice of Naval Rescarch) funds for the ime
provement cf thc existing mcthods for the detection of small changes
of optical density., In order to test certain thecretical relation-
ships between the design variables that we had formulated, a new
double-beam spectrophotometer especially cesigned for studies in the
ultraviolet regiron of the gpectrum is nearly completed. In the course
of tests of the sensitivity of this apparatus it will also be possible
to see whether or not some enzyme rcactions that are barely detectable
at present can be accurately recorded by this new apparatus, A
problem on Wwhich we have been ablc to obtain results so far only with
the greatest cof difficulty is the Jdetcction of absorption in the
neighborhocd of 240 m g which might be attributed to the formation

of thiol esters between +he dehydrcgenases anc their substrates, It
is believed that the preliminary rcesults that we obtained with
glyccraldehyde~3-phosphatc dehydrogenase and that were published in
the Federation Proceedings by Harting and Chance could be consider-

ably improved in accuracy and extcnded to other enzyme systems,

PLANS FOR THE FUTURE:

Immediates Our immediate plans for the future are to prepare for publi-

cation our woerk cn cytochrome b, on ascitss tumor cells, and

cn the kinetics of oxication of the reduced respiratory
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pigmcnts; This will involve considerable work with the
analog ~owputer in order to evaluate critically the theories
by which we have proposed to exolain the reactior mentioned
previously.

We 2lso plan to broaden the scope of our theoretical
studies of enzyme systcms, and to follow up some promising
leads for aneiytical methods for the solution of equations
representng cazyme kinetics, See, for example, C. C, Yang,
A Reversicn Mcthod for the Solution of Diffcrential Equa=
tions Representing Enzyme Kinetics,! submitted to Archives
of Biochemistry and Biophysics.

Our most ex¢iting project for the next ysar will, how-
ever, be a theoretical analysis of the kinetic data that we
expect to obtain on the kinetics of initiation of phosphory-
lation in rat liver mitochondria,

Our long range plans are to develop and to broaden the scope
of owr studies of the dynamics of intracellular enzyme sys-
tems. We have a unique opportunity to apply our powerful
physical methods in combination with the unusual facilities
for mathematical analysis of e¢nzyme systems to the most

interesting precblem of enzyme action in intact cells,
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