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aic:ros01ll8s. I '
Column chr01ll8tography on'Sepharos~-~B shoved that inactivstion of}

dihydrofolate reduc:tase vas accompani~ by ita incorporation into lllated i

\. -

of high 1IIOlecular veight. Since inactive enzyme vas recovered in several
'.

"..;,,,,

ABSTIlACT ' -

The mechani81ll8 by.vhich .-lian cells degrade intracell,ular

proteins have. been investigated. Radioactively labelled proteins of rat

hepatoma tiSSUeculture~ce~ls ~ere incubated in cell-free sy~tem~in an

!
attempt to identify the degrad~g processes. Although proteins in ntact

, c:ells are degraded to their constituent amino ac~s, little aCid-so11e '

matedal vas produc:ed frOID the labelled proteina at neu'tral, pH, even in

c:ell hOlDOgenatea which contained all the cellular c:omponents.
<

Dihydrofolate reduc:t..e frOID a subl1ne of the uno lympholll8 vas

radioactively labelled and used as a IIIOdel protein so that changes in· a

single protein could be investigated. The enzyme vas inac:tivated during

incubat,ion vith homegenatea of. the s_ c:ell line. 'Little inactivation

vea produc:ed ~y the 100,000 x g supernatant vhile"inactivation vas rapid

during- incubation vith the 27,000 x g pellet which contains lIIitochondria...--"".---:::-,

lysos01ll8s and lIIicros01ll8s, or with the 100,QOO x g ~llet which con~ jr\~

'"\

frsctions of the c:olumn eluate corresponding to the elution volume of the

proteins of the subcellular membranes, this material probably represented

enzyme vhich vas inac:tive,and bound to these membranes. Greatest binding

occurred vith lIIelllbrane~ of the lIIicrosolllal frac:tion.
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The fOr1llati6n of inactive enzyme of high molecular weight did not. ,,.:~ -,,-- -.. -.-,.-,-:

depend on prior denaturation of the enzyme nor on prior proteolytic

cleavage since no significant production of acid-soluble materisl, change

in molecular weight or change in the ~harge could be demonstrated.

/

Treatment of the inactive enzyme with urea resulted in reactivation, again
/'

suggesting that extensive modification of the enzyme by proteolysis did

not occur.

Binding of the enzyme to microsomal membranes was not reversed by

dilution or by the addition of cofactor and methotrexate. Methotrexate,

n inhibitor of dihydrofolate reductase, increases the levels of the enzyme

i the cells of patients with ·cancer treated with the drug, possibly by
\ .

stariliz~tion against degradation. When methotrexate was present during
\

incubation of dihydrofolate reductase with the subcellular membrane

fraction inactivation and binding of the;enzyme to microsomal membranes

was decreased. ./

The suggestion is made that binding to microsomal membranes could

represent the initial step in the degradation of proteins in intact cells.

Lysosomes contain proteases and are a likely sit~ of degradation of intra-

cellular proteins. The failure to demonstrate degradation in broken cell

preparations could be due to proteins not being able to enter lysosames.

These organdIes are formed froJII vesicles of the Golgi apparatus •. It is,
suggested that by binding .to membranes of the microsomal fraction in intac~

cells, intracellular·proteins could be incorporated into lysosomes at the

time of their formation.
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1. INTRODUctION-

The activity of enzymes in cells can be regulated by stimulation or

inhibition of existing protein molecules (Frieden, 1971; Holzer and

Duntze, 197~) and by changes in t~e number of these molecules (Schimke

and Doyle, 1970) .;, The intracellufar proteins of I118D118lian cells are

being synthesized continuously so regulation of the synthesis of 'proteins
'., ,

can control their levels" Proteins are also degraded continuously and

the amount of protein present can be controlled by changes '.in the rate of

degradation. While rapid advances have been made in our knowledge of the

mechanism and control of protein synthesis, much less is known about the

processes by which proteins are degraded as indicated in recent reviews

(Goldberg and Dice, 1974; Schimke and Kutunuma, 1975; Goldberg and
"

St. John, 1976).

1.1 CHARACT~RISTICS OF PROTEIN DEGRADATION

Proteins are degraded co~tinuously in both dividing and resting

mammalian cells (Eagle et al., 1959; Tanaka and Ichihara, 1976). The,

rate of degradati~ of general cellular proteins has been measured in

cultured mammalian cells by ,the release of acid-soluble radioactivity

from proteins pre-labelled with radioactive amino acids. Such studies

have shown that proteins are degraded at 2-3% an hour in cultured rat

hepatoma cells (Hershko and Tomkins, 1971; Gelehrter and Emanuel, 1974).

Not all proteins are degraded at the same rate, howeve~. The rate of

degradation of individual proteins can dIffer greatly from the average.

In rat liver, for example. the average half life of proteins is 2U2 - 3

days (Schimke, 1964). The half-life of ornithine decarboxylase in this

1
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tissue is 11 lllin (Russell and SnydeJ:', 1969), while thst of isozyme 5 of

lactate dehydJ:'ogenase is'16 days (¥ritz et al.; 1969).

The rate st which proteins. are degraded can be alt-ered by. various

. 0
physiological changes. During starvation the rate of degradation of

li.ver and muscle proteins increases (Hf.llward,'.1970). The rate of

degradation is influenced by hormones such as glucagon which stimulates

protein degradation in perfused rat liver (Woodside et al., 1974) and by

insulin which inhibits prote~n degradation in isolated rat diaphragm

(Fulks et al., 1975), perfused rat heart (Rannela et al., 1975) and in

perfused liver (Handon and· Mortimore, 1967). Nutritional factors can

alao alter the rate of protein degradation Ln vivo. Inhibition of

degradation by amino acids has been demonstrated in' perfused rat liver'

(Woodside and Mortimore, 1972) and in isolated rat diaphragm (Fulks et aI.,

1975) 'and similar results have een obtained in tissue culture systems.

Hershko and Tomkins (1971) ha shown that removal of serum and amino

acids .from the medium'markedly

cell proteins. Removal of

Reuber H35 cella while the'

creased the rate of degradation of HIC

nutrients also'increased degradation in

on of insulin prevented this increased

rate of degradation (Gunn et 1., '1976).

While a physiological change may have an effect on the average

rate of degradation of the proteins of a tissue, it does not always

produce the same effect on all of the proteins. For example, during

starvation the rate of degradation of rat liver proteins increases

(Millward, 1~70) but the rate of degradation of arginase decreases

(Schimke, 1964).
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1.2. DETERMINATION OF TIlE RATE OF DEGRADATION BY PROPERTIES OF TIlE

PROTEIN SUBSTRATE

~ Whatever the mechanism for degrading intracellular proteins, it

has to explain why different proteins are degraded at different rates.

It also has to explain how the rate of degradation of ind(~dual proteins
" \ .

can be ,independently altered by changing physiological conditions.

One factor which appears to be important in determining the rate

of degradation of a protein is the structure of the protein 'itself.

Evidence for this cOllIes from studies on the degradation of abnormal

proteins. Work with bacteria has shown that abnormal proteins resulting

\
from errors during translation or synthesized after exposure to puromycin

or amino acid analogues, are degraded more rapidly than normal proteins

(Goldberg, 1972). Similar results have been obtained using mammalian

cells. Knowles et al., (1975) showed that in Reuber H35 hepatoma cells

phosphoenolpyruvate carboxykinase (guanosine triphosphate) synthesized

in the presence of medium which contained canavine instead of arginine or

5-fluorotryptophan or 6-fluorotryptophan instead of tryptophan was

degraded more rapidly, in uivo, than enzyme which was synthesized in the

presence of the normal amino acids. Similarly, ~xp~sure of human

fibroblasts to canavine-resulted in an increased rate of degradation of

those proteins which were synthesized in the presence of canavine but

not of those proteins synthesized in the absence of canavine (Bradley et

al., 1976). Rabinovitz and Fisher (1964) have shown that retieulocytes

rapidly degrade the haemoglobin which ,is synthesized in the presence of

'.,f·




















































































































































































































































































































