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SUMMARY

Cortisone administration over a period of 4 dlays results in increased enzyme activity

of rat liver tryptopiman pyrrolase, tyrosine-glutanmic transaimminase, glutarnic-alanine trans-
aminase, and arginase. Timese enzymes differed greatly in turnover rates: fronm tyrosine-

glutamic transanuinase with a imalf-hife of 2.0 lmr to arginase witim a imaif-hife of 4 (lays.

Tryptophan pyrrolase and tyrosine-glutamic transanuinase appear to respond napidliy to
cortisone wimereas glutamic-alanine transaminase andi arginase respond nmore slowly. Al-

though time tinue course and magnitude of responses are quite different aimmong time four
enzymes, the ratios of rates of syntimesis under basal conditions to rates of syntimesis in
cortisone treated animals are quite simmuilar. Timus time apparent small response of arginase
and the slow response of glutamic-alanine transanminase as coimupared to time rapid and

large response of tryptopiman pyrrolase and tyrosine-glutamic transaimuinase are not a
reflection of low sensitivity to time effects of cortisone, but of the slower turnover of timese

enzymes.

INTRODUCTION

A number of studies have dlemolmstrated

increases in enzyme levels in aninual tissues

in response to drug administrations (1),

changes in Imoniumonal status (2-6), or

changes in diet (7, 8) which indicate that
such increases result from de novo syntime-

sis of protein. Timese effects, timen, resenmble
the phenonmenon of enzyme induction in

bacteria, which results from an increasedi
rate of enzyme synthesis (9). However,
problems of interpreting changes in enzyme
levels are far nmoie complex in aniimmal tis-

sues than in bacteria because of time ex-
istence of a continual degradation and

resynthesis of protein, i.e., turnover, that
occurs in animal tissues (7, 10-12) but not
in growing bacteria (13-15). One such

problem of interpretation concerns the

question whetluer an observed enzyme
“induction” in an animal tissue results

from an increased rate of eimzyme syntluesis,

a decreased rate of enzyimue dlegradlation, or
botim. Tiuus we have recently deimmonstrated
that the increase of rat liver tryptophan
pyrrolase produced by imydrocortisone ad-

ministration results from an increasedi rate
of enzyme synthesis, wimereas that produced

by time substrate, L-tryptopiman, results
from a decreased enzyme degradation (6).

In timis paper the problem of specificity
of response of an enzyme to an increased
rate of synthesis will be discussed. That is,
does the agent affect one enzyimme, or many

enzymes? This problem is complicated by
the marked heterogeneity of turnover rates

of different enzymes in time same tissue.
Thus an enzyme with a rapid rate of turn-

over will respond rapidly, whereas an en-
zyme with a slow rate of turnover will

respond slowly, to the same increased rate

of enzyme syntiuesis. Timis problem will be
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discussed first as a theoretical formulation,

and then timis formulation will be applied to

time question of time specificity of time corti-

sone-induced increase in syntluesis of cer-
tain rat liver enzymes.

Cortisone administration increases the

levels of a numumber of rat liver enzymes.
Tryptopiman pyrrolase (16) and tyrosine-

glutanmic transaminase respond rapidly
(17) (witimin 4 imr) and draimmatically (5- to

15-fold), whereas time increase in glutamic-

aianine transamuminase (3, 18) and arginase
(19) are mucim slower andl less extensive.

Timese observations have been interpreted
as indicatiimg a specific effect of corticoster-

oi(ls on time syntimesis of tryptophan pyr-
rolase and tyrosine-glutanmic transaminase.

We luave tluerefore examined time question of

the specificity of time corficosferoid-induced
response of these enzyimues in view of the
markedl differences in turnover rates, vary-

ing fronm a half-life of 2-3 hr for tyrosine-
glutaimmic fransaimminase (see Table 2) and

tryptoplman pyrrolase (6, 20, 21) to 4-5

days for arginase (7). Time results indicate
that time rate of syntimesis of time four en-
zynmes is increased to time same extent, and
that time apparent specificity of corti-

costeroids for tryptophuan pyrrolase and
tyrosine-glutamic transaminase is a reflec-
tion of the rapid rate of turnover of these
enzymes.

THEORETICAL CONSIDERATIONS

In view of time presence of continual syn-

thesis and degradation of liver proteins (6,

7, 10-12), any model timat describes cimanges

in time levels of enzynmes must considier en-
zynme dlegradation as well as enzyme syn-

thesis. Time consistent finding in rat liver
timat enzyme activities decay exponentially

to basal levels after renuoval of an inducing

agent (3, 5-7, 17, 20-23) indicates that the

sinuplest expression for the rate of enzyme

degradation simould be first order. Enzynme

synthesis imas coimfornmed to zero order

kinetics (6, 22). Time nmost sinmplified model

for a cimange in tissue content of an enzyme
involviimg botim enzynue syntimesis and degra-

dation is:

dP/dt = S - kP

wimere P is time content of enzyme per unit

weigimt, S the rate constant for synthesis,
expressed as enzyiuue units (or weight of

enzyme)/tinue, and k time first order rate
constant for enzyimme degradation, expressed

as time�. In the experiments to be de-
scribed, no appreciable change in total liver
mass occurred, and imence no expression is

required to account for sucim a cimange.
At any timmue that a steady state for the

enzyme level exists, i.e., dP/dt = 0, then:

P = S/k (2)

It is evident that P is determined by the
respective values of S and k. The amount

of enzyme (P) can be increased by increas-
ing time rate of syntimesis, or by decreasing

the rate of degradation. Time new steady

state enzyme level, P’, will be determined

by time new ratio, S’/k’.

Of particular concern to this paper is the
fact that time time course by which P ap-

proaches the new level, S’/k’, will be an
exponential function of time rate of degrada-

tion (k’) while only a linear function of the
rate of synthesis (5’).

Consider the tiimme course of the change of
P with time wimere the rate of syntlmesis is

changed from S to 5’ and rate constant of
degradation is changed from k to k’:

(5’ - k’P) =

in (5’ - k’P) = - k’l + C

At t = 0, P = P0, and c, the constant of

integration is:

c = in (5’ - k’P0)

Substituting for C:

in (5’ - k’P) - in (5’ - k’P0) = -kt

- k’P -Et

5’ - k’P� =

P/P0 = - � - (3)

Timis equation represents a general solu-
tion of Eq. 1.

(1) Figure 1 presents the time courses of a
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Fic. 1. The effect of different half-lives on the

response of an enzyme to a 10-fold increase in the

rate of synthesis

The arrow is placed at 5 hr; time fold increases
at this time shows the wide range of apparent

responses to tiue same increased rate of synthesis.

10-fold increase in rate of enzyme synthesis

for four theoretical enzymes which differ
only in their rates of degradation (ex-

pressed as half-lives) �1 The half-lives range
from 1 hr to 50 hr. Each of these curves

represents a solution of Eq. 3 in which the

rate of synthesis (5) has been increased

10-fold over basal levels (P0 = 1). It is
evident that time time course is nuarkedly

affected by the value used for k, i.e., the

rate constant of enzyme degradation.
Thus in this theoretical example, if en-

zyme assays were performed at the end of

1 A term often used to express the rate of degra-

dation is the half-life (t,2). Tiuis is defined by the

following relationship:

in 2

11t2 =

where hi 2 is the natural logarithm of 2, and k is

rate constant for degradation. For a more com-

plete discussion of the concept of half-life see

Reiner (24) and Tarver (25).

5 hours, time increase in enzynue A would be
9.72-fold whereas that for enzynme D would

be only 1.61 over basal levels. If time assays

were performed at 500 imours, this apparent

specificity would be lost, since time time

courses all converge to time same 10-fold

increase in enzyme level.

It is possible to calculate, l)y using Eq. 3,
the time at whuicim time enzyme has under-

gone one-half its total change in amount:2

Steady state level at infinite tinme, P’ =

Initial enzyimue level, F0, = 1

One-half of time total cimange = � (�,+

This expression is substituted for the left-

imand side of Eq. 3.

� (� + 1) = - (�: - 1) e-’�

=

in 2

Thus time tinme taken to increase to one-hualf

of time final increase at the steady state is
equal to the half-life (tj/2) of time enzyme,

as defined by footnote 1. Timerefore it is
possible experinmentally to estinmate the
half-life of any enzyme by following its

time course of increase to a new steady
state level.

Time theoretical model described above is

highly oversimplified. This model is pre-
sented only to facilitate an understanding

of some of time processes involved in chang-
ing enzyme levels in animal tissues. Tiuus

time steady state is an idealized condition
that in all probability does not actually

exist. Ratimer it is more likely that all
enzymes are constantly responding to
changes in hormonal, dietary, and other

physiological conditions (26). Multiple

factors, largely unknown, are obviously
involved in controlling the rates of both
enzyme synthesis and enzyme degradation.

2 We are indebted to D. B. Goldstein and A.

Goldstein for pointing out this interesting rela-

tionship.
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EXPERIMENTAL PROCEDURE

Treatment of animals. Adrenalectonmized

male Oshorne-1\Iendel rats each weigiming

120-140 g were used in all experiments.

Completeness of adrenalectonmy was

checked botim at. autopsy and by the failure
of aimiimials to survive w’itiuout oral saline.
Aninuals were maintained on a Purina chow

diet witim 0.85% saline as drinking water.
Cortisone acetate3 was adiministered in a

dose of 10 nmg intramuscularly every 8

Imours for a periodl of 4 days. Less frequent

dosage (e.g., 25 immg once per day) resulted

in marked fluctuations of enzyme levels of

tryptopiman pyrrolase and tyrosine-glutanmic

transaminase.

Assays. Tlmree animals were killed every

12 lmr by decapitation; the livers were rap-
idly removed and stored at -20#{176} until
assay. Freezing did not affect the enzyme
levels. At time tinme of assay livers were

homogenized in three volumes of 0.15 M

KC1 containing 0.005 �i NaOH. Trypto-
piman pyrrolase was assayed by the nuetimod

of Feigelson an(l Greengardl (27). Tyrosine-
glutamic transaimminase was assayed accord-

ing to Rosen et al. (28). Giutamic-alanine
transanminase was assayed by time method

of Segal et al. (29). Arginase was assayed

according to Greenberg (30) as modified by

Schinuke (31). Control livers were taken

from adrenalectomized, uninj ected animals.
Enzyme activity is expressed in ternus of a

unit, diefined as that amount of enzynue
whicim results in time formation of 1 1�mole of
product per minute.

RESULTS

Table I slmows time activities of trypto-
phan pyrrolase, tyrosine-glutaimmi c trans-

aminase, glutamic-alanine transaminase,

and arginase in control animals, and in

animals 4 hr after the administration of
10 mg of cortisone acetate. It would appear
from these data that giutamic-alanine

transaminase and arginase are relatively
insensitive to cortisone and that cortisone

specifically increases tryptophan pyrrolase
and tyrosine-glutamic transanuinase activi-

ties.

Cortone, Merck, Sharpe & Dohme.

TABLE 1
.tctiiity of liver enzyP’es after cortisone treatment

The activities of the four eiuzvmes were measured

at zero tinue and 4 hr after an intramuscular injec-

tion of 10 nug cortisone acetate. Similar results were

obtained after an intraperitoneal injection of 5 mg

lmy(lrocortisone 21 -piuospimate. Eaciu value is the

mean of timree animals.

Enzyme

Enzyme activity

(units/g wet wt liver)

Fold

iiucrease0 hr 4 hr

Tryptophan 0.05 0.48 9.6

pyrrolase

‘lyrosine-glutamic 2.2 7.3 3.3

transaminase

Glutamic-alanine 4.2 5.8 1.4

transaminase

Argirmase 330 360 1. 1

Figure 2 indicates timat contrary to the
results of Table 1, glutamic-alanine trans-
anminase and arginase do indeed respond
to cortisone acetate if time adimministrations
are continued for longer perio(Is of time.
Glutamic-alanine fransaminase activity is
increased only 3-fold over control levels

by time end of 1 (lay of treatment, but is
increase(l to 10-fold by time fourtim dlay. The
initial lag in increase in glutamic-alanine
transaimminase activity during time first 36 hr

was not observed in of imer experiimuenfs.

Arginase activity respon(ls even more

slowly, an(i increases only 3-fold during time
4-day experimental period. Tryptopim an
pyrrolase and tyrosine-glufanuic transami-

nase are not plotted for longer tlman 8 hr

because subsequent enzyme levels fluctuate,

especially after time first 24 imr of cortisone

adimuinistration.
Table 2 presents the calculated rates of

cnzynme syntlmesis of the four enzymes under
basal conditions and as stimulated by the

administration of cortisone. Time rate of

syntimesis of each enzyme under basal con-

clitions was estimated froiuu Eq. 2 in which

P, the steady state level of enzymes, and k,

time rate of degra(laf ion were known (k is

derived from time imalf-life by time expression
tl/� = in 2/k). Time rate of syntimesis of

each enzyme during cortisone adnuinisfra-
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Fic. 2. Time course of the increase in tryptophan pyrrolase, tyrosine-g!utamic transaminase, glutamic-

alanine transaminase, and arginase with cortisone administration

Animals received 10 nug cortisone acetate every 8 hr intramuscularly. Each value is the mean of 3

animals.

tion was estimated froimm time initial linear
portion of time tinme course of increase in

enzyme as obtained experinmentally in Fig.
2. Such estimations were based on time
assumption that the initial increase in

enzyme activity represented primarily time
increased rate of syntimesis, rather tlman an

effect produced by enzyme degradation.

This would appear valid, since time abso-

lute rate of enzyme (legradation, i.e., units
degraded/time, �vihl be a function of the
enzyme concentration, i.e., rate = kP, and

Imence any effect of enzyme degradation will

not be apparent until timere imas been sig-

nificant increase in new enzynme.
It is evident from Table 2 timat time ratios

TABLE 2

Comparison of rates of enzyme synthesis under basal conditions and during cortisone treatment

Basal

Enzynue syntimesized

Enzyme Ratio

Half-life activity Normal Cortisone cortisone:

Enzyme (hr) (units�) (,uuitsa/hr) (units’/hr) normal

Tryptophan pyrrolase 2. 5b 0 05 0.014 0.056 4.0

Tyrosine-giutanmic 2. 0c 1 .3 0.45 1 .9 4.2

transamiimase

Glutamic-alarmine 54d 4.2 0.034 0.24 7.0

transaminase

Arginase 966 33 2.3 9.9 4.3

a A unit here refers to specific activity: unit per gram wet liver

As determined by following a decay curve fronm high levels induced with cortisone (20); by decay of

normal levels after adnuinistration of puronuycin (21), and by isotope decay under basal conditions (6).
Determined by acimieving high levels with two hydrocortisorme injections at 0 and 4 hr, and tlmen sacrificing

3 animals every 2 hr during the decay (6-12 hr after second injection). ‘I he value thus obtained was 2.0 hr.
d As determined by following a decay curve from high levels induced with cortisone (3).

#{149}As determined by following specific activity decay of prelabeled arginase (7).
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for time rate of enzynme syntimesis during

cortisone treatment to timat undler basal

condlitions were very similar for all four

enzynmes, varying froimm 4.0 for tryptopiman
pyrroiase to 7.0 for giutanmic-alanine trans-

aminase. Timus in spite of marked diffem--

ences in time timmme course and apparent
magnitude of response to cortisone, time

extent of stiimmulation of enzyme synthesis
was simmuilar for all four enzymes. Furtimer-
more time vali(lity of time assutmuptions made

in estinmating time rates of enzyimme syntimesis
from time tinme course is substantiated by

the similarities of time calculated rates in
Table 2 to timose obtained l)y isotopic amino

acid incorporation studies indicating that
glucocorficoids increase time rate of en-

zyimme synthesis 5- to 6-fold for tryptophan

pyrrolase (6), 4- to 5-fold for tyrosine-
glutanmic ti-ansaiumiimase (2) ,� and 4-fold for
glutamic-alammine ti-ansaminase (3).

DISCUSSION

Glucocorticoids increase the activities of

a number of rat liver enzymes to different
extents andl at different rates (33). In view

of the results presented in timis paper, it is
tempting to suggest timat glucocorticoids

affect time syntimesis of a large number of

enzymes to time same extent, and timat the

differences in extents and rates of increase

reflect differing rates of turnover. It is
equally evident, however, that some speci-
ficity of time effects of corticoids does exist,
because time syntimesis of all liver proteins is
not increased to time saimme extent: the incor-
poration of radioactivity into total liver
protein is stimulated at immost 30-40% by

cortisone administration (3, 6, 34), in con-
trast to 400-500% stimulation of synthesis
of certain enzymes.

The mecimanism for the effect of gluco-

corticoidi-mediated increase in enzynme syn-

thesis is at present unknown. It would,

Although not stated explicitly iru Kenney’s

paper (2), timis value can he derived from Fig. ic.

Since no more isotope is I)resunled to be present

after the pulse at zero time, the rate � decay of

label in time enzyme will reflect tlue rate of rel)lace-

meat by synthesis from unlabeled amino acids

(32). TIme slope of the curve for induced animals

is five times time slope for noninduced animals.

however, ap��ear timat the nuecimanism is

conmimmon to a nunmi)er of enzyimmes involved

in gluconeogenesis (35) . At present no

l)Ositive imuforimmation is available to in(hcate
at w-imat level timis nmecimanisnm nma� be oper-

ating. In any case, time findiimg of v. horumone

affecting time synthesis of a group of en-
zyimmes to the same extent may he consid-

ered as operationally sinmilar to time coor-
dhmmate induction of enzynmes timat occurs in

bacteria (9

Time results pieseimtedl in timis study il-
lustrate time mmportance of time rate of turn-

over of an enzyimme in deternmining time tinme
course and nmagnitude of respoimse to an

increased rate of enzyme synthesis sucim as

producedl by cortisone adnministrafioim. The

effect of differing rates of turnover can per-

haps i)e nmost gra�)i1ically portrayed i)y time
exaimmple simow-n in Fig. 3: Let timere he two
enzyimmes, A and 13. wlmicim are hotlm syn-
timesized at time saimme rate, i.e., 1 unit/imr,/g
tissue. If time luau-life of A is 0.693 hr, timen

at time steady state, time level will be I unit,
i.e., 1 unit of enzymume is synthesize(I, and
1 unit is degraded, every imour. If time imalf-

life of B is 69.3 imr, then at time steady state
time level of B will he 100 units. It is already

evident that time total content of an enzymmme

need not be a reflection of its rate of syn-
timesis. Now if the rate of synthesis of both
A andl B are increased 10-fold, timen at the
end of 1 imr A will have increased from 1
unit to 6.7 units, i.e., 6.7-fold. On the other

hand, an increase in time rate of synthesis
of B by time same factor will raise its level

in 1 lmr to only 109 units, only a 9% in-
crease. From this exammmple and time experi-
mental results presented it is evident that

claims of specificity for a response to an
increased rate of syntimesis nmay be totally

invalid unless time turnover rate of the spe-
cific enzyme in question is also considered.

Time significance of differences in turn-

over rates in affecting the time course of
response to an increased rate of enzyme

syntimesis is not limited to that produced by
corticosteroids, hut would also be applica-
ble to any pimysiological condition that
causes an increase in the rate of liver pro-
tein synthesis. The stimulation of protein

synthesis produced by feeding rats a high-
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BASAL CONDITIONS

Half-Life

Enzyme

Hours

A

B

0.693

69.3

Rate of Synthesis

Units/Hour

o (1)

0 (1)

Amount of Enzyme

at Steady State

Units

o (1)

(100)

INCREASED RATE OF SYNTHESIS

Rate of Synthesis

(Increased 10 fold)
Enzyme

Units/Hour

A (10)

Amount of Enzyme One Hour After

Rate of Synthesis Increased

Units

(6.7)

Fic. 3. Role of rate of turnover in determining the response of two hypothetical enzymes to the same

increased rate of synthesis

protein diet (26, 31) or anmino acids after
a period of protein depletion (7, 36, 37)
results in increases in specific enzymes and

total liver protein at different rates and to

different extents. As witlu cortisone treat-
ment, tryptopiman pyrrolase and tyrosine-
glutamic transaimminase respond to increases

in dietary protein rapidly, whereas glu-

tamic-alanine transanminase and arginase

respond immore slowly (C. M. Berlin, unpub-
lished results). Timus the differences in re-

sponse to sucim dietary elmanges umay also in

part be a reflection of differences in turn-
over rates.

The mimarked heterogeneity of turnover
rates of total liver proteir � of various

enzynmes is striking. Altimough time biochenmi-
cal basis for sucim Imeterogeneity is unknown,
certain suggestions nmay be nmade regarding

its physiological inmportance. Tiuus it is sug-

gested timat enzymes whose levels are rate

linmifing for a specific hiocimerumical reaction
in vivo (e.g., fryptopiman im�’rrolase) will
have a rapid rate of turimover. Such en-
zymumes would respond rapidly, botlu increas-
ing andl decreasing, in respoimse to environ-
nmental alterations suclu as chaimges in diet,

substrate levels, or imornmoimal levels. On the
otimer imandl, enzynues that are in constant

usage, or whose pimysiological activity is
controlled by feedlback inhibition or by the
availability of substrate (e.g., arginase),
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would not be required to Imave time ability to

fluctuate rapidly, and Imence would be timose

enzynmes witim slower rates of turnover.

REFEREN CES

1. A. H. Conney an(l A. C. Gilman, J. Biol.

Clucin. 238, 3682 (1963).
2. F. T. Kenney, J. Rio!. Chein. 237, 3703 (1962).

3. H. Segal and V. S. Kim, Proc. Nat!. Acad. Sci.

U.S. 50, 912 (1963).

4. P. Feigelsorm and 0. Greengard, J. Rio!. Chcm.

237, 3714 (1962).

5. L. Goldstein, E. J. Stella and W. E. Knox,
J. Rio!. Cliem. 237, 1723 (1962).

6. II. T. Seluinike, F. M. Sweeimev and C. M. Ber-

liru, J. Rio!. Chem. 240, 322 (1965).

7. R. T. Schinuke, J. Rio!. Chem. 239, 3808 (1964).

8. H. C. Pitot and C. Peraino, J. Bio!. Chem.

239, 1783 (1964).

9. F. Jacob and J. Monod, J. Mo!. Biol. 3, 318

(1961).

10. R. Schoermiueimer, “The Dynamic State of

Body Cormstrtuents.” Harvard Uiuiv. Press,

Ca nubridge, Massaci uusetts, 1942.

11. R. W. Swick, J. Rio!. Chem. 231, 751 (1959).
12. D. L. Buchanan, Arch. Riochem. Riophys. 94,

501 (1961).

13. B. Rot man and S. Spiegelnuan, J. Racterio!. 68,
419 (1954).

14. A. L. Koch and ii. R. Levy, J. Rio!. Cliem.

217, 947 (1955).

15. D. S. Hogness, M. Cohn an(l J. Moruod, Bio-

chiu,i. Rio pio,s. Ac/u 16, 99 (1955).
16. W. E. Kiuox and V. H. Auerbaclu, J. Rio!.

Cluem. 214, 307 (1955).
17. E. C. C. Litu and \V. E. Kiuox, Riocluim. Rio-

phys. Ac/a 26, 85 (1957).
18. R. Rosen, N. R. Roberts and C. A. Niciuol,

J. Rio!. Glum. 234, 476 (1959).

19. R. T. Sciuimke, J. Rio!. C’he,n. 238, 1012 (1963).

20. P. leigelson, T. Dashman and F. Margolis,

Arch. Riocheni. Riophys. 85, 478 (1959).

21. A. Nemeth, J. Riol. Clieni. 237, 3703 (1962).
22. V. E. Price, \V. R. Sterling, V. A. Tarantola,

R. W. Hartley, Jr. and M. Rechcigl, Jr., J.
Rio!. Chem. 237, 3468 (1962).

23. R. T. Sclmiumuke, F. W. Sweeney and C. M. Ber-

lin, Bioclucin. Riophys. Res. Common. 15,
214 (1964).

24. J. M. Reiner, Arch. Biochem. Ruopluys. 46, 53

(1953).
25. II. Tarver, in “Tlue Proteins” (H. Neurat h and

K. Bailey, eds.), Vol. 2, Part B, p. 1199.

A(adcmie Press, New York, 1954.

26. W. K Knox, V. H. Auerhach and E. C. C. Lin,

Physio!. Rev. 36, 164 (1956).
27. P. Feigelson and 0. Grcengard, J. Rio!. Chem.

236, 153 (1961).

28. F. Rosen, H. H. Harding, R. J. Milholland

and C. A. Nichol. J. Rio!. Chem. 238, 3725

(1963).
29. H. L. Sega!, D. S. Beattie and S. Hopper, J.

Rio!. Chem. 237, 1914 (1962).
30. D. M. Greenberg, in “Methods in Enzvmol-

ogy” (S. P. Colowick and N. 0. Kaplan,

eds.), Vol. II, p. 368. Academic Press, New

York, 1955.

31. H. T. Sciuinmke, J. Rio!. Chemn. 237, 459 (1962).
32. A. L. Koch, J. Theoret. Rio!. 3, 283 (1962).

33. F. Rosen and C. A. Nichol, Vitamins Ilor-

i�O,Ce.s 21, 135 (1963).

34. P. Feigelson and M. Feigelson, J. Rio!. Chem.

238, 1073 (1963).
35. G. Weher. C. Barmerjee and S. B. Bronstein,

J. Rio!. (‘hem. 236, 3106 (1961).

36. G. Sobcron an(l F. Q. Sanchez, J. Rio!. Chem.

236, 1602 (1961).

37. C. Weber. C. Banerjee and S. B. Bronstein,

Riochem. Riophys. Res. Comnmun. 4, 332

(1961).




