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ADENOSINETRIPHOSPHATASE ACTIVITY IN THE LIVER DURIRG
ASKEROL DEPFICIEERCY

INTRODUCTION

As early as 1907, Suzuki, Yoshimura, and Takaisha
(27, 31) reported that rice bran contained enzymes which
would split phosphorie¢ ascid from phytin, In 1908 HeCollum
and Hart (23) cited evidence that animal tissues contained
an enzyme similar to the rice bran enzyme. Blood and
liver seemed to contein these enzymes, but muscle and kide
ney did not. Grosser and Husler (15) found en enzyme in
bone, kidney, spleen, and pancress which would hydrolyze
glycerophosphate., The glycerol phosphate obtained by
synthesis and that obtained frow hydrolyslis of lecithin
were both attacked equally well, Robison (29) noted that
in the presence of soluble ecelcium selts the engyme acts
upon hexose wonophosphate with the formetlon of & trical-
cium phosphate pracipltate.

In 1923 Robison (30) repeorted that en enzyme was
present in the ossifying certilage of young rats and rabe
bits which wes capable of hydrolyzing hexose monophosphate,
liverating free phosphoric acid, He also dsmonatratéd {28)
that caleium phosphate could be deposited in bones taken
from rachitic rats when immersed in solutions of caleium
hexose monophosphate or calcium glycerophosphate at 372 C,
end 8 pH of 8.4 to 9,4, This sugpested to him the gquery
of whether, in physiological intact tissue, bone might no®

be laid down in some such manner,
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Since this time, it has been satisfactorily proven
thet the phosphatases are iumportant in the wetabolism of
carbohydrates, nucleotides, and phospholipids, as well as
in bone formation,

Harden and Young were the first to discover that
phosphorylation of hexoses occured in alcohiolic fermente
ation, Considerable time elapsed before this was cone
sidered somwething more than just & means of wmwodeling the
hexose molecule to fit it for fermentative breakdown. It
later became evident that the primary phosphate ester bond
of hexose changes into & new type of energyerich phosphate
bond, During verious metabolic processes, phosphate 1a
introduced into compounds mot merely to facilitate their
breakdown, but also as a prospective cerrier of energy (18).

The discovery of creatine phosphate led to a better
understanding of energy wetabolism, The cowmpound was iso=~
lated by Fiske and Subbarow (13, 14) from a proteinefree
miscle filtrate., Eggleton and Eggleton (7, 8) and Fiske
and Subbarow (14) observed that cr-ph#, when decomposed
during & long series of muscle contractions, was recon- )
stucted quite rapidly during recovery in oxygen, Likewise,
anaerobically, cr-ph was resynthesized very effectively at

#he following abbreviations will De useds

¢r-ph == ¢reatine phosphate ADP -- adenosinediphosphate
ATP ~« adenosinetriphosphate AA -- adenylic acid
ATP-gse =-- agdenosinetriphosphatase
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the expense of glycogen, Interest in the compound became
stronger after Meyerhof end Suranyi (25) found that large
amounts of heat were released by the enzymatic decompe
osition of er-ph, Meyerhof, Lundsgaerd, and Blaschke (26)
measured the amount of energy released by the breakdown
of er-ph and glycogen., They found that irrespsctive of
its origin from either creph or glycogen, equivalent
amounts of energy obtained did the same amount of mechanw
ical work,

Leter Lundsgeard (£0) established the mechanism of
miscular contraction, when he showed that snaerobic cone
traction procceded gqualitatively after couwplete blocking
of glycolysis by iodoacebic acid., A muscle poisoned with
iodoscetic acid contrscts as loug as there is cr-ph pres-
ent, but when this compound breaks down completely, cone
traction ceases, Here, unlike in normsl muscle, there is
no resynthesis of the phosphorus eompound. To explain
these facts, 1t wes assumed that normslly the energy for
contraction is derived from the breakdown of phosphocrea=
tine, At this stege, glycogen is converted to lactie acid,
During recovery of the mscle (relsxation), when most of
the lactic scid is resynthesized to glycogen, some of the
energy produced {resulting from the oxidatlion of lactie
acid or its equivelent) is utilized for the resynthesis

of phosphocreatine,
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During anaerobie resynthésis of creatine phosphate,
Lundsgaard (20) found a remarkeble efricieney of glycol-
ysis. By breakdown of one half mole of glucose to lactic
acid, approximately two moles of creatine phosphate were
reformed, and the active heat energy of glycolysis is
utilized for the conversion into phosphate boné energy.

The availability of the energy-rich phosphate bond
suggested that the energy utilized in the muscle under all
ciroumstances was derived from energy-rich phoephate‘bonds,
supplied constantly by glyecolytiec or oxidative foodstuff
~disintegration (18), |

In enaerobie metebolism glucose, hexosemonophosphate,
adenylic acid, and adenosinediphosphate act as phosphate
acceptors during alcoholie fermentation, while creatine
plays that role during muscle glyeolysis (17).

Inorganic phosphorus is liberated in the working
muscle at a higher rate then glycogen is esterified, The
inorganie phosphorus originated from ATP and not from or-ph
(21)., ATP is a universsl constituent of all cells, and
contains three hydrolyzable phosphate groups. The first
phosphate is jolned in an energy-poor linkage to ribose,
while the other two are energy-rich linkages,

Thevstructural formula of adenosinetriphosphate will
help to illustrate energy-poor and energy-rich linkages
{figure I). '



ADENOSINETRIPHOSPHATE
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The linkages indicated by ) ph are energy-rich, and the
first phosphate (CHg-0-P) is energy~poor,

Enargy~poar phosphate ester bonds sre phosphates link-
ed to an alcoholic hydroxyl group. The energy of the bond
1s between 2,000-4,000 cslories per mole, Other examples
of this type of linkege ere phospho-glycerol, 3-phospho=
glyeerie acid, and 2ephospho-glyceric scid,

Energy-rich phosphate linkages are usually connected
to an unsaturated radicsl, Examples of this type are
found in the following compounds {(figure II)t 1,3«diphos-
phoglyeeric acid, phospho-enol-pyruvie acld, and phospho=
ereatine, The energy of the bond of these compounds is
between 9,000 and 11,000 calories per mole,

ATP is in enzywatic equilibrium with croatine accords
ing to the equation

ATP & or z==> ADP & or-ph.
In the resting or recovering muscle ADP sccepts ph from
er-ph, phosphopyruvate, or glycerophosphate to form ATP,

In dephosphorylation of ATP energy is liberated ace
cording to the following reactiont

ATP b A ADP & HzP0O4 # 11,000 calories,
There is reasson to belleve that ATP is not dephosphoryle
ated spontaneously, but rather by an enzymatie reaction,
myosin ecting as the phosphate transfer system, The major

protein component of muscular tlssue, myosin, has occupled
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the attention of manj investigators because of its im-
portance as the contractile element of living musecle.
When isolated from the tissue it has many properties of
the globulins, but its extreme molecular asymmetry gives
rise to interesting properties which on the whole are
similar to the corpuscular proteins.

In addition to its role as the contractile element
of muscle, there now exists the possibility that myosin
is also an enzyme, In 1939 Engelhardt and Ljubimova {9)
announced that adenosinetriphosphatase activity was
almost entirely associated with the myosin fraction of
musele, As will be described later, Kalekar (16) has
labeled the active enzyme in myosin as adenylpyrophospha-
tase, and states that it is specific for ATP, '

von Buler and Adler (10) and Lutwak-Mann and Mann (22)
found an enzyme in yeast that would catalyze the transfer
oi phosphate from ATF to hexoses, von Buler called this
enzyme "heterophosphatese"”, In earlier work Meyerhof (24)
obtained an enzyme from autolyzed yeast which enabled old
musele juice to regain its ability to ferment slucoss.

He called this enzyme "hexokinase", Hexokinase is identical
with héterophosphatase. The reaction is ac follows:

ATP + 2 glucose =-~9 AA ¢ 2 glucose-6-phosphate
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Colowick and Kalckaf (3) found that the reaction is
more complex than the one proposed by Heyerhaf¢ With the
yeast hexokinase, ATP could transfer only one phosphate to
glucose, The reaction is as follows:

ATP » glucose ~==9 ADP gluéose~e~phosphate
it was found that if a heat stable protein from rabbit
muscle weré added to the yeast hexokinase system, one
 phosphate from ADP could also be transferred to glucose,
This is not a simﬁla reactién, but a dismutation of ade
enﬁsinadiphcsphate according to the following:
| 2 ADP g==2 AA + ATP |

The ATP whieh 1skfarmed may then phosphorylsete hexoses by
adenylpyrophosphatase action, Kalckar has called this
heat stable protein which eactivates the yeast hexokinase
system "myokinase", Myokinase is a protein which possesses
an unusually high stebility toward boiling with mineral
acids as well as toward precipitation witﬁ triehloroacetic
aeid, Myokinase is found in large amounts in skeletal
muscle of rabbit and‘frog. It is present in traces in
heart and'brain, but is sbsent in liver and kidney (4).

In a recent publication Kalckar (16) has lebeled the
enzyme in myosin as adenylpyrophosphatase, and cites
evidehce that it is specific for adenosinetriphosphate.

The addition of myokinase causes dismutation of the di-

phosphate, Liver extract hydrolyzes the triphosphete to
adenylic acid, and is for this reason thought by Kalekar
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to contain both a di- and tri-phosphatase, or one enzyme
which hydrolyzes both forms.

Bailey (2) has compared adenosinetriphosphatase ac.
tivity of liver tissue with thet of muscle tissue, using
caloium as the activator, The dephosphorylation caused
by adenosinetriphosphatase in liver was not as great as
the muscular c¢ephosphorylation, Bailey conecluded from
this that the liver enzyme and the musele enzyme were
not identieal. '

In 1936 Wulzen end Bashrs (56)idiseavared a deficiency
disease in guinea pigs reised on a diet consisting of skim
milk, sdequate amounts of écpper, iron, the necessary
vitamins, straw, and iodized salt. The first sign of tie
deficiency was the development of stiffness at the wrist
Joint, During this deficiency there occured a general
derangement of the phosphorus and caleium metabolism,

The characteristic symptoms of the disease were calcium
deposits parallel to musele fiber, and in the aorta, car-
tilage, and intestine. Animals raised on a diet consis-
ting of rolled barley, greens, salt, and water did not
exhibit this characteristic stiffness., van Wagtendonk
and Wulzen (33) reported that the syndrome could be ale
leviated within five days upon administration of one gram

of raw cream to each animel per day. With raw cream as

original material they were able to concentrate a factor

whieh, in a daily dosage of 0,1 microgram, was able to



cure the stiffness induced by the milk diet within five
days,

van Wagtendonk (34) reported the changes occuring in
the phosphorus metabolism during the deficieney. The in-
organie phosphorus shows a constant increase in the liver
and kidney, during the defieciency, while the concentration
of the easily hydrolyzable phosphorus, representing about
67% of the aﬂenosinetriphasphaﬁe and 50% of the adenosine-
diphosphate, decreased considerably.

ATP is important in cellular economy because, as
already pointed out, it possesses the ability to store
within its structure the energy which is mede availeble by
the processes of anaerobic and aérobiu metabolism, Aden-
ylpyrcphosphataée is the enzyme eéntrolling the éephés~
phorylation of ATP to inorganie phosphorus and adenylie
acid, » .

Inorganic phosphorus inereased during tha,dafioieney
in the liver (34) and the muscle (35) at the expense of
adenosinetriphosphate and -diphosphate. This indicates
that the ATP-ase aetifity may have increased, Other fac-
tors, however, may haﬁe a oauhter iﬁfluence on this
enzyme, With these ideas in mind it was deeided to carry
on an investigaetion of the adenosinetriphosvhatase activity

of the liver during the deficiency.
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EXPERIMENTAL

Approximately fifty animals were used in this series
of determinations., These animals were divided into three
groups. The first group consisted of five normal animals
receiving a diet of rolled barley, greens, straw, salt,
and water, The second group of twenty-one animals was
placed on the deficient diet as described by van Wegten-
donk (34). This diet had the following composition:

(1) skin milk powder 16 g.

(2) copper sulfate 0.25 mg.
{3) ferric chloride 0,25 mg.
(4) water 84 g.

Two feedings per day were required, one in the morning'and
one in the evening., To the morning diet a solution of
water-soluble vitamins was added in such a concentration
that the average deily vitamin intake was as follows:

(1) thiamine hydrochloride 0.2 mg.

(2) rivoflevin 0.5 ng,

(3) pyridoxine hydrochloride 0.1 mg.

{(4) nicotinie acid ; 1.0 ng.,
(5) ca-pantothenate 0.1 mg.
(6) inositol 10 =g,
(7) peamino-benzoic acid 2.0 mg.
(8) c¢holine 50 mg.

(9) biotin (S.M.A. Concentrate $-200) 0.0l mg.
A solution of the fat-soluble vitaming in cottonseed oil
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was added to the evening diet, The average daily intake

was as follows:

(1) B ~carotene 150 I.U.
(2) viosterol 40 1I.U.
(3) o ~tocopherol 0.1 ng.

(4) S-methyl-l,4-naphthogquinone O,1 mg.

Once & week 50 ng. of orystalline 1-asgorbic acid, dissolve
ed in water immediately before use, were administered by
mouthe. wéter and iodized selt were provided ad 1ibitum,

The third group of animals was also placed on the
deficient diet, but received during the last period of
the experiment a ten grma dosage of the anti-stiffness
factor,

A1l of the animals were housed in wire cages upon
autoclaved straw, the straw providing a source of roughage,

The experimental animals were killed by a blow on the
'head, The liver was immediately removed and two grams of
‘the tissue weighed on an ordinary snalytical balance, A
tissue nomogenate in water was prepared by using an appa-
ratus consisting of & test tube and a close~-fitting pestle
(32}, The homogenizer was powered by a cone driven stir-
ring motor of the Cenco typs, o?erataﬁ at a speed of about
1000 r.peie

An assay was made on the ATP used, in which total

phosphorus, 1nqrganic phosphorus, end easily hydrolyzable
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phosphorus were determined.* The method of Fiske and Sub-
barow (12) was used to determine the total phosphorus and
inorganie phosphorus, while the easily hydrolyzeble phose
phorus was determined sccording to Lohmann (19).

The empirical formula of ATP shows that the ratio of
easily hydrolyzable phosphorus to total phosphorus should
be around 2/3, The calculated ratio was 0.66 end the ATP
upon analysis gave a ratio of 0.61.

The sodium salt of ATP was prepared by the method of
Bailey (2). Seventy milligrams of the barium salt were
dissolved in a small amount of cold N HCl and the solu-
tion then diluted with a smell amount of distilled water.
A saturated solution of sodium sulfate was added dropwise
until all of the barium sulfate precipitated, After cent-
rifuging the barium precipitate off, the solution was adw
Justed to a pH of 7 with a Beckmann pH meter. The solution
of the sodium ATP salt wes then diluted to 10 ml., which
made the concentration 0,009 molar,

In formulating a quantitative method for the estime-
tion of ATP-ase two factors are desirable: (a) the rate
of reaction should be linear during incubation time, and

(b) the rate must be directly proportional to the amount

¥We would 1ike Lo thank Dr, V.L. Koenig of the Armour
Research Laboratories for supplying us with the ATP used
in this project,
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of enzyme present, The tissue homogenate method of DuBois
‘and Potter (6) meets these requirements, and the investi-
gation was anﬁertaken using their scheme of analysis, This
method is based on tissue dilution of extracts, and the
measurement of their activity in the presence of an excess
of substrate and cofsactors,

A 10% tissue homogenate (32) in water was prepared,
Concentrations of one, two, three, four, and seven mg, of
tissue per 0,2 ml, of homogenate were needed for the det-
erminations, s0 they were made up as follows:

{1) 0.5 ml. of the original 10% concentration
was diluted to 10 ml, This gave a final
concentration of 1 mg. per 0.2 ml,

(2) 1.0 ml, of original was diluted to 10 ml,
This gave 2 mg., of tissue per 0.2 ml,

{(3) 1.5 ml., original diluted to 10 ml, giving
S mg, of tissue per 0,2 ml,

(4) 2 ml. original diluted to 10 ml,, giving
4 mge. of tissue per 0.2 ml,

(5) 3.5 ml. original diluted to 10 ml,, giving
7 mg, of tissue per 0.2 ml,

0.2 ml., of each of the above concentrations were
pipetted into small test tubes, A duplicete was run for
each tissue concentration., To the small test tubes were

added 0.2 ml, of 0.1 M sodium suecinate buffer (pH 6.5)
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and 0.2 ml, of 0,009 molar ATP, The tubes were mounted
in a wire rack, and placed in & constant temperature bath
for an incubation period of ten minutes at 30°C, At the
'end of this period 0.1 ml., of 50% trichlorocacetic acid was
added to each tube in order to terminate the reaction,
The mixture was centrifuzed in an angle centrifuge, and
0,4 mi, of the supernatant liguid was removed for anale
ysis, The inorganic phosphorus liberated from ATP was
measured in a Klett-Summerson photoelectric colorimeter
by the method of Fiske and Subbarow (12), a final volume
of 10 ml, being used,

The inorganie phosphorus in the tissue homogenatas
was also determined. These values were subtracted from
the inorgenie phosphorus value abtaineﬂ for the incubation
mixture. The inorganie phosphorus found in the ATP was
also subtracted from the incubation mixture value, For
the determination of inorganie phosphorus present in the
tissue, the ATP was omitted from the tubes, and 0,2 ml,
of ¢istilled water added instead, The inorganic phospho=
rus was then deterained after ten minutes and at 309C,
by the same method. The values obtained for 7 mg. tissue
concentration were not used because after 4 mg. an exact
linear relationship was not obtained.

The quantity of adenosinetriphosphatase whiech will

liberate one gamme of inorganic phosphorus from ATP in 10



15
minutes has been cefined as one adenosinetriphosphatase
unit.

In order to determine the activation of adenosinetri-
phosphatase by caleium ions, a series of determinations
were made on normal and deficient animals in whicg 0.1 ml, .
of 0,04 ¥ CaCl, was added to each of the tubes, When cal-
cium activation wae being determined, & parallel run was
made on the same tissue homogenate in which the caliclum
was omitted,

The celeulations of thé adenosinetriphosphatase units
are as follows:

(1) Total inorganic ph = conc, of stend, in geumas
reading of stande X

reading of unknown X 7/4.
{2) 'Total inorganic ph - inorganic ph in ATP - inorganie

ph in tissue ® gammas of inorganic ph liberated.
(3) Gammas inorgsnie ggA%iberatad = ATP-ase units.
© mg. tissue concentration

The stendard referred to in ecalenlation (1) was made up
secording to Piske and Subbarow (12).

It was found that adenosinetriphosphatase was being
determined instead of adenosinepyrophosphatase, ATP-ase
splits off one labile phosphorus from ATP, while adenosine-
pyrophosphaﬁaae would cleave both phosphorus groups from »
ATP,
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According to Figure 111, 4 mg, of tissue homogenate
liberates 8,00 gammas of inorganic phosphorus from 0,003
molar ATP, Theoretically, 65,1 gammas of inorgaunic phos=-
phorus should be rele&ée& if one labile phosphorus 1is
split off, It was assumed that if enough enzyme were
present 65.1 gemmas of inorganie phosphorus could be
liberated, It is not likely that sdenylpvrophosphatase
is being determined for in this case 130.2 gammnas of

inorgenie phosphorus would have to be split off,



HYDROLYSIS OF ATP WITH DIFFERENT TISSUE CONCENTRATIONS
Normal Animals

ATP-ase UNITS

i 2 3
TISSUE CONCENTRATIONS (mg.)

Figure I



RESULTS "

The deta were tebulated and anelyzed statisticelly
according to the method of Pisher (11), ATP~ase units
are csleulated ss the amount of inorganie phosrhorus libe
erated in ten mimtes at 30° 0, per wmilligram of tissue,

Pigure III gives the linesr relationship obteined for
normel amimals vhen milligrams of tissue homogenate are
plotted sgainst ATPease units,

The sdenosinetriphosphatase activity in the liver of
normel and defieclent animals 18 given in Table I, The
ATPenge activiiy 4s lowerad almost lmmediately after the
animals were glven the deficient diet, and remsined on
this low level uﬁtil after olght or nine weeks, No sige
nificant differences were noted between normal snd defie
cient values during the later stages of the deficieney,

The ATP-ase scbivity of liver tissue inorecases sige
nificantly in defiecient animels after 0,04 M CaClpg has
been added {Teble II). With normal animals this increase
is not significaat,

& wmarked inorease of ATP-ase activity occured when
dally dosages of 10 pgammas of the anti-stiffness factor
were administered to fiftden week deflcient animals over
a period lasting from one to six days (Table III). The
activation caused by addition of the factor to the fifteen
week deficient animals is significently greater than the
incresse obtained when caleium ions are asdded,



TABLE I

ADENOSINETRIPHOSPHATASE ACPIVITY IN THE LIVER OF HORMAL
AWD DEPICIBNT ANYHALS

AGE IN 50, OF Tiiz OH DIET ATP-gse UNITS X SIGHIFICANT®

WEEKS DEPHS, IR WEEKSE ‘ STANDARD KRRORS DIFPERE ACES

30 15 Hormal 2,05 X 0,028

18 13 e 1.60 0,124 3.5
35 2 5 1.3 £, 068 9.6
21 2 8 1,85 £0.017 6.2
28 7 15 2,01 ¥ 0,085 «45
39 11 26 1.68 0,088 4.5
60 7 45 1,97+ 0,129 0.8

# The significent differencses were deteruined against the uormal
value of 2,056t 0,028, '

81



TABLE II

ADENOSINETRIPHOSPHATASE ACTIVITY IN THE LIVER OF NORMAL
AND DEFICIENT ANIMALS WITH CALCIUM ADDED

AGE IH NO. OF TI¥E ON DIET ATP-ase UNITS X EIGHI?XG&ET*

WELES DETHNS, IN WEEKS STARDARD ERRORS
25 8 Hormal 2,33%x 0.20 1.6
a8 8 8 1.85¥0,11 346
80 8 15 3400 £0,30 3.2
60 8

45 2.85+10,25 Sel

# The significant differences were determined against the velues
for the same deficency without celecium,

BT



TABLE III

EPFECT OF ANTI~STIFFHESS PACTOR OF ADENOSINETRIPHOSPHATASE
LCTIVITY IN THE LIVER OF ANIMALS DEFICIENT 18 VWEEES

AGE IR HOe OF CONCRENTRATION  ATP-ase UNITSY SIGHIFICART#

WESKS DETNS, OF DOSAGE STANDARD ERRORS  DIFFERENCES
o8 4 0 2,011 0,09 '
28 8 10 B.72x0.44 3.9
28 8 20 4,98* 0,80 3.6
28 8 30 4,55% 0,61 4.1
28 8 40 3.49 T 0,32 4.5
28 14 50 5.99 = 0,51 3.8
' 8 60

3.,6710,52 3.1

# The significent aifferences were dotermined ageinst the values for
15 weak deficient enimels,



DISCUSSION 21

It is evident frowm the results repcrted in this thesis
that & defioctency of the antiestiffness factor couses a
derangenent in the activity of sdenosinetriphosphatase in
iiver tissue, The explanation of this derengement, in
1ight of previuos work, is as yet diffioult,

Duﬁbis and Potter (6), and Bailey (2) have demon=
atrated that celelum is the specific activator for the
sdenosinetriphosvhatase of skeletal muscle, DuBois and
Potter (6) have also shown that calcium ions ectivate ATP-
gse in the liver, The prescnce of a celeiunm nctivated ad-
gnosinetriphosphatase in liver tissus raises the gquastion
as to the form and functions of the enzywe, The ATP-ase
determinations in the liver, with and without celelum, sug-
gest that calcium may exist in combination with adenosine=
triphosphatase., The quantlty of celeium combined with the
enzymwe ét any one time would determine the activity of the
aystem, _ |

As steted previously, s disturbance of the phosphorus
metabolism cccurs during the deficiency diseasa and upon
sutopsy celeium triphosphate deposits may be found in cone
nection with slmost any body tissus, As @ result of the
deficiency of the antiestiffness factor, the concentrations
ef the inorgenic phosphorus and totael non~diffusible cele
cium in the blood are higher than in normal gnimals or in

animals on a deficient diet supplemented with this factor
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{35)s OColloidal caleium phosphate may then be formed and
deposited in the tissues. The incresse of dsposited inore
gandie phosphorus would seem to indicete e reise in adenoe
sinetriphosphatase activity. Hoanef, if celcium ilone are
the primary sctivating egent of ATP-ase, end 1f csleium is
being removed, this would result in & lowering in the asote
i§ity of the cnzyme,

The increase in acbivity, effected by the addition of
saleium to the ATP-~2se system, is greaster in deficient enie
mels then in enimels recelving a normel dlet, This secms -
to indicate that celcium ions are present in stock enimals
in en amount sufficient to insure & stable enzymatic syse
tem, Therefore the addition of calecium to the deficient
animals, where there ils s decrease in the activeting ions
due to precipitation es Cag(Poq)p, would ceuse & greater
inerense in the activity of adenosinetriphosphatsnse,

The high values obtained when the defieient animals
were glven a dosage of the enti-stiffness factor suggests
the possibility of s stimulating sction, Heilbrunn (5)
has edvanced & theory, without reference to any peartiouler
enzyme system, that the stimulation of cells in general
results in the relesse of celcium which then producec »
tissue response., Lvidence that acetylcholine increases
ATP~ase achivity hes been reported by DuBois and Potter
{5), end the evidence suggested that the effect might be
mediated by caleium,
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The assumption that csleium will be mwade availeble by
the anti-stiffness fector when it is edministered during
the deficieney is not the only sctlion indicated in the
results obtained, When caleium lons ere added to the ATPe
ase system, an increase in the sctivity ocours, However,
upon the addition of the enti-stiffness fector & mch
larger incresse in ATP-ase sctivity is noted, This ine
ersase »roves that the factor has ¢ direct asctivaeting ace
tion on ATP-ase and is not morely & means of releassing cal=
clum, The Heilbrunn theory mey &lso spply here, but, es
elveady implied, the reaciion would only be secondary,

The linkage of physiologicsl stimuli with the reguw
lstion of the rate of glycolysis axgd the performance of
work mey be controlled by the activetion of the edemosinee
trivhosphatese system, since the rete of glycolysis and
respiration is influenced by the avaeilability of inorganie
phosphate and adenyllc acld,
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SUMMARY 24

ATP-gse activity in the liver of gulnea plgs has Leen
determined in normel animals and in enimels develop=
ing & dietary stiffness disease, This activity was
also determined in deficilent animels that were receive
ing 8 dally dosage of the anti-stiffness factor,

It has been found that in deficlent enimels ATP-ase
activity declines stesdily during the first eight or
nine weelks of the deficiency, after which time there
is an inecrease to slightly below the normal value,

The activation of ATP-ase in the liver increases sige
nificantly in deficient animals after calcium lons are
added, The activation increese is not significant
when calecium ions are added to normal enimal tlssues,
A significent increase ocours in phosphatase values
when a dosage of the anti-stiffness factor is admine

1stered to fifteen week deficlent animals, Calcium

dons did not cause &s large an increase in ATP-ase

gotivation as did the antiestiffness factor,
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