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Liberation of Inorganic Phosphate from Adenosinetriphosphate by Frac- 
tions Derived from Developing Rat Muscle.* (17466) 

HEINZ HERRMANN, J. s. ?VIICHOLAS, AND ?d. E. VOSGIAN 
From the Osborn Zoological Laboratories, Yale University, New Haven, Conn. 

The systematic investigation of chemical 
changes occurring in diffewntiating muscle 
tissue was blegun1p2 by assaying quan'titatively 
the main protein fractions at different stages 
of development. The direct continuation, of 
this analysis was not immediately possible be- 
cause thle preparative characterization of the 
most significan,t muscle proteins, the myosin 
group, was impeded by the similarity in solu- 
bility of the nucle~proteins~ and the discrep- 
ancy between the increa'se in quantity of the 
myosin proteins and the activity of adenosine- 
triphosphatase which usually are thought to 
'be cl~osely associated. As an explanation of 
this discrepancy ( 1) an appreciabl'e increase in 
the enlzymatic activity in fractions other than 
the myosin proteins, or (2) an increase in 
activity of the myosin fraction itself or ( 3 )  
a simultaneous occurrence of both have been 
considered. These possibilities have been 
tested experimenltally and the )results are here 
described . 

Experimental: ATPase activity determina- 
tions. About 500 mg of fresh, minced muscle 
tissue were homogenized in 10 cc of .5 M KC1 
in the cold. The p H  was adjusted to 7.5 and 
the homogenate was divided into two 5 cc por- 
tions. One was stored in the cold for a de- 
termination on the whole (W). The other 
was subjected to protein fractionation as fol- 
lows: the homogenate was stirred for one 
hour at  40°F, and then centrifuged for % 
hour a t  3,000 r.p.m. The residue is R. 
The supernatant was carefully adjusted to 
pH 5.7 )by adding split drops of .04 N HcC1. 
The insoluble material was separated by cen- 
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trifugation for % h w r  and denoted as MI. 
The supernatant was diluted with 2 volumes 
of water, anld then oentrif'uged for 5 hour. 
The residue is M2. The supernatant is S. 
The fractions so separated were r e h m o g m  
ized in 5 cc of .5 M KlCil, and the pH was 
adjusted to 7.2-7.5. After dilution1 of each 
fraction and the whole, so that the activity 
would fall within a measurablle 'range, .2 cc 
portions were taken for ATPase activity de- 
terminations, which werle performed by the 
procedure of Dubois and P ~ t t e r . ~  The ATP 
was prepare$ according to the method of 
Dounce, et 

Tubes set up for phosphate determination 
contained the following: .60 cc of 2.5% 
ammonium molybdate in 5 N H2S04, .25 cc of 
sample, distilled water to dilute to 3.00 cc, 
and lastly, 15 cc of .25% l-amino, 2-naphtho1, 
4-sulfonic acid. Phosphate standards and a 
blank were run concomitantly. The contcmts 
were thoroughly mixed and heated in a water 
bath at  37°C for 5 minutes. After cooling 
the samples to room temperature, colorime'tric 
readings were taken on the Beckman spectro- 
photometer a t  660 mp. 

Nitrogen determindons ifor each fraction 
in suspension were miade by the Kjeldlahl 
method modified (by BwlP after precipitation 
with trichloracetic acid (100 g to 100 cc) 
to yield a solution concentration of 5%. 

Results and discussion : The enzymatic 
liiberation of inorganic p h q h a t e  from adem- 
sim triphosphatie by 4 protein1 fractions ob- 
tained' from mesoderm or muscle tissue at 
different stages lolf dlevelopmentt is shown in 
Table I. The activities are computed as phos- 
phate liberated either per mg of N in the 

4 Dubois, K. P., and Potter, V. R., J .  B i d .  
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fraction (firactionall activity) or per mg of 
N in the whole homogenate (relative activity). 
The first way of computing indicates the 
changes of activity which occur during the 
development within the respective fraction, 
indtpndent of the changes of the quanti'ty 
of this fraction. The second' method of com- 
putation provides an index for the contribu- 
tion of enzymatic activity o4 one particular 
fraction relative to the enzymatic activity of 
the whole holmsgenate of muscle tissue. If 
the enizymatlic activities for the single tractions 
computed for thle total nitrogen, are added, 
the activity obtained theoretically should\ be 
qua1 to the activity of the whole unfractim- 
ated tissue holmogenate. The latter data mr- 
respond to the figures represented in the 
graph in the p~evious paper.l The figures 
abtained by computation for the total nJtm- 
gen, (relative activities) are diependent not 
only u p n  the activity in the respective frac- 
tion Ibut dm u p n  the quantity of this frac- 
tion relative to the other fraction<s composing 
the total homogenate. In oder to show the 
scattering of our results we have listed in, 
TabEe I the numbler-s otf samples used and 
the range f'or the firactiod activities and also 
the averages for single fractions and for the 
whole homogate  as well as the relative 
activities for the single fraction and for the 
sum 94 the fractions to be compared with the 
activity of the whole unlfractioned tissue. 
From these figures it is quite evident that 
all fractions show 'it marked increase in1 activi- 
ty. I t  can 'be noticed that in the 3 fractions, 
R, MI, Mz, almost the entire increment. is 
fiound for the development firom the 14th to 
the 198th day od gestation, the period in which 
the m s t  pronouncod steps of structural and 
functional differentiation are taking place. 
Fraction S increasles a t  a steadier ratle over 

the whole developmental period investigated. 
The increase in the rfelative activities (calcu- 
lated per mg nitrogen of the total homogenate) 
differs Ifrom the fractional activities by its 
dependlenloe upon, the quantity of the respec- 
tive fraction. A doser correlation od the two 
sets of figures was not attempted. However 
it can be clearly recognized that in the case of 
fractions R, MS, and S the increases in the 
relative activities are of tbe same order oif 
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magnitude as the increases in fractional ac- 
tivities. Tn contrast to these fractions an 
exceptionally great increase in the relative 
activity is found in the >I1 fraction. In this 
instance an increase of 14 times for the frac- 
tional activity is to be compared with an 
increase of about 56 times for the relative 
activity. This difference is due to the rapid 
increase in the quantity of the Ml fraction 
which has been described before. 

The values for the relative activities in 
Table I, wh’en added (R,  >I1, M2! S) should 
\equal the activities found in the whole hom- 

Since the two sets of figures 
are in close agreement, it can be concluded 
thait the values secured for the relative activi- 
ties give a correct measure for the proportion 
in which these individual fractions contribute 
to the activity of the whole homogenate. The 
increase in activity for the whole homogenate 
flound in this series corresponds closely to the 
values obtainled previously.: The present 
values are consistently som-ewhat higher than 
the previous ones since the activity of the 
whole when homogenized in KCl is 18% 
higher than when homlogenized in water, due 
to activatilonl by the K ion. For the first day 
after birth the earlier value (W), which is 
more than 35% lower than the recent value 
W, forms a “dip” in the curve in previous ex- 
periments. Since the rate of increase in 
activity is greatest up to the time of birth, 
tbe present higher value, W, is the more 
reasonable one. The difference between the 
rapid increase in enzymatic activity and the 
slow inlcrease in the quantity of the total 
fraction of myosin proteins (the sum of the 
presen(t fractions 311 + 31,) which appeared 
previously as a diiscrepancy can now be ex- 
pliained. The former assumption was that 
most of the apyrase activity in muscle a t  all 
stages of development should be linked to the 
miyosin protein fraction and should remain 
fairly constant Ifor the unit of this fraction. 
I t  now appears that only a minior part of the 
total activity is oontributed by the myosin 
protleins; although a large increase in activity 
does occur within the myosin fraction itself. 

The problem of the nature of the proteins 
of the myosin’ group as well as the relationship 

iiate ( W ) .  

of the different !enzymes with apyrase activity 
is at  present in a state of flux. As to the 
former, discussion centers around Szent-Gyor- 
gyi’s‘ separation of the myosin complex into 
actin and myosin, and recently Bailey seems 
to have found evidence for a new member oS 
the myosin family (his tropoimyosinl) . En- 
zymes with apyrase activity and distinctly &If- 
ferent properties recently have been described 
from various sourcess-lo and even in muscle a 
distinction of ATPase enzymes was recently 
claimed. The fact that thlerle is an increase 
during embryonic differentiation of all frac- 
tions of muscle tissue is in agreemenlt with 
the observation6 of Port ter ,I1 FEexnd2 
13arth!13*14 and Moog1r) whlo find an increase 
in apyrase enzymes during differentiation in, a 
great variety of mammalian and even inverte- 
brate tissues. In these intstancles thfe increase 
means a more or less indirect role of apyrases 
in the elfaborafion land maintenance of specific 
structurfes and functions. In  the M1 fraction 
this relation is a more direct one since the 
development of enzymatic anid structural prop- 
erties of the myosin proteinls in muscle repre- 
s>ents directly the products of differentiation in 
a highly specialized tissue. 

Sunzinary . In a quantitative chemical study 
of developing miuscle there isl a greater activi- 
ty of adenosinetriphosphatase than is warran- 
ted by th’e increase in amount of myosin pro- 
teins. In  order to ascerttain the reason for 
this discrepancy dteterminationls of phmphia- 
tase activity were made on fractliom of devel- 

7 Szcnt-Gyrgyi,  A., Chemistry of Muscular Con 
traction, Xcadeinic Press, Inc., S e w  York, 1947, 

8 Barth, L. G,: and Jaeger, L., J. CeZZ. and Comp. 

9 Kielley, W. W., and Meyerhof, O., J .  Bid. 

10 Zeller, 1’. A., Experientia, 1948, 15, 134. 
11 Potter, V. R., Schneider, W. C., and Liebl, 

12 Flexner, J. B., and Flexner, L. B., J .  Cell. and 

I3Barth, L. G., J .  Trans.  N .  Y. Acad.  Sci., 1949, 

1 4  Jaeger, L., and Rarth, L. G.; J .  Cell. and 

15 Moog, F., J. Exp. ZooZ., 1947, 1.05, 209. 
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oping muscle obtained from rat embryos of 
14 days, fetuses of 19 days, rats of 1-2 days 
an'd 9-10 days of age. The activity was cal- 
culated in micrograms od phosphlorus l h r a t e d  
in 15 min. at  37.5" per mg N. 

A11 4 fractions increase in activity during 
development; the MI fraction, containing the 
purest preparation of the myosin proteins de- 
velops in activity 6 times faster than the 
other fractions. 

Whik the apFase activity was formerly 
thought to be limlited to the myosin protein 
fraction this contributes but a minor part of 
the total activity. 

The (activity was determined for each of 4 
firactions and the sum of these, thqe activity 
of the whole hornogenate, was in close agree- 
menlt with previous d'eterminations of the 
whole hlomogmates. Received August 8, 1949. P.S.E.B.M., 1949, 72. 

Role of Pyridoxine in the Production of Leucocytes in Normal and 
Leukemic Mice." (17467) 

DAVID R. WEIR, ROBERT W. HEINLE, AND ARNOLD D. WELCH 
From the Departments of Medicine and Pharmacology, School of Medicine, Western Reserve 

University, and the University Hospitcls of Cleveland. 

Morgan, Groody, and Axelrodl showed 
that pyridoxine-deficient dogs developed a 
leucocytosis with an absolute increase in 
the numbers of circulating neutrophiles and 
an absolute decrease in the numbers of 
lymphocytes. These abnormalities could be 
corrected by giving adequate doses of 
pyridoxine. In the same year McCall, 
Wakrnan, Elvehjem, and Jones2 described 
similar leucocyte changes in pyridoxine-de- 
ficient and in pantothenic acid-deficient mow 
keys. They stated that the reversal of the 
pol y mo ~p ho nu clea r to ly mp hoc y t e ratio also 
occurnxt in ribfllavin deficiency. In bhe 
pyridoxine-deficien t animals the reversal could 
not be comcted completely by pyridoxine but 
could be corrected by whole liver. Wintrobe 
and his asmcialtes3 observed a tendency of 
the gran,uIocytes to increase in pyridoxine-de- 
ficient swine, lbut there was no reversal oif the 

* This research was made possible by grants 
from the National Vitamin Foundation and the 
Price McKinney Memorial Fund. 
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ratio od ,plymmphonuclmrs to lymphocytes. 
Stoerk, Eisen, and John* descrilbed thymus 
atrophy and a d u c t i o n  in the number of 
fixed and circulating lymphmytes, and Stoerk5 
described lymphoid atrophy and regression of 
rat lymphmarcoma in pyridoxine-deficient 
rats. In  ordler to facilitate the production of 
pyridoxine deficiency, Otts investigated the 
antipyridoxine activity of desoxypyridoxine 
hydrochloride ( 2,4-dimethy1-3-hydroxy-5-hy- 
droxymetlhylpyridine). He found thlat two 
molecules olf the analogue were sufficient to 
offset the vitamin activity of one molecule of 
pyridoxine, as measured #by chick growth. Un- 
der other colnd~t~ions~ much larger quantities 
of the analogue are necessary. These obwrva- 
tiom prompted us to investigate the effect of 
both pyridoxine deficiency land{ pyridoxine ex- 
cess on the circulating leucocytes antd hemato- 
poietic organs of normal mice and of mice 
having various abnormalities of the leucocyte 
pat tern. 

Pyridoxine Deficiency in fiormal Mice. 

4 Stoerk, H. C., Eisen, H. N., and John, H. M., 

5 Stoerk, H. C., Fed. Proc., 1948, 7, 281. 
6 Ott, W. H., PROC. SOC. EXP. BIOL. AND MED., 

7 Umbreit, W. W., and Waddell, J. G., PRW. 

J. Exp. Med., 1947, 85, 365. 

1946, 61, 125. 

Soc. EXP. BIOL. AND MED., 1949, 70, 293. 


