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L’activité ATPasique est accrue entre le 2¢ et le 4¢
jour aprés Virradiation, & une exception prés (Tableau
I1). Au-deld du 4¢ jour, les différences ne sont pas homo-
génes. L’augmentation de l'activité ATPasique cons-
tatée les premiers jours aprés Virradiation est en accord
avec les faits observés par ASHWELL et HICKMAaNN® et
vaN BEKKUM® au niveau de la rate chez la souris
blanche et par Dupois et PETERSEN® au niveau de la
rate et du thymus chez le rat et la souris méle. Cette
majoration de l'activité ATPasique pourrait étre rap-
prochée d’un accroissement similaire mis en évidence
dans le cristallin d’animaux diabétiques?. Nous 'avons
interprété dans ce cas comme une adaptation enzy-
matique tendant a4 contrebalancer certains blocages de
la dégradation des glucides. 11 pourrait en étre de méme
dans les suites aprés irradiation. Notons encore que le
comportement des deux enzymes étudiés in vivo s’avére
nettement différent de celui in vitro. Dans ce dernier cas,
on a signalé en effet que 'hexokinase résiste mieux aux
rayons X que FATPase.

P. MANDEL et Mme M. L. SCHMITT

Institut de chimie biologique et clinique ophtalmologigue,
faculté de médecine, Université de Strasbourg, le 23 février
71956.

Summary

The irradiation of the lens by a simple dose of 1400 r,
gives a very important and lasting reduction of its hexo-
kinase activity. Its ATPase activity shows an incrcase
during the first four days and a return to normal again.
The variations observed here (that is in vivo) are different
from the ones noted after irradiation of these enzymes
in vitro.

4 G. AsHwELL et J. Hickmann, Proc. Soc. exper. Biol. Med. 80,
407 (1952).

5 D. W. van BExkuM, Biochim. biophys. Acta 16, 437 (1955).

8 K. P. Dusols et D. ¥, PETERSEN, Amer. J. Physiol. 176, 282
(1954).

7 . MaxpEL, Mme. M. L. Scumirr et C. A. Quaranta, C. 1.
Acad. Sci., Paris 242, 198 {1856).

ATPase Activity of Guinea Pig Heart Muscle

The occurrence of several different types of enzymes
splitting ATP in animal tissue has been recently describ-
ed. Biochemical differences among those enzymes con-
cern principally pH optimum, stimulating cations and
reaction products. Quite recently, HepPEL and HiLmoE?
have succeeded in separating three different ATDPases
from bull seminal plasma. One of these enzymes hydro-
lyzes ATP to AMP and PP. It is relatively heat-stable,
has pH optimum between 8-4 and 8-8 and requires nei-
ther Cat+ nor Mgt++ for full activity. The second ATP-
splitting enzyme produces ortho P and ADP from ATP
and has an acid pH optimum. It is completely destroyed
by heating at 60°C for 20 min, requires Mgt+ and is in-
hibited by Catt. The third enzyme is a relatively heat-
stable alkaline phosphatase which releases ortho P from
ATP and is more stimulated by Cat+ than by Mg*++.

1 1. A. Heeper and R. J. Hicmog, J. biol. Chem. 202, 217 {1953).
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The importance of ATP and ATPase in muscular
contraction has been particularly emphasized in recent
years (SZENT-GYORGYI?,, MOMMAERTS®, NEEDHAM?)
Some features of muscular ATPase have been then ex-
tensively studied. All the above-mentioned authors agree
that muscular ATPase shows two pH optima for en-
zymic activity: the first one is near pH 6-5; the sccond
is much stronger and develops in the presence of Catt at
pH 9-2. Catt acts as an activator at both pH values; the
action of Mg*+ is, by contrast, still a matter for discus-
sion. Banga and SzeNT-GYORGYI® have discovered that
pure myosin and actomyosin with lower actin contents
are always inhibited by Mg*+, whereas actomyosins
with higher actin contents can be activated.

The purpose of the present investigation was to study
the characteristics of ATPase from guinea pig heart
muscle. In order to establish it there are differences in
enzymic activity in regions of the heart provided with
different functions, ATPase activity of both ventricles
and atria were studied separatcly.

Methods.—Male guinca pigs weighing 250-300 g and
fed on a standard diet were used. The animals were
killed by bleeding and the heart was immediately remov-
ed and transferred into the cold room at 2°C. Both
ventricles and atria were separated and weighed. 1%
homogenates were then prepared by grinding the minced
tissues in a Potter-Elvehjem homogenizer with a leucite
pestle. 0-067 M borate buffer was used as a suspension
medium,

ATPase activity was determined according to the
method of Dusors and PoTTER® with some modifications
described elscwhere?”. Two pH optima indicated by
MomMMAERTS {6-5 and 9-2) were particularly investigated.
Incubation temperature was 37°. ATP sodium salt was
prepared in solution from dibarium salt supplied by
ScawaRrz. Its final concentration was 0-01 M. The values
reported in the Tables are given as ug P/mg N. P. de-
terminations were made according to the method of
Fiske and SusBarow?® and N determinations by the
usual microkjeldhal technique. The values obtained were
analyzed statistically, standard deviation and the “t”
test of STUDENT-FISHER being calculated for each
average.

Results.—1In a first group of experiments the normal
values of ATPase of atria and ventricle homogenates of
guinea pig heart were established. ATPase activity was
studied without the addition of activating cations at two
pH optima 6-8 and 9-2. As shown in Table I, ATPase
activity is much stronger at pH 9-2 than at pH 6:8, as
the enzyme from skeletal muscle does. No remarkable
differences in activity of different parts of the heart
were noticed at pH 9-2. At pH 6-8 the activity of the
atria is, however, stronger than that of the ventricles.

In asecond group of experiments the influence of Cat+
and Mg+t wasstudied. Theresults are represented in Fig,
1 and 2. It is clear that the action of both ions depends
upon their concentration and that the activity maximum
corresponds always to a low concentration, whereas at

2 A, Szent GyORrRGY1, Chemistry of Muscular Contraction (Aca-
demic Press, New York, 1950).

3 W, E. H. M. MoMMaERrTs, Muscular Contraction (Interscience,
New York, 1950).

4 D, M. NEepHAM, The Biochemistry of Muscle (Methuen, London,
1953).

5 1 Banca and A. Szent Gy6revi, Stud, Inst. med. Chem. Sze-
1,5 (1942).
K. P. Porrer and V. R. Dusaois, ]. biol. Chem. 159, 185 (1953},
M. A. Mor, Exper. 9, 9 (1953).
C. H. Fiske and Y. Sussarow, J. biol. Chem. 66, 375 {1925).
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Table T

Influence of CaCl, and MgCl, on ATPase activity at pH 6-8 and 9-2.

The values are given as ug P/mg N delivered in 15 min at 37°C,

-+ standard deviation. 10 experiments with CaCl,, 8 with MgCl,.

. Activator pH6-8 pH 92
Activator added .

concentration| 1 ventr L.atria | R.ventr. | R, atria L.ventr. | L.atria | R. ventr. | R.atria
- — 48 45| 794+ 4| 5813 | 85247110346 |12228 | 140 411|127 49
CaCL, . . 96104 | 50141 8714 733 5| 91 15| 1501613136180 L5 | 14317
CaCl, . . 1-6 x 1073 50 42 99 L 4 584411046 | 1394411254+ 5 178 +6 | 133+ 6
CaCly. . . . . .. 33 % 103 50 -- 4 75+ 5 64 + 4 8543 ) 141 4-5]137 45167 +5 | 1484+ 5
CaCly. . . . . . . 5 x 10-3 50 4 2 — 5543 —_ 10544 | 160 4-6 | 132 44 | 171 £ 6
CaCl, . 66 x 10—2 50 43 78 4+ 3 57 4+ 2 87 4+4 1115|1354 5141 5| 144 + 3
CaCl, . 83 x 103 50 - 4 80 4 3 58 4+ 3 89 +4 111045 (116 44 | 144+ 3 | 124 4 4
MgCl,. 96 x 10-4 79 4 5 9546 85+511304+ 5| 152+4 | 167 -8 | 190 +8 ] 1794+ 7
MgCl,. 16 x 1072 6343110545 70451136 +6 ) 14046 | 1454-6 | 18845 | 175+ 7
MgCl,. 33 x 1078 50 4+ 3 80 + 4 76 +3 1122 +5 1 154-+-6 11254+ 6 | 1704+ 6 | 156+ 6
MgCl,. . . . . .. 5 x 10°% 46 - 4 77 +5 60+4 112947 1 169-+8 14048 165+7 | 1504+ 9
MgCl,. . . . . .. 6-6 x 103 353 68 + 4 574+3|1204+6 [ 150 4-8 ] 1354+ 7 | 165+ 7 | 150 4 8
MgCl,. 83 x 10-8 44 3 804-6| 6243 1104+5 (1104712044 1168 +9 | 152 4+ 7

higher values the activation disappears. Some difference
of behaviour between atria and ventricles was observed
also with respect to Catt and Mgt+ stimulation at diffe-
rent pH values.

In the case of Ca*+ and pH 6-8 (Table I and Fig. 1) the
curves of two atria and ventricles are very similar: they
start from low values, rise slightly with increasing Cat+
concentration until theyreach a maximum at 1 x 103 M,

and then descend abruptly towards rather constant
values which are somewhat lower than those observed
in the absence of added Cat+. The maximum of activity
of ventricular ATPase is only slightly displaced towards
lower concentrations of Ca**, with respect to that
observed in the case of atrial ATPase. Furthermore, the
right ventricle shows a second maximum at higher con-
centrations. At pH 9-2 (Table I and Fig. 1) also the Ca*t+t

150-4 y Pjmg N 200-4 v P/mgN
pH 638 pH 92
Ca Cl, Ca Cly
100~ 150-
RA RV,
L.A. R.A.
L.A.
o R.V. L.V,
30 /\ LV. 109~
50~
§1x10-2% 5x10-3 Ixi0' M Ixig-% Sxig-3 Ixio~E M
Fig. 1.~Influence of CaCl, at pH 6:8 and 92
150~ y Pfmg N 200-§ y P/mg N
pH 68 pH 92
Mg Cl, Mg Cly
R.V.
A.D.
100~ 150- R.A.
LA,
LA,
RV, LV,
50~ 1o0-
L.V.
50-
1% 1073 5% 10-3 1x10-% M tx1u-3 5 x10-4 Tx1u™% M

Fig. 2.-Influence of MgCl, at pH 6-8 and 9-2
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Table 11
Influence of heating at 60°C (pH 6:8 and 9-2). 5 experiments.

. pH 68 pH 9-2
min

L. veutr. L. atria K. ventr. R. atria L. ventr. 1. atria R. ventr. R. atria
5 40 + 4 75+ 4 50 -4 4 75 4 3 7745 92 =5 112 +6 1024+ 6
10 26 L2 50+ 3 37+ 3 50 4+ 3 51+ 4 2—&3 78 + 2 62 4+
15 18+ 2 40 4+ 2 24 4 2 40 4 2 2642 48 + 2 38+ 3 38+ 3
20 11+ 3 2242 12 41 19 4-1 241 1543 542 542

has a different action on ATPase activity of atria and
ventricles. In all four curves maximum values occur at
low concentrations, but the forms of the curves show
striking differences between atria and ventricles. In
fact, ventricles show only one maximum, while the
atria have two maxima: a little one occurring at low
concentrations, and a second which is high and wide and
occurs at high concentrations. Mgtt exerts very similar
influences on both left atrium and left ventricle as well
as on right atrium and right ventricle.

In the presence of Mg*+ at pH 6-8 right atrium and
right ventricle show two well-defined maxima, while left
ventricle and left atrium have only one. (Table IT and
Fig. 2). At pH 9-2, on thie other hand, left ventricle and
left atrium have two maxima, whereas right atrium and
ventricle have only one maximum at low concentrations
{Table I and Fig. 2).

In the last group of experiments the extent of destruc-
tion of enzyme after heating at 60° was studied. The
homogenates were incubated at 60°; small aliquots were
taken up at 5 min intervals and ATPase activity was
determined. The results are shown in Table II. It is clear
from this Table that heart ATPase is heat-labile and is
completely destroyed in 20 min at 60°. No difference of
behaviour between atria and ventricles was observed.

Conclusions.— 1t seems probable from these investiga-
tions that ATPase activity of guinea pig heart results
from the sum of at least two different enzyme activities,
each provided with different cation requirements. The
first is active at pH 6-8, is stimulated more by Ca*+ than
by Mgt+ and is espetially abundant in the atria; the
second is stimulated by Ca**+ as well as by Mg*t in
about the same amounts and seems to be most important
in ventricles. Cat+ stimulation reveals striking differen-
ces between the activites of atria and ventricles at both
pH; Mg*+ stimulation seems to exert different actions
in the right and in the left heart. However, inactivation
by heating proceeds in the same manner in all parts of
the guinea pig heart. It seems not improbable that the
differences of ATPase activity occurring in atria and in
ventricles are due to their functional differences.

Maria Assunta Mor

Institute of General Pathology, Genoa, November 22,
7955.

Riassunto

L’Autore ha studiato I'influenza della concentrazione
degli ioni Catt e Mgt+ sull’ATPasi degli atri e dei ven-
tricoli di cuore di cavia. Tale attivita & maggiore a pH
9,2 che a pH 6,8. Mentre il Ca*+ influisce differenziando
decisamente le attivita degli atri da quelle dei ventricoli,
il Mg*+ accentua piuttosto una differenza tra la parte
destra e la sinistra. 1l calore distrugge quasi completa-
mente 'attivitd enzimatica dopo una permanenza a 60°
per 20 min.

Quantitative Determination
of Acetylcholinesterase Activity in Individual
Megakaryocytes at Various Stages of Maturation

It has been shown that the enzyme acetylcholin-
esterase (AChE), present in man in the erythrocyte-
erythropoietic cells, in rabbit, rat and cat is concen-
trated in the platelet-megakaryocytes!. In a previous
report the AChE of the megakaryocytic cell system was
investigated with a histochemical technique? It was
thereby shown that the megakaryoblast, which has a
diameter of about 24 u and is the earliest-known pre-
cursor cell of megakaryocytes, contains considerable
amounts of AChE. The strongest histochemical reaction,
however, was exhibited at the promegakaryocyte-mega-
karyocyte stage when the cells attain a diameter of about
42 to 56 g. In a suspension of bone-marrow cells these
maturation stages of megakaryocytes can readily be
differentiated by light microscopy. This cell system,
therefore, constitutes an ideal medium for studying the
problem of the synthesis of a specific enzyme during the
maturation of the somatic cells.

Very recently a micro diver technique has been evolv-
ed3?, with which it is possible to make quantitative de-
termination of the AChE activity in single cells. Mature
megakaryocytes from different mammals were studied
in this way* as were nerve cells®. The present paper re-
ports quantitative determination of AChE activity in
individual megakaryocytes at various stages of matura-
tion and isolated from rat bone marrow. The enzyme
activity is expressed as the amount of CO, evolvedinlh
from the bicarbonate buffer by the acetic acid formed
in theenzymatic hydrolysisof acetylthiocholine (AThCh).

The AChE activity of individual megakaryocytes at
various stages of maturation is shown in Figure 1. It is
seen that even megakaryoblasts, which arec about 24 uin
diameter, show measurable amounts of AChE. At the
megakaryoblast-promegakaryocyte stage (24—42 u) the
cells show widely varying AChE content. Most cells are
very active in splitting AThCh, but some show remark-
ably low AChE activity. At these developmental stages
the megakaryocytes also display great variations in intra-
cellular structure. All intermediate forms ranging from
cells with a large, round nucleus surrounded by small
amounts of ¢oarse cytoplasmic matter to cells with a
polymorphic nucleus and finely granulated cytoplasm
were encountered. Attempts to correlate the various
levels of AChE activity with particular cell structures,
however, have so far been unsuccessful.

1 J, Zajicek, B. Svivin, and N. Darra, J. Histochem. Cyto-
chem. 2, 115 (1954).
J. Zajicex, Acta haemat. 12, 238 (1954).
J. Zajicek and E. ZEuTHEN, Exper. Cell Res. (In press).
J. Zajicex, Acta haemat. 15, 296 (1956).
E. Giacosint and J. Zayicexg, Nature 177, 185 {1956).
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