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AparRACT. —— The hydrolysis of adenoc-
sineiriphosphate {ATP) by enzymes in
bluegill (Lepomis maerochires) liver
mitochondria shows ATR to be the pri-
mary substrate ag very little hydrolysis
of adenosinadiphosphate (ADI) was ob-
gerved, Cadmium, zing, manganese, mag-
nesinm, and caleium jons enhanced the
hydrolysis of ATP in the order given,
Sodlum cyanide, sodlum fluoride, and
Tedoacetate did not affect the hydrolysis
o ATP. SBodium azide and p-chloromer-
euribenzoate Inhibited the hydrolysis. of
ATP; but pentachlorophenol was legs in-
hibitory., Sodinum arsenate, sodium ar-
senite, and, dicoumarel did not ‘allect the
hydrolysis of ATP. Gramicidinfand 2, 4-
dinitrophenc! enhanced the hydrolysis of
AT in' the presence of mangsnese and
maghesium ivns, .

The hydrolysis of adenosinetri-
phosphate (AT} hag not been cx-
tensively investigated in fish liver
mitochondria systems (Tarr 1958
Gumbmann, Brown, and Tappel
1959). Aw ingrease in the hydrolysis
of ATP could result in the loss of
energy fo the fish, ag the net enerov
availablo in the form of ATP is the
composite resnlt of two general en-
zyme sequences, (1) the ATTP-gen-
ereting sequences, and {23 the ATP
hydrolyzing or utilizing sequences.
The energy-producing systems of
biuegill liver mitoghondria are heing
investigated as one approach to de-
termine the cffects of pollutants on
aguatie organisms, '"This investiga-
tion was initiated to study the hy-
drolysis of ATP by bliegill liver

mitochondria and determine if the
ATP bydrolysis may be affectod by
possible pollutants. The term
ATPase activity as used here follows
the definition of ATPase as proposed
by Potter (1953}, namely the release
of inorganic phosphate from ATP,
and does not imply the existence of
a single or specific enzyme or on-
zymes. A preliminary report of
part of the prosent work has been
presented (Hiltibran 1964), and the
elfect of sodivin amvtal and rotenone
on, the bluegill mitochondrial envye
seguences has been reported (T(lti-
bran and Johnson 1965).
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Native, wild bluegills were maintained
in aerated aguariz at 26° . Prepara-
liong of the mitdchondria and procedures
for estimating the rate of release of in-
organic. . phosphate from ATP and for
determining nitrogen content of mito-
chondria]l preparations have previously
een revorted (Hiltibran and Johnson
19653, The lnorganie phosphate veleaged
from the ATP was converted fo micro-
moles of phosphate per hour per milli-
gram of tissue nitrogen. All valges have
been corrected for endogenous activity,
The data presanted are the average
values from two or more experimenty,

Resvnrs axp Discugston
Effect of Metel Jons.—Very little Hy-

drolysis of ATP oeeurred in the aheernce
of any metal ions. One micromole of

cadmium, zine, snd manganese ions per
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ml of resction medium. was found to
promote .the maximum hydrolysis of

ATPE. Greater . or lesser guantitiesg
of these ifoms nvesulted in less ATP
hydrolyzed (TABLE 1}- Maximum

" hydrolyeis of ATP oceurred with a jmag-

nesium ion concentration between 1°to

5 micromoles per. ml of reaction medi-

um, but-magnesium levely greafer than

5 migromoleg reduced the hydrolyais.

The hydrolysiz of ATP increased wifth
increased levely of calcium ions up to
15 micromoles of ealeium, the highest
leval of calcium used. Sodium and pofas-
siwm ions were not elfective. The valies
given in° TABLE 1 are ihe averago
values of 25 experiménts.

Zine and cadmium jong seversaly in-
Libited oxygen upiake by llnegill liver
mitoehondria. whercas manganese and
cateinm iobs were less inhibilory, Alte
in the preosence of thege ions, there was a
farge increase In the inorganic Phos-
phale content of the reaction medihm,
which wag greater than in experiments
in which oxygen upthke was inhihited

by sodium cyvanide or Anfimycin A T

is mnow apparent that cadmium,- zine,
manganecse, -and caleium ioms were enl-
haneing the hydrolysig of ATD, which
vesnlted in the large inereage observed in
the inorganie phogphaie of the reaction
maedinzm. ' ]

Effect of Substrate.--The results of.
preliminary experiments indicated that

“gdenoginddiphosphate (ADP) was nol

ulilized as a subslrate by the Hver mito-
chondria in the presence of zine, cad-
migm, munganage, and magnesinm ions.
However, in the presence of calelum tong,
apparently some hydrolysis of ADP may
have occurred; buf this hydrolysis eon-
tpibuted to -lessg than 20 percenmt of the

total -amount of the inorganic phosphate -

relessed from either ATD or ADT. Thegoe

TABLE 1—Bffecls of Metal Imis on
ATPage. ’
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ohservations were confirmed. in later ex-
periments, When either ADE or Inor-
gani¢ phosphate was. added tg the re-

_action medium, the. total amount of in-

orgenie phosphite released was lesg than
in the presence of AT alone, as would
he expeeted since ADP and inerganic
phosphate are end-products ol the eu-
zyie reaction. The mitochondrial en-
zymes did not hydrolyze sodium pyro-
plhozphate, It appears, therefore, that
the inorganic phogphate. relpazed from
ATP iz the terminal phesphate group

. of ATP and vonforms Lo the deflnition

of the ATPase activily usg proposed by
Potter {19633}. ]

Five micromoles of ATE per mi, of
reagtion medium did not result in a
large increase in the hydrolysis of ATE
over that shown by 2.5 ‘micromoles of

“AMPY, indicating that 25 micromoles of -

ATP weare g suitable gubstrate level un-
der the.conditions of the experiments.
Less ATP was hydrolyzed at ATP levels
of 1 and of 76 micromgles. )

Kffect of Homogenizing edium —'The
ATPase activitien within mitochondria
prepared in various medla were investi-
gated and arve summarized in TABLE 2.
Water, 0.04 M gucroge, and 0.9% godium
chloride wete poor homogenizing media.
Active proparulicis were obtained from
0.15 M potassium ehlotide (KCL) and
from 008 to 0.25 M sueroge solutions,
The largest amonnts of ATP were hyro-
lyzed in the presence of eadmium and
zine fong by the mitochondria prepared
in 0,25 M sucroge and by the mitochon-
dria prepared from .15 M sucrosoe when

Tanrm 2—Wifects of Homogenizing
Median on ATPase. ' .

micromoles PO/ hefmegl”

micremples
per mlof
reaction | micromoles
Iom o medium POy hr/mely
None........... o 17.4
Cadmium. .. .... i 93 .4
Zing.. v oeaa o A 1 69,5
Nanganese. . . ... 1 50.4
Marnesiim. ... . 1 7.5
Calclum........ 5 4.3 -

Cd | Zon \Mn Mg | Ca
KCL{is3M). . .. 85.9|34.9137.429.923. 4
NaCL (09%). ... 9.5 7.410.4 12.3| 4.6
Suercse ‘
0.44NT8 .. ... .| 20.2]20.1[28.1[25.726.8
0.34MS. ... .. 12.3] 9.931. 7247|187
0.25M8. ... 106. 6198, 8|32.7|24 .3(200.0
0.1588. . %%.9(33.3(49.2[24.6'18. &
0.08MS..... ... 667166, 2137 . 423 . 7]17.3
Q04MS. .00 7.2[11.4|13.0] 7.3|.4.8. .
Water, . ... ... 81| 6.7 9.7 6.3 5.4
O.15M5 i
+EDTA......| Ti1.4 74,5144, 7(13.7]16.%
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data suggest that DND interferes
with the mcorporation of inorganic
phosphate into ATP. The magnes-
inm and mangancse ATPase activi-
ties were increased approximately
88 and 40 percent, respectively. DN
did not greatly alter other ATPase
activitics. ITisher and lower levels

of DNP were not particularly more

effective. During the investigation
of effects of various homogenizing
media on the ATPase activity, the
affeet, of DNP om the various ATPage
aetivities was also investipaled at
levels of 1.5 nicremoles.

The cadmium and zine ATPase
activities of milochondria prepared
in 0.25 M swerose and (.15 M K01
and the magnesium and manganese
ATPage activities of mitoehondria
prepared in 0.15 M sucrose were in-
eroased as well ay were the zine,
ewdinium, mangancse, and magnes-
inm AlPage activities from initc-
chondria prepared in 0.15 M snerose
containing 0.001 M EDTA. These
data suggest that in the prescnce of
magensinm iows, the hydrolysis of
ATP iz inercased, and thereby con-
tributes to the unconpling effect pre-
viously tioted. Even though ATP
Livdrolysis in the prestnec of magnes-

inm ions is increased sbhounf 80 por-

cemt, this does not appear to accommt
for the largr inerease in Inorganic
phosphate content of the reaction
modium in the investigations of sue-
¢inie oxidase of mitochondria. Even
though oxyeen uptake was reduced
about 70 percent, some Incorporation
of inorganic phosphate would be ex-
peeted, and apparently dinitrophenol
interferes  with this Incorporation

of inorpanic phosphate, and effect

previously demonstrated by Hisen-
hardt (1964).

The importance of the cadmini,
zine, manganese, and calcium AT-
Pases is not known, However, sinee
these jons inhibit oxygen nptake and
affect the hydrolysis of ATP, these
effects on total encrgy production by
fishes would supplement each other
by deereasing cnergy pr oduction and
prnmotnw the energy loss. Cadminm
and zine fons are relatively toxic to
fish, and these data suggest that the
toxie effect of these joms might be
the result of their cffect om energy
production.

OF all the inhibitors nvestigated,
only the dinitrophendl effect on the
magnesium ATPase activity appears
to eontribute to the previously re-
ported effect on phosphate nptake.
Higher levels of DNI® were not any
more offective, either on the magnos-
inm ATPase, or on phosphate uptake
in the presence of suceinate,.
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