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PREFACE

The work described in this report was authorized under Project No.
1C162706A553C, Decontamination, Detection and Identification. This work was
started in October 1986 and completed in November 1986. The experimental data
are contained in laboratory notebooks in the Division of Life Sciences, Uni-
versity of Texas at San Antonio (San Antonio, TX).

The use of trade names or manufacturers' names in this report does not
constitute an official endorsement of any commercial products. This report may
not be cited for purposes of advertisement.

Reproduction of this document in whole or in part is prohibited except
with permission of the Commander, U.S. Army Chemical Research, Development
and Engineering Center, ATTN: SMCCR-SPS-T, Aberdeen Proving Ground, Maryland
21010-5423. However, the Defense Technical Information Center and the National

Technical Information Service are authorized to reprojuce this document for
U.S. Government purposes,

This report has been approved for release to the public.
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TRIMETHYLTIN SELECTIVELY ALTERS ACTIVITY OF ca*™*, Mgtt, avD
(cat* + mg*™) -ATPases OF HIMAN NEUROBIASTOMA

1. '\, INTRODUCTTON

Neurctranmmitter release from nerve terminals is coupled to the
intracellular carcentration of Cat'. The regulation of internal cat
pools is, in turn, accmplismdby:?agaralprmmidmimlmeﬁne
transport of Ca't into mitochondria;l’the binding of Ca** by intranewronal or

membrane proteins,?s3 the of intraneuronal ca** with extracellular
Nat via 1n antiport process;4r7 and finally, ca*t e(t%%:r“m: sequestraticn
\¢att-activated adenosine triphosphatases (ATPases) &9 These processes are

by
sensitive targets for a wide range of neurctaxic compounds with industrial,
agricultural, and military applications. 1In fact, (Cat™ + Mgtt)-ATPase and an
associated&np&i-anrelamiﬂﬁbitedbylbjave tmdr@‘_ﬁa:a.ctivatedby
maitotoxin, 1/ two of the most potent known naturally occurring neurctaxins. (E° )¢

Organotin campourds are biologically active organanetals which are
used as pesticides, fungicides, anti-fouling paimts, plastic stabilizers, and
catalysts.12/13 The short chain alkyltins are water soluble and to
relatively non-toxic products, but induce neuropathies in mammals,14-19
Trimethyltin (TMT), the most potent neurotoxic organctin campound,20 induces
psychological and behavioral disturbances in humans characterized by
irritability, memory loss, and mental confusion.21-23

Neurcchemical effects include alterations of muscarinic and dopamin-
ergic_receptor binding in mice,24 inhibition of neurotransmitter uptake in
mn<e?S and ratl® brain synaptosames, and inhibition of acetylcholire release
under canditions of 20 Hz stimulation in the rat phrenic nexve-
hemidiaphragm.2® The apparent nonspecificity of TMI' for neurctransmitter
systems and the similarity of its effects to those of ruthenium red, which
blocks Ca*t entry into mitochondria,?’ suggest that TMI may disturb membrane
pumpe responsible for the regulation of intracellular Ca*™*. These
cbservations and the fact that triethyltin, a related compound, has general
effects on enzymes which use ATP as a substrate,28-30 proride the rationale
for assessing the effects of ™M on endogenase ATPase activities in laman
neurablastama cells.

2. MATERIALS AND METHODS
2.1 Materijals,

Trimethyltin chloride and malachite green were purchased from Aldrich
Chenical Company, Milwakee, Wisconsin., Adenceine triphosphate (MTP), ouabain,
HEPES huffer, Tris huffer, and glycerol were purchased from Sigma Chemical
Capany, St. Louis, Nissouri. Dulbeco Modified Eagle’s media (IME-1X) was
purchasad from Irvine Scientific, Irvine, California. Fetal Talf Serum (IKS)
was purchased fram Hyclone Labs, Logan, Utah. Trypsin was cbtained from
Giboo, Grand Island, Maine. Human nearchlastama cells (@G43320) were abtained
from Coriel Human Genstic Mutant Cell Repository, Camden, New Jersey.




2.2 ell Qulture.

Cells were grown at 379C in Faloon T-76 flasks containing 10 ml
IME-1X supplemented with 108 (v/v) HCS in an atmosphere of 1% 00,. Media wes
changed every three days. Oonfluency, approximately 1.0 x 107 cells, ws
attained on the 7th or 8th day, at which time the culture flasks were treated
for 1 min with a 0.05% trypsin solution containing 0.05% EDIA (w/v). Trypsein
action was irhibited by addition of an equal volume of growth medium,

immediately by centrifugation for 5 min (1500 rpm) at rom tesperature.

The resulting pellet was washed twice with 0.01 M Tris buffer, pH 8.2,
containing 16% (v/v) glycerol. The washed pellet was then (10
strckes) in a Potter Elvejham glass hamogenizer previously chilled to 5°C.
The protein was determined by the method of Bredford using bovine serum
allumin as a standard.3}

2.3 Enzyme Assays.

All incubations had a final volume of 2.0 ml containing 150 ag
protein, 0.02 M HEFES buffer, pH 7.2, 109.+¥ EGTA, 100 mM KC1, 0.1 =M ouabain,
indicated amaunts of TMI', and 250 .M ATP. Prior to the addition of ATP, assay
mixtures were preincubated for 5 min at 379C. Hydrolysis of ATP was allowed
to prooeed for 10 min at 379C. Reactions ware terminated by addition of
200 4l 6.0 N HC1 at which time 200 41 aliquots were removed. Released
phosphate was monitored spectrophotanetrically by the method of Lanzetta and
coworkers.3<¢  Cat*-ATPase activity was determined by subtracting basal ATPase
activig (no added Ca™ or Mg™*) from activity in the presence of 300 uM CaCl,
(no Ma*"). Mg™-ATPase activity was the difference between basal and Mgtt-
stimulated (1.0 mM) activity (no ca*). (&t + Mgt -dependert ATPase
activity represents the difference between total activity (&a*t + Mg*t*) and
activity in the presence of Mg*t alone. Assay conditions described above were
linear with respect to both protein and time. Trimethyltin chloride solutions
were prepared fresh in glass distilled water: 25, 50, 75, 100, and 125 .M
final concentratians.

3. RESULTS

As shoan in the figure, very low concentrations of IMTI significantly
depress the Ca*™, Mg**, and (Ca™* + Mg™) ~dependent ATPase activities of
neurcblastama @0320 hapogenates. At 25 4M, the ('Y + M) ~dependent
AfPase activity (o-o-ﬂ is mm;mdgxgmaterﬁmsst in contrast to a 45%
stirnlation of the Ca . -indspandent activity (o-0~0); vharees,
the My -dependent, Cat*-independent ATPase activity (x-x-x) was cheerved to
be irhibitad by approximately 25%. At 75N, no inhibition of the ca**-
dependent, My*T-independent ATPase activity was cbserved; whereas, tha
(ca*t + Ng**) ~dependent activity was inhibited greater than 95%. ~ly a
roderate inhibition of approximately 40% of the Hy*t'-deperdent, Ca' *-
irdependent activity vas obeerved at 75 ,.M TMI. Concertxation of greater
than 78 oM TMT in the respective assays resulted in increasing inhibition of
all activities,
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Figure. The effect of increasing amamts of triMhyltin (TNI) on catt, mg*t,
and (@@** + g™} ~Gependent ATRase activities of kx .an mm:blastam a320.
Cca —depe:ﬂem: Mg -independent ATPase activity Lo-o—o)L My Ht-dependent,
CaH-independent. ATPase activity (x-x-%): and (G ) —dependent ATfase
activity (e-e~e).




4. DISCUSSION

At present, little is known about the mechanism of the newrctoxicity
of TMI. A related compoird, triethyltin, has been reported to inhibit
oxidative phosphorylation and to decrease the incorporation of (}4c) -glucos:
into pyruvate and several putative amino acid trensmitters.?l This might
account for the observed toxicity to cultured reurcblastom GM3320 cells of
very low concentrations of TMI. Data presentad here indicate that T™I may &:
useful as an activator or inhibitor of ATPase activity in disrupted tissue
homogenates. This is consistent with the idea that alkyltins, such as TMT,
have a high affinity for membranes and processes associated with membrarrs s
in the irhibition by TMT of the uptake of neurctransmitters into synaptisiwes.
These results support the comtention that this campound may be useful for
reportsi3:34 mxyest that the Catt-ATPase, My**-ATPase and (Ca*t + Bij™)-
ATPase activities in synaptic plasma membranes reflect the operatic of three
separate enzymes. Althouch these activities must be studied in grester
detail, their presence suggest the potential usefulmess of this <ell line in
the study of various ATPase dependent neurochemical processes.

5. CONCIIISIONS

The catt, Mgtt, and (Ca*t + Mg*)-ATPases are selectively sensitive to
perturbation by TMT, suggesting a role for these enzymes in the neure-
pathologies induced by this organctin. The neurcblastama Q8320 cell culture
provides a convenient system with which to study the mechanisms of action of a
wide variety of neurctoxic agents and to assess the potential of these enzymes
as detectors of ins.
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