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FOREWORD

The work described in this report was authorized under Task 1W662710AD2502, Medical
Defense Against Chemical Agents. Prophylaxis and Therapy for Lethal Agents. This work was
started in November 1967 and completed in Julv 1969. The experimental data are contained in
noteboock MN-2135.

In conducting the research described in this report. the investigators adhered te the
“Guide for Laboratory Animal Facilities and Care” as promulgated by the Committee on the Guide
for Laboratory Animal Resources, National Academy of Sciences-National Rescarch Council.

This report is reprinted from Biochem. Biophys. Acta 235, 542-547 (1971) by permission
of the copyright owner. The letter of permission to use the copyrighted material is on file in the
Legal Office. Edgewood Arseaal. Maryland 21010. Reproduction of the copyrighted material in
whole or in part is prohibited except with permission of the copyright owner: however, DDC and
the National Technical Information Service are suthorized to reproduce this document for United
States Government purposes.
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DIGEST

Acedylcholiresterase (acetyichcline hydrolase, EC 3.1.1.7) activity in brain tissues of the
dog was measured before and after inhibition with 32P-labeled pinacoly! methylposphonofluoridate
(soman). A high correlation was obtained between uninhibited enzyme acrivity and soman-derived
rad!ophosphoms bound to the tissues as methyl (1“P] phosphonate. The methy!phosphonate fos
100% irhibition was taken equivalent to the catalytic sites. Turnover numbers calculated from th«
ratio of acetylcholine hydrolysis to catalytic sites approached walues vyielded by ccl
acetylcholinesterase.
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Utilization of | P}soman for mezsurement of acetylcholinesterase in
brain tissues -

NORMAN C. THOMAS, JOSEPH H. FLEISHER and LARREL W, HARRIS

%x’; i{ediml Sciences Depsrtment, Medical Rescarch Laboratory, Edgewood Arsenal, Md, 2101
LS.}

(Reccived Apiit 61h, 1971)

SUMMARY

Acetyicholinesterase (acetylcholine hydrolase. EC 3.1.1.7) activity in brain
tissues of the dog was measured before ard after inhibition with *2P-abeled pinacoly
methylphosphonofluoridate (soman). A high correlation was obtained berween
uninhibited enzyme activity and soman-derived radiophosphorus bound to the tissues .
as methyl[*2P] phosphonate, The methviphosphonate for 100% inhibition was taker
cquivalent 1o the catalytic sites. Tumnover numbers calculated from the rativ of
acetylcholine hydrolysis to catalytic sites approached values yielded by eel acetyt
cholinesterase.

It is well established that ishibition of acetvicholinesterase (acetyicholine g?
hydrolase, EC 3.1.1.7) by organophosphorus compounds in vitro takes piace through 2 3
prosphoryiation of the enzyme'™. However, no correlation has been observed in viro gz-i
between the radiophosphoris bound to mammalisn tissues following injection of **p- E

labzled diisopropylphospherofiuoridate (DFP) or isopropyi methylphosphonofluoridate
{s3rin) and the rormal acetylchalinesterase content of such tissucs®™®, The lack of

- correlation observed in these siudies must be regarded as inconelusive since no distinction
was made between phosphorus specifically bound to scetyvichulinesterase and that bound
non-specificaliy to other protesns™* and many tissues®. The distinction and measurement
of specific binding oi phosphorus i relation 1o inhitution of acetylcholinesterase i virre
and in vire has been under study is our laboratory™ %, We have shown that in rats gven

- : 1%*1] satin. that pertion of brain-acztylcholinestesase which couid be reactivated m i

by 2-pyridiniums aldoxime methochloride approximated the percentage of phosphorus
released as isopropyl methylphosphonate. The amount of phosphorus retained by the
enzyme after incubation with 2-pyridinium aldoxime methochloride was presen: entirely

e i

"

Bockim, Biopkys. Acts, 238 (1971) $42-547
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as methyl{ 2P] phosphonate and paralleled the percentage of enzyme not reactivated
{“*aged” enzyme). The close correlation between the enzymatic and radioactivity measure-
ments suggested that the method distinguished phosphorus bound to acetylcholinecterase
from that bound to other sites®.

Pinacolyl methylphosphonofluoridate (soman) like DFP and sarin phosphonylates
both acetylcholinesterase znd non-specifis sites®. I differs from DFP and sartin in
producing an inhibitzd acetylcholinesterase which is only slightly reactivated by oximes®!.
In explanation, Fieisher and Harris® showed that the acetylcholinesterase phosphonylated
by [**P}soran in vitro undergoes a very rapid decrease in reactivatability in paraliel with
loss of a pinacolyl group (deatkylation). Rapid dealkylation of soman-inactsvated erythro-
cyte acetylcholinesterase and eel acetylckolinesterase in vitro has aiso been shown by
Coult er al.'® and Michel et gl '*, respectively. In agreement with the low acetylcholine
esterase activity of homogenates of rat lives and lung compared to that from brain™. the
sorman-derived phosphoryl residue in liver and lung tissue showed littie dealkylation compzred
to that in brain tissue of rats given [**P}soman®.

These findings sugeested the possibility that the methyiphosphonate content of
a tissue might % related to the number of acervicholinesterase sites following insetivation
by soman. Expensments designed 1o tes? this possibility in brain tissue are described in this
report. .

Anaesthetized dogs were perfused witk heparinized 0.9% saline until the brain was
virtually free of blood. The brain was removed after sacrifice; and the caudate nucleus,
thalamus, and pottions of the medulia, hippocampus, cerebral and cerebellar cartex were
excised, weighned and used for the foliowing studies:

{Aj Rate of loss of reactivatability {“aging™] in vitro, Homogenates of each tissue
(20%, wiv) were prepazed in 0.01 M borate buffer at pH 8.8 and 0°, The praparations were
incubated with 2 - 10™® M soman (final concentration) for 30 min at 0°, 30-90% inhibition
with minimal agng resulted. The méxture was immediately equilibrated to 37°_ Reactivatabil-
ity by monoisonitruscucetone was swasured bofore, and at suitable time intervals after, adjusting
the pH to 7.4 te initiate aging as descrided previously®, The rate of foss of reactivatability by
menoisonitros=acetone was first order with a half timk of 6.04 £ 0.58 min (P= 0.93) for

18 preparations (3 for each brain tissuc). This rate doe< not differ significantly from that
eported carligr by us for dog erythrocyte acetyicholinesterase inhibited by soinan®®:and it is
taken as approximating the rate of dealkylation®.

(Bi Ratio of avdrolysis of acetvicholine 1o aceiyl-8-methylcholine i ixmogenaies
of dog 3rain tissues, This study was perfonmed in osder that turnover numbers for acetyi 8-
methvichoiine in deog brain tissues could be converted to acetylcholine (Table 1),

Acetylcholinesterase activity for both substrates was measured radiometrically
according to Siakotos ef al. '*. The metk:od is based upon the adsorption of unhydrolyzed
substrates as their [1-1C)acid choline esters on Amberlite CG-120 resin suspended in
dioxare. The supernatant solution containing the product of hydrolysis, the free [1-*C)-
acid, is counted in 3 liguid scintillation spectrometer. Details conceming the preparation of
substrates, the resin, and the scintillation cocktail {fluor) are given by Siakotos o7 al '¢.

Biochim. Niophys, Acta, 235 (1971) 541 -547
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107 homogenates of the brain tissues were prepared in water. The cercbral cortes
homogenate was further diluted to 4% (w/v), that from caudate nucleus to 0.292, and the
remaining tissue homogenates to 1% with water, For assay, 0.1 mi of homogenate and
0.1 mi of 0.1 M sedium phosphate bufter at pH 7.4 containing 6.3 M MaCl and 19 Lubroi
WX (1.C. L.Organics Inc., Stanford, Conn.) were put in each of twao centrifuge tubes.

100 ul of 3+ 107* M [1-1*C] acetylcholine iodide (2.5 mC/munole) was added to the first
sample and the same volume of 3 - 1072 M [1.1C] acetyl-g-methylcholne 74,16 mCimmole}
1o the second sumple of each homogenate, The contents were mixed immediately and
= incubated for 5 min at 37°. Preliminary studies showed substrate hydrolysis 1o be linear

: with time under these conditions, § ml of dioxane-resin suspension wzie then added to
cach tube The mixture was then made to 16 ml with dioxane. mixed. centrifuged, and 5 m}
of the supernatant was removed and counted. The readings were corrected toi non.
enzymatic hydrolysis of the Jubeled subsirate with con.ro! solutions contaic-ing 0.1 m! of
buffer medium and 0.1 ml of water in place of tissue. The readings (counts; min} were
referred to a standard curve relating radioactivity (counts/min) to umoies - 1072 of the
labeled substrate. The total hydrolysis of substzate per g of tissue per min was calenittad
from the following formula:

TR

10ml i i 1000 mg

pmoles - 1073 - ——

Smi Smir  mgel homogenate used x

The valucs so obtain=d for the hydrelysis of [1-*C} acetyl-g-methylcholine are

given in Table 1. The ratic for acetylcholine/acetyl-3-methylckoline hydrolysis

determined radiometrically on 18 tissue samples (6 brain tissues from each of 3 dogs) was

5.21 £0.23; P= 0.95. The ratio so obtained with 1.0 mM substrate concentrations

agrees closely with one of 5,18 reported by Jackson and Aprison'” for 0.75 mM

concentrations of the same substrates.

{C} Inhibition and radiophosphorus binding following addition of

= [2PYsor-an to brain hersogenates. {*P] Soman 1 water was added in tiw proportion
of 1:99 (v/v) to the diluted homogerates of each brain tissue so as tu give final
concentrations of 0.25 - 107% M, 0.50- 107 M. 1.0- 107 Mand 2.0+ 107° M. The
mixtures wore incubated for 2-3 h at 377 50 as to exceed 2C half-lives for “aging”
(and presumably of dealkyiation}. Controls for each tissue incubot 2¢ with water alone
were performed concurrently.  Aliquots (0.1 m}) were removed fur assay of aceivigholin:
esterase activity using | 1-"*Clacetyl-f-methylcholine as described above. Trichturoacetic
acid was sdded 1o the remainder 10 5% concznuration. After 20 min in trichic -oacetic acid
solution. 20 mg ol bovine albumin in 0.2 mi was added as a carrier. Controls cuxtaining
albumir alone 1 the abscice of tissue were also run, All samples were centafuged
at 2000 rev./min and supernatants discarded. The residucs were washed twice with
5% trichloroacetic acid, mice with ethanol~ ether (3:7. v/v). and twice with cther.
followed by centrifugation ang remuval of the supematant after cach wash. The protein-
bound, soman-derived phosphorus was released by alkaline hydrolysis, and the 325

: labeled pinacolyl methylphosphonate and methylphasphoaate, respectively, werz estimate:d
by partition between isobutanol—benzene (111, v/v)and an aqueous medium as previously

il wh’lﬂ- I

:
1'1‘

i “‘.1 Eli

Biochim. Biophys, Acta, 235 {11971) 542-547
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reported®. The radioactivity vontsibuted by methyl{2P} phosphonate was obtained
from M =Z - F,Z where M is thz numbes of methyl{**] phosphonate counts bound
to protein, Z is the total counts and F, Z is the number of counts contributed by
pinacolyl methyl{**P] phosphonate. Substitutios: for the value of Fy*in M =Z

(1= F),gvesM=Z |1 - 1,03 (R - 0.053)/(R + 1)] where K is the rativ of radio-
activity ir: the organic solvent phase to that in the aqueous phase. The counts wers
corrected for background and converted to pg by reference to the radioactivity of
known quastities of pinacolyl methyl{32P}phosphonate and methyi{*?P} phosphonate
run concurrently as swandards. From the known weight of the tissue. and use of the
above formula, the amount of soman-derived pinacolyl methyl| 330 phosphonate and
methyl{32P] phosphonate bound to protein could be caleulated. At levels of inhibition
below 50%, the contribution of pinacolyl methyl{3*P] phosphonate to the total radic-
activety was usually less than 10%.-Since sufficient time for complete dealkylation of
soman-phosphenylated acetylcholinesterase had been taken, the pinacolyl methylphos
phonate found was probably bound to sites other than acetylcholinesterase. and
therefore was not used for calculation of the enzymatic sites, Instead, the radiophos-
phorus estimated as methy!{**P] phospitorate for partial inhibitior: was extrapolated
to the values that would be expected for 100% inhibition (Table 1.

A regression equation between the valuss for control enzymatic activity toward
{1-'*C]acetyl-f-methyicholine ind methyl!**P} phosphonate bound(Table I) was
developed. By use of this equation, theoretical values for bound methy!{ P} phosphonate
ware camapared with the observed measurements, The correlation coefficient betwein the
calculated and observed values for bound methylphosphonate was 0.99 with 95%
cosfidence limits. This high correlation suggests that radioactivity measured as methyl-
phosphonate under these conditions is specifically related to acetylcholinesterase activity.
The twmover numbers obtsined for acetyicholinesterase from the ratio of {"Cacety}
choline hydrolysis to catalytic sites measured directly as soman-derived methyi{*p]-
phosphonate (Table 1) ranged from 2.4 - 10° for cerebral cortex to 4.06 - 10° for
caudate nucleus, comparable {0 thosz obtained by lengthicr, more indirect
procedures'®?? and approaching values yielded by purified acetylcholinesterase from
slectric cei'*!.

These findings further support the specifizity of the meassrement of catalytic
sites in acetylcholinesterase with labeled soman under the conditions used ir this report.

In conducting the sesearch described in this report, the investigators adhered to the
“Guide for Laboratory Animal Facilities and Care™ as promulgatzd by the Committec on
the Guide for Laboratory Animal Resov:zzs, National Academy of Sciences — Nationai
Research Council.
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