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SUMMARY

This research was initially concerned with the detuxication of
mycotoxins, especially tricothecene T2 toxin. Our studies on tricothecenus
have been brought v a conclusion. Studies on the formation of glutathione
conjugates with tricothecens T2 toxin wers carried out.

Studies have also been carried out on the synthesis of glutathions
monoesturs; for example a satisfactory met.uod for the preparation of
glutathfone monoisopropyl ester hydrochloride and of glutathions monoethyl
ester sulfate vere developed. Administration of these compounds to mice leads
to increased levels of glutathions in the liver and kidney. Cheamical studies
on the aminoethanol analog of glututhione have been continusd. Methods for
the large scale preparation of y-glutamyl glutathione are being perfected.

Initial studies on cyanoginosin toxin (supplied by U.S.Army Medical
Research and Development Ccomand (USAMRIID)) have Leen carried out and the
results obtained indicate that this sample of the toxin is of the IR type.
Structural studies are consistent with earlier work and thus indicate the
absence of a fres smino group and presence of & dehydropeptide moiety. The
dehydropaptide moiety appears to be essential for toxieity. This may
constitute a significant finding because dehydropeptides are known to react
effectively with SH-compounds. Studies have been initiated on the role of the
glutathione system ss a protectant against the toxic effects of cyanoginosin.
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{1)_Beody of the Report
l.Scatement of Pxoblem

This research is concerned with the detoxication of toxins of potencial
nilitary interest. Approaches based on augmentation of the glutathione systea
as vwell as othsr approaches are under investigation. Initially toxins of the
trichothecene group such as T-2 toxin have been ocxamined. In accordance with
a change of scops of the research (carried out after mutual agreement betwean
rhe Department of the Army and che principal investigator), the trichothscene-
related research has been brought to a close and exaaination of toxins of the
cyanoginosin group have besn undertaken. The studies on trichothecanes and
our initial work on the cyanoginvsin toxins are considered in paragraphs (a)
and (b), respectively, below. '

{a, The trichothecens toxins are axtresmely poisonous and producs sevare
symptometology including skia blistering, dizziness, nausea, hematemesis and
other symptoms. There {s evidence that such toxins have been used as weapons.
The effects of such toxins are known to develop rapidly and might incapacitate
smembers of & military force if ussd effectively by an enamy. Pretrestment of
military perscnnel with & protective agent might have significant potential
value. Clearly the developmeant of an effeztive treatment for this type of
toxicity is important. )

(b) Toxins of ths cyanoginosin group are produced by blus-green algae.
These toxing, which have been found throughout the world, have been implicated
in animal wmortality and human morbidicy. They have been found as toxic
contaminants of municipal water reservoirs and in ponds and lskes in many
locations. After the toxin ic administered to experimental animals, s variery
of serious syuptomatology davelops. Symptoma {nclude thrombocytopenia,
pulaonary thrombl, and nepatic congestion. Toxicity seeavws te¢ begin {n the
liver and liver damage la apparently the prinmary cause of death.

A few teporzs have asppeared on the chemical structure of cyanoginosins.
One such toxin appears to be a cyclic hepta-peptide, which contains oaly two
amino acid residues that are also found in proteins. The other five amine
acid residues include D-alanine, S-methyl-D-aspartats, D-glutamate, N-
uwsthyldshydroalanine, and an umusual S-amino acid (3-amino-9-methoxy-2,6,8-
trimethyl-1J-phenyldeca-4,6-dienoic acid; adda). It is possible that some of
these toxins may be penta or hexa peptides. On the basis of current
information, these toxins contain chree invariant asino acid residuss; the
variant amino acid residues include the L-isomers of alanine, arginine,
leucine, and methionine. Thus far, those toxins have not been found to
contain free amino groups.

Our current research relates to elucidating the chemical structures of
these toxins. Another objective is to develop procedures for quanticative
determinacion of the toxins. We wish to iuvestigate enzymatic and chemfcal
methods for the modification of the toxins with the goal of idencifying the
structural features associated with toxicity. This {nformation will be used
in efforts to develop procedures for detoxication.




2. Background of Studies on che Glutathions System

Animal cells use aseveral wmechanisms for protaction against toxic
compounds of endsgenous and exogsnous origin. The tripeptide glutathione (L-
y-glutaayl-L-cystelayl-glvcine), which is present in virtually all animal
cells, plays a major role in ¢silulazr protection. Glutathions funccions in
the detoxication of many types of compounds including resctive ox;gen species,
compounds possessing electrophilic centers, and other compounas into which
electrophilic moleties may be intrcduced by metabolic raections. There {s an
extensive literature on this subjuct; ses for example (1-7). The pachwaey by
wvhichk many foreign cospouwrds undergo datoxication involves reaction with
glutathions to form the corresponding glutathions conjugates; such reactions
are catalyzed by glutathione S-transferasez, but =may occur aonsnzyzatically
with cerzain compounds. The conjugates ars convertad by the actinn of v-
glutamyl transpeptidase to the corresponding S-substituted cysteinylglycins
"derivatives. The latter ares converted to the correspunding S-substituted
cysteine derivatives by the action of d.peptidase. S-Subscituted cysteine
derivatives »f this type may undargo R-ucetylation to fors the corrasponding
N-acetyl derivatives. Aa additional pathway cf metabeclisam of $-subscituted
cysteines involves transpeptidation between glutathione and S-substituted
cysteinss to f'ot.- the corresponding 7-glutamyl-S-substituted cystsines (5,6).

Many of the compounds that are of interast from the milizary standpoint
say be expscted, by virtus of the’r chesical structures avd properties. and in
some instances on the basis of experimental work, ¢» undergo di.oxication
reactions involving glutathions. Although ths svallsble data do not support
the belief that glutathione {s a pmnacesa for all texic compeunds, thare is
sufficient oevidence to believe thet thie ctripeptids csn substaincially
ameliorate many typcs of toxicity. For example, rezsarch in our laboratery
and indepencant work at USAYEIID tes showa that the Sorlelity of the
trichothecens toxlin T-2 is significancly decresssd in mice treated with L-2-
oxothiazolidine-é-carboxylacte, a compound thet increases tissus levels of
glutathions, aspecially the liver. Acetaminophen has besn used as 2 model
compound for the study of tomicity and detoxiciation. In animals treated with
large doses of acetaminophen, a substantial smount of the highly reactive
toxic intermediate produced by oxidation of acstaminopher i3 conjugated with

glutathione. it is significant that procecdures that increase liver
gluzathions levels are dramatically effective in protecting experimentcal
animais from acetaminophen ctoxicity. Thus, sdainistration of L-2-

oxothiazolidina-4-carboxylate to mice was completaly effective in protecting
mice from an 1D:90 dose of acetaminiophan (12.

The giutatiilona levels of tissues cen bde {increased by aseveral
procedures, as described below. Tissus levels of glutachione may alss be
decreased by administration of sgelective {nhiditors of vy-glutamyl cysteine
synthetase, the enzyme that .atalyzes the first stsp in the biosynthesis of
glutathione. 'A very useful compound in this series is L-duthionine-Sk-
sulfoximine (9), but other suifcximines and still other cocpounds may be of
value in the selective deplerion of tissue glutsthiona levols.

Glutathione levels may be increased by administering compounds that
increase the tissus levels of cysteins or y-glutamylcysteine; these compounds
are usad, respectively, by j-glutamylcysteins synthetsse and by glutathione




synthetase for the rynthesies of glutathione. Another approach to increasing
the glutathione levals of tissues is to administer a pro-dr g consisting of a
derivative of glutathione, which, {n contrast to glutathione, is =zeadily
transportad into cells. Aftexr transport, such compounds are effectively
converted to glutathione intracellularly. A corpound of this class vhich has
been examined in some detall 1is glutathione wmonoethyl ester (v-
glutamylcysteinylglycyl athyl estsr) (3,10,11). In this research, pru-drugs
of cysteine, othar thisls, and glutathicns are bdeing examined. These and the
other compounds of interest are baing synthesized by chemical and by snzymatic
methods and tested for their ability to protect against toxicity. Anothar
approach tu the detoxication of various toxins will involve efforts to isolace
enzymes that act on toxins. In this work, enrichment culture techniques will

be eaployed.

The studies carried out under this contract sre baing conducted vy prior
arrangement and agreemsnt with scientists concurrently studying this problem
at U.S. Army Medical Research Iastitute of Infecti{ous Diseases. The research
carried out at USAMRIIL {s submitted undar work t..nit $-10-AQ-197; research

unit nuaber $-10-AQ-0-12.

L. Beaulcs

da._ Expexinenta to probe cha formation ¢f glutachions conjugates with
txichothpcens T2 toxin,

lntroduction, [Experiments were performed to probe for CSH conjugute
foruation with T-2 toxin and the sxcretion of this conjugate and/or {ts
motabolices in the bila and urine. These experiggnts were carried ocut on rats
(300-400 g). The animals were trsated with (““Sjcysteins end subsequently
prepired for bile ceileccion. Prior to bile collection, ths animels weve
treated wvicth T-2 toxin, and bile and urine were obtained at {vtevvals. We
develcpad procadures foc the anaiy’s of bile and urine {far glutathions
ustaboliter, T-2 coxin wetabolites, and glutathicne-toxin conjugztes. The
sazples are treatad with dithiothreitol and subsejquently with 2-vinylpyridine,
to darivatize sulfhydryl containing compounds. Analyses were carried out by
chromatography on a model 500 Durrum amino acid analyzer equipped for fraction
collection.

Mathods ., I”S]Cy-ccim (1.2 uCil, cerxrier-free; was {injected
intraperitoneally finto 300-400 g rats, i{n 0.5 al of phosphate-bufferad saline,
in orcdsr to label the hopatic CSH pool. Four hours later the rats wers
ansesthetised (60 mg/kg: pontobarbital), tracheotomized (PE 205), and
cannulated in the jugular vein /PL 10), and in the bile duct (Pf 10) above the
entry of pancrestic duf;uln Bile was collected for 0.5 hou: to obtain a
backgreund profile of S excretion, and then ([°H]-labeled-T-2 toxin (3 uCiL:
0.36 umole) was injected via the jugular wvein carmwmila. Bile was collected for
twvo additional one hour periods. Urine was then withdrawn from the bladder by
needle puncture. Portions of each sample (0.2 ml) were treated with 10 ul
sach of (1 M dithiothreitol and 2-vinylpyridine to reduce and derivatize the
aulthvdtyl cowpounds; 1 hour later, 30 ul of 1.3 M sulfosalicylic acid vas
added and the samples were csntrifuged tc remove the precipitated pretein.
The pH was aujusted to 2.2 by adding NeOH, and portions of eacl sesple were
applied to (1) & Durrum 3500 amino acid anslyser using the “physielogical®
elution rrocedure (Ma citrate buffers); and (2) e reverse phase WPLC column




(Blosil ODS-55), and eluted f{socratically with 308 isopropanol in Sorensen’s
cicrate buffer, pH 2.2 (flow rate; 0.45 ml/ain}. Eluate fractions wers
collectod, (40 x 5 wmin from the Durrum, and 30 x 1.5 min from HPLC).
Dimiscint (National Diagnostic) scintillation fluid was added, and tha samples
wece counted on an LKB Beta Rack liquid scintillation courter programmed for
dual label anilysis. The HPLC eluate was also aonitored by UV absorbance at
220 nm. The elution times of the radicactive peaks wers compared with
standards prepared as the vinylpyridine derivati-res of known sulfur-containing
coapounds (cysteine, CSH, v-glutaayl-GSH, v-glutamylcystseine, and
cysteinylglycine) determined on the Durrum, and with trichothecens standards
on the HPLC, (28.5 min for T-2 and 21.5 ain for HT-2). ' .

Results., Aairo 3gcid analysis of bile samples obrained prior to T-2
dosing contained -labeled  GSH, v-glutamyl-GiK, cysteine  and
cysteinylglycine. A large fraction of the label also. elured earlier from the
amino acid analyzer at times corresponding to taurins, inorganic sulfate and
other oxidized matabolitas of cysteins sulfur. (The conjugated bile acid
taurocholate, which 1is secreted in bile at high concentrations, could also
contain this radiolabel, and would be expacted to elute {n these early
fractions). Reverse phase chrosatography of the same sazxples gave a similar
number of udlo};bcll.d peaks. Following the administration sf T-2, a single
large peak of “H activity eluted in th.gs early fracctions of thes amino acid
analyses of both urine and bile. The S activity peakes appearing in bile
wvere unchanged by this trsatment, and no new poaks z2ppsared. In tha urine
sasples, almost all of Doth radiclabels wluted in the acidic sr uncharged
fractions. The reverss phase asnelyesa yislded two “H containing pesrs in
bila, both of which slutsd asarvlier then T-2 cr HT-?; urins coutcined paaks
with similar elution times, but with different smounts in each, and aigo
contained a third peak with the samo slution time as HT-2. The lavel of “7S
appearing in the bile was about 70,000 dpm/ml for all collections, and did not
appear to be altersd by the administration of, T-2 or the concomitant biliary
appearance of its metabolites. About 3.4 x 10° DPM of vers excreted ig: the
bile during the first two hours after giving T-2, while nboslsc 2.06 x 10° pPM
appearsd in the urine over the same time. Excration of ~’3 over the same
period was 175,000 DPM ir bile and 685,000 DPM in urine. ‘

The experimental approach used hers wvas designed to
reveal a small decoxiZfication pathway involving the direct conjugation of T-2
or its metabolites with GSH. Both the toxin and the GSH pool were labeled in
order to optimize detection of trace amounts of any conjugate. Samples were
analyzed by two chromatographic methods to detect the coeiution of the two
radiolabels in such a way as to be conaistent with the chemical properties of
such a conjuge 3. The emino acid analyzer is primarily a cation exchange
system, but exhibits additional aeeparation based on hydrophobicity.
Underivatized GSH elutes at abiut 20 minutes in this system, whereas its
vinylpyridine derivative, which is mora hydrophobic and contains an additional
cationic site, elutes at 86 min. Conjugation of GSH with a trichothecens
molecule would increa’ its hydrophobicity, and the corresponding elution time
would be o ted to occur somevhere bectween these two standards. Ne
detectable label was dalayed in this sanner however; all this labe!l had
eluted in fractions ’gru-t than those corraspondirg to underivatized GSH, and
no shifts in the S label of the latter compournd were noted with T.2
treatment. Although the ultimste product of the mercapturic pathvay ! urine
vould be expected to be an N-acetylcysteine conjugats, the mors {mmediw.. GSH,
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cysteinylglycinc, cysteine, and <y-glutamylcysteire conjugates would be
expectod to appzar in bile; however, these were not detected. Similar results
wers obtained wich the HPLC analyses. Separations with this system are based
on hydrophobicity. HT-2 and T-2 are both strongly hydrophobic, with three
(*" 2), or all four (T-2) of the trichothecene hydroxyl grou s cornve-ted to
« otyl or valeryl esters. Both ’oxins are known to undergo ds-esterification
‘o a tetrol nucleus followed by glucusonid;tion or sulfoesterification on one
or mora of these hydroxyls. The “H containing peaks appearing in HPLC
fractions earlier than those corresponding to the T-2 and HT-2 atandards would
be consistent with tha biliary and urinary appearance of such mstabolictes.
The absence of radioactivity eluting at times corresponding te the parsnc
compouns reflects their extensive hepatic astabelisa prior to their biliary
sxcretion. The small amount of HI-2 in the urine may have resulted from
direct filtration of this initial metabolite. The early appearance of
portions of both labaels in the chromatographic procedures is assumed to be
coincidental, reflecting a failure in resolution of the compounds responsible,
and {s not consiscent with the chemical idanticy of a SGSH conjugate In
particular, the prasumptive conjugats worild ba expected to rezain a free amino
group on the glutatbions mniety and on all asubsequent metabolites prior to
acetylation of the cysteinyl derivative, {(the final step in the mercapturic
acid pathway). All such species would bind to the cation exchange column and
elute at considerably later times than those observed.

Thu , considering the sonsitivity of cthe radiocheaical and
chromatographic methods employed, we estimate that less than 18 of T-2
metaboliism involves the direct conjugation with GSH. Howsvar, we ncts that
reactions f{avolving participation of GSH as a free radical zcavenger end in
the uaintenance of the cellular thiol rcdox stitus ‘mey he of consi{darable
importance in mitigating the biochemical lesions produced by T-2 intoxication.
These reactions would be expécted to bs of particular impor ance at later
stages of poisoning as the cellular mechanisms of regeneration and recovery
emerge. Indeed, such resctions may account for the previous findings that
admiuistration of buthionine sulfoximine, an inhibitor of glutathione
synthesis, increases sensitivity ¢te trichothecens toxin, and that
administration of L-2-oxothiazolidine-4-carboxylats increases resistance to

the toxin.

ab. Studies opn Glutathions Esataxa
Synthesis of Glutathions Monoisopropyl Escer Hydrochloxids

This compourd wvas prepared as part of an effort tc study the effects of
various glutathione derivatives on tissue glutathione levels. The procedure
for preparation of this compound follows that used for the preparation of
glutathione monocethyl ester. The svecific details for this preparation were
as follows: Glutathione (10 g; 32.5 mmol) was added tc & cold (4-6° C)
solution of i{sopropanal (previcusly dried over a molecular sieve) containing
hydrogen chloride (3 4; 65 wmol) in a volume of 127 ml in a 500 ml round
bottoa flask. The mixture was swirled occasionally and after 24 hours, cold
diethyl ether was aided to precipitate the product. The product was recovered
by decantation of the supernatsnt solution and was dried over Py0g and KOH
under vacuum. The yleld vas 12.3 g (98%). Analysis on the Durruam modsl 500
samino acid analyzer showed that the product contained only 88 glucathione.
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The effectivenssa of the monoiscpropyl ester of glutathione was examined
in fasted mice pretreated (for 3 hours) with L-buthionine-SR-sulfoximine (BSO)
(2 mmol/Xg). Two hours after intraperitoneal injection of glutathione
monoisopropylester hydrochloride (doss, 10 mmol/Kg), the kidneys and livers
vers removed and analyzed for total glutathions by the nutoucod DTNB-
Reductase. The following resulis were cbtainsd:

Zreatmeat SSH_Gamol/p)

' Kidoey Liver
BSO, alone 0.30 £ 0.02 0.58 £+ 0.09
BSO, GSHisopropyl ester 1.63 t C.37 1.56 £ 0.23
BSO, GSHethyl ester 3.28 £ 0.34 1.44 £ 0.04

The findings indicats that the levels of glutathione in the liver and
kidney wers significantly increased by edministration of glutathions
isopropylester hydrochloride. However, the incrsass in the kidney was not as
great as is found with glutathions ethyl estur hydrochloride. We have not yat
carried out studies on the time course cf the effect of this escer.

Synthesi £ gl by M Byl E Suif

Ve have continued our efforts to obtain a aore stuble form of
glutathione monocethyl ester. In ths courss of this work, ws havs prepared
glutathione monoethyl ester sulfate (i.s., L-y-glutamyl-L-czysteinylglycylethyvl
ester.0.5 SO,‘) The following procadure was ussd. Glutathions (2.5 g) was
added to a 200 =i mund hottom flaesk containing 0.29 »i of sulfuric acid and
25 ml of ethanol at 0% C. The flask wae swirled occasicnally and allowad to
stand overnight. 7Ths unroascted glutatihicne was cesowwd by flltration and the
glutathione monosthyl oster aulfate was pracipiated by sddition of ccld
diechyl ether (ebout 200 ml). The product was dried over P0¢ in vacuun.

The biological effactiveness of glutathions moncethyl ester sulfate was
examined in mice that had been fasted for 18 hours and previously treated with
L-buthionine-SR-sulfoximine (2 mmol/Xg) four hours prior to saczifice. The
giutathione moncethyl estsr sulfate was admin‘steied intresperitonsally at a
dose of 10 mmol/Kg. Three hours latar the mice were sacrificed and the
kidneys and livers wers removed and immediately homogenized in S8 (w/v) 5-
sulfosalicylic acid. Total glutathions was dstermined by ths automated DINB
reductase procedure. The following results were obtained: '

Ixsatnent GSH. _umola

Kidnay Livax
BSO, alone 0.30 £ 0.02 0.58 £ 0.09
380, GSH 2.00 £ 0.5 1.04 £ 0.28
BSO, GSH estsr sulfate 5.38 £ 0.83 1.7 £ 0.22

The findings indicate that glutathione monosthyl ester sulfate {s
sffective in raising the glutathions levels of kidney and liver. The compound
does not seem to be daliquescent and hopefully will preve to mors stable on
storage than the corresponding hydrogen chloride derivative.
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Appendix 2 lists sanples of glutathione esters sent to USAMRIID together
with procedures for dissolving these compounds.

3¢, x-Glutamyl-Gluzathions

In the ccursze of our studies on the biliary excretion and metabolisa of
glutathions and its conjugates, we Jdiscovarsd a» new metabolite of glutathione,
namely vy-glutamyl glutathions. This  cetrapeptice {s formed by
autotranspeptidation catalyzed by <vy-glutamyl transpeptidase in a reaction
involving 2 molecules of glutathione. The finding of y-glutamyl glutathione
in bile 18 wmost interesting because this 1is the first time that this
autotranspeptidation product has been found in ncture. In bile, y-glutamyl
glutathione may be present in concentrations that are greater than 300 uM.
Notably, this level is much higher than that of most of tha other amino acids
normally found i3 bile. The chemical identicy of this cozpound was
established by showing that {t ylelds 2 molecules of glutsmste arnd 1 molaicule
of cysteinylglycine after exhaustive Jnzymatic hydrolysis by y-glutauyl
transpeptiuvase. The slution behavior of this compound on the amino acid
analyzer has been deterained. Whethar <v-glutamyl jglutathions can be
transportad into cells is not yet known. UYe plan to exsmine thia point. We
also naed to know whether <vy-glutamyl glutathiones actc as a sub~trate for
glutathione-S-transferase, y-glutamyl cyclotransferase, and glutathione
reductase. Further studies on the formation of y-glutamyl glutathione by
interaction of glutathions with y-glutaayl transpeptiduss are bsing done. We
plan to carry out studies on the large scale chemical preparation of this

compound.

34, Aaincechanol Analog of.Glutathions

(Y-S .

Cur research on the new analog of glutathions im which che giycine
residve i{s replaced by an amiro ethinol moiaty hus boen comtinued. In the
course of these studisg, we discovered that soes of the products obteined
contained & new compound not previously detected. 35ome products contained
about 108 of the nev coapound, whereas others contained as much as 50-70% of
the nsw material. An effort i{s currently in progress in order to determine
the nature of the new compound and the mechanisam of its forsation during

borohydride reduction of y-glutamylcysteinylglycyl ethy! estsr.

In the course of this work an attempt was msds to synthesize L-vy-
glucamyl-L-cysteinylaminoethanol in the bioreactor system previously designed
in this laboratory. In this approach, a strain of L. coll genetically
engineersd so as to contain high levels of y-glutamylcysteine synthetase and
glutathions synthetase is {mmobilized and rendersd morse permeable to low
molecular weight compounds. This preparaticn of L. coli has been successfully
used for the preparation of certain analogs of glutathions. Kfforts to apply
this wmethod to the syuthesis of y-glutamylcysteinylamincethanol were not
fruitful, apparently because glutathione synthetase does not use asinocsathanol

In place of glycine.

da. Studies on Enxichmsnt Cultuiss

As part of our program to attempt isolation of enrymes that act upon
cyanoginosin toxins, enrichment culture and related approaches are baing
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employad. Since inst . ient toxin was available at the initiation of this
research, ve vere not auvle to carry out errichment cultures with the toxin
itself. However, since cyanoginosin-lA has been rsported to contain a B-
aspartyl linkage, we carried out preliminery enrichment cultures using the
optical isomers of asparagine (aspartic acid-j-amide) as the substrate. This
was dons c¢o explors the idea that an orginism sslected for its ability to
cleave the S-smide of asparagine might also oxhibit similar hydrolyric
activity toward tho A-aspartyl moisty of ths toxin.

The procedure vas essentially that described earlier for isolation of an

organism containing large amcunts of 5-exoprolinase (13). The enrichmenc
medium contained 40 mM L- or D-asparagine, 5.5 mM KHZPO 3 S M Na RPO,‘. O 80
oM MgSO,, 0.20 =M CaClz 15 uM FeCl,, 15 uM !‘!nClz, an 0 uM Na;ﬂ

cultures were carried out at pH 7.0 at 26° C. Thtco purs cul i:uru cf
bacterial were isolated by enrichasnt of L-ssparagins and three pure culture:
wers isolated by enrichament on D-asparagine. Thess cells ire being presarved
and will be tested for activity sgainst the toxins when sufficiently large
s ples of chese materials become available to us.

3£, Studies on Sample of Cvanogincsin Toxin Suppiied by USAMRIXD (microcystin
taxin 782001166C8).

A portion (approximately 2 micrograms) of this toxin was hydrolyzed in &
M hydrochloric acid under nitrogen for 3 hours at 150° C. The hydrolysate was
then derivatized with phenylisothfocyanute and the derivatized amino acids
present wers separated by HPLC. This analysis indicated the presence of the
folloving amino acids: leucine, alanine, arginine, A-methylaspartic azid, and
glutamic acid. These wers present in approaimstaly oquimolar quantities
(1:0.9:1:1:1). The assigrw:nts and relatiws ratios  waore based on the
retention times and arcas obtained w'th the corrssponding authantic amino acid
standards. A-Methylaspartic scid eluted a2 2 pesks (Z.2 and 2.6 minutes).
The first peak coslutsd with glutamie acid anl the aresa for this amino acid
peak vas greater than that for the other sxino acids. Ths areas corresponding
to the asuthentic standards of A-methylaspartic acid and glutamic acid were
found to bs almost identir 1l. Thus, the method of calculation of the relative
ratics of these amino acids must be the sum of the areas of the peaks obtained
at 2.6 and 2.2 minutes divided Sy a factor of 2. The findings indicate that
the toxin supplied to us by USAMRIID is apparently equivalent to the
cyanoginosin toxin designated as LR.

Vhen we treated the toxin obtained from USAMRIID  with
phenylisothiocyanate, no derivative could be detected by HPLC. This {a
consistent with the absence of a free amino group as previously noted by
others (14-17).

It i{s known that dehydropeptides zan be convertad to ammonia and the
corresponding a-keto acid by oenzymatic means and slsc by treatsment with
minerai acid. For example, glycyldshydroalanine {s converted under such
conditions to products that include ammonia and pyruvate. Ve have attempted
to obtain sevidence for the formation of pyruvic acid after treatment of
cyanoginosin IR with HCl (1-2 M) at temperatures varying from 26° C to 100° ¢
Thus far no pyruvic scid has been found by sensitive enzymatic tests uin;
lactate dshydrogensse and NADH; however, in control experiments with
comparable amounts of authentic pyruvic acid and with standard dshydropeptide
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preparations such as acetyldshydroalanine, we did not find pyruvate after acid
treatment. Presumably any pyruvate formed from the toxin would have been
destroyed undsr these conditions. This work is being continued.

We havs also trested the USAMRIID toxin sample with sudium borohydride
essentially by the procedurs of Botes et al {(18). A sampls of the toxin was
also subjected to pulss hydrolysis in 6 M hydrochloric acid under nitrogen ac
100° ¢ for 5 minutes. Total hyiro.ysis was carried out in 6 M hydrochloric
acid under nitrogen ac 150° C for 3 hours. After treatment of the toxin with
sodium berohydrids, nn f{res amino acids wers detected by the HPLC procedure.
This finding suggests that the product of borohydride trsatment f{s an intact

cyclopeptids.

Toxicity studies wers carried out on the untroated toxin, toxin
subfected to pulss hydrolysls, toxin subjected to total hydrolysisz, and toxin
treated with sodium borohydriids. 1n addition, & control wvas cserried out in
vhich the borohydride reaction mixture (lacking toxin) wvasz examined for
toxicity. Mice (male) weighing 20-25 g of the Swiss Webster scrain (Taconic
Farns) fed ad libitum, were used in these studies. A solution contalining 4.6
ug/ml of toxin was eamployed and a dose of 0.04& ug/g of body weight was given.
Eight animals ware used in each group except for the borohydrids control in
vhich case four animals were used. The rouite of administration was
intraperitoneal. No animals died when given toxin that hsd been subjected to
pulse hydrolysis, total hydrolysis, toxin treated with borovhydrids, ox the
borohydride control. In the animals given uncreated toxin. 7 out of 8 animals
died within 3 hours. These findings indicate that the several treatments

applied to the toxin result in loss of toxicity,

Botes et &l (17) found that pulse hydrolysis of cyanoginosin LA gave a
linear peptide apparently consisting of tha following structure: ala-leu-j-
methyl-aspartate-ala-adda(lacking a nethoxy molecy)-glu. Our studies, as
described above, indicate. thst puise hydrolysis of cramoginoain LR toxin,
vhich would presumably.lsad to the formation of a comparsbla linsar peptida
except that argining would repiace the second alanins veaidus, leads to loss
of toxicity. This finding could be interpreted to {(ndicats chat the
dshydropeptide moiety 1is essential for toxicity. However, pulse hydrolysis
apparently also leads to loss of a methoxy group so that toxicity might also
require the intact adda structure. Cn the other hand, in our studies it was
found that treatment of the LR toxin with sodium borohydride led to loss of
toxicity. Since this reaction would not be expected to induce a loss of a
methoxy moisty from the adda structure, the findings point to the
dehydropaptide moiety as an . essentisl structural fsaturé required for
toxicity. According to this interpretation, treatment of the toxin with
borohydride converts the dshydropeptide linkage to a sativrsted peptide linkage
and this change is associsted with loss of toxicity. Simce it appears that
this is the only effect of borohydride treatment, we tentatively conclude that
the dehydropeptide molety of the toxin {s essentisl for coxicity. This
fiuding may be of considerable significance in relation to mechanisams for
detoxication. Thus, it is Inown that dehydropeptidas interact effectively
with SH-containing compounds, and a number of SH-compounds that can be safsly
administered to animals are known (see, for examplse, below).
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Since the toxin has nov becomss available to us, it has been possible to
iniziate this work and to carry out some preliminary studies. This nay be a
promising pathway of research bscause our first studies have shown that mice
that have approximately 3508 depletion of hepatic glutathiors are more
sensitive to cyanoginosin toxin than are the control «aimsls. In further work
we plan to pursus the effect of buthionine sulfoxiamise on cyanoginosin
toxicity bocause much lower isvels of glutathione can be achieved through use
of this drug. Various approaches previously dsveloped in this laboratory will
be applied to inccease Lepatic glutathione levels and to detarmine tho effects
>f such metabolic modulation on toxicity.
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Appendix 2

Samples of glutathions esters, as follows, were sent to USAMRILD on May
19, 1986:

1 g Glutathions monocethyl ester hydrochloride (MW = 371.84)
1 g Glutathione mono-isopropyl ester.l/2 H,50, (MW = 398.44)
100 mg Glutathione moncethyl ester, free base (MY = 3.5.3%;

In addition, a sample of 10.1 g of L-2-cxocthiazolidine-4-carboxylic acid
vas also sent on May 19, 1986.

The following procedures are recommended for preparing solutions of
these compounds for biological experimanits:

1. 2-Oxothiazolidine-4-carboxylic acid {s freely soluble (at least 1 M)
and only needs to be pH adjusted to 7 with 1 equivalent of sodium hvdroxide.
As o« solution it is stable.

2. Glutathione msono-isopropyl ester.l/2 H,50, and glutathione mionoethyl
ester free base are stable as powders, but should be kspt desiccated to be
completely safe. As vith gll esters, their solutions ars not stable: Make
them just before usa. The glutathione moncethyl ester fres base should
require no or litctle sodium hydroxide to Ph adjust to 7. The glutathione
monosthyl ester hydrochloride and sulfate may requirs sbout one equivalent of
sodium hydroxide to pH adjust to 7.

Distilled and delonized water 1is recommended ¢o reduce wmetal
contamination, which can cause thiol oxidation.




