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INTRODUCT ION

It has been repeatedly verified that selenium, when fed as sodium
selenite or sodium selenate, or injected intravenously or intraperitone-
ally, is chemically bound to the protein in various tissues (1), Further,
it has been shown that selenium can be incorporated into protein in such
organisms as yeast and bacteria, or even more complex organisms such as
raets, dogs, and mice (2, 3, 4).

It is the intent of this author to explore the role of a non-
enzymatic reaction between the amino acids amd selenimm, Reports by
previous investigators (5) indicate that further work in this area ls
needed, Rosenfeld and Beath (6), and a mumber of other werkers (3, 4),
reported finding selenium compounds in the various tissues of rats and
dogs. Tests in the South Dekota State College Chemistry laboratories
indicate that gselenium as selenite cen be reduced to elemental selenium
in an alkaline solution, Other workers have reported the formation of
gseleno-glutathione (7) and seleno-cysteine (8) from a non-enzymatie
reaction of the amino aeid or the tripeptide and sodium selenite. Thus
it seemed that investigetions elong this line would prove fruitful.



HISTORY

Investigations which led to the discovery of selenium as the
causative agent for the "alkali disease" in animals were directed largely
by Dr. Kurt Franke of the South Dakota Agricultursl Experiment Station
(9). Franke observed the symptoms of chronic selenium poisoning, then
known as "alkali disease", of farm animels and collected samples of the
forage and grain grown in the involved regions (9). When the forage and
grain vere fed to normel laboratory snimals, similar symptoms developed,
This led to the discovery by Robinson (10) that selenium was actually
the toxic agent., Chemical analysis of all the samples obtained by
Franke (9) then showed them to contain toxic amounts of selenium., The
protein of the samples contained most of the selenium (9), and selenium
was detected in the soil of all known regions where toxic grain and for-
age grew (10).

The first biologleal evidence to indicate that selenium was the
sole causative agent of "alkali disease" was the development, after the
addition of sodium selenate or selenite to a normel diet, of signs in
the rat which appeared identical with those produced by the natural
toxicant (11). The general signs of "alkali disease" as described by
Trelease and Beath (12) are dullness end lack of vitality of the animal,
emaciation, anemia, stiffness of joints, lameness, roughened coat, loss
of hair, and hoof lesions end deformities, These signs are in contrast
to those for acute selenium poisoning which Trelease and Beath (12)
deseribe as a breath with a garlicky odor, signs of nervousness, and
fear, These primary signs are followed by quietness and somnolence.



Respiration becomes difficult. The reflexes are decreased, but the heart
action remains normsl., The labored breathing is followed by opisthotonus,
tetanic spasms in the muscles of the extremities, clonic spasms, and
death. A marked sign of asute poisoning is the graduel fall in blood
pressure within fifteen to twenty minutes whieh continues until death
ocours. The primary action of selenium appears to be on the central
nervous system, and death is due to respiratory failure (12).

Ever since the attempt by Cameron (13) in 1880 to supply selenate
to plants and thereby replace the sulfur of the plant proteins with
selenium, many investigators have attempted to explain the toxieity of
selenium compounds on the bagis of such an exchange. Because the two
compounds are so similar chemieally it has seemed plausible to assume
that most organisms are umsble to distinguish between them, It would
follow, then, that selenium compounds would appear as psuedo-sulfur com-
pounds and disrupt the nomal metabolic pathweys for sulfur. |

In 1942 Stekol (3) reported the formation of seleno-tetracysteine
from the reaction of aqueous 1¥10™2 molar cysteine hydrochloride with
2.5510™ molar sodium selenite, This reaction mixture gave a white gren=
ular substance with a selenium to nitrogen ratio of one to four respec-
tively. Investigations by Klug and Petersen (14) established the stoi-
chiometry of the reaction between selenious ecid and cysteine to be one
mole of selenious aeid to four moles of eysteine giving as products
cystine and seleno-dicysteine.

Lempson and Klug (7) reparted the preparation of selenium tetra=
glutathione by mixing aqueous solutions of 1x10™ molar reduced glutethione



vith 2.5x10~3 molar selenious scid, The reaction product was precipitated
with absolute ethanol, An elemental analysis of the compound formed
showed & four to one ratio of sulfur to selenium respectively (7). Tests
were conducted to show that the compound formed was not merely a mechani-
eal mixture of the two reactents. Iodometric titration of an agueous
solution of the compound showed no free sulfhydryl groups to be present.
No free selenious acid could be titrated with sodium thiosulfate solution
(7.

It is notewerthy that the seleno-tetraglutathione prepared by
Lampson and Klug (7), when fed to laboratory animals was markedly less
toxie than selenium fed as sodium selenite. This fact would seem to
indicate that the reaction of selenium with sulfhydryl compounds converts
1t to a less toxic form, Subsequently Petersen (15) reported the reac-
tion products of reduced glutathione and selenite to be oxidized glute-
thione, and seleno-diglutathione,

Investigations carried out by Tsen and Tappel (16) showed that
selenium as selenite seemed to function best as a catalyst for the oxida-
tion of reduced glutathione in a mole ratioc of one mole of selenite to
100 moles of reduced glutathione., These authors also reported the oxida~
tion of other sulfhydryl compounds by selenite and found it to be a better
catalyst then copper (II) ion. Further, Tsen and Teppel (16) showed that
tellurite and arsenite were good inhibiters of selenite catalysis, These
authors suggested that a compound of arsenite and glutathione might be
the active inhibitor of selenite catalysis.

The lessening of the toxieity of orelly ingested selenium by



EXPERIMENT AL PROCEDURE

Materials

Albino rats, Sprague-Dawley strain, raised on the South Dakota
State College campus were used for the ensymatic studies. They were fed
Purina Laboratory Chow ad libitum. Cytochrome ¢ was obtained from
Nutritional Biochemicals Corporation, Cleveland, Ohio, and standardized
on a Beckmen DU spectrophotometer (24). Sodium selenite and sodium
selenate were obtained as chemically pure reagents from Fisher Scientific
Company, Chicago, Illinois, The amino acids cystine, methionine, aspartic
acid, glycine, glutemic acid, and leucine, as well as taurine, were
obtained from Mann Fine Chemicals, New York, New York, as D-L mixtures.
Homocysteine, serine, cysteine, alanine, arginine, isoleucine, lysine,
phenylalanine, threonine, tryptophane, tyrosine, and valine and also
proline, glutathione, and ninhydrin were purchased from Nutritionel
Biochemicals Corporation as D-L mixtures, The paper used for the chroma-
tographic studies was Whatman, grede mumber one, secured from W. R.
Balston, Ltd., London., All other solutions were made up from chemically
pure laboratory chemicals. Two times glass-distilled water was used for
preparing all solutions,

Methods

Manometric technigues
The enzymatic as well as the non-enzymatic studies were conducted
using a Lardy-Warburg Respirometer manufactured by Gilson Mediecal



Electronics, Madison, Wisconsin. The succinoxidase system studied was
that outlined by Schneider and Potter (24, 25). The system was prepared

as follows:

(A) Preparation of reactants:

(8)

1.

2

3.

Lo

Se

0.1 molar phosphate buffer was made up by edding 50
milliliters of one molar sodium dihydrogen phosphate

to 21 milliliters of 2 molar sodium hydroxide, diluting
the mixture to 500 milliliters and adjusting the pH to
7.4 if necessary,

0.5 molar sodium succinate was prepared by dissolving
5.4 grems in water and diluting to 40 milliliters.

1x10™* molar cytochrome ¢ was prepered by adding 16.5
milligrams to 10 milliliters of water and standardizing
on a Beckman DU spectrophotometer.

1.2x10“3 molar caleium and aluminum mixture was prepare
by diluting 1.2 milliliters each of 0,1 molar solutions
of ecaleium chloride and aluminum chloride to a final
volume of 10 milliliters.

Directions for the preparation of liver homogenates are
given belows however, to prepare 10 milligram assay, 0.1
miliiliter of a 10 percent homogenate must be used, or
0.2 milliliter of a 5 percent homogenate.

Preparation of flask for study:

1.
2.
3.
be
5.
6.
Te
8.

Phosphate buffer, 0.1 MOIAT o o o o o « o s o s o « 1l.0ml
Sodium succinate, 0.5 MOlAY « & o o o« o ¢ o o s o o« O3 ml
Cytochrome ¢, 1X10™* molar « « « o« « o o ¢ o o ¢ o Ot ml
Celeiwn and aluminum mixture, 1.2X10™2 molar . . . 0.1 ml
Rat liver homogenate, 5 pereent » « « « ¢« ¢« o o ¢ ¢ Ou2ml
Sodium hydroxide, 2 molar, in ecenter cups . « « o o+ 0.2 ml
WALOY ¢ « o o s 6 6 o ¢ s 0 s 6 6 6 6 a s assss 1001

Papers were added to the center cups.



When other material such as sodium selenite was added, the amount of
water was decreased accordingly to maintein a finel volume of 3.2 milli-
liters. All studies were made at 37 degrees centigrade., Sodium arsen-
ite and glutathione were prepared priar to each run.

The rats were killed by decapitation, and the liver tissue
quiekly exeised and placed on a watch glass surrounded by ice. The
chilled tissue was weighed quickly and accurately on a Roller-Smith
torsion belance of 500 milligram capacity. Usually 400 to 500 milli-
grems of liver tissue were used in the preparation of the homogenate,

As soon as the tissue was weighed it wes transferred to the homogenizer
tube which contained a known amount of distilled water., For the prepar-
ation of a 10 percent homogenate, the weight of the tissue was multi-
plied by nine, and this weight of water minus the known amount in the
tube was added, sssuming 1.0 milliliter of water weighed 1.0 gram,

The Potter-Elvejhem (24, 26) homogenate teshnique was employed in
prepering the tissue for study. The homogenizer funcetions by tearing
the tissue with the cutting teeth and then grinding it between the walls
of the test tube and the sides of the pestle., The preparation is con-
sidered to be relatively cell-free (27) but often contains shreds of
conneetive tissue. Since the connective tissue tended to clog ordinary
pipettes, Mohr pipettes with slightly enlarged openings were used. Also,
the pipettes were drawn out at the tips in such a manner that they would
£it into the side arm of the Warburg flask or drain ageinst the wall of
the main well of the flask. |

When the homogenate and all other reactants had been added to the



Warburg flasks, the flasks were attached to the greased manometer joints
using spring clips. The Warburg flasks were then placed in a water bath
which had been previously adjusted to 37 degrees centigrade. On occasion,
when the reaction of amino aeids with selenite or arsenite was being
studied, the flasks were flushed with oxygem prior to the rum.

At the time the flasks were placed in the water bath a regular
time interval for all subsequent manipulations of each flask was estab-
lished, for example, 20 seconds per flask, After all of the flasks had
been placed in the water bath, a warm-up period of 6 to 8 minutes was
allowed for the flasks and their contents to become equilibrated to the
temperature of the bath., During the warm-up period the fluid in the
menometer arms was adjusted to the 150 millimeter mark., At the end of
the warm-up period the stopcocks on the manometers were closed, the 20
second time interval was observed for each flask, and a zero reading was
teken. Subsequent readings were taken at 10 minute or other timed
intervals.

Readings were obtained on the manometers by adjusting the fluid
in the manometer to the original 150 millimeter mark on the right column
of the manometer and reading the level of the fluid in the left column
of the manometer. All readings were checked against a flask containing
a volume of distilled water equal to the reaction volume. This flask
gerved as a thermobarometer and corrected for changes in temperature and
barometric pressure during the course of the study.

In the enzymatic studies, the enzyme, the substrate, and the
inhibitor were incubated in various combinations by using the main well
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and side arm of the flasks as reservoirs. Thus, it was possible to
ineubate the ensyme with the substrate, the enzyme with the inhibiter,
or the substrate with the inhibitor, end to add the third varisble or
variables at an arbitrarily éoteminad time,

The amino aeid, teurine, and glutathione solutions used in this
study were prepared as 15102 molar solutions in a 0.1 molar phosphate
buffer of pH 7.25 and stored in the refrigerator. It was found subse-
quently that best results were obtained when glutathione was freshly
prepared prior to each study.

When studying the reaction of amino scids with the sodium selenite
or sodium arsenite, the selenite or arsenite was usually put in the side
arm and, on occasion, the flasks were gassed with oxygen. Also by using
Werburg flasks with two side arms, it was possible to study the inhibi-
tion by sodium arsenite of selenite catalysis of the oxidation of sulf-
hydryl compounds, Studies were made by incubsting the selenite with the
sulfhydryl compound and adding the arsenite subsequently or by incubating
the arsenite with the sulfhydryl compound and adding the selenite subse-
quently. At the end of each menometric study of reactions of gsodium
gelenite or sodium arsenite with the added compounds, semples from the
contents of each flask were chromatogrephed,

Deseending paper chromatograms were run in a chromatography cabinet
manufactured by Research Specialties Company, Berkeley, California. Also,
ascending spot chromatogrems were run in ghsé eylindriecal chambers
purchagsed from Microchemical Specialties Company, Berkeley, California.



Several solvent systems were tried so as to achieve maximum separation
of amino scids, and products, if any were formed. A solvent of tertiary
butyl aleohol, formic acid, and water in a ratio of 70:15t15 by volume
was used most often for descending work. Normal-butyl alcohol, acetie
acid, and veter in a ratio of 60:110:20 by volume, gave best results for
aseending chromatography. A1l chromatogrems were run at room temperature.

Each glass solvent trough was cradled in a stainless steel trough
support placed in the top of the cabimet. The glass anti-siphon rods were
placed lengthwise above the edge of the glass trough with ends resting in
the notches of the cradle, The anchor rod was placed in the bottom of
the solvent trough, This rod anchored the edge of the chromatogram after
it bad been placed in the trough. See Figure I, The hanger rods, or
anti-siphon rods, act as siphon breakers. Without these reds the chroma~-
tograms would tend to lie too close to the inside surface of the trough.
This would then cause the solvent to move up between the paper and the
glass and siphon over the edge in emounts that would exceed the solvent-
carrying eapseity of the paper.

Whatman mumber one peper was used for the chromatography of the
amino acid mixtures., With a graphite pencil a line of origin was marked
three inches from the edge of the peper. Two folds were then made paral=
lel to the origin line at one-half and two and one-half inches below the
1ine of origin. The folds were made so that the paper would hang as
indieated in Figure II. The first fold acted as an "anchor hook" and
lay slong the bettom of the trough "hooking" under the anshor rod. The
second fold fell along the anti-siphon rod end allowed the paper to hang
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vertically. See Figure I.

After the pepers were marked snd folded, they were placed on a
smooth table top for application of the samples to be chromatographed.
The samples were applied with the penciled origin line faeing upward,
The folds held the peper beneath the lime of origin away from the table
and prevented the wet sample from transferring to the table surface.

Many one-dimensionsl chromatograms were run simultaneously on
the same paper by applying samples at three centimeter intervals along
the line of origin, The points of application were marked and labelled
with a graphite peneil,

The diameter of the arigin spots was one centimeter or less. The
concentration of the solution to be chromatographed was not critieal,
since large quantities of dilute solutions could be applied by repeated
applieations. This process can be hastened considerably by the use of
a hair dryer to evaporate the spots. Also, all spots were applied with
eapillary tubes which were firepolished to prevent puneturing the paper
from repeated applications.

Initially the solvent assemblies were placed in the cabinet.
Before the papers were placed in the assembly, a check was made to see
that the assemblies were properly spaced so that adjacent papers would
not touesh., Then the papers were hung over the anti-siphon reds and
"anchored” in place with anchor rods. When all chromatograms were in
place, the 1id of the cabinet was secured and.‘?s to 100 milliliters of
solvent were added to each trough. This was added through the 1id at one
end of the trough so as not to be applied directly on the papers. The
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time required to develop the descending chromatograms varied from 12 to
36 hours, depending on the solvent used, approximately 4 hours being
required for the smaller ascending spot chromatograms. FProgress of the
moving solvent could be observed through the window of the cabinet or
the glass wall of the cylinders., The paper wes removed when the solvent
front had descended to within 2 inches of the edge of the paper, For
the aseending papers the solvent was allowed to travel 15 to 20 centl-
meters up the paper. The solvent front was then marked with a graphite
pencil and the chromtograms developed with the ninhydrin spray reagent
and/or stannous chloride solution,

Ninhydrin, 0.25 percent in water saturated butanol, was used to
detect the amino acids, teurine, and glutathione, Stamnous chloride,
0.1 molar acidified with hydrochloric acid, was used to detect selenite,
by the appesrence of a brown spot, and arsenite, by the appearance of
a black spot, on the chromstogram at the same position es a ninhydrin
positive spot occurs.
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RESULTS AND DISCUSSION

Enzyme gtudies
The succinoxidase enzyme system was chosen for this study because

(a) it was relatively easy to establish a functional system, (b) it is
known to require sulfhydryl groups for its activity (12), (e) prelimi-
nary investigations have revealed that it is inhibited by sodium gselenite
(12), and (d) the reaction could be followed employing manometric tech-
niques. The succinoxidase system involves the following series of reac-
tionss

(a) Suceinic acid —> Fumaric acid plus two hydrogen atoms

(in presence of the enzyme succinic dehydrogenase)
(b) Two hydrogen atoms —» two hydrogen ions plus two electrons

(¢) Two cytochrome ¢ (oxidized) plus two electrons —> two cytochrome ¢
(reduced)

(d) Two cytoehrome ¢ (reduced) plus one-half molecule oxygen-oxide ion
plus two cytochrome ¢ (oxidized)
(in presence of cytochrome oxidase enzyme)

(e) Oxide ion plus two hydrogen ions —» one molecule water

Thus it is possible to measure the rate of the reaction from the moles
of oxygen consumed, This is measured as microliters on the menometer,
The volume in microliters divided by 22.4 yields a value for micro-moles
of oxygen, For these reasons the succinoxidase system was selected in
an effort to relate an enzymatic, selenite mhibitbd, reaction to a
non-ensymatic, selenite catalyzed, reaction. Each system involves

sulfhydryl groups.
Studies were conducted using rat liver homogenates. The liver
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tissue was chosen (a) because it is readily eccessible from the animal,
(b) because it is relatively simple and easy to prepere a homogenate and
(¢) because it has been shown that selenium damages the liver first and
usually in the greatest amount when compared with other tissues (12).

Experiments were run, utilizing a rat liver homogemate as a source
of the enzyme, to determine the inhibitory effect of sodium selenite on
an enzymatic reaction requiring sulfhydryl groups for the activity of the
enzyme, Initial studies were made to determine the concenmtration of
sodium selenite which would cause 50 percent inhibition of the enzyme
sotivity, It vas determined that 2x10™> molar aguecus sodium selenite,
when added to a functioning system, would eause 50 percent inhibition
during & 50 minute peried. A more concentrated sclution of selenite,
2¥10™2 molar, gave approximately 80 percent inhibition in 30 mimutes,
Further, & more dilute solution of selenite, 1x10™> moler, only inhibited
the sctivity sbout 15 percent during the course of a 60 minute study.
Results of these studies are shown in Figure III,

Since these results did not reveal whether the enzyme was being
inhibited direetly or vhether the selenite was interfering with the sub-
strate, further investigations were carried out to clarify the exact
nature of the inhibition by selenite. An attempt to answer this was
made by inocubating the enzyme system with the selenite for definite
periods of time and then adding the substrate. As a result, it was
gshown that there was a definite loss in the totel activity of the enzyme
system when the selenite was incubated with tﬁe enzyme preperation.
This, then, would seem to indicate thet the selenite is inactivating
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5 Figure III. Effect of Selenite Concentration
On Inhibition of Rat Liver
Succinoxidase
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Figure IV. Increasing Inhibition by Selenite

18

on a Delayed Substrate System

Zero Delay

Delayed
Control 7

10 20 30 40 50 60 70
MIN.




the enzyme system and not tying up the substrate, as is shown in Figure
Iv.

A delayed control reaction was employed in the latter series of
experiments to verify that the loss of activity of the enzyme was really
due to sn inhibition by selenite and not a result of dematuration, the
time elapsed, or some other factor, The result of this study is also
ghown in Figure IV,

It was also revealed that, by incubating the selenite with the
ensyme and delaying the addition of the substrate, selenite was 100
times more effective as an inhibitor of the reaction. This is verified
by the fast that 2210”5 moler sodium selenite caused 50 percent inhibition
in these studies as compared with a concentration of 2x10™ molar selenite
on the previous studies when the substrate was not delayed. The results
ave shown in Figure V and clearly point out this difference.

Up to this point it was impossible to tell whether or not the
inhibition of the enzyme system by selenite was irreversible. Experi-
ments were designed to show what effect an increased concentration of
the substrate, sodium sueeinate, would have on the inhibitory action of
selenite, It was revealed, as a result of these expsriments, that even
es much as a four~fold increase in substrate concentration was ineffec-
tive in releasing the inhibition of the enzyme by selenite. This fect
4s shown more clearly in Figure VI. Thus it would appear that selenite
frreversibly inhibits the activity of the succinoxidase system by react-
ing direetly with the enzyme.

It is rather striking that, when inhibition of the succinoxidase
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gystem by selenite is studied, there should appear to be an initial
incresse in the rate of the reaction, as measured by microliters of
oxygen uptake per unit time., An examination of the initisl rates of
all reactions shows that those involving selenite and the ensyme have
an initial incresse in the rate of the reaction that is not shown by the
control reactions, This initial incresse in the rate of reaction is
apparent even in the results of the studles of the delayed substrate sys—
tem. When the initiel rates of reaction, observed in the delayed sub-
strate system, are compared with subsequent readings and the readings of
the control, it is found that the rate drops after an initial increase
in the inhibited systems, This would seem to indicate an initial cata-
lytic effect by selenite on the enzyme system, See Table 1.

Table 1, Initia) Catalytic Effect of Selenite on the Delayed
Suceinoxidase System

Taeia) Op . femmd  Thind. o Mewih
Sample uptake (ul.) reading reading  reading
Control 66,7 6445 61.5 4744
Zero delay 48.0 68,0% 65,0% 49.0
10 min, deley 38.2 49.5* 62.5% 51.6
20 min, delay 6.2 2.8% 1.5 —
30 min, delay 20,2 A0.4* LT 28,8

4.0 mo d‘lv 2203 3807‘ ' 23'8 e
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An attempt to explain this initiel catalytic effect by selenite
on the succinoxidase system led this author to investigate the action
of sodium selenite on a number of sulfhydryl compounds and amino acids.
It would be rewarding, as e result of these studies, to correlate the
activity of selenite as a catalyst for the oxidation of sulfhydryl com
pounds, to the initial catalytic effeect on the enzyme asystem, Both of
which involve sulfhydryl groups.

Investigetions were made on the interaction of sodium selenite
and 20 amino acids, taurine, and glutathione, It was shown, as 2 result
of manometric and chrometographic investigations, that sodium selenite
reacted with cysteine, homocysteine, end glutathione, Further investi=
gations are reported on herein to substantiate these findings., Phenyl=
alanine and threonine, when studied manometrically, gave total oxygen
uptakes of 35.2 microliters and 40,3 microliters respectively., However,
chromatography of samples of the reaction mixtures did not reveal that
wuhangohadoaeme&orthutmympmﬁmtmdbomromﬁua
result of the oxygen upteke. Taurine was included in the study to see
whether selenite would reasct with a sulfonic group. No evidence of a
reaction was detected between selenite and taurine., Results of these
studies are shown in Figures VII, VIII, and IX.

A series of experiments established an optimum pH for the ensuing
reactions, and a mole ratio of the sulfhydryl compound to gselenite. As
a result of these experiments, it was found tﬁa’h maximum oxygen uptako
wes obtained at a pH of 7.25 and a mole ratio of glutathione or cysteine
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to selenite of 100 to 1, Tho final ooncentretions for both glutethlons
end aysteine ves 1x10™2 molar, and for sodlum sslenite 1t vas 1x10™%
moler, Homoeysteine, betng less salublo, vas used as & sstursted solue
ton. Results of the selentte catalysls of these compounds are shova in
Figure X, It should slso be memtioned that the rates of reection sould
be ingreased to some extent by gassing the flasks with oxygen.

Taeen and Tappel (18) reported that arsenite imhibited the cste=
lytde oxddation of glutathione by selenite and suggested that o compound
of glutethions and assenite might be the active inhibiter, Thevefore,
the interastion of ereenite with the amine selds, taurine, and glute=
thions vere stuilsd, Results of thess stuiies are shown in Figures XI,
XII, and XIII, The menometric studies wmmwwm
of a reagtion vith arsenite with the exception of glutathione, Gluta~
thione shoved soms evidence of being oxidiszed by eveenite which vas more
notiesable vhen the flasks vers initially gassed with exygon. 3

A stady of the inhibition of selenite cstalysis by arsenite
ghowed an optimm £ina) concentration of avsenits to be 1,5x10™ molar
for the system of 1¥10™ melar glutethione and 1x10™% molar sodium selen=
ite. Results of the inndbitien by ersenite are shown in Plgure XIV, It
should also be noted that 1t vas neeessery to jrepare avenite fresily
for each series of investigations, ‘

Also noted in this study wes the occurrence of reaction products
formed from srsenite ani arsenate with glutathlone, Bvidence of these
produsts 1s shown in Flgure XV, along with the reaction produsts of
sslenite with glutathione snd cysteine, The following Rp values vere
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obtained for the compounds shown in Figure XV:
(a) for the spots from glutathicm and selenite, the Rf values
were 0,065, 0,121, and 0,212 increasing up the chromtogram
in that order;

(b) for cysteine and selenite, the R velues were 0,033, 0.133,
and 0,233 respectively;

(e) for arsenite and glutathione, the Rp values were 0.057,
0,114, and 0,200 respectively;

(@) for glutathione and arsenate, the Ry values were 0,065,
0,121, and 0,212 respectively.

An Ry value is the ratio of the distance a given substance will travel in
relation to the distance the solvent travels on the paper chromatogram.
Thus all Ry velues must lie between zero and one, To obtain the Ry values
reported above the chrometograms were run in an ascending manner to a
height of about 16 centimeters in & solvent of normal-butancl, acetic
aeid, and water in a ratio of 60:10:20 respectively, at room temperature
in glass cylinders deseribed earlier,

To the knowledge of this author this is the first eviqua of an
actual product formed from the reaction of glutathione with arsenite or
arsenate, Tsen and Tappel (16) suggested the occurrence of a product of
argenite and glutathione, ha.;ever, they gave no evidence in their work
that one sctuslly existed, It is possible that the compounds formed
could be an aram?-tz'igiutathiom or an arseno-penteglutathione respee-
tively.

It is significant that the endogenous study of'arunita and sele=-
nite gave no indication of a reaction. This lends support to thn idea
that arsenite forms a complex with the sulfhydryl compound to prevent
oxidation by selenite. This was also shown by adding selenite to a
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mixture of arsenite and glutathione and not getting the characteristic
catalytic oxidation of the sulfhydryl group by selenite.

It would be interesting to see what effect the compound, reported
in this paper, formed from the reaction of arsenite and glutathione would
have on the catalytic activity of selenite., It has been shown by Tsen
and Tappel (16) that the seleno-glutathione is a good inhibitor of sele-
nite catalysis of the oxidation of glutathione. Could one also expect
the arseno-glutathione to prevent this catalytic effect of selenite on
sulfhydryl groups? If so, perhaps the compound would have some pharma-
ceutical value beeause it prevents the activity of selenite at a concen=
tration of 1.5x10"4 moles and does not cause oxidation of the glutathione
jtself. It is possible that this is how arsenite is able to alleviate
the toxicity of selenite in animals,

An analysis of the chromatograms of the interaction of arsenite
with glyeine, lysine, glutamic acid, and aspartic acid showed signs of
a change occurring, When the chrometograms were sprayed with ninhydrin,
to deteet the amino acids, and subsequently with stannous chloride, to
detect arsenite, the amino acids showed up as a brown spot under an
ultraviolet 1ight source. This brown spot did not occur on the control
group, the group minus the arsenite, treated with the same spray reagents.
Further work is needed to prove the interaction, if any.

Investigations also revealed that, when the compound formed between
glutathione and selenite is eluted from the chromatogram and subjected
to an aklaline treatment of hot 2 molar sodium hydroxide for 15 minutes
and rechromatographed, the intensity of the brown color with stannous



chloride, which is used for the detection of selenite, is greatly
inereased. This would seem to indicate that selenite, when in combination
with a sulfhydryl compound in an organic form, is much less reactive.
This is in agreement with results by Lampson and Klug (7) concerning the
reduced toxicity of selenite when it is converted to an organic form.

Further studies were carried out to check such factors as lonic
strength, type of buffer, and endogenous effects. A series of reactions
were devised to determine the extent of an ion concentration effect, if
any, This was done by substituting solutions, of comparable ionie
atrength to sodium selenite, in the reaction flasks for the selenite
normally added. Solutions of sodium sulfite, sodium hydrogen sulfite,
sodium sulfate, and sodium hydrogen sulfate were tried, In no instance
did the ion effect of the above solutions exceed 20 percent of the total
uptake. As a result of these studies it was found that, although there
was some ionic effect, it could not account for the catalytic effect due
to selenite, A tris (trihydroxymethyl amino methane) buffer was employed
with equelly valid results as compared with the phosphate buffer used
for the bulk of the investigations. When selenite and arsenite were
mized together in a respirometer flask no evidence of a reaction was
detected on the manometer, All of these factors substantiate the fact
that selenite can act as a catalyst for a non-enzymatic reaction and the
reaction can be inhibited by arsenite.

It is of interest that arsenite is used to alleviate selenite
toxicity in animals, Perhaps arsenite functions 'in much the same manner

in the animal as it does in a non-enzymatic reaction, If arsenite would
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protect the free sulfhydryl groups in the organism from interaecting with
inarganic selenite, which converts the selenite to an organiec form, this
would explain in part its beneficial effect. It 1s logieal to assume
that the reaction of selenite with sulfhydryl groups in the organism is
much like that of the non-enzymatic reaction studied here, It has been
demonstrated that glutathione when fed yith selenite to rats protects
them from the harmful effects normally produced by selenite (12), Howe
ever, if glutathione is added gfter the selenite has been administered,
it is ineffective in relieving the toxic effects of selenlum polsoning.
It is the feeling of this author that o greater understanding of the
non-enzynatic reactions will lend a good deal of insight into what happens
to the metabolism of an organism when subjected to doses of inorganic
selenium.

Is the interaction of selenite with sulfhydry) groups a detoxify-
ing effort by the orgenism, or is it a nonselective random type non-
enzymatic reaction converting inorganic selenite to 2n organiec forg?
This question and many others remeln to be answered before s complete
understanding of the selenium problem is achieved.
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SUMMARY

It has been determined, as a result of the enzymatic studies with
selenite, that under these conditions (a) selenite scts as an inhibitor
of the succinoxidase system by irreversibly inhibiting the activity of
the enzyme; (b) selenite is 100 times more effective, on a 10 percent
rat liver homogenate, &8 an inhibitor when incubated with the enzyme
prior to adding the substrate; and (¢) selenite shows en initial cataly-
tic effect on the succinoxidase system.

As a result of the non-enzymatic interactions of selenite it has
been shown that (a) selenite catalyzes the oxidation of cysteine, homo-
cysteine, and glutathione to give chromatographically distinet products;
(b) e molar ratio of 100 to 1, for sulfhydryl compound to selenite, and
a pH of 7.25 gave optimm catalytic activity; and (c) selenite did not
give chromstographic or msnometric evidence of having reacted with any
of the other compounds used in this study,

Investigation revealed that arsenite would inhibit the catalytic
role of selenite in the oxidation of sulfhydryl compounds. The concen-
tration of argenite employed in this study inhibited selenite activity
but did not itself cause oxidation, Chromatographically distinet pro-
ducts of the reaction of arsenite and glutathione and of argenate and
glutathione were detected far the first time.

Tt was also determined that selenite is less uﬁsitiv. to detec~
tion by stannous chloride in an organic form than when the selenite is

in an inorganic state.
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