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SELENIUM IN PROTEINS FROM TOXIC FOODSTU?FS

In‘croéucti.on

The importence of the sclenium problem has been established,

Enight (1) 4in an address before The Association of Official Agricultural
Chemists summarized the progress made on the problem, conservatively
emphasized its importance, and strcssed the need for extensive research, -
It is a paremount problem not only in South Dekota, but in many other
states as well, .

Franke (2) reported a new toxicant occurring naturally in certain
~usamplos of plant foodstuffa.f He also reported (35) that the toxicant was
carried in the ﬁrotein fraction and was not removed by ordinary solvents,
In 1832 the problem was brought to the attention of the United States
Department of Agriculture and Roblinson (4) found eelenium in grein samples
which F;anko had found toxie,

The major portion of work published on this problem has dealt with
the effects produced by the toxicant on the animal body. The pross
patﬁology produced by feeding toxic foodstuffs has been described (2,3,6).
The albino rat has been used in theseo in&estig&tions. however, similer
effects are produced in farm animals (6). Franke end Potter (6) found
abnorsaelly low hemoglobin levéls in rats fed toxie greins The effects
produced in chickens by toxiec graina has been studled by Franke and Tully
(8) end Tully end Franke (9)s Franke and Moxon (7) studied the mction of
toxie proteins on encymatic activity end have reported on the inhibiting
ceffect of toxic proteins on carbon dloxide production during yeast
fermentation,

Since it has been chown that toxic foodstuffs producing tho so-called

alknli disease contain selenium, a series of investigations was started.



to determine its chemicul nature, and to determine, if possible, whether
or not seleniun in some compound (or compounds) is the sole toxicant in
the toxic foodstuffs, In the first paper, Franke and Painter (10)

showed that the selenium in toxie grains wae in the protein and wus not
removed by the solvents for metallic selenium or selenium salts, It was
found that when the protelins were hydrolized with acids most of the
selenlum was present in the hydrolysate but some was in the humin, The
selenlun in the hydrolysate was in some organic combination. Painter and'
Franke (1l) hydrolized toxic proteins with ecids and studied the selenium
distribution in the insoluble humin and in the hydrolysate. The proportion
of total selenium ¥n the insoluble humin increased when the humin formeticn
was increnged.s This resulted when concéntrated mineral acids were used,
and when carbohydrates were added to the hydroliiing solution. It wes
«lgo shown that the two amlno aclids, tryptophane and tyrosine, condensing
with aldehydes or garbohydratea in same‘mannor to form humin, contained
very little selenium when they were isolated, and this seleniun was
probably due to contamination, Iiydrolyeis with hydriodic acid resulted
in & seleanlum free hydrolysate. The effect of alkaline hydrolysis has
been studied by Franke and Peinter (12)s It was found that when toxie
proteins were hydrolived with alkali in the pfeaence of plumbite, some of
the seleniun appeared in the lead sulfide formed., A similarity between
labile sulfur and "labile seleniun™ was shown, By combining strong acid
hydrolysis and alkaline hydrolysis (12) e seleniun free hydrolysate
resulteds A possible explanation for this vas pointed out from the work
of Butz and du Vigneaud (13) who showed that rnethionine was converted to
homoeystine by strong ecid hydrolysis und that the sulfur in this emino
acid, homocystine, was labile like that of cystine, 7The possibility that

selenium replaces sulfur in the amino acids, cystine end mcthlonine, has



been further discussed (11),

The reviews of Bradt end collaborators (14) have shown that organic
selenium compounds are very similar to those of sulfur in beth preparation
and reactions Hurd-Karrer (15) hds shown that the absorption of selenium
by pleants depends upon the selonium sulfur ratio,

Beath et al (16) reported selenium in poisonous,plants, but the
selenium in the plants he reported had diffe:;ent properties than the selenium
in the toxic foodstuffs reported by Frunke (2)

Plan of Experiment

In Part I of thilas paper, the removal of seleniunm from the hydrolysate
is reporteds It has been found (11) that most of the selenlum present in
toxic proteins is in the hydrolysate, when hydrolysis is carried out by the
usual methodse

Since emino acids are the producté‘ of protein hydrqus_is. methods for
the separation of these were used, The method which appeafed the most
practical for the removal of seleniun was perfected so that a selenium free
fraction could be bié—-assayed by the method used when deter: ining the
toxicity of the grains,.

It should be emphasited that orthodox procedures were not rigidly
followed, end alternations of mctiods were freely practiceds This appears
justified inasmuch as an unidentified éompound (or compounds) containing
gelenium is present in toxic protein hydrolysates. In case a selenium
homologue of cystine or methionine were present, it would not heve
properties exactly like those of the sulfur compounds, but they probably
would be similar in some respects. To keep this concept in mind particuler
emphasis 18 given the two amino acids cystine and methionine.

Since space does not permit an introduction to the methods of separating

enino acids, what references seem necessary are given when the experimental



results are discussed.
In Part II of this papor the results obtained by feeding the fractions
reported in Part I are given. In this part (II) a study was made of the

toxicity of the selenium conteining and selenium free fractions,

I, THD RIMOVAL OF SELENIUH FROM TOXIC PROTEIN HYDRCLYSATES,

~ The source and method of separation of the protein used in this
investigation has been described (10)s Selenium was determined by the
alkeloidal test described by Horn (17) end ﬁhe procedure described by
R.obinson et al (18)e When a three gjram amﬁple gave a negative selenium
test, it was considered selenium frée. The proteins were hydrolized with
sulphuric acid (10), the insoluble humin filtered off and washcd, end the
ecid removed with berium hydro:dde. The barium sulfete was ccentrifuged ;md
washed several tlmes with hot water. The washings were added to the neutral
(free from sulfurie acid or bariunm) hyd!:olysate. This hydrolysate was used
at the starting point of all the separatlion procedures. The solution was
concentrated by vacuu:x distillatio# or diluted with distilled water when
adjustments in volume werec necessarys

: Due to the amount of humin formed during the hytroly»si.s. the trypto=
phane present in the protein was probably decompcseds The work of Gortner
and his colluborators (20) end Holm and Greenback (21) indicate that this
anino acid is practically quantitatively decomposed during ecid hydrolysis
when humin formation is large. ' A-_

After each separatilon the epproximate uantity of seleniuum in‘ the

fractions waa determined.

Ixtraction mcethodss

1. Extraction with organic solvents.
tarx (unpublished data) extracted a toxic protein hydrolysate with

chloroform, pctroleun ether, elcohol and benzene. In no cese was selenlum



reroved, neither was a crystalline compound obtained,

24+ Extraction with Butyl Alcoholy

It was found (Potter, unpublished data) that nearly =11 the selenium
passed into the butyl aleohol fraction when a toxic protein hydrolysate was
separated by the method described by Dakin (22). After 72 hours of
continuous extraction only a trace of selenium remained in the ncutral
aqueous solution. All the amino secids except the basic and dicarboxylie -
amino acids and lysine (?), hydroxy gl&tamic acid (7) end tyrosine (?) ere
extracted by butyl alcohol, Pirie (23) has shown that methionine is
readily extracted by butyl alcohols That c¢ystine slowly passes into the
butyl alcohol fraétion has been shown by Zalnd and Clark (24), end Hess and
Sulliven (25)s They also found that cysteine passes into the butyl alcohol
more readily than cystina.' '

Precipitation methodss

l, Precipitation with phosphotungstic acid:

The well kmown method for the precipitation of the bases: lysine,
erginine and histidine, together with cystine, precipitated less than half
the sélenium from toxie protein hydrolysates, Both the methods described
by Yorrow (26) end Vickery and Leavenworth (27) weroe used, Thimann (28) has
shown that proline is paftly precipitated by phosphotungstic acids The
solubility of cystine phosphotungstnte depends upon the degree of racemira-
tion., Hoffmen snd Gortner (29) and Plimmer and Lowndes (30) found that the
phosphotungstate of i-cystine 4s much more soluble than the pﬁospho«
tungetate of l-cystine, Undoubtedly there wes appreciable recenization of
cystine during hydrolysis by the method used,

2+ Precipitation with coppers

Town (31) and Bragief (32) use coppér carbonate as an amino acid
precipitant, Separation of the emino acids is effected by the solubilities

L ]
of their copper szlts in differcnt solvents, &The water soluble copper salts
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contained from a trece to about helf the selenium present in the
hydrolysates Consistent results werce not obtained when precipitations
were curried out under similer comditionse The smino acid corplexes of
copper ineoluble in wmter are those of leueline, phenyl elenine, and
agpartic acid (31, 32)s Viciery and Leevenworth (27) have shown that
eystine is 957 precipitated by copper hydroxide in a sclution containing
cystine and histicine. ilemller (33) prepared the copper salt of methionine
using co:per cerbonate and found that it was elmost insoluble in cold
water, but roderately soluble in hot waters

Vickery and White (34) uso cuprous oxide to precipitate cysteine,
Cystine 1s boiled with sulfuric acid in the presence of tin to reduce it
to cysteine, The cuprous mercaptide precipitates quantitatively. By hsing
this proccdéure on toxic protein hydrolysis, approximately half the selenium
aspeared in the cuprous mercapilde precipitate. liethionine is not pre-
cipitated under the conditions employeé (34)

3s Precipitation with silver sulfate end silver oxides

The silver precipitation of Koesel and Kutscher (35) for the determina-
tion of erginine, lysine end histidine ls probably the most satisfectory
procecure for precipitating these anino acids, By following the procedure
described by Vickery and Leaven:orth (36) a very small amount of selenium
was in the precipitetes. A trace of selenium was in the precipitate formed
in both neutral and alkaline solutions. liowever, the amount was so small
that it wes probably due to a conteminant, These suthors have shown (27)
thet a emall amount of cystine is precipitated by silver sulfate in acid
solution and that none is precipitated by silver oxide in alkaline solutionse.

4, Precipitation with mercury saltss

Three mercury salts, the sulfate, acetate and chloride have been

studied. Each appeared to be superior to otler amino acld precipitants in
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precipltating seleniumes Precipitation with Hopkins and Colets reagent

(37) in §: sulfuric aeid resulted in only partiel precipitation of the
seleniun presents It was found that more seleniuwn was in the precipitate
when procipitaetion was carricd out in a near neutral sclution, EHowever,
eppreciable amounts of eslenium remained in the eolutlon when mcrcurie
sulfate vas useds When nercuric ecetate was used, more anino aclds were
precipitated from soclution than when using the sulfate or chloride, but some
seleniun remained in solution. iercurie chlﬁride has proved <o be the best
precipitent for the seleniun compounds yet founds It would completely
precipitate the seleniun frowz a near neutral hydroljsato.

The folloxing procedure wes developed which precipitated the selenium
s0 nearly quantitative that presont methods for the detection of selénﬁum
were not sensitive enough (o detect it in a reasonsable amount of the
soluble hydrolysate, To the hydrclyeate from 100 grams of toxie protein in
tiree liters of solution solid bariun carbonate is added in excesse Two
liters of saturated mercuric chloride are then added while the solution is
stirred, A flaky precipitate forms immediatelys The solution is alld#ed
to set at roan temperature, with frequent stirring, for oune hour, Theb
mercury procipitate and undissolved barium carbonate is filtered off using
e Buchnor funnel and the precipitate washed two or three ti-es with water,
The filtrate is prectivally free fron selenfume After the mercury, chlorine,
ard bariun have been removed and the aminoc scids driedf the alﬁaloidal test
on a thres gran sample is negative. A positive test can be obtained on less
than O.1 gram of the toxic proteir, so less than 1/50 of the selenium
orizinally present is in this filtrate., The distillation method (18)
indicated less than 3 p.peme seleniume As in ell similer proecedures,

results are somewhat variable.

Over sixty mercurie chloricde pricipitations have been macde. One



precaution must be ennsidered., The mercurie chloride rust be saturated.
It should be dissol#cd by heating, and the solutlon used after it has
cooled down to room temperature,

In genoral mercury salts precipitate histidine end tryptophane
quantitativély. and cystine4and tyrosine to a less extent. Pirle (23, 38)
snd Mueller (33) and du Vigneaud mnd Myer (39) used mercury salts to
precipitate methionine. 1In his luter paper, Pirle (5&) cescribes the
comhiped action of mercuric scetate and phosphotungstic ecid to preeipitate
methiornine, In both Pirle's procedures methionine is recovered from a
final preeipitetion in which mercuric chloride is used. Lo statecs that
both the suifate and chloride ion have an inhibiting ection on the precipi-
tation of methicnine in an amino acid soluticn, In both the older methods
for isolating methionine (33, 39) the amino ecid wes precipitated from a
solution neutral to congo red, Mercuric sulfate in 57 sulfuric acid has
been used to precipitate cystinoe (37)e Under these conditions Vickery and
Leavenworth (27) found 86 of the cystine precipitated, These authors also (36)
use iopkin's rcagent to precipitate histidine,

By the method describved for removing the selenlun from toxice protein
hydrolysates, the selenium in the hydrolysate from 100 grams of protein is
in the mercuric chloride precipitate which contelns approximately 5 grams

of ermino acids,

Liscussion
The results obtained by precipitating selenium from toxie protein
hydrolyéatea using different enino ecid precipitants does not restrict the
praperties of the selenium compound to those identical with eny one amino
acid, Iﬂ fuet more than one compound of selenium is indiceted, It would
be very difficult to conceive a single compound partlally precipitated by

every one of the precipitants used but only completoly precipitated by one.



However, it is entirely probable that other precipitants than merecurie
chloride would quﬁntitatively precipitate the seleniwm compounds under
very definite conditionse Few conclusions ean be mnde regarding the
chenical propertics of the selenium compound (or compounds) wvhen only one
property ~- that of the solubility of several of i:ts derivatives -~ has
been studied, In this regard the properties ere very similer to those of
scveral amino eacidas The properties in regard to solubility are unlike
thosg of any of the amino ecids except cystine, methionine, histidine and
possibly tryptophanes Ivery wmino acld preeipitant precipiteting these
anino ecid precipi‘cateé soz;.e seleniun end everj hydrolysate frection containe
ing these emino ecids in aepprecisble quantity contained some seleniume
£ince the solubiliiies of these enino aclds resemble each other closely,‘l.nd
sincé little is inowm of the solubilitiea of the compmmﬁs of methionine,.
it is ¢ifficult to eliminate the Jmown emino acids,

One difficulty has deterred progress townrd isolating a selenlum con-
taining compounds ¥hen the metallic precipitete of amino ecids conteining
a cancentration of selenium wes decomposed with hydrogen sulfide, a large
proportion of the gelenium always wes in the metsllic sulficde formed. This
hes mede several separations of the selenium containing compounds of toxie
protein hydrolysates by precipitation very difficult, This was striking
when cystine 4n a toxic hydrolysate was reduced to cysteine, Upon
decamposing the cuprous nercaptide with hydrogen sulfide, ﬁll of the
selenium in the precipitete appeered in the cuprous sulfide formed, which
suggests that sn unstable sclenol existeds The selenides 6f heavy metals
are extre-ely insoluble compounds,: .

If onc of the lnowm enino scids conteined selenium in one of its usuel
orgaaic comhi@tiona » the selealum would undoubtedly replace a sulfur or
oxygen etom (14), The probability that it would replace sulfur has been

suggested (11), If this were the case, or if seleniunm replaces an oxygen,



the properties of this compound would be different from the unalogous
enino acid, ﬁoweier, it would be expscted th%t tho‘propertica of the
compounds would be somewhat similar, A compound entirely unlike those of .
the known protein hydrolysis products is not pracluded,

There is evidence that most of the selenium is in e compound very
similur %o cystine. All cystine and cysteine precipitants used .
precipitetes some selenium, and some selenium is removed from toxie
hydrolyeates under the sane conditions thet labile sulfur is split off
from cystine or cystelne, The selenium in torie proteina was extracted.
by butyl alcohol more readily than oystine., It has also been shown (11)
that & compound of selenium is present which decomposes mora readily in
acid solutions Lthan eystine. Fercurie chloride was found to precip&taée
probably 21l the selonium from toxie protein hydrolysates. Cystine eannot
be completely precipitated in this menner. The quantitative precipitation
of cystine by heavy netals is precluded because 1/6 of the sulfur is .
oxidiced when ailverv(éo) merecury or copper (41, 42) salts are enployed
and which may occur with other metals, Ividently this did not happen with
e selenium corpounds It is imowm thet sulfur is more eﬁsily oxidized then
seleniwm,

In on earlier paper (11) it was stated that the molar seleniume
sulfur ratio was approrimetely 1:173 &n the protein under investigation.
Since many of the properties of the selenium conteining cqmpounés closely
reserble thore of the sulfur containing arine selds, the difficulty in
separating the two is obrious, Thds difficulty is further sugmented by
the unsiability of the soleniwr in its naturally occurring linkages,

The separation of selenium was discontimued at this time to determine

the toxicity of the products under investigation.
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II, THEE LFFLCT OF FLEDING (1) TOXIC PROTLIKS, (2) TOXIC FROTEIN EYDROLYSATES,
AND (3) TOXIC PROTLIN HYDROLYSATES FRON WHICH THE SKIINIUM EAS BEEN RI¥OVED,

Up to the present time only resulits obtelned by feeding toxic grain
end the recombined products have been reported (2, 3, 6, 8, 9)¢ It scemecd
advisable to determine the relative toxicity of the grain, the proteiﬁ.

'the protein hydrolysate, tnd to determine if the removal of selenium would
ronder the protein hydrolysate non-toxies In an earlier paper (10) it ﬁas
stated that the only diffcrence kmown between "normal®™ end “toxie" greins
wes the presence of selenium in the latter., Vanadium may contribute to
the toxicity of some of the graihu since Byers (43) found this metal in one
sample, but vanedium is ruch less toxic than selenium, Present methods of
selenium analyses indiceto that the most toxic grain samples bio-assayed (2)
éo not contain over 25 pePeme selenium, Some corn semples that had lower
scleniun contents were just as toxie as‘wheat samples, Franke and Potter (44)
found that 22,8 pepente selenium in a diet sdded in the form of sodium
selenite was not as toxic as many grain semplese Two explanations eppear
possible: (1) that the seleniun in toxie foodstuifs is in a compound which
is more toxie than inorgunic selenium salts, or (2) there is some toxicant
other than selenium in the foodstulfse

foxicity hes been compered by the incidence of death, restriction of
food inteke, grosth rates, and gross pathology in experimental animals,

Preliminary feeding triale of toxic protein hydrolysates conducted in
this laboratory indicated thet they vere toxic when the protein wes
hydrolized with hydroechloric or sulfuric aclds. In those csses the protein
wrg separsted from the bran and starch, hydrolirzed and recombined with the
bran and starch when mede up into a diet, There was some residucl protein
in the bran and starch and some selenium was lost in the humin, 1In this
éaper experiments are reported wherc a direcct camparison of toxicity of a

hydrolysate and grain was attempted,



Experimental

Although Frenke (3) rcported that the toxicant in the foodstuffs
under investigation was carried in the protein fraction, no direct com=-
parison between the protein and foodstuff, based upon eyual nitrogen
content, was pade, A snall amount of protein, soluble in 0.2 ¥ godium
chloride was lost and not fed, |

In ordef to determine tﬁo pffeot on animals of the chenical treatment
used to separate the selenium compounds, thebfollawing feeding trials
(Series 101) were carried out.

Group A wes fed a diet contalining toxie'wheat;

Group B was fed a cdilet containing toxic protein, :

Group C was fed a diet conteining the hydrolysate from toxle proteins,

Group D was fed a diet containing the hydrolysate from toxic protein

from which the selenium had been removed,

It should be emphasiced that in these feecding trials striet series
of controls were useds In all fceding trials & fraction wes fed from a
"ﬁormal" wvheat (Laboratory Ho. 648) which had received the same treatment
as the experimental, These will be rcferred to as eontrol groups A, B..G,
and D,

The protein from toxic wheat (Laboretory Ho, 582) fed to Group B wes
prepared by the same procedure as that used in previous investipgations,

The following method was used to prepare tho hydrolysates for animal
feedings The hydrolysate of proteins has been described (11). The
1nsol§ble humin was filtered off and the sulfuric ecid removed in the
memner elready deseribed for preparing the hydrolysetes prior to the
separation proceduree., Care had to be taken to ensure thﬂt there was
no bariun in the hydrolysate. It was found thut excess sulfuric acid had
to be present before emll the barium wes removed, The pH of {he hydrolysate

wes acid (between 4~5) but indicators could not be depended upon. - Insteed



dilute sulfuric acid was added until no more barium sulfate precipitated, ,. £
thén several ec.: of very dilute acid were addeds, The solution wes
concentrated to a thick syrup by vacuum dietillation at not over 60° C,

The c;yrup was removed from the distillation flasks and placed in

evaporating dishes. At this time sodium hydroxide was edded until the

end point of methyl red was reached, Iha neutral hydrolyeates were then
plucedv on a stean tath ¢o remove most of the water, thenA finally dried

in a vacuum oven at 60° C, Same ammonia escaped during &ryi#g. Theammo ecids we:
then ground in o mortaf. and k:'*.p‘t in a dessicator unt.i.J: incorporated into

diets and fed to Croup C.

Preparation of the Selenium Free Hydrolysates

The method of precipitating the seleniunm from toxie protein hydrolye
sates by mercuric chloride has been ceseribed. A precipitate may form in
the clear solution after the mercuric chloride end excess barium have
been filtcred off if it is allowed to stand, but this may be éisregarded.
The mercury in the tfiltre.te is removed with hydrogen sulfide end the bariunm
with dilute sulfuric acid. 7The mercury, 'barium and sulfate free filtrate l
is evaporated to ncar dryness several tinmes in vecum to remove as mach
chlorine as possible. The i‘iltra{:e is then made u;; to sbout 1 liter and
the remaining chlorine removed by the addition of boillng hot suspensions
of silver oxide. This 15 added until the pH resches 4., The silver |
chloride and excees silver oxlide is then filtered off and washed several
times with hot water, The small smount of silver in the eolution is
removed as the sulfide by the addition of hydrogen sulfide and the volume
of the solﬁtion reduced by vacuum cistillation to about 500 cc. It ic

theni_tested with a few cce of dilute sulfurio acid to emsure complete

| romoval of barium, If it 4is free from a11‘ toxic metals, dilute sodiun
hydéroxide is added PRI pi adjusted to that described for the

356584 SOUTH DAKOTA STATE COLLEGE LIBRARY



hydroclysatese This amino acid fraction is then dried in the rmanner
dlraady éescribed.‘ bach ono of these filtrates was tested for the presence
-of selenlunm before it was incorporated into diets and fed to Group De
The sene procedurs was cerrled out using a hydrolysate of control protein
-,v;ﬁ.eh served as a control group (D) |

The usual practice was to hydrolize 300 grams of protein at a time
und divide it, taking haif for the hydrolysate diet and carrying the other

Lalf through the selenium precipitation procedurecs

Preparation of tﬁe Diets

The diets were prepered so that thelr nitrogen eontents were equale
It has been stated (3, 10) that the toxicant was earried in the protein of
toxie foodstuffs so protein nitrogen was used as thé basis for the
preperation of the élets,

The wheat dia‘.ts were the same as ti;ose used by Franke and Potter (6).
The following taﬁle gives the diéts used in each of the eight groupss .

Series 101 dlets

Toxic and ;:ontz‘ol grougs . A B . 45 D

Component in %

Ground wicle wheat g2

Commercial casein 10 . 10 10 10
Cod liver oil 2 2 2 2
Dehydrated yeast (Horthwestern) 2 2 2 2
EeCollu~ts Salt ldxture lioe 185 1 3 2 2
lard 3 5 & 6
Cornstarch 1s 15 16
Comrercial suger 45.2¢ 432+ 41,8+
Protein 1748

Protein hydrolysates 2048+

Frotein hyédrolysates af'ter mercurie chloride precipitation 22424
Cystine (Eimer and Amend C.Pe) 0,1 0.1

- This was not the samo for thc control and experimentel dlet because the -
proteins used did not contain the same percentage of nltrogen.

+ The different clets varled as the nitrogen content of the hydx'olirsatem
The figure given reprcsents an average figure tut not the percentage in every
dlet, The meterial was belng prepared while the fecding was in progress so
the welght of the hycdrolysates and sugar varied somevhat depending upon the
percentage of nitrogen in the hydrolysates.



The diets were copied after the experimental diet used in this
laboratory us much as practicable. Fourtecen and five ten’iis (14.5) percent
of the protein (X x 6425 x 100) in the toxic wheat diet is in the whole wheat
sddeds All other édlets, except the control whole wheat diet, containéd
the same amount of protein nitrogen as this diet. This diffecrence in the
nitrogen in the protein and hydrolysates necessitated varying another
constituent of the diet. The sugar wa.s the constituvent varied,

The average nitrogen content for the hydroljsates was epproximetely
11.2%, and for the h&drolysates resulting from mercuric.chloride precipitate
10.4%, It is realized that this is somewhat low, However, the weight 6f
the protein hydrolysate increases over that of the protein, Some of the
ammonia nitrogen was lost, and the hydrolysates were contemincted with small
amounts of salt, The proteins which were hydrolized had low nitrogen
contents, The nitrogen content of the toxic protein wes 13.07%, and of the
control protein 13.8%. These figures seen to be very low, indicating that
a pure protein was not used. Hitchell and Hamilton (19) give 17.66 and
17.49 percent respectively for gliadin and glutenin, the chief proteins in
wheat gluten. The proteins were purified by the method of Elish and
Sandstedt (45). Both were taken from wheats of high protein content, 17.68%
for the toxie (582) wheat, and 17.5%4 for the "normal™ (648) wheat.

The factor 6.25 was used to convert nitrogen to protein although Dill

(26) states that the factor 5.7 should be used when deternining the protein
in wheat gluten. It appears that the method of Blish end Sendstedt did

not separate all the protein from the starch., Further purification by
dispersing the protein in dilute alkali did not seem advisable because

of the alieration of the properties (partial hydrolysis) resulting from
dispersion in alkalies. It has already been shown (12) that the selenium

in toxic proteins is unstable in alkeline solution,



Albino rats of ‘istar origin were tho exporimental animels used.
They had been weaﬁed on tﬁe 21st dey end maintained on }cCollum's Diet I
for seven days es described by Burr and Burr (47). They were then
divided into elght groups so that litter mates and the same nunber of males
snd females avé-re in each group, end pluced in individual cages described
by Frenle end Fronlo (48)e The average woight of the eight groups did not
very 0.8 grams from the means The rate werc weighed every five days end
the food consumption recordcd every two cays,

Indivicdual growth curves for the elght groups of Series 101 ere shown

on Chers I
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Individual growth curves for Series 101,

Toxic groupase Control groupss
A thole Vheat A
B Frotein i 3
c Hydrolysate c
D Hydrolysate efter chlz precipitation. D



Due to the resuits obteined in the toxic and control Groups C
end U it scemed acvisable to duplicate these four groups. The toxie
hydrclyeete which had the selenium removed appeered to be non-toxicy
howrever, it was felt that a period of 26 deys was not lomg cnough ta
warrant conclusions, Furthermore, bettier growth wes obtained in control
Group I which had¢ part of the anino acids removed by mercuric chleride
precipitetion, then in contrql Group Ce Accurate food consuvmptions were
not obtained during the first twenty dnys of Series 101 on the groups
recelving exino aecid dieté. This difficulty was overcome by adding
water to the diet and making it into e thick soup when it was fed. Rose
(persﬁnal conzurnication) obviates this difficulty when feeding smino
ecid diets by ueing diets with a high fat content,

Series 112 was thercfore pl&nned;‘ Four groups of rats wcre fed clets
sizmilar to those given Groups C and D in Series 101, These groups are
designated as Toxice Groups A end B end Control Oroups A znd B (Series 112),
The following alternﬁtions cf the method used in preparing the emino acids
were nade, otherwlse the samine experimental precedure was followede The
hycrolysates were neutralized with solld sodium carbonate instead of
sodium hydroxide, und silver sulfete prepaercd in the laberatory wes used
to rcumove the chlorine from the fiitrﬁte after the mercuric chloride
precipitation. The sulfate wus then removed with bariwa hyérozide
{following thoe precautions eireedy mextioned.

Incivicual grosth cufves for these groups which extended to the 7Oth

¢ay ere showm ia Chart II.



33679
I#
P
i / A
/7 f3anzg
100 ’ )é ;ﬁ/ Hity
7
Vs /| /
33
1/
/|
o
Jblg
B
11 ; /?533
2
120 e 508 //%
-
Fl /jml, v
100 /:_ / /—/ 3759 / = j,m, '
=
L~ 3398¢ -~
a0} V;/// ///K" Z%&Z/
V20t
(1| 4
Z 4
1 |
g] Cojtrol| R B
20 60 20 ¥ 60 dus.
P2 s
5 s s i Rt S =y . ¢
Chart 11

individual growth curves for Series 112
Toxic groups. Control groupse.
A ‘ Hydrolysate _ A
B Eydrolysete after ngla precipitetion. B
£il snimels in boih series were killed ui the end of the experimenial
period and autopsies mgde; in sone cases hemoglobin determinations were

made following the meéhod already described by Franke end fotter (6)e

Discussion
The three control groups A, B, and C of series 10l shou clesrly the

nutritioncl values of synthetic end natural diets. The poorer growth rate



i9.

using the protein end hyd;olysate dlet is elearly shovms The depression
of growth after the fortieth day in the group fed the control hydrolysate
diet (Grogp C) was probably du¢ to a slight amount of barium in the diet,
It was found that sulfuric acid had to Le present in excess to completely
remove the bariume Rapport and Beard (49) obscrved difficulty with barium
toxicity when berium hydroxide was used to remove sulfuric scic from
hydrolysates used in animal feeding,

There were no deaths in Series 101 although this grein sample
(Laboratory Ho. 582) 1s one of the lethal semples reported by Franke (2)
in which over 70% of the animals cdied before the sixtieth day of
experimentation, This may have been due to the fact that the animals
averaged 2-3 deys older when placed on experiment than those reportcd
by Frankee. It has been shown (unpublished date) that older animals have
a greater resistance to the toxiclity of‘solenium containing graine

If depression of growth may be taken as a meesure of toxicity it is
quite evident that the protein is just as toxie after it has been
separated from the wheat, dispersed in acetic acid end re~precipitated,
The results here indicate that the protein diet is moretoxic; however, it
should be observed that the growth of the control group B is not as good
as that in the control group A. Other feeding trials using ioxio proteins
incicate that the toxicity is not recuced by the method employed in its
seperation.

It is difficult to state whether or not the hydrolysate diet (Group C)
is as toxic as the whole wheat and protein dlets. Growth wes prefoundly
supprossed, but the control group also showed marked growth depression when
compared with the groups receiving control wheat and control protein diets.
The results suggest that the toxiecity of the hydrolysate, due to the

toxicent in the original grain, hed been reduced,



The ulkaloidal test indicated that the selenium content §f the
toxic diets fed io groups A, B, C (Series 101) and toxic group A (Series 112)
were the samee The method described by Robinson et el (18) gives
approximately 100 peperis of sclenium for the toxie proteim and 80 pepems
of seleniun in the toxie hydrolysate. If these figures are correct, there
is more seleniun in the toxic protein diet, but the difference is hardly
significant.

In both series better growth resulted in the contfol graupé with
the ciet containing the hydrolysate after péit of the amino acids had been
renoved by mercuric chloride precipitation than in the groups whose diet
contained the untreated hydrolysate. The obvious yuestion is: Did the
rercuric chloride precipitation femove some growth depressent or toxiéant
present in protein hydrolysates? Or were the results due to the removal
of something readering the dlet nore paletable? The change in color of the
hydrolysate aftcr the mercuric chloride precipitation indiceted that much
of the soluble hurin had been removed. Undoubtedly the gustatory effect
of protein hydrolysates in diets 1s a contributing fector in the fellure
of animals to respond favorebly to these diets,

The necropsy of the animals reveanled the usual symptoms produced
Ly toxie foodstuffs. The severe pathological clsturbances (2) were not
as ecute in the animals receliving a tbxic protein hydrolysate aﬁ in the
animals receiving the toxie wheat and toxle protein diets. The external
eppearsnce of the animale in toxic group C (Beries 101) and tovic group A
(Series 112) was typical of that generaily produced by toxie foodstuffs.
The enimals on toxic diets were very thin and in'gcneral appenred emaciated,
411 gréups receiving control foodstuffs eppeared normal except that those
receiving the diels contzining arino ncids were much smeller. Thie was

also true of the enimals receiving toxlc protein hydrolysates from which



the sclenium hed been removeds They did not exhibit the typieal
pathological disturbances observed in the other groupe 4ll animals 4in
Serles 112 had distended caecums which conteined very dark fluid meterial,

Several hemoglobin determinutions did not reveal eny abnormally low
levels in rats fed toxle protein hydrolysates which Frunké and Potter (6)
obgerved In rats fed toxle grain. Cnly a few samplea of blood were taken
when the animals were :illed and these were not frbm moribund animals.
The two lowest levels obtaincd in Berlea 112 were rats No. 5397 end No. 3402,
which had hemoglobin levels of 14 and 12,6 grams per 100 cc blood,
respoctivelys The unim:ls in the control group end protein hydrolysate
with selenium removed had normal levels.

The voluntary rectriction of food consumption oﬁserved (2) in
animals fed toxic grain diets wes observed in the snimals fed toxic protein
hydrolysate diets, In Series 112 there 1s a direct correlution between
growth and food consumption. The evailable records of Series 101 indicate
that the growth rctes and food consumption were in direct'proportion.
The everage food consumptlon in grams per dey for the toxic groups A end B
(Series 112) is 3,32 and 6433 and for the control groups A and B is 5.49
and 6439. It is evident that the restrietlon of foodc consumptionlis due
to the toxicant present in the wholg wheat, protein and hydrolysate dlets,
Both Series 101 and 112 prove without question that the reméval of
wthod described removes the toxicent present in t°?1°

selenium by the 1

i 1 t e elesrlv shown by compsring toxic groups
protein hydrelysatese This is elesrly shown by compsring group

C and D of Series 101 end toxie groups A and B of Series 112, The growth

rate, external appearance of the animale, symptoms observed at autopsy

and reaponse to the dlets w11 incicate that the toxicant was removed py

the rercurie chloride precipitation &0 completely that the emount left wes




imocuouse Iither sclenlus in sonme compound (01" COTEIpOunds) is the 3010

toxicant or other toxicants, if present, are likewise precipitated by
mercurie ckloricde., 7The resulis olteined do not prove that seleniunm is

4

the solec toxicant present in toxle foodstuffs but since no toxicant was
removed fron cithcr toxic proteins or thelr hydrolysates by organiec
solvents, nearly all imown plant toxicants are elimlnated. Observations
feeding selenium saltis (Franke end Potter (44)) indicated that their
action on the enimal body is very similer to that of toxic graing,
although the symptems preduced were not exactly or comsistently the same;
If seleniun is the sole toxicant in toxle foodstuffs, it is in a mch
rore toxic form than in any of the knowm inorganie salts of selenliunm,

This differcnce in the toxic seleniun compounds might explein the

difference noted whon feeding toxic prains and seleniun salts,




COKRCLUSIONS

A mocthod has been devised whereby the selenium can be removed from
toxic protein hydrolysates. The cffect of chemieal treatment of the
proteins from toxic wheat has been studied by enimal feedinge. Growth
curves of anim.ls fed cdlets containing whole graln} protein, protein
hycrolysate end protein hydrolysate efter marcuric chloride precipite~
tion are showm, ‘

From the results obtulned by the separation triels and feeding
series, the following conclusions are mades

1, lost enino acid precipitants remove part of the selenium from
toxic protein hydrolysates,

2. The sulfuric acid hydrolysates of toxie proteins are toxic.

3, lercuric chloride precipitetion of toxie protein hydrolysates
(under the proper conditions) precipitdtes the selenlun compound (or
compounds) so nearly completely that the filtrate is innoxlous when fed
to albino rats.

4, Yercuric chloride preeipitution renoves something from sulfurie

acid hydrolysates which directly or indirectly inhibits growthe

6. The codein sulfate test has again been found to be a reliable

negetive tests

3
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