South Dakota State University
Open PRAIRIE: Open Public Research Access Institutional

Repository and Information Exchange

Electronic Theses and Dissertations

1952

Experiments with Selenium 79 and Selenium 75 Preparatory to
Studies of the Metabolic Pathways of Selenium in Plants Using
Radioisotopes as Tracers

Ronald R. Johnson

Follow this and additional works at: https://openprairie.sdstate.edu/etd

Recommended Citation

Johnson, Ronald R., "Experiments with Selenium 79 and Selenium 75 Preparatory to Studies of the
Metabolic Pathways of Selenium in Plants Using Radioisotopes as Tracers" (1952). Electronic Theses and
Dissertations. 2235.

https://openprairie.sdstate.edu/etd/2235

This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu.


https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/etd
https://openprairie.sdstate.edu/etd?utm_source=openprairie.sdstate.edu%2Fetd%2F2235&utm_medium=PDF&utm_campaign=PDFCoverPages
https://openprairie.sdstate.edu/etd/2235?utm_source=openprairie.sdstate.edu%2Fetd%2F2235&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:michael.biondo@sdstate.edu

EXPERTMENTS WITH SELENIUN 79 AXD SELENIUM 76 PHEPARATORY
70 STUDIES OF THE METABOLIC PATRWAYS OF SELENIUM
IN PLANTS USING RADIOISOTOPES AS TBACERS .

by
Romald R. Jomsen
Submitted to the Graduate Faculty
ol |

Sovth Dakots State College of Agrieultural and Neshanic Arts
in Partial Pulfillment of the Requirement for
the Degree of Master of Seience
June, 1982

STUTH DAKOTA STATE CCLLIGE LIBRARY



EXPERIMENTS WITH SELENIUM 79 AND SELENIUM 75 PREPARATORY TO
~STUDIES OF THE METABOLIC PATHWAYS OF SELENIUM IN PLANTS,
USING RADIOISOTOPES

By

Ronald R. Johnson

EOUTH DAKOT
ILTE COLTEGE (IBRAR)

This thesis is approved as a creditable independent investigation
by a candidate for the degree, Master of Science, and acceptable
as meeting the thesis requirements for this degree, but without
1mplyin§ that the conclusions reached by the candidate are neces-
sarily the conclusions of the major department.



3“““'.%&;‘}”;*-‘”!.““‘
Miss Franses Moyer, and kr, Rebert Pengre for the valusble suggestims
and assistance they have given me during the sourse of this work.

-

The Author



iv

TABLE OF CONTENTS

mm m’.."...."Q...-.“‘.’.“..'Q.’.....‘.‘.’.".“"..Q.‘.“"Q.‘.ﬂ
mﬁ‘ m‘.""."'.l..'.’..‘.ﬂ.‘."“‘...’ﬂ.».’..#.*“.."Q.Q.'.‘
Wd&tlvbl..cl.tunaaon:v'&ovuoonauoacuooncu--pa.o:oooo;
M oF 'mi»vioﬁuiotqo'o-onoaaaltoca.c..cqnu»odo.&4.000.»'000&&&
m ﬂ MQOQQOdocaoan!lnatv“niocao-’00000'vo‘ncso.aoiqtoo-bg
m’u’m"‘..‘"'""".‘.,.‘"‘v‘““"“’.“.“‘.‘.‘“"."’.."'.
EXPERIMENT I sevovesvesvasevonssnssssssssssonsatnssnsnsnsssnscnnncs
EAPERIMENT IT seovsovassastmeonortsnvasssavssssvinsessrsansessssens
EXPERINENT XII sevsonnssanvstsssnvnnensnaconssnensvessnscsansnnonns
m !l‘ !O.'Q‘QQ’OOIW_QOQOCQilﬁii‘l'l‘lltiD.QGQQ'!Ov("o‘.t’o't
m’ ‘..‘...l.’..'"‘QQ"‘..QQ.Q'.““"!"""““"“."..Q’...\.

REVERENCES CITED sesceossencossvassasssdsssanasrssssssscssanessanes

E ¢

2 8 8 8B 8 o~ 2 q



TABLE 1,
TABLE 2.

TABLE 8.

TABLE 4.
TABLE 6.

TABLE 6,

TABLE 7.

LIST OF TABLES

Growth data for wheat plants grown in soils with varying
amounts of selenite selenivmesevsassnsosssnssnnonscnnssse

Seleniun content of wheat plants grown in soil with
varying smounts of selenite selenivMsssvssovecvrcsssncens

and 116 days of growth in soils with varyiag smounts of
selenite seleniumeccsssovsverrssnscosnvsvense sersuncsreee

Dry plant weights, Experiment Ilecssesverssssvesessvennes

Selenium eontents of plauts in Experiment 1I ag detere
mined by Kiein method and by counting selenium 76

BEEAVAE T csonnnssnsensssvnensvsnannerssrnssnnrserasasnee

Selenium eontents of plants in Experiment III as deter-
mined by Klein method any by eounting selenium 78

2 L T L L L L L R P T

Soluble amino seids present in wheat plantSeecsssvessvecss

18



FIGURE 1.+
FIGURE 2.
FIGURE 3.
FPIGURE 4.
FIGURE B.
FIGURE 6.
FIGURE 7.
FIGURE 8.
-

PIGRE 1Q.
FIGURE 11+

FIGURE 12.

LIST OF PIOURES

Wheat plants, Exporiment I, at 81 days growthes....eee
Whest plants, Experiment I, ot 44 days growthessesses

M plants, Experiment I, at 67 ham Erowthesecenese

Wheat plants, Experiment I, at 116 days growtheesssses

Growth surves for wheat plants, ”M I...u.u-.
Glass .m for plants fed selenium 756 e8ltSssssesne

Two photographs of whest plot at Reed's Ranech, Lymsn
County, South DatotBessssevasvessvsrversanscesanaseses

Anino acid eurves for wheat m;mumm
taining selenite selenium at 2 pupeme and 8 PePemecees

Amine scid curves for first and second harvests of
emtrol wheat leaves and StOMBasssssassnessssnsenssnne

Amino acid curves and positions of selenium 75 active
ity for first barvest of radiosctive wheet leaves and

m..pcvnqmqou»innaliicti.y&tionﬂ'l’.anolt‘Qaﬁqvcokco

Amino secid curves and positions of selenium 75 sotive
ity for firet and second harvests of redicactive wheat
leaves and stems and of rediosctive wheat kermelssesss

Pogition of emergense of selenite and selenate en
starch ehromatograms s compared to valine and alanine

S - e o

10

&7



INTROPUC TION

Sinee 1985, selenium has been recognized as the toxicant naturelly
present in certain foodstuffs which ceuse the malady of nw known
as "alkali disease” (2,5,8)s Although selenium is present in very smell
smounts in plents and in even smaller amounts in soils, feeding of sele~
niferous forage caused serious losses in livestock in many areas of the
great plains.

Since its discovery as & toxleant, mueh work has been done in ate
tempts to deternine the forms in which selenium ocecurs in soils, plants,
and enimals., Barly work by Franke (4) showed that the toxicant was ale
most wholly present in the protein frastion of wheat and corn. 7This was
later confirmed by further experimemnts (5,6,25,24). Due to the similarity
of selenium and sulfur, both in physical and ehemiocal properties, inves-
tigators (23) suggested that it might replace sulfur in sulfur bearing
campounds, perticularly, the smino acids. Hurd-Karrer et al. (11,14),
mwunmommunrmtntuxm—cmnaw
& eculture solution or a soil, selenium (as selenate) injury to wheat
plants was greatly inhibited., Franke and Painter (7) eould not confirm
part of these conclusions but later (25) agreed that selenium followed
sulfur deposition more closely than nitrogen dsposition.

Although plants may contain both inorganic and organie forms of se~
lenium, most cereals and also plants of the Astragalus gemus contain ale
most all orgsnically bound selenium (51). Hern and Jones (10) attempted
to isolate the eompound or compounds whieh besr the selenium in toxie
wheat gluten. They sueceeded in showing that most of the selenium was
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in the leueine fraction which would sontain in sddition valine and phe-
nylalanine. m. due to the minmute quantities of selenium present

in wheat, they were unable to centimue this isclation, They conducted
aniﬂmumu on water extracts of Astregalus pectinatus whieh
eontained 1500 to 2000 parts per million of selenium., In this experiment
they susceeded in isolating a eemplex which they believed to be a come
bination of two isemorphic amine aeids, HOQC~CH(Niy )=CHy«CHy~Se~Clg~
CH(NHy )=CO0K and HOOC-CH(NHy }=Cliy~Clig~8~CHy=CR(NHp )=CO0H 1in & ratio of
2:1s Their isclation methods closely resembled those used for isolation
of lanthionine, HOOU-CH(NHg )=CHy~8~Cliy~CH(Nlg <G00, the similerity in
strueture thus further cenfirming their belief, Also, the SeSe eamplex
had properties resembling those of the leueine fraestion of wheat pree
viously mentioned, thus indicating a further relationship, Other inves~
tigators (81) have found that selenium tended to be associated with
eystine although selenium was absent from the eystine i‘mﬁu of wheat (10).
¥ram the information presented, it seemed theat more work should dbe done
with the isolation of the selenium bearing compounds in wheat, since
this 4is the cereal grown predminately in seleniferous areas and alse
since this cereal accumulates selenium at a higher ecomcentration than
the other cereals.

Data on the concentration of selenium in wheat plants as related te
the form of selenium and its concentration in the substrate can be readily
_tm in the literature (11,17,30); however, data for selenium apﬁb as
related to growth stage of the wheat plant, from seedling to maturity
were not reported. Nmmtothmofmtndmnum
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in studies of selenium metabolism by wheat plants it seemed desirable to
dbtain this date for greenhouse grown whest plants, asd aleo to determine
how many npunttm of & ;i;nn soil selenium emcentration are desirable
in order to obtain significsnt data, Likewise, the soll seleniun cone
centration ylelding plants of high selenium sontent with minimm inhibitien
of growth should be established. ‘

With this sccomplished, & series of plants could ’b. grown using radio-
active selenium es a tracer which would enable one to detect small amounts
of selenium in the individusl smine eeid fractions, after they hmd been
fractionated, Results of such an experiment would be expected to supply
s clue as to the compound or campounds in which selenium occurs in the
protein and water~soluble fractions.

EXPERIMENT X

In the first experiment, five 2-gallon glased crovks (with drainege
provided) were used for each of the five soll mixtures (a coarse sandy
loam) having the following selenium (as selenite) comcentrations: 2 pepem.,
4 PeDotiay 8 Pepetiay 16 Pepens, and 32 pepen, Approximately 100 seeds of
Busimore wheat (treated with Semesan for root rot) were planted in esch
eroek on Ootober 31, 1960, and were given an initial watering of 500 ml,
of distilled water, Subsequent minimal additions of distilled water were
made throughout the growth and ripening period to replace transpiration
and soil evaporation losses, This amounted to approximately 176 ml. of
water daily. Because the plants were being grown under very crowded com«
ditions, mtrient deficiencies oceasionally sppeared, at which time 200 ml,
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of & modified Irelesse mutrient culture solutian (30) were added to each
evock, In growing the plants,muxiliary 1ighting was exployed with in-

ereasing length of photoperiod ns growth progressed. The positions of the
erocks were changed daily to sspure equel light and temperature conditiocas
for all erooks. kmd”hHM(mm:w)truuehom
mmumm(nlm,«m.nun,mxmawm

planting), the fizel sempling being made with the plants in the seed ripe
stage, Uhen harvested, the plants wers immediately aireiried st 65%C. in

muwm.ﬁmﬁccmnﬁimo{&tfm&mﬂt,twgrmu
s semi-miore Wiley mill, The hesds from the fourth harvest were renoved
from the tops and separsted into kernels and hulls before grinding, GSele-
- nivm eontent of these tissues was determined by the method eutliined by
Kledn (18).
A METHOP: Duplieate one mmnmurmmm.m
: mitrate fizative solution
(6 g+ of red Hgd in 100 ml. i4/) whioh provents woletiliszatiom

nm-tmwm »mmn.awum
21 04 ‘ wd were digested on & hot plate.

§
&
g
£
é
s

occurred when the :0g bad besn drivea off, leating incom=
W“&Mmﬂwmmxmmm

digesteds 4 susll amount of was sdded to decompose
-~ the excess » mmmmeu » they were washed inte a
dletiliation k with 60 mls of HyO snd 50 ml. of concentrated iBr-Bra
(l'lhh‘h”ﬁum‘h The ts were distilled into 200 ml,

Lissks wntil 76 ml, or more haé distilled wer, the
«-ugmuma The selenium wos reduced te elemental forn

mmnm:m:&wsqé&“wu.muuwwn

" To
were placed on the stesn bath for 30 winutes, The precipitate was then
»unummmmwmmmmn mwwrmm.
domn the sides of the flask and pouring the ridwe cu the pad, Any 503
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remaining in the flesks was removed by playing a stream of air into the
flasks, The precipitate was then dissolved and washed through the pad inte
titration tubes by the sddition of four 1 ml. washes of dilute
(10 ml. saturated water and 5 ml, EBr made up te 100 ml,)s The washes
were first used to se the flasks in whieh the seleniunm was precipitated,
gince some selenium may eling to the glass surfaces, Three 2 ml. ringes of
Hg0 were used to insure a eomplete transfer. 8ix drops of § per cent phenel
were added and the tubes placed in a boiling water bath for § minutes te
react with sny excess Brg. After cooling, the selenium, whiech was then

. a8 HySeOg, was titrated with 0,001 N NagsgOy (using mivrebarettes)
end back titrated with 0,001 ¥ I, using 0.6 per cent starch as an indieator.
Sinee the titration tubes were of e Nessler like construction, it was pos=
gible to look down the long axis of the body of the solution and detect
small eolor changes, which provided an sccurate method for the miero quan=
tities used. One ml, of 0,001 N NagSy0; was equivalent to 19,8 micrograms
of selenium. BSelenium was reported as parts of selenium per million parte
of tissue or micrograms of selenium per gram of airedried tissue.
PISCUSSION: Figures 1, 2, § and & are phobographs, taken on each of the
harvest dates, showing rimnnhtin erocks of the five soil selenium econw
centrations, These photographs show very plainly the decreased growth of
the wheat plants et the more toxie levels of selenium, little difference
ean be noticed between the 2 pepem ond & pepems levels, & point which is
briefly diseussed later in this paper, However, the plants grown on se~
lenium levels greater than 4 p«p.m. show & sharply deereasing Mh rate
with increasing selenium eoncemtrations. Alse, the plants grown at these
more toxie levels began to show a snowswhite chlorosis of the leaves whioch
is & typieal symptom of selenium injury (51)s Plants of the 32 p.p.ns
level showed very little growth between the 3rd and 4th harvests and no
kernels were formed in the minute heads present.

Table 1 gives the mesn dry weights per plant for each level of se~

lenium in the soil, It can be seen that the weights for the plants growm
on the 4 pepem, level of selenium soil do not differ greatly from those

grom on the 8 p.puns level, thus eonfirming the statement mede eoncerning
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Figure 1. Wheat plants growan for 21 deys on soils containing selenium
(a8 selemite) at levels of 2 PePemie, ¢ DePefie, B PaPeiie,
16 pepune, and 32 pepeme

-
=
A

by

Figure 2, ‘heat plants growm for 44 days on soils containing selenium
(as selenite) at levels of 2 Pupemey 4 PePoiie, 8 PaPuie,
16 papems, and 32 PePolte 3
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Figare 3. Wheat plants growm for 67 days on soils containing selenium
(as selenite) at lovels of 2 pupeme, € Pupeme, 8 Pepuns,
16 pepemey and 32 popeme

Pigure 4. Wheat pluta‘p‘ﬂ for 116 days on soils eontaining selenium
(28 selenite) ot levels of 2 Pupemes 4PePeitey 8 PePolie,
16 pspume, and 32 popem.
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Table I

Growth Data for Wheat Pla.nts Grown in Soils with Varying Amounts of Selenium (as Selenite)

Se Content of Soil

2 p.p.m.

4 p.p.m.

8 p.p.m.

16 p.p.m.

32 p.p.m.

(Data expressed as milligrams dry-weight per plant)

Mean t Dev

(Range)

Mean t Dev

(Range)

Mean t Dev

(Range)

Mean t Dev

(Range)

Mean t Dev

(Range)

21 days

24,5t 1.3
(26.3 - 23.3)

23.2t 1.5

(25.5 - 21.7)

23.3t 0.9
(2k.3 - 22.3)

18.6t 0.6
(19.5 - 18.1)

8ty

(10.2 - 7.6)

44 days

65.6 £ L.k
(71.8 - 61.5)

62.3t 3.6
(66.6 - 57.9)

52.0t 5.4
(58.8 - Lk.1)

40.8t 2.6
(45.0 - 39.0)

20.5 t 3.7
(23.8 - 14.5)

67

171.4
(189.0

149.3
(167.2

135.3
(141.2

87.6

(102.5

49.7
(56.2

days

t 13.6

- 152.5

t 12.2

- 133.1)

it

= 123-5).

t 9.7
- 76.8)

t 6.3
- 40.8)

116 days

277.7 ¢
(306.1 -

272.0 t

(337.6

218.2 t

(230.9 -

2.0t

(179.3 -

66.4 t

(73.8

16.4
265.0)

45.9
241.5)

15.9
191.6)

26.1

106.1)

5.2
61.0)

selenium, as measured by plant dryeweights, is not significant until cone
centrations greater than 4 p.pwn. of selenium are present. Also, this evi-
dence suggests that, had a control series been maintained, plents grown in

seleniunefree soil would not differ significantly in weight from the 2 p.p.m.
ﬂtmm plants; it is probable that the selenium~free plants might :
weigh slightly less, since Stanford and Olson (27) observed s slight growth

stimlation by low concentrations of selenium. The suggestion that plant

growth would decrense on levels of selenite selenium greater than 4 pa.p.n.

is apparent, when one observes that a marked decremse in plant weight is
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ghown for the 8 p.pums level. This trend is further scoentusted throughe
out the 16 p.p.ms and 32 pepems levels, In the 8 p.p.ns series, the plant
m;xm nearly tripled between the lst and Bnd harvests and between the
2nd and 5ré harvests, while in the other series, they spproximstely doubled
in the seme periods. However, since the plants were nearly full grom at
the 3rd harvest (preflewering stage) and the kernels had but to £i11 and

! ripen, there was less pereentage gain betwesn the 3rd and 4th harvests. Up~
on analysis nt the data in Table 1, it wes found that 70 per cent of the
welght values fell within the mesn ¢ the standard devistions, whieh indi~
eated a norma) distrilution, Since the standard deviation frequently ex-
mmmnmtdtbmm. it would seem that more than § re=-
pliecations of = given soil selenium eoncentration would be desirable for
‘highly significant plant weight data,

The plant n&gﬁtn at the lower o&oﬂ\?'mh were small even at
maturity, when compsred with similar date for greenhouse=grown wheat plants
found in the literature. This perhaps can partially be accounted for by
the faet that many plants were grown in eseh orock and because w Qi.nt«
seagon lighting is generally unfavorable for vigorows plant growth,

If one plots the dry plent weights against the days of M. as is
munms.mwmm«rmm«mmmhmmu
the form of typleal Seshaped growth curves for each level of seleniwm in
the soil., This figure illustrates the proximity of the growth rates Tor
the 2 pepem, and 4 pP.p.me« selenium levels and also clearly shows how the
rates drop with inereasing concentrations of selenite selenium in the soil.
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Air-Dry Wt. per Plant (mgm)

0 —i —— - o —

o 20 40 60 & 100 2o

Da_ys

—————— g R S

Pigare 6. Growth curves for wheat grown om soils containing selenium (as
selenite ) at levels of 2 Pepume, 4 PePeile, 8 PePems, 16 Pupems,
and 32 pepem,

Table 2 presents the selenium contents (eas m. per million of se~
lenium per plant) for the tops of wheat plants at four successive harvests.
It was noted that plant tissue cobtained from the 2 p.p.m. selenium series
showed & gradual decrease in selenium content during the growth period,

This might indicate that, eonsidering the number of plants raised in each

erock of soll, 2 p.pen. of selenium in the soil was not sufficient to allow

selenium uptake by the plants to keep apace with plant growth rate. Also

in this regard, ome should consider the faet that selenite selenium is

fixed to a marked degree by soil colloids (21) and eertain irom compounds (22).

Mﬂi remaining four levels, it was evident that the amount of se~
lenium (as p.p.m.) in the plant tissues remained relatively constant during
the growth period and increased sharply at a time coineident with developmmt
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TABLE II
Selenium Content of Wheat Plants Grown in Soils with Varying Amounts of Selenium (as Selenite)

(Data for plants harvested at successive stages of
maturity are given as p.p.m. of Se and as micrograms of Se per plant)

Se Content of Soil 21 days 44 days 67 days 116 days
p.p.m. 13.5 10.1 9.4 8.03
2 p.p.m. - :
a0 ug Se/plant 0.33 0.66 1.61 2.23
Pep-B. 4.1 13.8 148 15.5
h p.p.m
ug Se/plant 0.33 0.86 2.20 .21
l;.p.l. 30.6 25.2 29.0 35.8
8 p.p.m.
ug Se/plant 0.71 1.31 3.91 7.82
3 p.p.m. 55.1 56.7 51.5 82.2
16 p.p.m.
ug Se/plant 1.02 2.31 4,51 11.66
P.p.m. 82.8 98.1 99.3 113.7
.32 p.p.n.

ug Se/plant 0.71 2.02 h.o4 ' 7.55

of the head and kernels. The percentage of incresse paralleled the inerease
in soll concentration of selenium except in the 32 p.pem. series, where poor
head and kernel formation could mccount for the smaller percentage increase.
For all harvests, the total selenium content of the plants increased with
inereasing selenium eontent of the soil with the exeeption of the 32 PesPoins
series. Though plants grown in soll eontaining 52 p.p.m. of selenite sele~
nivm showed & higher tissue concentration of selenium as reflected in the
PePeme data, the amount of selenium per plant fell below thet recorded for
the 16 p.p.ms series due to highly retarded plant growth in the former,

This was especially notable in the last harvest.
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mmm'mumuanMwmgwmmm
it sample to permit separate mm determinations of the plant tissues
obteined from eash erock; therefore, the samples gathcred from each of the
~five crocks in & given series were combined for analyses. Hewever, the
third and fourth harvests did provide sufficient material to allow for de-
tailed analysis, This date slamg with statisticsl comsiderations is pree
sented in Table 3. The standard deviations for these date approximates five
per sent of the mesn values, exceeding ten por cent only in the seleniwm

e el i O Sl i e e it b G it 00 0 0 il

i) o S -

TABLE III
Selenium Content of Wheat Plants Harvested after 67 Days and 116 Days of Growth
in Soils with Varying Amounts of Selenium (as Selenite)

(Data extends that recorded in TABLE II for the third and fourth harvests)

4th Harvest (116 days)

Se Content 3rd Harvest (67 days) Stems Kernels Hulls
of Soil Se content in p.p.m. Se in p.p-m. ug Se/stem Se in p.p.m. ug Se/head Se in p.p.m. ug Se/head
Mean t Dev  9.39 t 0.32 8.31 t 1.8 1.51 9.4 0.55 4.3 0.17
2 p.p.m.

(Range) (9-T8 - 8.92) (11.39 - 6.73)

Mean t Dev 14.85t 0.68 16.71t 1.28 3.05 15.9 0.90 7.5 0.26
4 p.p.m.

(Range) (15.88 - 14.14)  (17.70 - 15.20)

Mean t Dev 29.04 t 0.69 4.6 t 2.62 5.87 32.9 1.40 e 0.55
8 p.p.m.

(Range) (29.50 - 27.95) (43.0- 36.7)

Mean t Dev 51.51t 2.12 932t 3.5% Q.44 68.5 1.40 414 0.82
16 p.p.m.

(Range) (54.18 - 47.45)  (98.2 - €8.6)

Mean t Dev  99.27 t 5.38 118.6 t 17.3 6.49 * * 90.2 1.06
32 p.p.m.

(Range) (103.64 - 91.68) (137.0 - 100.8)

* At the 32 p.p.m. Se level no filled kernels were set by the plants; only a few withered seeds were found amongst
the chaffy hulls.
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determinations on stems from the fourth harvest, 2 p.p.m. selenium series,
In the date presented earlier on growth as measured by dry weights ef plants,
the Wﬁms frequently exceeded ten per cent of the mean values, This
would indicate that it is easier to obtain wheat plants of approximately
uai-fm selenium content at each soil selenium level than it is to obtain
plents of uniforn weight., Therefore, fewer replications of a given soil
seleniun level would be necessary to obtain significant dats -ith regard to
selenium content than would be necessary for plant weight data. It is ape
parent that most of the sharp incresse in selenium eontemt in the fourth
mmmmuemmwm-m.jmotuynw only had & much
higher selenium ?utm but contained most of the selenium per plant also.
3t 48 elso evident that the hulls conteined considerably less seleniwm than
the kernels. Since the kermels contain more protein than the mills, this
would be expected if the majority of the selenium was in the prvtm: frace

tion, as was stated earlier.

In the second experiment, radioactive selenium 75 was employed. : Cer=
tain volatile compounds are given off by plants which may or may not contain
selenium (11,16,20). Though not hamful in their ordinary insctive form
due to the minute gquantities, they could be considered a health hazard when
radiosctive selenium is used in tracer experiments. To avoid this hesard,
a glass ohamber was constructed with a means provided for exhausting the
sir from the chamber to the outside. The chamber was five feet long, four
feet wide, and four feet highs It was built with a wooden frame, double
strength glass sides end ends, and a triple strength glass top, To one

SOUTH DAKOTA S$TATE COLLEGE LIBRARY
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upper corner of tha. chamber, a erall oxhaust blower was fegtened and proe
vided with an cutlet pipe te the outside. The corners of the ehamber rested
o small slats so as to allow sbout a 1/4" slit all ercund the bottom edge
. where eir could enter. When the chamber was filled with smoke, it was re-
moved Ly the exhaust fen at a satisfactory rate. The floor of the chamber
was painted with aluminmun peint to reflect sunlight end prevent almormally
high temperature within the chamber, A phobtogrsph of the chamber is shewn
in Figure 6.

Pigure 6, Glass chamber used for growing wheet plants in soils eontaining
raudiosctive selenium,
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Fifteen erocks were prepared as before using selenium-free soil., Ap~
proximetely 100 seeds of Rushmore wheat (treated with Semesan to prevent
root rot) were planted in eaeh erock on April 6, 1951, and the erocks were

pleced in the ehamber. Distilled water was applied deily to replace that
moisture lost by trenspiration from the plants and oveporation from the soil,
Auxiliary lighting was used when needed. Again, when nutrient defieciencies
were noted, a sulfate~free, ‘mﬁﬂd Trelease mutrient eulture solution

(200 ml,) was added to oach orocks "

It was shown in the discussion of experiment I that at the ¢ p.p.m,

level of nxmto selenium, there was not & large uptake of eelenium by or
‘ injury to the plant. However, the level of 4 p.p.m. was aﬁum for use in
this experiment for selenste selenium was to be used and it has been shown
to be many times more toxie to wheat plants than selenite selenium (13).
HurdeEarrer (11,15) stated that an excess of sulfate in the soil somewhat
inhibits the uptake and resulting toxieity of seleniwm. Although this has
not been confirmed for South Dakota soils, it seemed edvisable that the
sulfur eontent of the soil be kept at & minimum for plant grewth, first, by
excluding 4t from the mutrient eulture solution, and seecondly, by adding a
kmown amount of sulfate to provide approximetely 20 p.p.mns of guifur in the
soil, Considoring the analytical veluesl for the selenste compounds being
used and having determined that there were about 7500 g. of alredry seoil in
each crock, the amounts of selenate (labeled and nonelabeled) and of sulfate
required were saloulated:

1 ' .
Analysis of the teehnical grade NegBeO, on hand showed it to be 356.22
per cent selenium while anmalysis of the C.P, Eracer Kg8e*0, showed 1t to be
30408 per cent selenium,
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l,u'm‘ reguired per crock for 4 p.p.m. &-vﬂﬂolug
KgSesQ, reynired per erock for & pepems Se = 100,0 mg.
K80y required per erock for 20 p.psms & = 817.0 mg,

The design for the experiment was then set up as follows:

?_m Control 1::,3'{4:';-' :g :/: ::t ;: ;;2; ::- 200 */o 8
b 1 y 3 | 1%
Kp8e*0, none 100 mg. 50 mg. 26 mg. none
NagSe0,  none none 4146 mge 62,1 mg. 62,8 mg.
Kg80, 817 mge. 817 mg. 817 mge 817 mge 817 mg.

{ ’l‘hm erceks were used in each series, that is Ay, Ag, Ags By. eote.)

Three solutions were preparsdi
Bolution I: 1 gram of K;8¢"0 in 100 ml. Hg0
Solution IIs 0,828 gram of NagBeO in 100 ml. HgO
Solution IIIs 16434 grams of KaS80, in ¢ liters of Hp0

 The amounts of these solutions to be added to each ecrock in & series were
ealouleted as followss
A B ¢ b B

Solution X —— 10 ml. 5 mle 246 mle -
Solution II - i b mle 746 mls 10 mle

Solution IIX 200 ml, 200ml. 200 ml, 200ml, 200 ml,

All solutions for a single erock were mixed together and made up*,to' 600 ml.
before adding to the soil. This allowed for reasonably equal distribution
throughout the soil. The solutions were added to the crocks on May 11, 1961,
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and the first huiut was taken May 16, 1951, 40 days after planting.
Succeeding harvests were taken on June 7, 1961 (63 days), and July 10, 1961
(96 8ays). Although mutrient culture solutions were added freguently a
sulfur deficiency appesred about the time of the 2nd harvest, It was
eharacterized by spotted yellow chlorosis of the leaves and stems. At that
time, 200 ml, of the sulfate solution were idded again to each erock, but
sinee the plants were so near maturity, ldttle, if any, alleviation of the
deficlency was noted before the plants ripened. As in the previcus exe
periment, 20 to 25 plants were cut on each harvest date and immediately
airedried st.t 66°. in a forced draft air oven for 2 to 4 hours. The air
dried tops were weighed and then ground in the semi-micro Wiley mill. The
heads from the 2nd and Srd harvests were removed from the stems and wedghed=-
the kornels and lmlls, being separated aleo, in the Srd harvest. The see
lentun content of these samples was determined by the method outlined by
Klein (15). Selenium 756 activity was measured by Gelger-counting of the
solutions from the Klein determination. Aliguots of these solutions

were placed in metal planchets and dried before counts were taken. In
ealeulating the selenium eontent by this method, comparisons were made
with the ecounting rete of selenium 76 standards prepared from the original
solution applied to the soil,

DISCUSSION:  In exporiment I, it was shown that five or more replications
of & given selenium level would be necessary if ome desired to measure
selenium toxieity by plant weight data, but three similar replications
w.mld be sufficient if selenium content of the plants was to be used, In
czupwin-rt 11, little emphasis was placed oh plant weights, the primary
objective being a mesmsure of the selenium contents. Therefore, only three
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replications were provided for a given series. No attempt was made to
eontrol growth conditions by providing equal temperature and lighting
as was done in the first oxwuont. ‘Plant welghts were taken, however,

and merit some disewssion. This data is given in Teble 4. There was a

TEETTAEIPNTL RIS T S PREEE PR s i FTAINDC SN i

TABLE 4

DRY PLANT WEIGHTS, EXPERIMENT II
DATA GIVEN AS MILLIGRAMS PER PLANT

|
l | 140 Days 63 Days 95 Days

Sample 1st Harvest 2nd Harvest 3rd Harvest |
Whole Plant Whole Plant, Head Whole Plant, Head, Kernel, Hull :

A 128.0 208.7 67.48 212.8  |77.12 | 7.01 [30.11 "

! B 134.0 202.3 55.22 187.8  [60.57 | 32.02 [28.55
; c 121.8 190.3 50.89 196.5 63.94 | 35.23 |28.71 ;
D 136.7 202.4 53.09 192.5 59.34 | 31.48 |27.86 \1

| E 127.8 20k .4 60.25 196.3  |69.56 | 38.98 [30.58 ;
| 5
1 ;
!

‘ :
k

|
l 3
G T T ST

sigrificant inercase in plant weights Detwesn the first and second har-
vests, since the plants were not headed at the time of the first harvest.
There was no significent difference between the second and third harvests,
however. Series A appears to have slightly higher plant weights than
series B,C,D, and k, probably due to & slight retardation of growth in
the latter four due to their selenium concentration. The selenium applied

did not slter growth appreciably because the plants were near maximum
stem growth at the time of its applicationy also, the roots were well
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developed at this time and capable of supporting further plant growth.

In general, there were no differences in plant weights so large that they
eould not be sccounted for by varistions im growing conditioms within
the glass cabinet and slight growth retardation due %o seleniwm.

The date for selenium content as determined by the Klein method and
by eounting of the selenium 76 metivity are presented in Table §. Come
posite values for plents from the three orosks in & given series are
glven for all groups except the leaves and stems of the last harvest.
For this group the data for plants from each crock of & given trestment
are given and the averages are shown.

Although no selenium was added to the soil in series A, the first
two harvests of this series comtain minute mtt of selenium, A pro-
bable explanation of this is that the solil mey have contained some se-
leniwe naturally, whieh would be sufficient to allow acoumulation of
these emll amounts in the plants. BSince no selenium was found in the
third harvest of series A, that which had been present was :le
lost, possibly through volatiliszation during the ripemning process.

The lest four series of crocks had the ssme soil selenium concens
 tration (4 Pepsns) but contained varying emounts of lsbeled selenium.
Previous work in Experiment I showed that selenium uptake was accelerated
by head formetion, and this faet is reflected again in the data in Tadle §
for selenium content (Kiein values) of the first and sceond harvests.
The selenium contents of the leaves and stems incressed between the second
and third harvests, but the selenium contents of the heads did not change
appreciably,.
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The selenium contents (Kleln velues) of the plants in the 3,0, and
D sories sanpared well throughout & hervest. The range in the first har=-
vest for these series was from 51 o B¢ pepems, while in the seeend hare
vest, it was from 70 to 78 p.pun. for the lesves and stems and 110 o 113
Pepens 15 th hepds, The values for thebs series in the lash Msvest
range from 102 to 126 p.p.u. in leaves and stems, 111 to 117 p.pem, in
kernels, and 109 to 116 p.p.m. in the hulls, The selenium contents of the
plants in the E series vary somewhat from the values obtained for the
other treated series, but the variations were probably within the limite
of experimental errer, .
‘ The aceursoy of the determination of selenium by counting the se~
lenium 76 activity was decrensed by low coumt retes. Comsidering this
fact, the values obtained by the counting method eempare faverably with
the Kiein values., The date for the leaves and stems of the last harvest
indicete thet most of the deviations for either method of amalysis were
within the limits of experimentsl error. It appears, therefors, that
either method would be useful for determination of selenium, especially
1f significantly high count rates were cbbained,
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EXPERIMENT IIX

In order to obtain a sample sufficient for emino acid isolatiom
studies, a 9' x 9* plot on Reed's Ranch in Lyman County, South Dakota,
was seeded with Rushmore wheat on April 17, ;951. The plot was divided
imbe two sections: eaeh section consisted of 6 rows of wheat plants, the
rows being spaced 6" apart. This arrangement left a 2' aisle between the
planted sections., The plot was covered with a sereen enclosure to pro-
tect it against grasshoppers, ‘Two photographs of the plot appear in
Figure 7. On June 27, 1961, one half of the plot was treated with radio-
active selenium using the follewing preparations 1 g. K;8e%*04, which
contained 18,33 millieuries of activity per gram, and $ g, KySe”0,, which
conteined 1,54 millicuries of activity per gram, were dissolved in water
and diluted to 100 ml.l The other half of the plot was not treated and
served 28 8 control. A harvest was taken from each helf of the plet om
July 23, 1951, when the kernels were in the milk stage. The samples were
air-dried at 65° ., in a forced draft air-oven for 2 to 4 hours. The heads
- were separated from the stems, and then threshed so enough of the shri~
veled green kernels were obtained for separate anmalysis. A second hervest
was taken August 11, 1961, with the plants in the seed ripe stage. All
the remaining plants were taken at this time and treated as before, The
heads were threshed in a small mechamical thresher, and as a conseguence,
the lmlls mo lost from this harvest. The kernels of both harvests and

I A furrow about 2" in depth was made between the rows and just outside
the first and sixth rows. Fifteen ml. of the solution were diluted to a
gallen and applied to each of the furrows between the rows, and 7.5 ml,
were diluted to a half gallon and applied to each of the two outside fur-
rows., This was calculated to provide apprroximately 4 p.p.m. of selenium
in the first few inches of soil.
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the mlls of the first harvest were ground in s semiemiere ﬂh{ﬂll.
while the stems were grownd in a large Wiley nill. Seleniun eantent of
the tissues was determined by the method of Klein end the selenium 75
activity determined in a menner similar to thet deseribed in experiment II.
DISCUSSION: lo difference sould be noted between the sontrol and radies
astive wheat plots e sny time during growth. ZThis was expected since
the plants were in the milk stage when the selenium was applieds The
ripensd kernels from the radicactive ssmples were slightly more shriveled
than the eontrol kernels.

The total selenium content of the ssmples &8s dstermined by the Klein
method and by counting selenium 76 setivity (value for latter given in
parentheses) is presented in Table 6.

Table 6. Selenium values by Klein method and Selenium 75 aetivity methed
(in parentheses) for treated and control Reed Ranch wheat .

Date : Pepemn, Solenivm
; Plants m rnele w,
July 28
Control plot 11 i1 9
Preated plot 93 (100) 106 (d00) 92 (88)
August 11 ;
Centrol plot 7 16 -
Treated plot 87 (180) 106 (124) -

It is apparent that the control plamts comain significant amounts of
selenium, up to 16 p.p.me in the final kernels. This was expected since
the Reed Ranch soil is naturally seleniferous. The selenium contents of
the redicective samples were comparable to those obtained in greenhouse
wheat plants grown in seil containing approximately the same econcentration
of selenium, Although redioselenium was not applied until the heads were
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in the milk sbtage, 8 considerable absorption of mutriemts from the soil
" inte the plants cecurred sfter this stage, as was evidenced by selenium
uptake,. '

| EXPERTMENT IV

In & study of selenium and sulfur metabolism in plants, it was dee
sireble to separate and measure the various aminoe acids M, with
special emphasis being placed on the sulfur conteining amino acids. Due
o the minute amounts of these constituents present in both the leaf proe
teins and in mter extracts of plant tissue, the soparstion of the amine
acids wes dependent upon chromatographie tecimigues, In these experiments,
an adaptation of stereh colwm partition chrometography, as developed by
Sbein and Moore (18,19,28,29), was used. wde

METHOD: A water extract of the finely growmd, airedried plant tissue was
red as suggested by Pucher and Viekery (26)e Two or four als (de=
on the eoncentration of amino aecids) of this extract were placed
s emell beaker and ewaporated on & steam bath. After cooling, 0.2 ml.
aommweu«m-um.umtmmyﬁu;mcm
fect repid solution of the residues 1.8 ml, of 5:1 (nepropencls:
Qs6 ¥ HOL) solution were sdded to the dissolved residue and & fine suspen~
sion of the resulting mixture was produced by drswing it iato a 3 ml,
hypodermic syringe (equipped with & fine needle) and fereing it bmek inte
the beaker in a fine jet, repeating the process five or six times. This
process s in some volatilisation of the solvent, amounmting to 12 §
2 per cent, sud data corrections were made for this lesss 0.6 ml. of this
prepared suspension was placed on stareh columns (0.9 eme in dianeter and
30 em. in length) and the shrometograms were developed first with 12

' 130,86 § HOLl) solvent. The eolors formed by the reaction detween
the smino acids and niahyirin were resd on & Coleman spectrophotemetor,
the blue eolors being resd at 570 mu, and the yellow to orange ecolors
(proline) belng resd at 440 mm.

All amino sedds except proline were calewlated in terms of leucine
equivalents. Proline was ¢aleulnted as suche The count date in Pigure 10

:

|

.i..

was obtained by duplicste determimstiomns, using ome set of effluents for
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amino ecid color development, snd the other for counting after drying the
mm set of effluents in planchets. This procedure was abandomed, since
it was apparent that the placement of 'tlw amino acid peaks varied slightly
between ehromatograms and superimposing selenium 76 counts upen the pre«
viously determined amino acid data seemed guestionable, With the mqinn
of leaves and stems (A) in Figure 11, tie eount data was obtained by di~
luting the effluent fractions (after ninhydrin color development ) to 20 ml.,
sounting the activity in the test tube with a Geiger dipecounter. The
setivity in the leaves and stems (4) aug}.a was counted after placing twice
the usual eonmcentration of sample on the column, taking half of the eofflu~
ent in each tube for minhyirin color development and reserving the other
half for counting by the planchet metheds All dipeecounting values were
eonverted to planchet eounting values (&pﬂmﬂng yielded 3.6 ¢ounts

per uge of Se in 20 ml, of solutieon, while planchet counting gave 52 counts
per ugs Se. o
DISCUSSION: Following the ehromstographic separation of the smino acids

in & given sample and subsequent eolorimetric measurement of the eoler in~-
stensity formed by the resction of the amino scid with ninhydrin, the leg
of the opticel density was plotted against the milliliters of effluent,
resulting in & curve resembling those shown in Figure 8, The upper curve
was obtained for the straw of the 2 p.pems series, second harvest wheat
plants of experiment I, and the lower curve represents the straw of the

8 p.p.me series of the same experiment and harvest, Confirmatory tests

en the amino acld comtent of the effluent peaks have ot beem made, but

the plotted puh represent positions where specific amino acids or com~
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e

Effluent cc. :

T S

Pigure 8. Graphs of amine aeids hutnmm.«mmmmvna
straw (Bxpt, 1) grown on soils conteining selenium (as selenite)
at 2 p.p.ms and 8 p.p.me levels. Anino seid data are given on
begis of leucine eguivelents per grem of alredry sampies

The amino aeld peaks are designated by the !’imros above each

peaki
1, Unidentified 18, pealanine ?
2+ Leueline group 14, Artifact peak due to
8. Phenylalanine and tryptm solvent change
4+ Valine 16, Serine and glutamine
5. Methionine and tyrosine 16, Glycine
64 Unidentified 17, Unidentified
7. Redueed glutathione ¢ 18. Anmomium
8y Proiine 19, Asparagine
9+ Glutamie acid and alanine 20. Glucosamine 7
10. Unidentified 21, Arginine ?
11, Threenine 22, Lysine 1
Aspartie aeid 25. Histidine ?

24. Cystine ¢



(28)

Mﬁu#ﬂnnlﬁmm‘huhmp. The area under each
peek is proportiomel to the smount of amino aeid presemt, The firet
mmquumwmm,unwtmm
not beoen definitely identified as yet, The first appeared as s sharp,
blue peak, while the next peak (1a) was & loss dlstinet peak glving
yellow to orangs colers, It is of interest to mote thet this peak, ale
though present in the greenhouse grown wheat plamts, did not appesr in
the field growm sanples, In some plauts, such s sarn, snother, Wt less.
distinet peak of yellow to orange colors .Mmuunmua@-
pear in the wheat plantse Following these undetermined oatm, seve
eral amino aclds appeared in rapid successions The second peak combines
lemcine and isoleueine, while phenylalanine snd tryptophane emerged to-
gother as the third peak to the side of the leueine poaks Valine sppeared
- & separate, distinet fowrth peak with a amaller pesk (Ho. 5 repre-
senting tyrosine snd mm.m) trailing from the side of the valine
peak, Follewing the fifth peak snd preceding the proline pesk, an ares
of low aminc ul.ﬁ ¢outent umﬁ. interrupted twice by small riim.

The first (No, 6) is unidentifieds The second rise (Ne. 7) was not large
in either groenhouse plants or in field growm tissuwes but was of sufe-
fieient magnitude to be significent, sinee it might represent reduced
glutathione. It has been dotermined in this laberstory (unmpublished date)
that reduced glutathione emerges in this positiom, Proline, whieh is
showm by peak 8, rmmummmuuw. Glutamie
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ecid and alanine appesred in & gingle, markedly high peak (No, 9) followed
by e peak representing an unidemtified eompound (No. 10). Although the
jdentity of the compound ceusing this tonth pesk 1s not known, it is pree
sumed to be an sminc aeid, possibly snother form of glutemic aeid, sinee
glutamic medd is kmown to occur ia more than one form in plants (1)« The
eleventh and twelfth peaks t9 amerge represent threonime and sspertic aeid,
respectively. Another unidentified compound emerged immediately after
aspartic acid, Dwe to the similarity in the structures and properties of
glutamic acid end aspartic acid, the latter might exist im more than one
form and be respemsible for this peak (No. 13), pP-alanine alse is & possi~
bility. The unimown compound in pesk 15 was present in larger quantities
in field grown plants, A marrow ertifact peak (Mo« 14) which resulted
from the change of solvents, was found between peak 13 and the serine and
glutemine pesk (Ne. 15), Effluent peak 16, containing glyeime, closely
followed the serine-glutemine pesk. In the short valley which followed
glyeine a small peak (No. 17) of unknown composition wes found. Ammonium
and asparagine appeared as peaks mumber 18 and 18, respectively. These
compounds, due to their mo proximity, did not slways appear as two
distinet peakss Trailing from the asperagine peak, poak nimber 20 (pos~
sibly glucosmine) appeared. The last four peaks, mumbers 21,22,23 and
24, sre considered to represent arginine, lysine, histidine, and cystine,
respectively, The latter part of chromatograms of water extraets have

of ben been found to be ragged and erratic and difficult to sharasterize.
Added to this source of error are the facts that meny of these late emer-

ging smino secids are not present in nicely messurable amounts in water
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extracts of wheat plants and that several peptides are known to emerge
throughout this region of the chromatogram, Therefore, the ldentity of
the last five peaks will remain questionable until further proof of

their identity hes been obtained.
Similar curves are shown in Figure 9 which represents the amino acid
data for the first and second harvests of the comtrol (Reed's Raneh) field

l“_li

Contvol Leaves #

Stems (B)

¢ 3
M T

B
S

g

1 : Cantrei Leaves ¥
Stnns(A)

Mg of Amino Acids (Leucine eguiu)'
2 3 1

$

1 1 ] ]
o 25 50 75 /00 25 150.

Lffluent cc.

Pigure 9. Graphs of amino seids in water extracts of the first (A) end
; .mm(”mmdomnlvmthmummm

at Reed's Ranch, Lyman County, South Dakote. ‘Amine acid data
are given n the basis of leucine equivalents per gram of air-

(For key to identify the amino acid peaks see Figure 8)s
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Table 7 presents data expressing the coneentrations of the various
amine acids in the water extracts of the five samples of wheat plants
represented in Figures 8,9,10 and 11, The velues for the two grmnhmn

ah DCE F IV R FENGRL WOV [V LIS RS TG BIRR AT SN IST SRS g . TSI I

Table 7

SOLUBLE AMINO ACIDS PRESENT IN WHEAT PLANTS
Micrograms of Amino Acid Expressed as Leucine Equivalents* per Gram of Dry Plant Tissue

Wheat Wheat Field stems Field stems Field stems Ave. for Ave. for Ratio

Peptide or stems stems Control Radioactive Control  greenhouse field grown Xx:y
Amino Acid Peak No..2 p.p.m. 8 p.p.m. 1st Hvst. 1st Hvst 2nd Hvst. wheat wheat stems(Approx.)
(x) (y)1st Hvst.
Leucine group 2 1720 2360 740 160 280 2040 750 3:1
Phenylalanine + Tryptophane 3 560 760 390 340 140 660 365 2:1
Valine " 1000 1400 600 530 170 1220 565 2:1
| Tyrosine + Methionine 5 480 400 440 390 10 460 415 Isk
Gsh? ] - -- 110 130 120 - - -
Proline 8 2ko 480 1560 1330 400 360 1kks 1:4
Glutamic Acid + Alanine 9 3960 5320 1640 1420 540 . L4640 1530 3:1
Unidentified "Amino Acid" I 10 2160 3240 730 700 90 2700 715 h:1
Thereonine by 760 12k0 L60 380 160 1000 420 r2:1
Aspartic Acid 12 1120 920 580 : 500 140 1020 540 2:1
Unidentified "Amino Acid” II 13 - - 8%0 _ 60 110 - - -
Artifact** 14 - Sepet) - g - = £ o &
Serine + Glutamine 15 1240 2120 550 530 140 1680 540 3:1
Glycine 16 920 1120 1010 830 340 1020 920 131
Ammonium 18 1630 22C0 1040 1190 360 1915 1115 2:1
As paragin 19 1680 2290 640 680 160 1985 660 3:1
Glucosamine 20 920 760 580 660 210 8ko 620 4:3
Arginine 21 1080 1200 610 270 100 1140 (176} 3:1
Lysine 22 1480 1360 330 150 80 1420 240 6:1
Histidine 23 4o 720 170 90 30 580 130 b:1

* Proline is expressed as proline equival nts.
*#*An artifact produced by exchanging 1:2:1 (propanol-butsicl-0.1 N BC1l) solvent for 2:1 (propancl-0.5 N HC1) solvent

upon emergence of the aspartic peak.
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grown samples were aversged and were compared with the sverages of the
velues for two samples of field grown plants (lst harvest)., It was noted
that with respect to almost every amino aeid, the greenhouse grown plants
contained more than the field gromm wheat stems, The ratios of the miero-
grams of amino aeld per gram of greenhouse grown plant tissue to miero-
grams of amino acid per gram of field grown plant tissue ranged mostly

e e S e i e
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m ﬁl and 3:1l. There were three significent exceptions to this genw
eralization, however, i.,e., with tyrosine + methionine and glyeine where
the ratios were sbout 1lil, and with proline where the ratio was ebout lié.
It has been previously found that starving corn plants contain less pro=
line and more peptide than normal plants. The greemhouse whest plants,
which were under & condition of nutrient deficieney most of the time,
could follew a similar pattern, while the field grown plants were not
erowded and grew under more nearly nomal eonditions. The generslisation
that the greenhouse plants, as a rule, uiutuh niro water extractable
smino acids than the fileld plants might be explained on the same eomdition.
Sinee amirlo acids are the building blocks used in the synthesis of plant
proteins, it is conceivable if the plants were unable te absorb emough
of specifie factors, sush as certain minor elements, required for protein
synthesis, that aminoe acid compentrations would build up mmm plant
 tissuess The concentrations of the amino aeids in the final harvests of
the field stems were much lower than those for the first harvest, This
would indicete that most of the free amino acids were utilised in protein
synthesis during the filling and maturation of the kernels. (Caution should
be used when applying data from greenhouse grown plents to field conditioms,)
Figare 10 presents the amino aeid chromatogran ovtained for the
f£irst harvest of the radicactive ficld grown leaves and Vies and efDeemt
positions of radicmetivity.® In Figure 11, similar curves and count data
ere given for the same sample of leaves and stems (A), as well as the

Wm:wmmmmmmxuwhnm
10 and 11 were discussed previously.
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Figure 10, A graph of amino seids and selenium 76 activity in & water ex-
tract of the first harvest of redicective wheat leaves and stems
grown at Reed's Reneh, Lyman County, South Dakets, Amino aeid
data are Wummhn&udlmm-mtmmmwu
alredry tissue, wiile counts per sminute are given for the
activity per 0.1 gram of sample.

{For key to identify the mmino seid peaks see Figure 8)e

Kornels of the first harvest, and for the lesves and stems, and the kernels
of the last harvest. Figure 12 illustrates the position of selenite and
selenate selenium, on gimilar chromstogrems, relative to the valine and
alsnine pesks. The first area of sctivity in the chromatogream appairad

to be associated with the supposed peptide peak (No. 1). Selenite emerges
in this region, also, Therefore, the true identity of this activity re-
mains doubtful, Another band of mtut;; was found assoeiated with the
leucine peak (lio. 2) and the selenium compound responsible for it is un~
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Figure 11, Graphs of smino scids sud selenium aetivity in water extracte
of firet (A) and second (B) harvests of radiomctive wheat leaves
and stems and radiosctive wheat kernels grown at Reed's Reneh,
Lyman County, South Dakote. Anino acid date are given on the
basis of leueine equivalents per gram of siredry sample, while
counts per minute are given for the wetivity per 0.1 gram of

sample.
(For key to idemtify the amine seid peaks see Figure 8).
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Figure 12, A graph showing the emergence of peaks of selenium 75 setivity
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and aleanine peaks.
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mown. Only iu the leaves and stems (B) in Figure 11 did any significant
ntiﬁty appear in the methionine peak '(!0. )« In all the graphs repre~
genting leaves and stems, some activity appeared under peak No. 7, which
is tliw;ht te represent glutathione, Unfortunately, selenate i¢ known to
appear in thie same ares sud eould scoount for a large proportion of this
sctivity. Separations of the inorganiec and organic foms of rﬂ&mﬁn
selenium found in these chromatograms have 'm been accemplished as yet.
In Figure 10, & large proportiom of the activity appeared undcr the Tth
peak and under the proline peak, No. 8. However, in the duplicste of the
seme sample in Figure 11, little activity appesred wnder the seme peaks
but & new ares of activity emerged with and following the artifact peak
(No. 14). The only other area of petivity appearing was that emorging
between pﬂh 9 and 10 in kernels (A) and leaves and stems {B) in Figure
11. EKernels (B) in Figure 11 did not give sufficient counts to be eonsid-
ered siznificant emough te plot. Comparisons of Figure 10 and leaves and
stems (A) of Figure 11 (duplicates) showed & clear loss in counting rate
. due to deeay of the selenivm 75 during the time interval between runs
(145 days)e The halfelife of selenium 75 is 127 days.

oo mach significence should not be placed on the sounting data e
compenying these amino acld curves becsuse of the low counting rates obe
tained. 1t does clearly show, however, that the aetivity separates into
diserete bands indieating that the selenium 76 was probably associated
with several definite compounds. Further work is in progress involving
gimilar experiments but using selemate of maeh higher aetivity. These
studies must be cantinued, since the date thus fer obtained is inadeguate
for determining the metabolie pathways of selemium in plants.
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; SUMMARY

@rowth retes, 68 measured by plant dry-weight, of whest plants grown
uM«nn&hyMMMﬂMhﬂMyM
until present in the soll in amounts exveeding 4 pepems When plant dry-
welghts are used as an index of seleniun texioity to whest plants, five
wmnmumnuammzmmm«nmuuw
sirable, With additions of potmssivm selenite to the seil, it was showm
that selenium upteke by whest plants is greatest during head and kernel
formation.

The selenium content of whest plants grown in soil contsining varying
smounts of seleniwm 76 (as selenate) compared favoradly with earlier
mmtumemwmﬂ&MSan A=
Mmmmmmmmmm«mnw
mumm‘uuﬁm. Values for selenium content as detere
mwmmtmmummwmmma»-m
obtained by the Klein method (A.Ouk.Cs) Samples ylelding higher oount
rotes should increase the accursey of the occunting method.

hml.wmﬁmtmmem
trations of smino acids than field grown plants. Results showed that
esution should be used when applying data for greenhouse grown wheat plents
to field conditions. leﬁuumm-ﬂmh”
gmummnmwommmtuthm
L%y was separated into discrebe bunds, Thls indlested thet the seleniun 75
mwmmmummmnmwmmmw.

The need for plant materisl containing higher setivity, which could
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be obtained with somo of the mliniu 75 preparations now available, is
apparent, end further experiments of this type are planned,
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