MONTANA

STATE UNIVERSITY

The cystine and methionine content of Montana range grass
by Earl W Turner

A THESIS Submitted to the Graduate Committee in partial fulfillment of the requirements for the
degree of Master of Science in Chemistry

Montana State University
© Copyright by Earl W Turner (1947)

Abstract:
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the results obtained by the various assay methods. Methionine and cystine values obtained by both
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Agropyron cristatum at two different stages of growth. The methionine and cystine contents of the
younger grasses are considerably higher than of the more mature plants.
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I. ABSTRACT
The leaf protein* of several MontarA range grasses are extracted using
sodium dodeeyl sulfate. The advantages claimed for this method of extrac-
tion are simplicity, rapidity, and high yields of a final product containing
as high as 80% pure protein. Cystine and methionine are determined on the
leaf protein preparations using both chemical and microbiological assay
methods. A comparison is made of the results obtained by the various assay
methods. Methionine and cystine values obtained by both microbiological
and chemical methods are found to be in good agreement and also consistant
with results obtained by other methods. FethionliA and cystine are deter-
mined on Agropyron smith!! and Agropyron cristatum at two different stages
of growth. The methionine and cystine contents of the younger grasses are

considerably higher than of the more mature plants.
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1. ISTHODDCIIOS

The presence of the sulfur containing amino acids, cystine and methionine,
in plant proteins has been known for some time. Since these amino acids are
quite easily altered by the action of ordinary hydrolytic reagents and probably
by reagents employed as protein extractants, the determination of these adds
in plant leaf proteins presents a special problem to the biological chemist.
Cystine and methionine are essential to the growth of many organisms. In view
of these facts, a more exacting study of methods of determining these amino
acids in plant proteins is desired.

In the past, quantitative procedures for the determination of methionine
and cystine have not been sufficiently accurate to afford more than approxi-
mate results. Although there are a number of chemical methods available for
the estimation of methionine and cystine, many of these methods present
serious difficulties which leave some doubt as to the reliability of the
results obtained. Recently much work has been done in an effort to improve
the older methods and to develop new methods of analyses which would give
more consistent and accurate results. Of the more recently developed methods
microbiological assaying offers interesting possibilities.

In view of these developments and the interesting problems that are
presented, it was decided to investigate the desirability of the microbio-
logical as well as the chemical methods of analysis. The leaf protein
extracts from two common varieties of Montana, range grass, Agropyron smith!!

and Agropyron orlstatum ,were selected for this study.
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I11. HISTORICAL RESUVE
Tha Liseovary of “ethionina and Cystinei
Two sulfur derivatives have been found as constituents of the protein

moleeule. These are cystine and Mueller's thio acid (methionine). Cystine
was isolated in 1810 by Wollaston and was found to be di,J3 -thio-*C-amino
propionic acid. MBrner, Osborne and Guest, Dakin, Osboriw, Harris and others
found that there was a probability of sulfur compounds in the protein molecule
other than cystine. In 1922 Mueller isolated from casein a new sulfur con-
taining amino aoid, to which he gave the empirical formula CnHggSHaO*. Sub-
sequent work on this amino acid by Mueller indicates that the amino acid has
the emperioal formula CgHiiSKOg instead of Cu H22SN2O4. In 1928 Barger and
Coyne showed that Mueller's thio aoid had the constitution « amino-Y -methyl

thiol-n-butyric acid, CHg-S-CB2-CK2-CH-COOH and gave it the name methionine.
NH2

Protein Extraction Methods >

One of the most difficult problems in the study of leaf-proteins is
the extraction and purification of the protein without subsequent loss of
amino aoid. The loss of amino aoids occurs most readily when there is humin
formation. Kumin is formed when the hydrolysis is carried out in tine
presence of carbohydrates.

To determine the protein cystine content it is necessary to hydrolyse
the protein with strong acid or with the appropriate proteolytic enzymes.
As no method of preparing these proteins has hitherto been available, early
workers found it necessary to submit the whole grass to acid hydrolysis or
enzymic digestion. This mans in effect that the proteins in the leaf

m aterial have been treated in the presence of from 3-6 times their own
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weight of eellulose, sugars, organic acids, etc., and it is not at all sur-
prising that under those conditions they were unable to attain satisfactory
results. However, by extraction of the proteins before hydrolysis fairly
reliable results may be obtained.

Chibnall and Lugg have employed a method of extracting proteins from
freshly out grass which involves the use of ether-water as the plasmolysing
agent and a press for squeezing out the soluble protoplasmic proteins. The
resultant fluid is treated with acid to flocculate the proteins. The precip-
itated proteins were purified and subjected to analysis for the various amino
acids. The yield obtained compared with the *"otal protein in the leaf was
very low yat the assumption was r.ade that the proteins which remained un-
extracted in the leaf tissue were of the same composition as those which had
been extracted. Lugg found only slight variations In the amino acid composi-
tion between the various grasses he examined.

Another method for the extraction of leaf proteins is the method of
Ssiith (39). Smith has used sodium dodeeyl sulfate, digitonin, and bile salts
as the dispersing agent. Preliminary experiments with sodium dodeeyl sulfate
have been employed at Montana State College Agricultural Experiment Station
and it has been found that much higher yields of extracted proteins can be
obtained than is possible by the Ckibnall-Lugg method. Furthermore, the
method seems applicable to dried grasses.

A third method for the extraction of grass proteins has been suggested
by Albanese (I) and Mazur and Clarke (29). In this method 90% formic acid
solution is used as the extractant. Mazur and Clarke have employed this

extractant in their studies on the protein composition of marine algae.
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Albemese has extracted leaf proteins from such plants as spinach, cabbage,
and celery by this means and has been able to obtain a yield of 90-96/5 of
the total protein. The extracted protein is remarkably free of carbohydrate
contamination which is a decided advantage when the protein preparation is

to be analyzed for its constituent amino acids.

Hydrolysis of the Protein lateriali

hydrolysis by acids, alkalies or proteolytic enzymes has proved to be
the best means of Investigating the composition of the protein molecule. In
1820 Braoonnot hydrolyzed gelatin by boiling with dilute sulfuric acid. Be-
tween 1850 and 1875 gitthausen, Hlasiweti and Heiberaann as well as later in-
vestigators have favored hydrochloric acid as a hydrolyzing agent. The
action of vegetable enzymes on proteins has been studied especially by Schulze
and his co-workers, while about 1900 the action of animal enzymes was exten-
sively studied by Ktihne, Kossel, Kuteoher and others.

In 1912, Van Slyke found that complete hydrolysis was produced by heat-
ing the protein with 3 H hydrochloric acid in an autoclave. The former
investigators do not state the quantity of acid used but Van Slyke used thirty-
three times more acid than protein. Van SlykB showed further that complete
hydrolysis was effected either oy heating at 100° for 48 hours with 20% acid
or at 160° with S Nacid. Henriques and Gjaldbik (1910) found that the
hydrolysis of egg albumin was not complete after heating for 12 hours with
concentrated acid, but was complete on heating at IbO0 for 1.5 hours in an
autoclave with 3 8 acid. They found no advantage in heating at 160° for a

longer time; at ISO0 In an autoclave decomposition of the amino acids occurred
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with the formation of auunonia. Zelinsky and Ssadikow (1925) were able to
show that complete hydrolysis may be effected with very weak acids. Thaqy
state that proteins may be completely hydrolysed by heating in an autoclave
at 180° for three to six hours with 4, 3, 2, I or even 0.5< hydrochloric
acid. It has been found that the amount of cystine recovered from hydro-
lysates depends somewhat upon the acid used for hydrolysis. Ahen mixtures
of femie and hydrochloric acids were used to hydrolyse insulin some investi-
gators found half again as much cystine as when hydrochloric acid was used
alone. Baernstein (6) has advocated the use of HI but this is regarded as
inferior to the formic acid mixture by du Vigneaud. tost proteins are cer-
tainly not as sensitive to hydrolysis conditions as is insulin. Hess and
Sullivan (18) have investigated the rate of liberation of cystine from
proteins by acid hycrolysls. Six proteins varying considerably in their
cystine content were chosen for the experiment. The proteins were hydro-
lyzed with 20% HCI, HGI-KCOOH mixtures, and with HI. Regardless of the
method of hydrolysis used, the maximum, values of all three methods were
found to be practically Identical. With KI hydrolysis no humin formation re-
sulted. The HI hydrolysis is by far the more rapid procedure and gives maxi-
mum values in the shortest possible tires. It has the disadvantages, bosever,
that the Hgi'Og and HI must be driven off before testing.for cystine and the
hydrolysate contains only cysteine which prevents the separate estimation

of cystine and cysteine. The HCI hydrolysis has the advantage that it is
possible to study both cystine anc cysteine in the hydrolysate and to esti-
mate methionine colorinetrioally. With HCI and the HCI-KCCXSi mixture some

humin was formed but there was no evidence of loss of cystine, hydrolysis
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with 20 HCI was found to be more rapid than with the HC1-BCOGH mixture #
Sullivan's colorimetric method was used for the estimation of cystine.
Recently many investigators have found that autoclaving with dilute
hydrochloric acid gave very satisfactory results. Barton-Sright (8) also
Sehweigert (37) and Stokes (42) favor this method of hydrolysis. Barton-
"“Yright has used the following procedure for the preparation of protein hydro-
lysates for methionine and cystine assays* A one gram sample of finely
ground material is hydrolysed by autoclaving for 5-6 hours at 16 pounds pres-
sure with 26 ml. of 2.6 S HC1l. He states that hydrolysis is incomplete In
less than five hours, the hydrolysate is cooled, 2 ml. of 27~ 16 sodium
acetate solution is added and the pH adjusted to 4.6 with sodium hydroxide

and the solution made up to volume.

Methods for Cystine Determination
Sullivan* s Lethod for the Determination of Cystine *

The literature on Sullivan's reaction for cystine has attained formi-
dable proportions and a number of modifications have been proposed, consi-
derable accuracy is claimed for most of them by their authors, though re-
garded as inadequate by others. The reaction which is highly specific for
cysteine gives a red color with I, 2 naphthoquinone-4-sulfonate in an alka-
line reducing medium. Sullivan's procedure for the estimation of cystine
consists essentially in reducing the cystine to cysteine and allowing the
cysteine to react with the color reagent in an alkaline solution.

Sullivan advocates the addition of a small amount of cyanide before the
reagent to stabilise the color. The procedure for cystine consists In first

treating the solution with sufficient cyanide then proceeding as with cysteine.
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PruntylS modification of Sullivan's method has been used by Chibnall
(56) for the determination of cystine and cysteine in leaf proteins*
Prunty*8 modification is much the sane as the original Sullivan method
except for the addition of a few mg. of sine dust and a drop of concentra-
ted hydrochloric acid which Is used to help maintain a reducing environment
in the solution.

Experiences with Sullivan's method were found by Lugg (27) to be un-
satisfactory in the following respects* (1) the depth of color is variable
and far from proportional to the amount of cysteine and cystine present*
(2) even when compared with a standard of the same color results are often
irregular* (5) the presence of relatively considerable amounts of other
amino acids diminishes the amount of red color due to cysteine and yellow
interferes when a pure cystine or cysteine is used for a standard. Lugg
suggested two methods which might improve the accuracy of the method* (1)
maintain the same pH in the unknov?/n as in the standard* (2) add some amino
acid in considerable excess to both the unknown and to the standard. It
was found possible to effect both objectives by adding glycine with appro-
priate amou nts of alkali.

Other methods which have been used for the estimation of cystine in-
clude Okuda and Baernetein's lodometrie determinations. Okuda oxidised
cyctine to oysteic acid by brornate in acid solution. Other amino acids in-
terfere with this method of determination, later he titrated the charcoal
decolorised hydrolysate with KIOg in acid solution containing KI, oxidising
cysteine to cystine. Baernstein (2) to avoid losses in charcoal added ex-

cess iodine and used gasomstrie methods to determine the excess iodine.
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This, however, led to high values for cysteine. Baerceteln (6) recosucende
the Okuda method on HI hydrolysates though only cysteine and cystine could
be estimated in this way, but humin is absent and there is no necessity to
use charcoal or other decolorizing agents.

The Folin method for the determination of cystine has also been wide-
ly used. LugglS modification of the Folin-Sarenzi method (267 in principle
utilizes the reduction of molybdenum free phospho-Ifl-tungstic by cysteine
and insures a rigid control of pH by the use of a citrate buffer at a pH
of 6.7. This avoids the disadvantages in the color production of an alka-
line reaction. In the original Folin-Marenzi method, precipitation often
occurred during the determination and there were no means of correcting
for extraneous reducing reagents. In Lugg’s modification precipitation is
avoided and an ingenious correction is applied for reducing reagents other
than -SH- groups. In the presence of HgClg cysteine produces no color
with phosphotungstic acid and the color developed by other reducers is
measured. This method is rapid and capable of a high degree of reproduci-
bility. In UiggtS modification of Sullivan’s method great care must be
exercised to izisure that the solutions, after pouring into the colorimeter
cups, are completely reduced before comparison.

Bailey (7) has used various methods for the determination of oystine
in proteins and has advocated Luggts modification of the Folin-Marenzi
(26) as a measure of the total disulfide and for the estimation of cystine.
He states that LuggtS modification of the Folin-Marenzi method is rapid
and capable of a high degree of reproducibility and that the color matching

is more precise than Sullivan's method or its modifications. In view of
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this Information and the foregoing considerations this method would appear
to be the most desirable from the standpoint of accuracy and reproducibility.

The factors responsible for errors in the determination of cystine may
now conveniently be summarizedt (1) errors in the method adopted, e. g., in-
hibition of color by extraneous reducers as in the Sullivan method; (2)

losses during hydrolysis.

Kethlonine Determinations *

Baernstein (3) (4) has shown that on heating with Bl methionine is de-
nethylated and may be estimated as the volatile iodide. In a later paper
(6) he has shown that methionine may be estimated after it has been con-
verted to the thiolaotone of homocysteine by boiling with HI.

Baernstein obtains practically quantitative results with this method.
Kassell and Brand (22) have not found complete recoveries and the hydro-
lysis with HI have?freir:icized on the grounds that it causes greater evolu-
tion of volatile iodide and HgS from insulin (which contains no methionine)
than does BCI hydrolysis.

McCarthy and Sullivan (SO) proposed a method for the determination of
methionine based on the formation of red color formed when alkaline solu-
tions of methionine and sodium nitroprusside are acidified. They noted,
however, that both tryphtophane and histidine produce a red color under
similar conditions. They destroyed the tryptophane with acid hydrolysis
and stated that the addition of glycine would eliminate the color produced
by histidine.

Csonka and Denton (10) have determined the methionine content of

proteins and foods using the McCarthy-Sullivan colorimetric method. They
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used a Coleman spectrophotometer to establish spectral transmission curves
for the red color formed* Csonke and Denton found that the stoichiometric
relationship of 2si was not valid when glycine was added to the reaction
mixture* They found that glycine considerably increased the transmission*
This was first thought to be caused by a reaction between glycine and sodium
nitroprusside, however, further investigation revealed that the glyoine
also decreased the color produced by the methionine nltroprusside reaction*
Tlw common ion effect is a plausable explanation and slightly increased
amounts of sodium nltroprusside is apparently an advantage* Tlw best ap-
proach to the problem would be to separate methionine from the other
materials in the protein hydrolysate since histidine and other amino acids
effect the reaction mixture.

Kolb and Toencies (23) were able to precipitate methionine quantitative-

ly with mercury salts from a solution containing no other amino acids.

When this was done with a protein hydrolysate other amino acids were also
precipitated, thus the precipitation with mercury salts is of no advan-
tage. Histidine may be precipitated with phoephotungstio acid and it is
then possible to use the nitroprusside test for methionine without the
addition of glycine.

Grau one Almquist (16) used the IsCCarthy-Sullivan colorimetric method
for the estimation of methionine in feedstuff*. They used both acid and
enzymatic methods of hydrolysis and were unable to obtain complete hydro-
lysis of the protein material, thus found it necessary to assume that the
soluble protein was representative of the total protein. Despite in-

complete hydrolysis they were able to obtain consistent results using the
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McCarthy-Sullivan method«

Microbiological Assayai

The ability of certain Bioroorganiame to grow on a synthetic medium
permits the development of a quantitative determination for each of the
essential constituents of the medium, ffith the use of such a chemically
defined medium this method of assay has been widely used the last few
years for the quantitative determination of vitamins. Recent reports in
the literature indicate that microbiological assaying may be a much
simpler and more accurate way to determine amino acids than many of the
chemical methods in use at the present time.

One of the first microbiological assay methods to achieve reasonable
specificity was devised by 5ohopfer in 1955 for vitamin Bl using the mold
Fhyoomyoea-Glakesleanus. Despite continued study and modification his
method has not been widely used.

Snell and Strong (1839) developed a microbiological method for the
determination of riboflavin which was rapidly accepted and soon gained
widespread use. This was the first method in which lactic acid producing
bacteria were used. As knowledge concerning the growth requirements of
laetie acid bacteria increased they were utilised for the assay of addi-
tional vitamins. With the knowledge gained concerning the vitamin require-
ments of lactic acid bacteria it became possible to study the nitrogen re-
quirements of the group. Further investigation revealed that a variety of
amino acids were necessary for growth. The specificity of the different
amino acids was studied and further investigation showed that this require-

ment, in many instances, could be aade the basis for quantitative methods



— 15 —

for the determination of these amino acids*

Nutritive HequireEents of Kieroorganiemst

The ideal medium for microbiological assay should contain all sub-
stances necessary or stimulatory to the growth of the microorganisms being
used, but be completely free of the nutrilite to be determined. This
ideal situation is approached more or less closely by assay methods no# in
use* An intimate knowledge of the growth requirements and optimum condi-
tions for growth of the test organism is necessary before a satisfactory
quantitative assay can be developed.

The general nutritional requirements of lactic acid bacteria may be
summarised as followst (1) energy source - carbohydrate (glucose)j (2)
nitrogen source - amino acidsi (3) accessary substances - vitamins and
otter growth factors; (4) mineral salts; (5) buffer. For their energy
supply the lactic acid bacteria depend upon the presence of a fermentable
carbohydrate. Homo-feroentive organisms such as Lactobacillus arabinosus,
Lactobacillus delbruckli and Streptococcus faeces.Hs are able to convert
glucose almost quantitatively into lactic acid.

Glucose = -—--------- » 2 lactic acid
Reterofermentive organisms such as Leueonostoo ctensenteroidcs and Laeto-
bacillus fenrentl produce other products from glucose as well as lactic
acid, such as ethanol, COg etc. The optimum pK for most of these organ-
isms is between 6-7 although growth will continue until a pH of about 4 is
reached. To prevent the lactic acid formed from inhibiting growth a suit-
able buffer must be added to the medium. Acetate was found especially

suitable for this purpose by Snell, Strong and Peterson and has been widely
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used. No extensive study of the mineral requirements of lactic acid bac-
teria has been made. For some bacteria”variations in the mineral salts
have been found to improve growth. Luckey (26) showed, for example, that
the addition of potassium salts greatly improved the growth of Streptococ-
cus faecalis. Kodifioation of the minerals used in other media might
prove helpful. One is able to obtain what is known as a standard growth
curve by adding to the synthetic medium differential amounts of the
nutrilite to be determined. The media tubes containing varying amounts
of the amine acid being treated are then inoculated with the test organism,
incubated, and the lactic acid produced is then titrated with a standard
base e. g., 0.1 R SaOH. The standard growth 4urv© may then be obtained
by plotting the ec. of base vs. micrograss of am no acid per tube. For the
assay of protein hydrolysates the amino acid being treated for is left out
of the synthetic medium and replaced by varying concentrations of the pro-
tein hydrolysate. Since these organisms are able to utilize such amine
acids in the form of their peptides, the amino acids may be determined oven
in incompletely hydrolyzed proteins. The lactic acid is titrated as before
and one is readily able to calculate the amount of the amino acid present
in the hydrolysate. It is necessary to experiment with synthetic media of
various compositions in order to obtain a "perfect medium* in which the
organism w ill attain maximum growth under optimum conditions. 1lany refer-
ences are given in the literature of media which have been found satisfac-
tory for these organisms. Although media given for the same organism may
contain the same basic components, the percentage composition may vary con-

siderably according to different references. This variance in composition
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ie largely due to the difference In purity of the amino acids used by dif-
ferent workers. The difficulty of preparing a standardised redlum may be

minimised by the use of pure amino acids and vitimins which are now available.

Laotocacillus aracinosua:

Pollack and Linder (55) have shown that a synthetic medium, composed of
twenty amino acids, salts, glucose, sodium acetate, vitamins and other
growth factors will support the growth of Lactobacillus arabinosus. Snell
(40) has shown that at least two strains of the original culture of lIrara-
binosus exist; one needs para-amicobensoie acid, the other which is a mutant
does not.

Shankman (33) has studied the amino acid requirements of L-arablnosua
and found the following amino acids to be essential nutrillteet
*Cystine Tryptophane Isoleuoine glutamic acid
*Methionine Leucine Valine Threonine
The lactic acid produced by the fermentation was titrated with 0,1 N NhOH
and the titration was found to be reproducable within 0.1 ml. using broo
thymol blue for the indicator.

Bler (19) has made microbiological analysis of animal proteins employ-
ing L-arabinosviS, l-easel and Teuconostoc nesenteroides. T$e following
amino acids were determined with L-arab.inosus 17-5; glutamic acid, leucine,
isoleucine, valine and threonine. Arginine, phenylalonlne, and tyrosine
ware determined with Lactobacillus easel. Histidine and lysinetere assayed
with lauconostoc -osenta-oldcg» Microbiological values agree quite tie 11
with values obtained by chemical procedures and it is possible for one

analyst to determine all the amino acids described by Kier in this paper
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in 4 to 5 samples in approximately seven working days, tte&ah&n and Snell
(31) indicate that while all the amino acids used in their basal medium
are not essential for the growth of the organism, heavier growth is obtain-
ed and antagonistic effects occur less frequently when the complete amino
acid mixture is used. The media used in this paper were very satisfactory
in that there were no indications of antagonistic effect observed in the
various samples studied. Kuiken (24) has used Lactobacillus arablnosus
17-5 for the determination of leucine, isoleucine and valine and found
that incomplete hydrolysis showed low values for these acids. Alkaline
hydrolysis is unsatisfactory because it brings about racemigation and only
natural occurring forms of these acids are utilised.

Nyman and Gortner (33) have made studies on Lactobacillus arabinosus
17-5 cultures and have found that degraded cultures of L-arablnosus and
L-casei can be rejuvenated by a change in transfer medium, a greater fre-
guency of transfer and by incubation of the culture at an optimum tempera-
ture of 32°C. They recommend the use of liver tryptone agar and liver
tryptone broth as stock culture media. Hegsted (17) Investigated the amino
acid requirements of Lactobacillus arabinoaus 17-6 and found that growth
failed when ariginine, cystine, glutamic acid, isoleucine, leucine,
methionine, phenylalanine, tryptophane and tyrosine or valine were omitted
from the basal medium. Growth did not occur in a mixture of only ten
amino acids. Growth measurements were made with both turbid!metric meas-
urements and by titration of the lactic acid produced. Titration usually

gave more consistent results.
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Streptococcus faocalls and Lactobacillus dalbrilckil,

Stokes end Gunnes (42) have developed a standard assay procedure for
ten essential amino acids (including methionine) applicable to foodstuff
and other natural products. Eine of the amino aeids can be determined with
S-iaecalis and phenlyalanine with L-deXbrilchil. Although two organisms are
used only one standard medium and one procedure is necessary. The amino
acid is measured by titration with standard alkali with the exception of

the the
histidine only/(l) isomers are available and /d) isomer is inactive.
Lower microbiological values were consistently obtained for methionine as

compared with chemical methods; it is possible that the chemical values

may obtain substances other than methionine.

leuoonoetoe reaenterlodest

The amLno acid requirements of leuconostoc mesenteriodee P-60 have
been investigated by Dunn (11). A standard growth curve has been determin-
ed for both methionine and cystine. He found that large concentration of
salts inhibit the growth of leuconostoc giesenteriodes so acid hydrolysates
of protein should have most of the acid removed before being neutralised

with SaOH to bring the pH up to 7,

Other Organismst

Dunn (12) has made determinations of methionine in protein hydroly-
sates with lactobacillus ferment! 36*. Fe found that methionine was essen-
tial or accessory for the satisfactory growth of» Lactobacillus easel,
Lactobacillus arabinosus 17-6, Lactobacillus fermentl, and Leuoonostoe

mesanteriodes P-60, d (+) Methionine was found to be completely inactive
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In promoting, growth of Lr-aratilrosub and Leuoonostoo aesenteriodas* It,
however, stimulated the growth of Lactobacillus ferment! to an extent
entirely coaparatle to that exhibited by the | (-) antipode. The ability
cf a ederoorganiem to utilize both optical isomers effectively is an
unique property not hitherto recorded in the literature, he determined
the methionine content of hydrolysed casein and silk fibroin with this
organism. The basal medium C of composition given by Lunn (10) was used.

Bcrton-Aright (d) has had vary satisfactory results using L-arabln-
0 8 for f“%c assaying of cystine and Lsuoonostoc mesenterlodes for

methionine.
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1?. SFATEMIST OF TEE PROBLEM

Variety of range grasses used :
(a) Agropyron crlstatug
(b) A”ropyron smlthll
(c) 'fCutQloua Xraoillls
Proteins extracted from the dried grass by means oft
(a) Sodium dodecyl sulfate. Smith (39)
(b) Formie acid extraction, Albanese (I)
Extracted proteins were purified, hydrolyzed and subjected to analysis
for both methionine and cystine.
Cystine estimated by Luggfs modification of Folin-Marenzi method (26).
Kethionlne estimated by MoCarthy-Sullivan colorimetric test Csonka
and Denton (10).
Microbiological assays were carried out on the leaf protein extracts
using L-arabinosua for cystine and Leuconostoc mesenteroiries for

methionine.
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V. EXPERIMENTAL *0»
Preparation of Samples«
The grass samples were collected from Experiment Station plots located
at Bozeman, Montana. The grasses were grown undor as nearly identical con-
ditions as possible. The grasses were cut once in the spring and again in

midsummer after they had reached the early bloom stage.

List of Grasses and Dates of Cutting;

Agropyron oristatum 6-10-46 7-16-46
Agropyron sm ithll 6-10-46 7-16-46
Bouteloua graoillis - - - - 7-16-46 3-29-46

The grasses after cutting were brought to the laboratory and spread
out to dry. They were dried as quickly as possible in a warm room and all
weeds and other extraneous material ware carefully removed by hand picking.

After drying the grasses were ground in a Wiley mill until they passed
through a 40-mesh screen then stored in air tight glass jars.

Total nitrogen determined by the Kjeldahl method was multiplied by

the factor 6.25 to give the crude protein content.

protein Extraction:

The first method used for protein extraction was that of Albanese (I)
which is the formic acid extraction method. Preliminary experiments by
Albanese (I) demonstrated that the formic acid extraction of fresh veget-
ables after acetone extraction yielded high nitrogen recovery with an un-
avoidable impurity of a polysaccharide nature. Be observed that the addi-

tion of two volumes of ethanol to one volume of formic acid extract of
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spinach leaves resulted in a quantitative precipitation of these carbohy-
drates with only a negligible loss of nitrogen.

Since the polysaccharides appear to be the principal carbohydrate
contaminants of the fractions resulting from the formic acid extraction of
vegetables> Albaneee has concluded that the solubility of the proteins
and the insolubility of the polysaccharides in the formic acid-ethanol mix-
ture offers a simple method for the purification of the protein moiety.

Albanese states that formic aoid extraction may not be applicable to
some types of feedstuff, however, it was decided to try the method to see
what results could be obtained. Bouteloua graoillls out August 22, 1946,
was used to test this method. After cutting, the fresh grass was frosen
by storage In the freezing compartment of an electric refrigerator set at
0°C. This served to break down the cell walls, thereby increasing the
permeability to solvents. 11196 g. of grass was treated in this manner, then
chopped up, placed in a five gallon food jar and covered with acetone for
two days. This treatment with acetone tended to remove much of the remain-
ing moisture and many of the soluble plant pigments. After standing two
days the acetone was decanted off and the grass was wrapped in a piece of
cheese cloth and submitted to a continuous acetone extraction for 24 hours.
This extraction wa? carried out at 53°C.

Since excessive decomposition of formic acid at its boiling point pre-
vented the use of continuous extraction technique, the acetone extracted
grass was treated as followsi The cloth sack and Its contents were removed
from the extraction chamber and placed in a current of air for several

hours to drive off the acetone. A sample was then taken of the acetone ex-
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traded grass for a total nitrogen determination and the remainder of the
grass was placed in 2 |I. beakers covered with 90# formic acid and placed on
a hot plate, the temperature of which was carefully maintained between 76-
80°C. The formic acid extraction was continued for 24 hours, then repeated
until nearly all of the protein and carbohydrate material had been removed.
After the extraction was complete, the formic acid was decanted off and the
fibrous residue transferred to a 2 gallon enameled pail and mixed mechani-
cally for thirty minutes with three liters of 95# ethanol to facilitate
handling and subsequent drying. This residue after drying was light brown
in color and woody in appearance and texture. A sample of this dried
material was collected for total nitrogen determination. The alcohol fil-
trate was brought to volume of 2 |I. and added to the combined formic acid
fractions which had previously been concentrated in vacuo to | liter. The
mixture then was allowed to stand two hours at room temperature and the pre-
cipitated carbohydrates filtered off using fluted filter paper. The car-
bohydrate material was dried and preserved for nitrogen determination. The
filtrate was reduced in vacuo to remove all the ethanol and formic acid, then
taken to dryness in a large evaporating dish at about 60°C. This final
residue which constituted the protein material was a dark brown to blaok in
color.

The dark color may have been caused by plant pigments which were not
removed by the hot acetone extraction or by the presence of humin material.
In an effort to further purify the preparation, it was subjected to hot
acetone extraction for 24 hours in a continuous extraction apparatus. Thia
last extraction was of very little value and no visible purification was

observed
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Kxtraotion of Laaf Frotain by use of Sodjure Dodecyl Sulfate, Smith (39)«

The following grasses were subjected to this type of extraction;

A-oristatum . . . . . . . . . 5-10-46 . . . . . . . . . T7-15-46
A-smithii . . . e, 5-10-46 ... T7-15-46
B-graeillis . . . . . . . . . .. 74646 . . . . . . . . . 3-2946

The extractions were carried out on air-dried grasses after they had been
ground to pass through a 40-mesh sieve.

Hepreoipitated sodium dodeeyl sulfate was used for this extraction.
A sample of 50 g. was placed in a glass jar and about 200 co. of a 2% solu-
tion of sodium dodeeyl sulfate added until the jar was about one-half full.
The jar was placed in a shaking machine in a horizontal position to give
the maximum swirling motion, and shaken for three hours. The jar was then
removed and the material filtered through a piece of cheese cloth squeezing
out the excess liquid. This extraction was carried out three tiires for 3
hours each using fresh sodium dodeeyl sulfate solution each time. The fil-
trate was centrifuged after each extraction and the sludge thus obtained
was submitted to further extraction. A fter the final extraction, %% ethanol
was added with rapid stirring to the clear filtrates and then allowed to
stand until precipitation was complete. The supernatant liquid was decanted
off and the protein material was purified by a continuous acetone extraction
for 24 hours.

After the acetone extraction the protein preparation was placed in a
vacuum oven at 50°C. for 3 hours until the material was thoroughly dry. The
final product was then ground up in a mortar to facilitate homogeneous sampl-

ing. The product was white to light gray in color with a slight greenish
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tint. Kjeldahl nitrogen determinations were rue on2
(a) original grass sample
(b) sludge remaining from centrifuging
(0) residue after extraction with sodium dodecyl sulfate

(d) purified protein.

Hydrolysis of hrotein:

In view of the satisfactory results obtained by Barton-Wright (8),
Schweigert (37) and Stokes (42) using dilute solutions of BCI, it was de-
cided to use the following procedure; One gram sample of finely ground
material was hydrolysed by autoclaving for six hours at 120°C and 15 pounds
pressure with 26 ml. of 2.6 B HC1. Tiie hydrolysis was carried out in 50 ml.
flasks fitted with glass caps. After hydrolysis the solution was allowed to
cool and the pH adjusted to 6.8 using the Beckman pH meter. The solutions
were then brought to a volume of 100 ml., filtered, covered with a thin layer
of sulfur free toluene and stored in the refrigerator. All the leaf proteins
as well as casein samples, which were used to check the different assay

methods, were hydrolysed by this method.

Colorimetric Ketiiod for Cystine, Folln and Karens! (14); lugg (26); Kassel

and Frand (22).

Theory; Fhospho-18-Tungstic acid (FblintS reagent) was used for the colori-
metric determination of cystine. The blue color developed depends upon the
reduction of phospho-18-tungstic acid by cysteine. Cystine is first reduced
by sodium sulfite to give cysteine. The phospho-18-tungstic acid is prepared

essentially by treating sodium tungstate with phosphoric acid. The oolora-
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tion developed by a reducer may vary with the time allowed for the reaction,
the concentration and amounts of the reacting materials, the pH of the reac-
ting mixture, salt concentration and the type and order in which the mater-
ials are added.

Evidence has been adduced by Lugg (26) to show that the reaction be-
tween cystine and sulphites in cold aqueous solution is not a reduction in
the ordinary sense of the term, but that it is most probably expressed by
the equation 1i-S-S-R + HSO3 ---—--—--—-- » FSH + 'HSgO3 where %- S - S - R
and RSH represent cystine and cysteine respectively. Then
2 T H+ reagent ...I* R -S-S-RTr reduced reagent. By estimating
cysteine and cystine in acid solution all the disadvantages of alkaline
color development may be avoided.

The disadvantages of acid color development include slight loss in
color and diminution in the rate of development. For all around utility a
pH of 6.7 has been selected, and to minimise color development by extraneous
reducers and for the sake of economy only small amounts of reagent are em-
ployed. A standard is prepared using cystine plus sulfite. When extraneous
reducers are present their effects must be found by artifice. |In the presence
of HgClg cysteine will give no color, thus the blank used for comparison was
prepared exactly the same as the unknown except for the addition of HgClg
which removes tin cysteine leaving only extraneous reducers to effect color
development.

Lugg’s (26) modification of the Folin and larensi method (14) is design-
ed for use with the visual colorimeter and he has adopted a rather ingenious

method of correcting for extraneous reducers. The correction for extraneous
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reducers may be very greatly simplified by the use of the spectrophotometer.
Kassell and Brand (22) have adapted LugglS-Felin method to the use of
the Pulfrioh Photometer. Perhaps the method used in this thesis should
more correctly be referred to as the Kassel and Brand rather than the Lugg
method, although they are essentially the same from the standpoint of the

reagents used to bring about the color development.

Reagents:

All reagents used -were the same as those specified by Lugg (26).

Fhospho-la-tungstic Acid Reagent:

This eas prepared according to the directions of Folin and Marenxi (40)
with the separation of any molybdenum present according to their plan. It
may be looked upon as containing per liter 100 g. of the salt Ka2Wot * 2ligO,
172 grains of HgPO4 and 16.1 g. of LiOH. The sodium tungstate should be pre-
pared by dissolving the necessary amount of precipitated WOy in the necessary
amount of KaCH solution. If the reagent fails to comply with the following
requirements it must be discarded*

(1) It must give no coloration with tyrosine or tryptophane at

any pH.

(2) At pH 6.7 and 8.4, 4 mg. of cystine in the presence of 2 ce.
of reagent and | millimole of sulphite must give not less than
2.96 times the coloration developed by | mg. of cystine.

(S) At pH 6.7 and 8.4 and in the absence of sine and ammonium
salts, 80 mg. of cystine with 2 cc. of reagent must give
almost exactly seven times the coloration developed by 2 mg.

of cystine.
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The reagent prepared by the following method met all these requirements i
60 grams of sodium tungstate and 100 cc. of water were tpdded to a 600 ec.
Florence flask, shaken until the tungstate dissolved, then added slowly with
cooling 10 ml. of 86% phosphoric acid. The solution must not be allowed to
become warn from the heat of reaction. Hydrogen sulfide was passed into the
phosphotui gstio acid solution at a very moderate rate for 20 minutes. At
the end of the first 3-4 minutes 6 ml. of HgPO* was added without interrupt-
ing the HgS current. (This enables one to obtain the molybdenum sulfide in a
somewhat less finely divided condition so It can be filtered more easily.)
At the end of 20 minutes the solution was filtered using a Ho. 40 Whatman
filter paper. When conditions are right, the filtrate should be clear and
have greenish color. The filtrate was then transferred to a separatory fun-
nel and 150 ee. of 9% ethanol added with shaking. The bottom solution con-
tained all the phosphotungatic acid in a supersaturated solution. This
solution was then withdrawn into a weighed 500 ml. flask and water addeduntil
the weight of the contents was 150 grams. The solution was boiled a fewmin-
utes over a micro burner and tested with lead acetate paper to be sure all the
hydrogen sulfide had been removed. The flame was cut down and 10 ml. of 86%
phosphoric acid was added. The flask was then boiled gently with refluxing
for one hour. TI# solution was filtered and afew drops of bromine wereadded
and the solution was boiled urtil all the blue color was gone, then boiled
vigorously several minutes to remove the bromine. The flask was then covered
with a beaker and cooled under running water. A lithium phosphate solution
was prepared by placing 12.5 g. of lithium carbonate and 25 ml. of phosphor-
ic acid in a liter Leaker, then slowly adding 126 ml. of water, the resulting

solution was then boiled to remove CC#, cooled, and then added to the phos-
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photungstic aoid solution and the total volume brought to 600 ml. with dis-

tilled water.

Sodium Acetate Solution;
A 4 molar sodium acetate solution was prepared containing 644 g. of

the salt CgHgOgSaeSEgO per liter of solution.

Citrate Buffer Solution;

This contains 106 g. of crystalline citric acid CgHgOyeBgO, 62.6 ¢.
of NaOH, 13.6 g. of ZnClg and 26.8 grama of BHA4CI per liter. It was pre-
pared by shaking the citric aoid and NaOH with about 600 cc. of water with
constant cooling urtil entirely dissolved. The ZnClg was dissolved in 20 co.
of water and added to the cold solution, and this followed by the NH#CI dis-

solved in about 200 cc. of water. The mixture then diluted to I liter.

Buffered Sulphite Solution;

9.6 grams of sodium metabisulphite (NagSgO5) dissolved in about 70
cc. of water, 15 cc. of 4 K sodium acetate solution was added and the mix-
ture diluted to 100 co. Lugg states that this solution will keep for months
in a stoppered bottle, however, it was found necessaiy to prepare this solu-

tion fresh dally in order to obtain a reliable standard curve.

Berourlo chloride 1
A 0.1 Nsolution of mercuric chloride was prepared containing 2.72

grams of HgClg per 100 00. of solution.

Standard Cystine Solution;

0.5 grams of | (-) cystine was dissolved in 60 oc. of I NBCI and dil-
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ated to 600 oo. to provide a .1 NHCI solution containing | mg. of cystine
per ml. The solution was covered with a thin layer of toluene and stored
in tlie refrigerator. Solution was diluted [ilO to give .1 mg. of cystine

per ml. when used.

Estimation in Qenerals

All estimations were carried out in standard 100 co. flasks. Standard
was prepared at the same time as unknown. Seven minutes were allowed for
the color development, then the solution was diluted to the mark and read
at 660 mu. in a Coleman spectrophotometer. Aliquots of the unknown cystine
solution were brought to a pH of 5.7 with sodium acetate solution.

Preliminary work was done to determine what effect the order of
addition of the reagents had on the color development and standard curves
thus obtained. The rate of color development was studied. The effect of
using fresh sulphite reagent was investigated. Hydrolysed casein samples
as well as leaf proteins were assayed by this method. The casein was used
to provide literature cheeks. Vitamin test casein was first used, however,
after a number of assays it was found to be unsatisfactory and casein pre-
pared by the Hamerstein method proved to be of better quality than the com-
mercial product. Assays were run with cystine added to the sample both be-

fore anti after hydrolysis to determine cystine recovered.

Experimental Procedures i
The order of addition of the reagents was found to be very important.
The reagents were added from a burette to the reaction flask, the flask

well shaken after each addition. The only order given by Lugg (26) was found
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to be satisfactory and any change in the order of the addition of the reagents
resulted in unsatisfactory color development and Inconsistency in the stan-
dard curves obtainede To obtain a standard curve the following reagents were
added in ~iven order to a 100 ml* volumetric flask with shaking after each
addition.

10 co. of citrate buffer

2 00. phospho-18-tungstic acid reagent

2 cc. sodium acetate

Standard cystine solution (.1 mg./m1.)

I oc. buffered sulphite

The color was allowed to develop 7 minutes and the flask diluted to the
mark, h standard blank was prepared same as above omitting the cystine solu-
tion. A standard blank was found necessary inasmuch as the sulphite reagent
tends to reduce the phosphotungstic acid. The amount of color due to the
reduction depends upon the age of the sulphite solution. The range of the
standard curve was from 0.1 mg. to 0.8 mg. of cystine. At first 8 levels
of concentration were determined for the standard curve. Later, however,
it was found that four points were sufficient to provide reliable accuracy.
Standard cystine was run at 0.1, 0.2, 0.4, and 0.8 mg. of cystine with re-
liable uniformity in the results. A standard cystine curve is given on Page
54» Figure 2.
In order to determine the rate of color development the following

scheme was used i Using 10 ml. of standard cystine and the order of addition
indicated above, the color was allowed to develop four minutes, then 2 cl.

aliquots were taken every minute for seven minutes. Each aliguot was Immed-
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lately diluted to 3 a.l. with distilled water to halt the eolor development
and read at 650 mu. After the first reading the tubes were allowed to stand
50 minutes, then read again* The optimum color development was found to
occur at 7 minutese The dilution halted the color reaction and there was no
change in the readings taken at the end of the 30 minute period. A curve
illustrating the rate of color development is given on Page 53, Figure |I.
It has been thought advisable by some investigators to decolorise the pro-
tein hydrolysate before testing for cystine, various decolorising charcoals
are recommended for this purpose.

Several adsorbant charcoals were tested and found to be umatisfactory
for this purpose since in addition to decolorizing the hydrolysate, a prac-
tically quantitative adsorption of cystine was observed. 300 mg. of Darco
was added to 10 sl. of standard cystine solution, the mixture shaken and al-
lowed to stand for | hour, filtered and the cystine determined on the fil-
trate* B8% of the cystine was adsorbed. This was tried with several other
charcoals which were available and all showed similar results. So in view
of these observations, it was decided advisable to forego the deeolorisation.
The hydrolysates ranged from light amber to brow in color and on dilution
of the aliquot sample to 100 ml. this color was greatly diminished. By using
the following scheme for preparing the unknown blank correction is reads for

the color of original solution as well as that due to extraneous reducers.

Unknown Unknown Blank
10 cc. citrate buffer 10 cc. citrate buffer
2 co. color reagent 2 cc. color reagent
2 cc. sodium acetate 2 00. sodium acetate

(Continued on page 54).
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(Continued from page S3).

Unknown Unknown Blank
Aliquot of unknown (titrated to pH 5.7 with I ec. mercuric chloride
sodium acetate)
I cc. buffered sulphite aliqguot ok uukuauin (pH 6.7)

I cc. buffered sulphite
eleven minutes was the time allowed for color development and the volume was
then diluted to the 100 ml. mark. The same else aliquot is taken for the un-
known and the blank so that both contain the same ooncen'ration of extraneous
reducers. The 100 ml. flask containing the reaction mixture was thoroughly
mixed and aliquots transferred to calibrated colorimeter tubes, the readings
taken at 650 mu.

The unknown blank was placed in the colorimeter, the scale indicating
the per cent transmission was set at zero and the unknown solution then mat-
ched against this blank. The amount of cystine was then calculated from the
per cent transmission with reference to the standard curve.

It was found that the age of the sulphite reagent greatly effected the
slope of the standard curve and that by using freshly prepared sulphite solu-
tion practically the same curve was obtained each time.

Colorimetric Determination of Methionine using Sodium Nitroprusaide ‘'eagent.

(so), (16), (oT- e
Experimental Procedures i

An aliquot of acid hydrolyzed protein was transferred quantitatively to
a 26 ml. volumetric flask and sufficient cone. ECI| added to bring the acid
concentration up to 4-5/' HCI (which is a suitable concentration for the pre-
cipitation of the basic amino acids with phosphotungstic acid). An aqueous

solution of phosphotungstlo acid containing | gran per | ml. was added drop-



wis« ULtil precipitation was complete, then a few drops in excess. Solution
was then oad# to a volume of 26 ec. with distilled water, allowed to stand in
an ioe bath for two hours, after which it was centrifuged for ten minutes and
placed in the lIce water bath again for one-half hour. The supernatant liquid
was then filtered through a number 40 Whatman paper. After the filtrate had
reached room temperature, an aliquot containing not more than 300 mg, of the
original protein material was transferred to another 25 ml. volumetric flask
and 6 N SaQH added dropwise to a pH of 4 using the Beckman pE meter. The
solution was then made to volume with distilled water.

An aliquot of 4 ml. or less of this filtrate was transferred to a cen-
trifuge tube. To this 2 ml. of 6 N NaDH was added and sufficient quantity
of distilled water to bring the total volume to 6 ml. Then | ml. of freshly
prepared sodium nitroprusside was added and the contents of the tube
thoroughly stirred. The tube was placed in a water bath for 8 minutes at
40°C., then In an ice water bath for 6 minutes after which 2.6 ml. of 20"
HCl was added slowly with vigorous shaking. The shaking was continued in
the bath until the oia -eteristis color development in about | minute, then
stirred mechanically for another minute at room temperature. The solution
at this point often becomes slightly turbid so it was found necessary to
centrifuge at high speed for 6 minutes and then transfer the solution to a
calibrated colorimeter tube and read at 610 mu in the Coleman spectropho-
tometer.

A standard methionine curve was obtained by treating a standard solu-
tion in (.1 mg. of methionine per ml.) exactly the same manner. Distilled
water was used for the blank and the curve plotted with log of per cent

transmission ve. mg. of methionine. The range of the curve was from .26 mg.
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to 1*25 mg. of methionine with readings taken at 6 levels. By using freshly
prepared sodium nltropruseide reagent the curve was found to be exactly the
same each time (within limits of experimental error) with the slope of the
curve remaining constant. A standard methionine curve is given on Page 67,
Figure 6. The methionine content of acid hydrolysed leaf proteins, vitamin

test casein, and freshly prepared casein was determined by this method.

Microbiolc, leal Determination of Cystine Usinv Lactobaolllus-arablnosus 17-5,

All microorganisms used for these tests wore obtained directly from
American Type Culture Collection, Washington 0. C. The greatest care was
taken in handling the stock cultures to prevent any contamination. Immediate-
ly upon receiving the cultures, transfers were made to liver-tryptone-agar stabs
with weekly transfers being made from the agar stab to Xjtvaie kryptons broth,
then to the agar again the following week. This process was repeated every 7
days as recommended by Fyman and Gertner (35) for increasing the activity of
L. arabinoaus 17-5. Asimilar medium prepared from baoto peptone and baeto try-
ptcne with riboflavin added was found to be even more effective than the liver-
tryptoee medium in stimulating the growth of I,. arabinosus 17-6 and Leuconostoc
mesenterioldes P-60.

All amino acids and vitamins used in preparing the standard media were of
the highest purity obtainable and where possible the dl synthetic amino acids
were used rather than natural occurring product because of the higher purity
of the synthetic preparations.

Water used for making up the synthetic media was distilled from pyrex
t.lasa to eliminate any effect due to heavy metal ions. The redistilled water

was stored in a 5 gallon pyrex glass bottle and tightly covered to keep out dust.
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All glassware used was cleaned either with Dreft or trisodium phosphate
and thoroughly rinsed with distilled water. Chromic acid cleaning solution
was avoided to prevent any effect due to chromate ions. All transfers were
carried out in an inoculating room where dust and air currents were kept at
a minimum to prevent contamination by spore forming organisms.

Tlie standard znediumrocommended by Barton-bright (58) was used with

certain modification# which were found to oe necessary.

Preparation of Stock Solutionsi

The stock solutions described below were preserved in the presence of
a thin layer of sulphur free toluene and stored in a refrigerator. AIl stock
solutions were prepared with glass distilled water.

l-cystlne: 0.6 grams of I-cystine was dissolved in 500 ml. of water
and 2 ml. of concentrated BCIl was added, the final volume made up to 500 ml.
and stored in a refrigerator. This cystine solution was diluted before use
to give a standard solution containing 10 micro-grams of cystine per ml.

Glucose, sodium acetate, sodium chloride and ammonium sulphate were

weighed out as required.

Biotint An ampoule containing 25 ug. of the free aoid was made up
to 250 ml. with water. One ml. of salt solution A was added prior to making

up to volume. The solution contained 0.1 ug. of Biotin per ml.

p-amlInobentoio acid; 0.1 gram of p-aminobenzoio acid was dissolved in

100 ml. of water containing | ml. of glacial acetic acid.
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Thiamioe, Bleotlnie sold, Calcluro d-pantothenate and Fyrodoxlne *

A separate stock solution of each of these substances was prepared by dissol-
ving 0.1 g. in 100 ml. of water.

Folio Acidt Concentration of this vitamin was 2 ug/ml. dissolved in
50% ethanol.

Rlboflavinei One ml. of glacial acetic acid was added to 25 mg. of
riboflavine and the solution diluted to 1000 ml. with water solution contain-
ed 26 ug. per ml.

Adenine, guanine and uraoll: k single stock solution of these three
substances was prepared containing | mg. of each per ml. Solution was brought
about by heating with a few crops of concentrated hydrochloric acid.

Xanthinei The concentration of this solution was also | mg. per ml.
Solution/vaafsected by a few drops of strong ammonia.

The various stock solutions of vitamins with the exception of biotin
were renewed at weekly intervals, riboflavin and pyrodoxine were prepared
fresh each time and the adenine, guanine, uracil and xanthine solutions
were renewed at two-week intervals. AIll stock solutions were preserved under
toluene in a refrigerator.

Inorganic Salt Solution At This was composed of 25 g. of KgHPO* and
26 g. of KBgPO* in 260 ml. of water.

Inorganic Salt Solution Bi This solution contained 10 g. of MgSO4e
7HgO, 0.6 g. of NSO4"H20 and 0.1 g. of FeClg in 260 ml. of water. Addi-

tion of a few drops of concentrated hydrochloric acid was necessary to pre-

vent the formation of any precipitate in the mixture.



Preparation of Inooulumi

The Inooulum was prepared by making a transfer from the a&ar stab
culture into a baoto-peptone, baoto-tr*toreoroth (composition of this spec-
ial media is given on Page 44.1 This was incubated for 13-20 hours at 37°C.
It was then centrifuged aeeptioally and, after the supernatant liquor had
been poured off and replaced by 10 ml. of 0,9% sterile saline solution, it
was stirred *ith a platinum wire and centrifuged again. This washing opera-
tion was repeated again with another 10 ml. of saline solution. After the
third centrifuging and replacement with 10 ml, saline solution, 2-5 ml. of
this suspension was diluted to 100 ml. of saline solution, thoroughly mixed
to insure a uniform suspension and this dilute inoculum was used for subse-
quent inoculation.

The fermentations were carried out in pyrex test tubes which were
calibrated to the 10 ml. mark* Aluminum caps 2.5 x 5 cm. which fit loosely
over the mouth of the tube were used instead of cotton plugs. The aluminum
caps veie easy to wash and they saved a great deal of time which would other-

wise have ueen spent rolling plugs.

Assay Procedure i
The following amounts of amino acids, vitamin supplements, purine and
pyrimidine bases and mineral salts,when made up to a volume of 600 ml., gives

sufficient basal medium for 100 tubes, 6 ml. media per tube.

Amino Acids Vitamin Supplements etc.
I (+) glutamic aoid 400 mg. Aneurine (stock sol. dlIl. 1i10) 2.0ml.
dl aspartic acid 800 mg. Calcium d-pantothenate (dIl. 1tlO) 2.0 ml.
I (+) lysine HCI 200 mg. FyridoxIlne solution (dil. 1:10) 2*0 fill*

(Cont'd page 40)
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(Cont'd fpoffl nage 39.)

Ksdno Acids Vitamin Supplements Kitc.

dl threonine 200 mg. RiboflaviM solution 18*0 mlo
dl valine 200 mg. Blootinio acid solution (dil. 1,10) NeQ sile
dl isoleueine 200 mg. p-amino benzoic acid solo. (dil. 1:10) 1.0 ml.
dl alanine 200 mg. Biotin solution 5.0 ml.
I (-) leucine 100 mg. Adenine + guanine + uracil solution 10.0 ml.
dl methionine I(X) mg. Xanthine solution 10.0 ml.
dl phenylalanine 100 mg. Glucose 20.0 g.
I (¢) arginine HCI 50 mag. Sodium acetate SEQO 35.2 ¢g.
I (+) histidine HC150 mg. Sodium chloride 6.0 g.
I (-) tyrosine 40 mg. Ammonium sulphate 3.0 g.
dl tryptophan 80 mg. Inorganic Salt Solution A 5.0 ml.

Inorganic Salt Solution B 6.0 ml.

This mediumreooBurended by Parton-Wright (8) was used for a number of assays
and fourd to be inadequate in several respects. Using this basal medium
large blanks were obtained and the growth response was not proportional to
the amount of cystine added. This was found to be due partly to the impurity
of one of the amino acids used. The | (+) glutamic acid first used was
found by a colorimetric determination to contain 0.11% cystine which was res-
ponsible for the high blanks. Sven before this difficulty was discovered

it was found that there were several limiting factors other than cystine.

The vitamin concentration was found to be too low and the addition of several
other amino acids were found to be stimulatory to the growth of I-arabinosus.

The difficulty of high b!sinks due to impurity of the !(+) glutamie acid was



corrected by using |

(+)

no appreciable amount of

was selected.

Amino Acids
I (+) glutamic acid
dl aspartic acid
I (+) Lysine KCI
dl threonine
dl valine
dl isoleucine
dl alanine
I (-) loucine
dl methionine
dl phenylalanine
I (+) arginine KCI
I (+) histidine KCI
I (-) tyrosine
dl tryptophane
I (-) proline
dl serine
dl norleucine
dl nervalice

glycine

400

300

200

200

200

200

200

100

100

100

50

50

40

100

60

100

100

100

41

glutamic acid prepared by Merck which contained

cystine. After numerous assays the following medium

For 500 ml. Basal Medium

mg.
mg.
sag.
mg.
mg.
mg.
mg.
mg.
mg.
mg.
mg.
mg.
mg.
mg.
mg.
rag.
Eg.
tog.

tog.

Vitamins and Supplements, gto.

Thiamine 3 ml.
Calcium d-pantothenate 3 nil*
Pyrodoxine 3 ml.
Riboflavine 50 ml.
Nicotinic acid 6 ml.
F-amino bensoic acid 2 ml.
Biotin 25 ml.
Polio Acid 2 ml.
Adenine + guanine + uracil 15 ml.
Xanthine 16 ml.
Glucose 20. 0 g
Sodium acetate SEgO 83.2 g.
Sodium chloride 5.0 g.
Inorganic Salt Solution A 5 ml.
Inorganic Salt Solution B 6 ml.

Note | The vitamin solutions were used in
the same concentration as the stook

solution (not dilute!ltlO).
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Ilhs amino acids were weighed out and dissolved in 100 ml. of water.
Addition of two to three drops of concentrated hyesrochlorio aeid and gentle
warming waa found necessary to bring about complete solution. Tryptophane
was dissolved separately by warming in the presence of a few drops of con-
centrated hydrochloric acid, tyrosine by warming with .1 B BaCB solution.
The remaining components ware then added to ILd amino acid mixture and the
pH adjusted to 6.8 with a few drops of concentrated BaCB solution. The whole
was made up to a volume of 500 ml with water. This gave a mixture having
twice the concentration of the final assay medium. Five ml. of the mixture
was transferred to each tube. Thirty-one tuoes were retained for the blanks
and the standard cystine curve. The tubes were set up in triplicate and
to them added serially 6 ml. water (- blank), 0.5, 1.0, 1.5, 2.0, 2.5, 3.0,
3.6, 4.0, 5.0, ml. of standard cystine solution containing 10 ug. of cystine
per ml. To each tube sufficient distilled water was added to bring the
final volume to 10 ml. The remaining tubes were used for the assay of the
hydrolysates. It was found desirable to carry out each assay at four levels
of concentration and it was ioat convenient to do this by adding I, 2, 3 or
4 ml. of the protein hydrolysate to 5 ml. of basal medium, then bringing the
solution to a final volume of 10 ml. with distilled water. After all solu-
tions had been added the tubes were shaken until thoroughly mixed and auto-
claved at 15 Ibs. pressure, 118.6° C. for ten minutes. A higher temperature
or longer period of autoclaving caused oarmelisation of the media which made
it worthless for microbiological assaying. The tubes were run in triplicate

at each level of concentration
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A lter autoclaving the tubes were allowed to cool then inoculated using
a 6 co. syringe (which had previously been sterilised by autoclaving at 120°c
for SO minutes). Two drops of inoculum were transferred to each tube. The
concentration of the inoculum was found to be a very important factor, if the
inoculum was too concentrated or if there was a clumping of the organisms,
erratic growth curves resulted.

The tubes were then placed in an incubator for 56-40 hours at 37°C.
The temperature as well as the length of the incubation period were found
to have a very definite effect on the standard curve obtained. Barton-
Wright as well as several other investigators have recommended 32° C. for
72 hours which proved to be u satisfactory. It m,? fcuiid that 57° C. for
36-40 hours gave a standard growth curve which was much more reliable and had
a steeper slope. It was necessary to stop growth after about 40 hours in
order to stop the lactic acid development which exceeded the buffering capa-
city of the Ciediunwhen longer incubation periods were used.

After incubation the contents of the tubes were quantitatively trans-
ferred to 126 ml* flasks and lactic acid formed by the fermentation was
titrated with 0.1 S NaOH using brcan thymol blue as the indicator. A stan-
dard curve was then drawn by plotting ug. of cystine vs. ce. of 0.1 N NaOH.

Grass leaf proteins, vitamin test casein, and freshly prepared
Hammerstein casein were assayed by this method. Cystine was added in known
amounts both before and after hydrolysis to determine the recovery.

leuconostoc mesonterloides P-60 was also used in assaying for cystine.
The method used and the basal media for Leuconostoc mesenterloldes are iven

in the following section. The Microbiologioal Assay of Methionine. A stan-
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dard curve for cystine using Jeucotiostoe ineaenterioides is given on page 60,
Figure 6. ‘'ihe liver-tryptone-agar and broth msdiun used to carry stock oul-
turee was prepared according to directions given by Sy$nan and Gortner (S3)

and contained the following*

Liver tryptone-agar (600 ml.) Liver-tryptone-Broth (£0) ml.)
Tryptoce 5.0 grams Tryptone 6.0 grama
glucose 5.0 grams Glucose 1.0 gram
K2HFO4 1.0 grams K2 HFO4 2.6 grams
CaCO3 1.6 grams Teaet extract 1.0 gram
Agar 9.0 grams IAver extract 50.0 ml.
liver extract 60.0 ml.

inorganic sqlts A 3.0 ml.

inorganic salts E 3.0 ml.

pH was adjusted to 7 and 10 ml. dispensed in each tube. leuconostoe rresen-
terioides was carried on the same medium except an agar slant was used rather
than stab culture, Another isiedim which was oven more effective in stimulating

growth had the following composition!

Per IAter Media For Staos

2.S g¢. Eaoto peptone K yeast extract
2.6 ¢. Baoto tryptono 1% glucose

1.0 g. Bacto yeast 1.6% agar

10.0 £. Sodium acetate

10.0 g. Glucose

6.0 ml. Inorganic salt solution A

6.0 ml. * # W B

2.0 mg. Riboflavin
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pH adjusted to 7.

For the preparation of Hamersteia casein the method given by Mitchell
(52) was used* A two quart sample of skimmed milk was adjusted to a pH of
4.65 using 0.05 K HCI, stirring rapidly with a mechanical stirrer. The re-
sulting precipitate was washed repeatedly with distilled water by decantation
and then dissolved by adding sufficient 0.1 B HaOH to bring the mixture to a
pH of 6.5. The mixture was filtered through a suction filter using filter
cloth and the precipitate discarded. The casein was reprecipitated using
0.5 NKCI at a pH of 4.65, filtered, washed, redissolved and precipitated
again. The precipitate was washed free of chlorides with distilled water,
then dehydrated by alcohol and ether. The resulting product was white in
color and appeared to have greater purity than the commercially produced

vitamin test casein which had been used earlier.

Microbiological Determination of Methionine Using Lauponostoe mesenterioides
P-60.

Microbiological method used for methionine was that given by Barton-
Wright (8) using Leuconostoc mesenterioides P-60. Very little modification
of his method was found necessary and the techniques used were the same as
those described for cystine. The lactic acid developed by the fermentation
was titrated against 0.1 N HaOE using brom thymol blue indicator. Few dif-
ficulties were encountered and except for slight changes, the basal medium
suggested by Barton-%right was used. Al stock solutions were prepared as
before.

Assay Procedure: The following amounts of amino acids, vitamin supplements,

etc. gave sufficient media for 100 tubes.
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Volume Kade Up to 500 ml.

Amino Acids Other Components

dl- -Alanine 1000 mg. Glucose 20.0 g.

I (+) Arginine HCI 250 mg. Sodium acetates SfigO 19.9 g.
dl Aspartic acid 800 mg. Ammonium chloride 6.0 g.

I (-) cystine 100 rag. Sodium chloride 5.0 g.

I (+) glutamic acid 600 mg. Adenine + guanine + uracil solo. 15.0 ml.
glycine 100 mg. Xanthine solution 16.0 ml.
I (+) histidine HCI 100 mg. Aneurine solution 5.0 ml.
dl-lsoleucine 200 mg. Pyridoxins solution 3*0 sile
I (-) leucine 100 mg. Caleium-d-pantothenate solution 3*0 mi#
I (+) lysine HCI 125 mg. Bicotinic acid solution 6#0 ml#
Horleuoine 100 mg. Biotin solution 50.0 ml.
Korvaline 100 mg. Folic acid solution 6.0 ml.
dl Jrheity'lalanine 100 mg. p-amino benzoic acid solution 2.0 ml.
I (-) proline 100 mg. Niboflavine 3.0 mg.
dl serine 100 sig. Inorganic salt solution A 5.0 ml.
dl threonine 500 mg. Inorganic salt solution B 5.0 ml.
dl tryptophan 100 mg.

I (-) tyrosine 100 mg.

dl valine 100 mg.

The amino acids were weighed out and dissolved in 100 ml. of water.
the remaining components of the media were added, the pH adjusted to 6.8 with
sodium hydroxide the whole made up to 600 ml* with water. This solution had
twice the concentration of the final assay medium. Five ml. were transferred

to each tuce.
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Xhe standard methionine solution contained 10 ug. per ml. For the set
up of an assay the necessary number of tubes were retained for blanks and the
determination of the standard methionine curve. As in cystine the total
volume of each tube was made up to 10 ml. with water.

Each assay was carried out at four levels of concentration. The hydro-
lysates were diluted to contain an appropriate amount of methionine. The
concentration levels that were used were 1.0, 2.0, 5.0, and 4.0 ml. of hy-
drolysate*

A fter the addition of the standard amino acid solution or hydrolysates
and the adjustment of the volume of the tubes to 10 ml., the tubes were
covered with aluminum caps and sterilized by autoclaving for 10 minutes at
15 pounds pressure, 118.8° C. The tubes then allowed to eool and inocula-
ted with leuconoatoc .Tesenterioides. The same procedure was weed in prepar-
ing the inoculum as in the cystine determination. The tubes were then in-
cubated at 57° Ce for 56-40 hours. The lactic acid forced was titrated with
0.1 B SaOH using brom thymol blue indicator.

Leaf protein preparations, vitamin test casein, and freshly prepared
Hamrsfcein casein were assayed by this method* A standard mathionlne curve

usint, Leuconostoc masenterloldes P760 is given on Page “q, Figure 7*
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TABUS NO. |

Ftosulte of w'i.'lc xold - Sthamol Extraction of Bouteloua gracillis Cut 8-23-46

Height of fresh grass analysed e

Per cent moisture on air dry basis . . . . .

Per cent nitrogen in air dry sample.

weight loss by acetone extraction of fresh grass

Per cent nitrogen of grass after acetone extraction. .

Vieight of residue after fomlc acid extraction ...

Per cent nitrogenin residue after formic acid andacetone extraction. ...,
Per cent nitrogenin carbohydrate reeidue

Per cent nitrogenin formic acid soluble fraction.

Per cent nitrogenin protein extract * ..,

Summary of Nitrogen Blstribution Aiter Extraction

Weight of fresh grass analysed . . . . . . . . . . . . . . .
Weight of nitrogen in sample .
Per cent protein found (% H x 6. 25)
Nitrogen extracted grams -
per cent extracted
Formic acid soluble nitrogen grams . . e
per cent of total nitrogen. ,
Nitrogen in acetone soluble fraction
per cent of total nitrogen. e« ..
Nitrogen in carbohydrate residue
per cent of total nitrogen.
Nitrogen in residue after formic acid + acetone extraction ..........
per cent of tetal nitrogen.

1196.0 g.
38.1 %
1.31#
420.1 g.
1.39%
306.7 g.
0.51%
0.56%
2.56%
4.04%

1196.0 g.
9.69 g.
8.19 %
1.74 g.

18%
6.80 g.
60%
,30 g.
3.1 %
16 g,
1,7 %
1.66 g.
16 %
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TABLS KO. 11

Results of Sodium Dodeoyl Sulfate
Bouteloua gracillis (out 8-29-46)
Might of air dry
Per cent nitrogen
Weight of residue
Per cent nitrogen
Per cent nitrogen

in sample.
after extraction
IN TESIAUE i e
in purified protein preparation

Nitrogen Distribution After

Weight of air dry Sam Ple s e
Per cent protein found OS N Xx 6.26). ¢ ¢ ¢ ¢ ..
Total weight of nitrogen in sample ¢« .. .o
.Teight of nitrogen eXtracted . oo s
per cent of tote |l nitrogen .....4 - --m
Weight of nitrogen in residue after extraction . . « . .
per cent of total NItrogen .

SAM P e e

E xtraction

The Following Grasses were Subjected to Sodium Dodeoyl Sulfate Extraction

Grass Extracted Wt. of % N
Air Dry in
Sample Sample
Agropyron smith!! (cut 5-10-46) 50.0 g. 3.99 %
Agropyron smith!! (cut 7-15-46) 50.0 g, 1.54 %
Agropyron cristatum (cut 6-10-46) 50.0 g. 4.34 %
Agropyron cristatum (cut 7-15-46) 50.0 g. 1.19 %

Wt. H Wt. N %of Total in Pro
in Extraoted in Puri- tein pre-
Sample fled Protein paration
1.99 g. 85 5. '2.7 % 12.53 %
77 9. 29 g. 37.6 % 11.23 %
2.17 g. 82 g. 37.6 % 12.71 %
.60 g. .23 g. 37.6 % 11.51 %

200.00 g.
1.42 fa
157.96 g.
0.63 %
8.04 %

200.00 g.
8.89 %
2.84 g,

T1 g.
26. %

99 0

35. %



Protein Sample

Bouteloua gr& oillis
(out 8-23-46)

Bouteloua graolllie
(out 8-23-46)

Agropyron sm.ithii
(out 5-10-46)

Agropyron smith!!
(cut 5—-4D—46)

Agropyron smith!l
(cut 7-15-46)

Agropyron smithl!
(out 7-15-46)

Agropyron crietatum
(out 6-10-46)

Agropyron cristatum
(out 6-10-46)

Agropyron cristatum
(cut 7-15-46)

Agropyron cristatum
(cut 7-15-46)

Vitamin Test Casein
Vitamin Test Casein

Vitamin Test Casein

Vitamin Test Casein

Freshly prepared
Hamerstein Casein

Freshly prepared
Hamerstein Casein
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TABLS SO. 111

Record of Hydrolysis

Grams/IOO cc.

I g./lioo

I g./lioo

g./ioo

I g./0OO

I g./lioo

I g.lioo

I g,/ioo

I g.lioo

I g./10O

I g./ioo
I g./lOO
I g./ioo

I g./ioo
10 mg.

+

I g./ioo

I g./10OO

I g./ioo

ce.

ccC.

Co.

ce.

CoO.

ccC.
cc.
Co.

cc. +10 mg.
methionine

CO.

CO.

liydrolyzate

Date

11-26-46

1-21-47

1-21-47

3-2-47

1-21-47

3-2-47

1-21-47

3-2-47

1-21-47

3-2-47
11-22-46
1-21-47
cystine
11-22-46
3-2-47

2-21-47

3-2-47

Hydrolyzed

So. of
Hydrolyzate

8A + B

GA+B

I A+ B

21

2A + B

22

BA * B

23

4A + B

24

9A + B

SB

25

ISA * B

26
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V1. DISCUSSIOM OF EXPERIMSBTAL RESULTS
Discussion of Protein Extraction;

The results obtained using A. A. Albanesela method (1) are given on
Table I, page 48. The per cent of total protein extracted was 16% and the
per cent protein of the final product only 25%. It appears that this method
was not suitable for the extraction of grass proteins.

Albanese found that application of the formic acid-ethanol method to
dried seed meals or pulverised dehydrated vegetables was unsatisfactory
owing to the formation of gels and loss of dispersed protein achieved in
these preparations. In his experiments 60 to 70% of the total nitrogen was
removed after 6 extractions with formic acid, and he states that the adapta-
bility of the method to foodstuff other than fresh vegetables is limited by
the particle site and physical characteristics of the product.

The formic acid treatment brought about a certain amount of hydrolysis
of the plant protein ano carbohydrate material which resulted in consider-
able humin formation. Due to the high lignin and earbohydr te content of the
grass used, a colloidal dispersion resulted which did not precipitate out
on addition of ethanol. Since the separation of the protein depends upon the

insolubility of the carbohydrates in the foraio acid-ethanol mixture, the fact

that these materials were not rendered insoluble by the addition of ethanol
indicates that the carbohydrate-protein relationship was such as not to be
separable by this technique.

Sodium dodeoyl sulfate extraction proved to be very satisfactory. The
results of several extractions are given on Table Il, page 49. iso effort was
made to effect a quantitative separation, yet yields as high as 43% were ob-

tained. The per cent of total protein extracted varied somewhat with the age
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of the grass. In general/the later the cutting the lower the yield. This
could be due to several factors, one of which might be the decrease in
protein content and the increase in lignin and carbohydrate material in the
more mature grasses, which would make complete extraction more difficult.

The function of lignin in the plant is apparently to give strength and rigid-
ity to the cell walls. The unlignifled tissue of the younger grasses is usu-
ally soft, contains a higher percentage of water and has a much lower break-
ing strength which would tend to make extraction much less difficult. The
final products contained as high as 80% pure protein material which Is con-
siderably better than results obtained by the formic acid-ethanol extraction.
The purity of the final preparation was lower in the more mature grasses.
Lugg (28) used acetone ether, water for the plasmolysing agents and was able
to extract only 27.2% of the total protein from fetedicago-sativa (lucerne)

with a final product containing approximately 80% protein.
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Concentration of cystine in grams

Curve obtained using freshly prepared sodium sulfite reagent.

Curves obtained when I, 3, and 7 day old sodium sulfite solutions were

used

Spectral Transmission Curve for cystine using Lugg's colorimetric method.
Spectrophotometer readings taken at 650 nf\



TABIE NO. Nr

Results of Cystine Determinations Using Luggls Modification of Folin-Marensl Method

Protein Extract
Date grass was out
Dydrolysate number
Date of determination
Per cent cystine repor-

ted on the basis of
16% 8.

Average value %

Casein

Hydrolysate Number

Average Value %

A-smithii A-cristatum B-gracillie

6-10-46 7-16-46 6-1>46 7-15-46 8-29-46 3-29-46

21 22 25 24 8A 8B
3-20-47 3-20-47 3-20-47 5-20-47 12-29-46 12-30-46

1.11 1.06 .08 0.78 0.50 0.64

1.11 1.05 1108 0.78 0.62 0.66

1.17 .96 u D 0.80 0.64 0.66

1.17 .96 I.02 0.80 0.60

1.14 1.01 .03 0.79 0.67 0.62

Vitamin Test

5-A

0.31

5-B ISA 18B
Cystine added
1.27 0.47 0.5C

Per Cent Cystine t&covery; cystine added after hydrolysis of protein*
Eydrolysate SB - 96% recovery; Hydrolysate 21 - 93% recovery

Per Cent Cystine Recovery; cystine adtiet, before hydrolysis*

Hydrolysate SB - 37% recovery

NOTEi Al percentages of methionine and cystine reported in this thesis are on the basis

Freshly Prepared Hamerstein Casein

26

0.60

of 16% nitrogen.
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Discussion of Cystina terainations ;

LugglS modification of the Folin-Karenzi method for the determination
of cystine presents numerous difficulties. Kolybdenum must be carefully
removed from the phosphotungstic acid reagent to avoid reactions with tyro-
sine, tryptophan and phenolic groups generally. Most hydrolysates which
have to be analyzed for cystine contain other substances which contribute
to the coloration developed. Those soluble products arising from the diges-
tion of carbohydrate material with mineral acid will also reduce the
reagent. There is reason to believe that any sufficiently soluble sulph-
hydryl compound will reduce the reagent and the same may be said of any di-
sulphide which will react with sulphite to form a sulphhydryl compound.

It is clear then that the reaction with phospho-18-tungstic acid is not only
unspecific for cystine among the sulphltydryl compounds, but it is further
unspecific for the sulphhydryl compounds themselves. Correction has been
made for these extraneous reducers by preparing an unknown blank contain-
ing mercuric chloride which inhibits color development due to cysteine and
the cysteine content is then obtained by difference. The pH of the color
reaction must be carefully maintained at a pH of 5.7 and the quantity of
the reagents added must be carefully controlled. Many of these difficulties
have been discussed by Lugg (28).

Figure 1, page 63, illustrates the importance of controlling the length
of time for color development. Temperature has apparently little effect
on the rate of color development and el | reactions were carried out at

room temperature.
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Figure 2, page 54, illustrates the importance of using fresh sodium
sulfite solution. A change of slope of the standard curve is observed
when old sulfite solution is used, however, with freshly prepared solution
the same standard curve may be repeated each day.

The results of cystine determinations using Luggls modification of
the Folin-Marenzi method are given on Table No. IV, page 55. The values
obtained for cystine in vitamin test casein agree quite well with those
given by Blaok ariti Bolling (9). The value given by Black and Bolling for
the percentage cystine in casein is 0.36 + O»04%. Calculated to 16.0 per
cent nitrogen, the value shown on Table 1V is 0.31% cystine calculated on

the basis that the pure protein contained 16% nitrogen.
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Standard Growth Curve for cystine
using |l.-aracinosus 17-5 illustra-
ting the high blank value obtained
T when impure |(+) glutamic acid was

Concentration of Cystine in g
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Standard Cystine Growth Curve for

Leuconostoc nmesente roides P-60.

Concentration of cystine in



Protein extract
Date grass was cut
Hydrolysate number
[Ate of assay

Average Value %

Protein extract
Date grass was cut
hydrolysate number
Date of Assay

Average value %

TABLE KO. V

JSeeulte of Cystine Assay Employing Lactobacillus-arabinoeus 17-5

A-smithli
6-10-46
21 1A Ba
5-26-47 4-10-47 2-26-47

1.62 1.19 1.99
1.69 1.25 1.96
1.76 1.19 1.96
1.88 1.26 1.73
1.76 1.26 1.66

1.07

1.06
1.74 1.18 1.86

7-15-46

2B

3-6-47

1.90
1.90
1.84
1.84
1.91

1.88

A-cristatun B-gracllHs Hamersteln Caaeln

7-16-46
24
4-10-47

1.35
1.11
1.01
.89
*76
*81

1.18

92946
6-B
3-6-47

1.14
1.16
1.12
1.06
1«14

1.12

ISA
3-8-47

47
.39
.32

0.39

18B

3-8-47

0

47
31
.39
47
51

.39

A-oristatuo

7-15-46
22 4A 4B 24
5-25-47 3-6-47 2-6-47 3-26-47
1.31 1.08 1.36 1.11
1.66 1.25 1.35 1.63
1.66 1.28 1.35 1.60
1.61 1.08 1.14 1.39
1.61 1.26 1.18
1.49 1.29
1.29
1.22
1.26
1.29
1.52 1.17 1.29 1.30
Notei Per cent cystine recov-
ery; cystine added
after hydrolysis .
ydrolysate *21 - 101%

recovery.



TABLE RO. VI

rSeeults of Cystine Assay Ueing Leuoonostoc-*mesenterioities P-60

Protein Extract A -saithli A-oristatum

Hamerstein
Date grass was cut 5-10-46 7-16-46 £-10-46 6-10-46 7-16-46 Casein
Hydrolyzate number I-A 22 S-A 25 24 18a
Date of assay 4-14-47 4-14-47 4-14-47 4-19-47 4-19-47 4-19-47
1.57 1.53 1.42 1.21 .97 46
.84 1.20 1.48 1.08 .90 63
.85 1.07 1.29 1.11 79 .52
1.11 1.19 1.25 .94 74 .59
1.52 1.15 1.33 71 .69
1.17 1.01 .89 .66
.94 .88 .66
.79

Average Value % 1.11 1.12 1.35 1.03 0.78 0.64



Gyating Assay Using ?>actobaciilis-arablposus 17-5i

A great deal of difficulty was encountered in obtaining a suitable basal
media for this organism and numerous modifications were tried before a suit-
able medium was finally obtained, the most difficult problem involved was
the elimination of high blanks which resulted in erratic standard curves and
high cystine values. Figure S illustrates a typical standard curve with a
high blank and shows how the titrations vary in tubes containing equal concen-
trations of cystine. It appeared to be quite obvious that the high blank was
undoubtedly due to the impurity of son# amino acid in the medium. By trial
and error elimination, it was found that the | (+) glutam c acid being used
was responsible for this difficulty. When | (+) glutamic acid of a better
guality was used the high blank disappeared and a more stable growth curve
was obtained. A colorimetric determination was made on the | (+) glutamic
boid which had been found impure and it was discovered that this product
contained 1.1 mg. of cystine per gram. This resulted in an additional 5 ug.
of cystine per assay tube and would easily account for the high blank obtain-
ed.

It was necessary to lIncrease the vitamin concentrations to approxi-
mately ten times the concentrations given in the literature and to add other
growth stimulating substances. Although the standard curves which were
finally obtained showed some inconsistencies, the results were considerably
better when the medium given on page 4lwas used. Figure 4, page 59, shows a
standard growth curve using this new media.

A very interesting observation should be mentioned in regard to the

cystine growth curves obtained in this experiment. For every cystine curve
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obtained there was a point of inflection at a cystine concentration of
15 ug. Curiously enough this observation has never been reported in the
literature# Although the reason for this change in slope is unknown,
several explanations might be given* The most reasonable explanation seems
to be that after the cystine concentration reaches a certain level, another
acid producing medianism goes into effect increasing the rate of acid pro-
duction. It is known that cystine acts as an enzyme activator. Cystine is
necessary for the synthesis of glutathione { -glutamyl-cysteinyl glycine),
Nuastel (21) presents evidence for the combination of glutathione with methyl
glyoxal and propose a hypothesis of glyoxalase action which includes the

formation of an addition compound composed of methyl glyoxal and glutathionei

o o
Cio B se Lo > Csv
H— C:0 CH(OH).S.R

tethyl glyoxal + Glutathione Addition compound
The addition oompou d is then decomposed with the formation of lactic acid

and glutathione

%

CtO > HO -« CH(OH) + R. S. H
CH(OH).S.R CO.OH
Addition compound Laotio acid Olutathione

It seems entirely possible that some acid producing mechanism such as this
may go into effect when the cystine concentration reaches a certain level.
If this assumption is true, it would account for the point of Inflection

found in standard cystine growth curves. Tabto No. V, page 61, shows the
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results obtained by assaying cystine with L-aratlnosus 17-6. The values
are in all cases higher than those obtained by other methods and until a
more thorough study has been made of the cystine metabolism of L-arablnosus

not much value can be attached to these results.

Cystine Determination Using Leuconostoc Resenterioides P-60:

The same basal medium was used for the cystine assay as the methion-
ioine assay employing Leuconostoo mssenterioides P-60. Due to lack of suffi-
cient time only two cystine assays were carried out using this organism.
However,, very satisfactory growth curves were obtained (Figure 6, page 60)
and the results appear to be in good agreement with values obtained by other
methods. Table No. VI, page 62, shows the results obtained by this method.
In all microbiological assays average results from several levels of con-
centration must be used because of lack of uniformity of the growth in the

individual tubes.

Cystine Determinations in leceral;

Table No. IX, page 74, shows the composite results of all cystine assays.
L-arablnosus values are shown in red type and indicate the high results ob-
tained by this method. AIl results are arranged in chronological order show-
ing the relative age of the hydrolyzates. Table 111, page 50, gives the
time of hydrolysis of each hydrolysate and the letter designation used for
each. Assays carried out by Lugg's colorimetric method and using leuconos-
toc gtesenterioidee are in fairly good agreement. On hydrolysate No. 25 and
No. 24, the same value tea obtained by both methods. A-smithii apparently

has practically the same cystine content at both cuttings. A-crisfcatum shows
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Spectral Transmission Curve for Pethionine

using the Csonka and Denton colorimetric method.

Spectrophotometer readings taken at SICmp
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Curve Showing the Decrease in Methionine
Values with the age of the hydrolysate
Agropyron-iStnithii cut 7-15-46.

Time in Days

Figure 8



TABLE BO. VII

Results of Methionine Detemination Using Caonka and Denton’s .Vethod

Protein extract A-smithii A-oristatum E-graoillis Vitamin Test Hamerstein
Date grass was cut 5»10-46 51046 7-15-46 8-2346  8-23-46 Casein Casein
liydrolysate number 21 23 24 8-A 8-B 6A 26 26
Date of assay 32447 3-24-47 3-24-47 1-4-47 1-9-47 1-3-47 3-18-47  3-18-47
1.60 1.89 1.74 2.38 2.34 3.07 3.44 3.34
1.71 2.26 2.14 2.24 2.14 2.63 3.10 2.95
1.86 2.44 2.05 2.34 2.06 3.12 2.76 3.00
2.49 2.40 2.14 3.12
2.47 2.61 2.10 3.12
2.46

Average Value % 1.99 2.33 2.03 2.32 2.16 5.01 3.09 3.09



Protein extract
Date grass was cut
Hydrolysate number
Date of assay

Average Value %

Protein extract
Date grass was eut
Hydrolysate number
Date of assay

Average value %

Results of Irethionine assay Using Leuconostoo-mesenterioides F-60.

1-A
5-18-47

2.18
2,18
1.71
1.71

1.96

5A
4-5-47

2.22
.35
.10
.05
.10
08
.98
.00
.98
.09

NERRNRNDNDNDRNN

I-A
4-10-47

.66
.79
.72
88
.79
.76
.79
.85

P PR RPRRPRPR

5A
4-18-47

.29
.38
.38
.76
72
.60
72
.79
.76
.60

[ N

1-A

2.10
2.04
1.91
1.91
1.74

1.96

TABLE HO. VI

A-emithll
6—0-46

21

4-18-47 5-18-47

1.21 2.57
1.21 2.36
1.26 2.57
1.60 2.27
1.65 2.26
1.66 2.27
1.69
1.69
1.70
1.49 2.31
A-cris
6—10-46
25 25

5-18-47 4-5-47

2.56

21

2A

4-5-47 2-la-47

2.12
2.12
2.02
2.03
1.99
2.07
2.09

2.06

tatue

23

2 #33

24

7-16-46

Ba 22
4-10-47 4-6-47

2.00 1.99

1.90 1.93

1.72 2.06

1.85 1.96

1.67 1.90

1.90 1.90

2.00

1.72

1.81

2.10

1.81

1.86 1.96
7-15-46

24 24

4-18-47 3-18-47 4-5-47

1.36
1.26
1.31
1.79
1.76
1.79

1.64

2.70
2.32
1.68
1.99
1.36
1.86

2.07

2.08
2.25
2.11
2.09
2.11

2.13

1.28
1.35
1.28
1.43
1.26
1.44

1.34

22
4-18-47

1.62
1.62
1.62
1.83
1.81
1.95
1.85
2.01
2.02

1.80

Hamerstein
Casein
26

4-18-47 4-6-47

3.04
3.04
2»96
2.81
2.96
2.84
2.92
2.95
5.36
2.98
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teethionina Determination Using Csonka and Denton's Method.

No special difficulties Rere encountered with this method and the re-
sults appear to be quite reliable. The standard curve is given in Figure 6,
page 67. The curve is a straight line and is reproducible. The results of
this method are given on Table VII, page 70. A-cristatua has the higher
methionine content of the grasses examined and it was found that the methio-
nine values decrease with the maturity of the grass. The values obtained for
the methionine content of casein are in good agreement with each other and
with values given in the literature. Black and Bolling (9) give 3.10% meth-
ionine in casein which agrees very well with the results obtained in this ex-

periment.

Methionine Determination Using Laucopostoc mesenterioides P-60,

No special difficulties were encountered in growing this organism on
synthetic medium and few modifications were necessary in the medium presented
by Barton—right (8). The acid production of this organism was not as great
as that shown by L-arabinosus IT-SeQ however, the standard growth curves ob-
tained, Figure 7, page 68, gave vary smooth curves with little variance between
assay tubes of the name concentration.

Table V111, page 71, shows the results obtained by this method. The
per cent methionine in casein was slightly lower than those obtained by the
colorimetric method. Although some variance was found between different
hycrolyeates of the same protein material, much greater differences were ob-
served in different as.-ays of the sane hydrolysate carried out on different
dates. The methionine values drop off very sharply with the age of the

hydrolysate. Figure No. 8, page 69, sharply illustrates this fact. On Table



«*73 m

IX, page 74, the assays are arranged in ohronologie&!| order and it may be
observed that tiiere is a great deal of change occurring in the methionine
content with the age of the hydrolysate. This could be due to either of two
factorst (1) bacterial action destroying the methioninej (2) the methionine
may be unstable in the hydrolysate solution and be decomposing chemically.
This change in methionine content ha$ never been reported in the literature,
perhaps due to lack of observation on the part of the different investiga-
tors concerned.

The hydrolysates were neutralised to a pH of 6.3 and autoclaved !medi-
ately thereafter at 16 pounds pressure, 1ISOC., for 20 minutes then cooled
and covered with a layer of sulfur free toluene and stored in a refrigerator,
later microbiological examination using staining techniques revealed no
bacterial growth which would indicate that factor (1) was probably not res-
ponsible for the loss of methionine. In view of these observations, it would
be highly desirable to make a more thorough investigation of the changes
which take place in protein hydrolysates. Pharmaceutical concerns are new
marketing protein hydrolysate for therapeutic use. Thus, such an investiga-

tion might have practical as well as scientific value.



TABLE NO. IX

Suffiti&ry Table Shewing Average Values o © £ Zyuess and Cystine in Jrass rotein ydrolysates

Protein Agropyron-smithii Agropyron orist&tum B--raeillis Harerstein Cas-

Bate Rraes was cut 6-10-46 7-16-46 6—0-46 7—16-46 8-29-46 ein

Number of !'Eydrolyeate I-A 21 2A 28 22 SA 23 4A 48 24 6B 8A 88 18A 188 26
Date Method AvanlLge Wsslues for (lystixas

12-29-48 Colorimetric 0.5»

12-30-46 Colorimetric 0.62

2-26-47 L-arabinosus 1.86

3—6—47 L~™arabinosus 1.88 1,17 1,29 1.12

3-8- 47 L-arablnoeus 0.39 0.39

3-20-47 Colorimetric 1.14 1.01 1.03 0.79

5-21-47 Coloriietric 0.47 0.60 0.60

3-25-47 L-arabinosus 1.74 1.52 1.30

4-10-47 L-arablnosus 1.18 i.*i§

4-14-47 L-mesenterloides 1.11 1.12 1.36

4-19-47 lz-ciesanterioides 1.03 0.78 0.64

Average Vsilues for lathi<)nine

- 3-47 Colorimetric

1-4-47 Colorimetric 2.32

1-9-47 Colorimetric 2.16

51647 Colorimetric 3.09
3-18-47 L-mesenterioides 1.95 2.31 2.33 1.56 2.07

3-24-47 Colorimetric 1.99 2.33 2.03

4647 3>mesenterloides 2.06 1.96 2.0» 2.36 2.13 2.98
4-10-47 L-mesenterioides 1.78 1.86

4-18-47 lz-mesenterioides 1.49 1.80 1.60 1.64 1.34
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Table 11X, page 74, shows that of the grasses analysed, the amount of
methionine and cystine varies with the variety as veil as the age of grass.
A.-crifctatun; has a higher methionine content and from the data presented,
A-smithii apparently has a higher amount of cystine than the other grasses
analysed. The more mature the grass, the lower the cystine content and
although tnere is less difference, the methionine content also decreases
mwith the age of the grass. Tite methionine content varies between about 1.96
and 2.53;;; cystine 1.14 to 0.79%. For a better understanding 08fL animal
nutrition it becomes quite obvious that a more complete study of range grass
proteins would be highly desirable. J. »e E. Ingg of Australia and i. C»
Chibnall of England have made very valuable contributions in the study of
the amino acid composition of leaf proteins. J. W. H. Lugg has made quite
a thorough investigation of the sulfur containing amino acids as they occur
in the grass proteins found in Australia and some attempt has been made to
correlate his findings with animal nutrition. As yet very little of this
work has been done in this country. Some recent developments Mve been
made in the amino acid composition of certain dietary proteins and it is

to be hoped that this work may be carried forward and thus increase our

knowledge of protein nutrition.
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VIlI. SOKMST
Sodium dodeoyl sulfate is especially suitable for the extraction of
leaf proteins. High yields may be obtained by this method and the
final preparations contain as high as 30% protein.
Until a more complete study has been made of the cystine metabolism
of Lactobacillls arabinosus 17-5, this microorganism should be con-
demned for the assay of cystine.
Tlie adaption of Ingg*s modification of the Folin-Karensi method for use
with the Coleman spectrophotometer gives consistent results which are
in good agreement with values obtained by other methods.
recovery of cystine added to the protein hydrolysate was found to be
95-98% using LuggtS colorimetric method. It was also found that as high
as 13% of the cystine was destroyed by acid hydrolysis.
leuconostoc-Kesenterioldes p-60 is very satisfactory for the microbio-
logical assay of cystine.
The estimation of methionine by Csonka and Denton’s modification of the
McCarthy Sullivan method is very satisfactory and the results are in
good agreement with literature values obtained by other methods.
lauconostoc-ireaenterioides P-60 may be well adapted for the microbiologi-
cal assay of methionine.
‘ethionine is unstable in protein hydrolysates prepared and stored under
sterile conditions. The loss of methionine in such hydrolysates is pro-
portional to the age of the hydrolysate.
The methionine and cystine content of Montana range grasses varies con-

siderably with the different varieties assayed.
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(Summary Continued)
10. The amount of methionine and cystine in the grasses analysed was found
to be consistently lower in the more mature grass. The aarly spring

cuttings show a higher percentage of both methionine and cystine.
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