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INTRODUCTION



INTRODUCTION

3 lﬁcrobiological nothoda for the nt:hution of
amino acids have become important analytical tools in
the 1614 of protein analysis, Application of these
mothods in experimental nutrition has made possible a
more detailed knowledge of amino aecid assimilation and
metabolism, When microdiological methods are
properly worked out and carefully comtrolled, they are
capable of yielding results which ecompare favorably in
accuracy with those from the best chemical methods
(8nell, 1945)., o N

The u&nntuu and linitationc of micro~

‘ biolocica:l methods have been discussed by Snell (1945)
and by Sahweigert and Smell (1947)s A1l the methods
are similar in procedure, well suited to routine use,
and demand only the ordinary laboratory equipment,
They are highly specific and unusually sensitive,
Feither separation of the protein portion of the sample
nor separation of the amino acids after hydrolysis is
neeessary. Incomplete knonodco of the intimate o
nutrition, the metabolism, and the adaptation abilities

D -

of the test organisus is the most important disadvantage
of these methods, The inhibitive effeet of the
unnatural isomers of the amino acids may intreduce
serious error (Preseott, ot aley 19493 xobwuhi., ninc.
and Foxy 19483 Fling and Fox, 19453 Fox, Fling, and
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:Bonon'buk. 1944). ) )

__The laotic acid mtoria are the nost widdy _
uud group of organisms for microbiclogical dotorminttiono
at the present time, Historically they were among the
first organisms te be applied to assay procedures,
because more was known of their rutritional roéu;lgcnogts
than of any other group. Snell (1948) attributes the
widespresd use of the lagtic acid bacteria to "the
complex nature of their nutritional requirements, their
rugged nature, and the fact that their growth could be
easily followed by turbidimetrie means or by titratiom
of the lactic acid produced during growth®s The
organisms most commonly used sre Lactobacillus -
arabinesus 17-5, Lactobacillus casel Bo-1, Lactobacillus
fermenti 36y Streptocococus faecalis, and Leuconostoc
mesenteroides,

P - -— - .- [ ~

. _ _Other organisms have been ouggeotod for_

asSAY PuUrposes. "Leucineless” mutants of Neurospora
orassa have heen used for the estimation of leucine E

by Ryan and Brand (1944) and by Hodson and Krueger (1947).
Doermann (1945) also has used & mutant of Neurosporsa

for the estimation of lysine, _Tryptophane has boen
estimated by means of ‘Eberthellsa typhosa T 63 by
Vooley and Sebrell (1948), Escherichia coli has been
recommended (Roepke, Libbey, and Small, 1944), but

details of the method used have not yet appeared,
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o A microbiclegieal procedure for assay of
amino aeids with Clestridium perfringens EP6K has been
published recently (Boyd, Logan, and Tytell, 1948),
It is the purpese of this study to compare this new
method with a standard methed using Lactobacillus
arabinosus 17-5 by analysing casein for iscleucine,

leuncine, methionine, phenylalanine, and valine,
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REVIEW OF THE LITERATURE

N The ﬁr-t appncation of Iut:l.c acid butoru
to qunt:lt-.tivo assay work was made by Smell and 8trong
(1939) for the estimation of riboflavin with Lacto-
bacillus casei. 1Most of the basic gochniq'ugau_-phypd
in all microbielogical determinations today are derived
tron this early vitamin assay method, _

~ _Ome of the first microbiclegical methods
for the determination of amino acids utilized Lacto-
bacillus arabinosus 17-5 (Shankman, Dunn, and Rubin,
1943)¢ MNuch of the pieneer work on amimo acid assay
has been done with Lactobacillus arabinosus and it
is now one of the most commonly used lactic acid
dacteria for assay procedures. A Laoctodacillus
arabinosus method has been chosen as the standard
method in this study, The following discussionm,
therefore, has been limited to those references
pertaining te the development and use of ntorobiclogical
procedures utilising Lactodacillus arabinosus and the
Clestridium perfringens method being tested,

Snell and Wright (1941) were the first 'orkm
to u‘benltu'o Lactobacillus arabinosus successfully en_
& oompletely synthetic mediwm (a mixture of amino acids
as the main souree of nitrogen). , _

_The aotual amino acid rcqnir-entl of Laoto-

bacillus a.rabinonu have been determined imdependeamtly
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by Shankman (1943), Kuiken et al. (1943b), Hocstod (1944)
and Dumn et al, (1947). A1l the workers agree on the
essential nature of glutamic acid, isoleucine, leucine,
tryptephane, and valine for growth of the erganism and
on the non-essential nature of glyeine, hydrexyproline,
norleucine, and norvaline. The latter, hewever, were
declared to be mecessary foy optimal growth, There is
dissgreement between workers as to whether arginine,
lysine, phenylalanine, threonine, and tyresine are
essential er accessory growth factors. )

This failure to agree cmlotdy hu been
attridbuted to the impurity of some commersial sources
of amino mecids (Hegsted and Wardwell, 1944), the.
composition of the medimm (Brickson et n..':m.a;
Stokes and Gumness, 1945), and the possidility of
variation in the test organism itself, Dumn et al,
(1947) has demonstrated ég;ptitat:m differences in acid
predustion by six eultures of Lactobacillus arabinosus.

It is generally assumed in micrebioclogieal
assays tlut only the L form of the amino asids are
utilized by the test organisms. Kuikem et al. (19433.
1943b) have sutmitted proof that only the natural
isomers of isoleucine, leucine, clu}ang.o_pgu. :I_.ygino,
and valine are active for Lactobacillus arabinosus.
Stokes and Gunness (1944) have reported that the

naturally acourring enantiomorphs of threonine and
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methionine are the only ones available to Lactobacillus
arabinosus. Although Hegsted (1945) found some
activity for the D forms of leucine, isoleucine, and
valine, he concluded that the error ocaused by the use
of DL amino acids as standards in ordinary assays would
be small,

In microbiological assay procedures, total
growth permitted by givem concentrations of the
essential substances is measured rather than comparative
rates of growth, Determinations of terminal growth
after prolonged incubation have been found to yield
mors reliable results than determinations made bdefore
growth has gone to completion (Snell, 1945), The
inoubation period which will alloy the maximm
possible response of Lactobacillus aradbinosus and
other lactic acid bacteria is 72 hours. This three
day period is a disadvantage in the pract:loul appli-
cation of Lactobacillus arabinosus methods, for it .
imposes a 1limit on the number of determinations that can
%e performed routinely and thus inocreases the time

necessary to complete a given analysise =
Table I summarizes the amino acids which have

‘bun doterninod with Lactobacillus arabinosus by various

workerse



.. Tabler
_Inveatigators Who Have Used

Lactgbgo;l}ug ArupipogusAlyts fo:&tho
Analysis of Various Amino Acids

- ve

Amino Asids

i Investigators

Glutamic acid

Dunii, ' et a1.‘(1944g
Lyman, ‘et al, (1945)
Lewis and Olgott (1945)
Hao, ot al, (1945
Hier, et al, (1945)
Bauligarten, Mather, and Stone (1945)
Henderson and sSnell (1948)

-~ - -

Isoleucine

Xuiken, et al, (1943b) T "
Schweigert, Tatman, and Elvehjem (1945)
Hier, et al., (1945) - ‘
Baumgarten, Stone, and Boruff (1945)
Barton Wright (1946)

Leucine

Kuiken, et al, (1943b) "
Schweigert, ot al, (1944)
Hier, ot al, (1945)
Baumgarten, Stone, and Boruff (1945)
Barton Wright (1946)

Camien and Dunn (1948)

Henderson and Snell (1948)

Methionine

Dunn, et al, (1946) -
Horn, Jones, and Blum (1946) "
Riesen, Schweigert, and Elvehjem (1946)

Phenylalanine

Hegsted (1944)
Henderson and Snell (1948)

Tryptophane

c -

Greene and Black (1944) - ’
Schweigert, Sauberlich, and Elvehjem (1945)
Dunn, et al, (1945) -

Wooley and Sebrell (1945)

Henderson and Snell (1948)

Vhline'

Kuiken, et al. (19‘3b) .
Schweigert, et al. (1944
Mg Mahan and Snell (1944
Hier, et al, (1945)
Barton Wright (1946)
Henderson and Snell (1948)
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) - The growth reqniruenta of clostridim .

porfrinzona HP6K and the microbiological assay procedurs
using this bacterium were published by Boyd in 1948, As

- =

far as the writer kuows, no other studies using the
Clostridium perfringens as an assay agent have been made.
~_ Thirteen amino acids were found to be absolute
roqu:lronontn for growth of cloatr:l.d:lmn porfringomc )
arginine, histidine, isoleucine, leucine, methionine,
threonine, phenylalanine, tryptophane, valine, glutemio_
acid, serine, cystine, and tyrosine,  Those amino acids
which appeared to be non-essential for growth were glycine,
alanine, lysine, aspartic acid, proline, and hydroxyproline,
They were added to the basal medium, however, because
of their stimulating effect on growth of the organism,
__ The amino acids which are essential for the
growth of c;batridim_ perfringens may be assayed with
this organism. Lysine also msy be assayed if the
samples tested do not contain pyridoxamine or pyridoxal.
_ Maximum growth of Clostridium perfringens
under the conditionl of_ the assay progedure is obtained
in 16 hours, _ This short inoubation period would be a
definite advantage in the application of the Clostridium
;iorf;i_.nseno assay method to routine analysis of amino
acids,
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EXPERINENTAL PROCEDURES



EXPERIMENTAL PROCEDURES

o A commercial preparation of casein (snaco;
General Biochemiocals) was dried to comstant weight at
105 degrees centigrade. Ten samples of 1,000 gram
each were weighed into Erlemmeyer flasks and 50 milli-
liters of two ¥ hydrochloric acid were added. The
flasks were plugged with glass wool and then autoclaved
for five hours at 16 pounds pressure (Stokes, ot al.,
1945).  When gool, the hydrolysates were filtered and
stored in glass otoppored bottles in the refrigerator.

m_miummMm!ﬂj o
_The assay procedure uoinc Lactobacillus

arubinoaun 17=-5 was earriod out as described by
Schweigert, et al. (1944),

_ The organism was maintainod on ltub cultures

. - - - [ -~ -

of yoaatoxtruct-dextroso-agar and suboultured weekly,
After transfer, the cultures were incubated at 37 degrees
centigrade for 48 hours and then held in the refrigerator.
The inooulum for the assay tubes was prepared by

transfer to the complete basal medium (see Appendix),

The inoculum was incubated for 24 hours at 37 degrees
oontigrago;”ggn§r§§ygo¢. and the supernatant disocarded.
The cells were suspended in 20 milliliters of sterile
0,9 percent saline solution. _ One drop (0,05 milliliters)
of this ocell agapension was used for the inoculation of

each assay tube,
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The basal medium was prepared omitting the
amino acid under assay, and the pH was adjusted to
648 to 7.0 using bromthymol dlue as an external
indicators  One milliliter of this medium was added
to each assay tube, A standard curve of the amino
aeid which was being determined was obtained by adding

- Y= .o Sk e s -

Appropruto duntiona of the ouo:l.n hydrolyutu were
made and the pH sdjusted to 6,8 to 7.0, Three A
different dilutions of eaeh test extract were n.na.lyzod.
The final volume of each tube was adjusted teo two
milliliters with distilled water,

e - e

s _.The racks of test tubes were ooverod with
smooth to'nlin‘ and autoclaved :ror 15 minutes at 15
pounds pressure. After cooling, the tubes were
inoculated uopt:l.oally and inoubated in a water bath
at 37 degrees centigrade for 72 hours. .

~ The lactic acid produced during growth was
titrated with 0.05 N sodium hydroxide, using bromthymol
blue as the indicator, A stream of air was introduced
into each tube during the titration in order to stir

the solution,

Qlostridig p_o_mjggm Method o _
_.The assay procedure for Clostridium porfringtna

was followed as outlined by Boyd, lLogan, and Tytell (1948),
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- Stock cultures of the organism were maintained
in a liquid medium of casein hydrolysate with added tryptoe

s

phans, cystine, adenine, uracil, vitamins, glucose, salts,
phosphate buffer, and defatted beef heart, Serial »
transfer was made once a week, After transfer, the tubes
of stock culture were incubated at 38 degrees centigrade
for five to six hours and then stored in the refrigerator.
______ o SQOd“eulturpahypfo_srownwfo: inoculum for the
assay procedure. The seed culture mediim consisted of
tryptic digest of casein plus salts and vitamins,
Transfers were made from the stoock oultures to the seed
cultures aseptically, The seed cultures were then )
inoubated for five to six hours at 38 degrees centigrade
and stored,

Ome milliliter of the seed culture was centri-

- - - . [ -

fuged and the supernatant discarded,  The cells were
washed with 10 milliliters of distilled water, The
packed cells were then resuspended in one milliliter of
water and a dilution of one to 200 was made with water,
One drop (0,05 milliliter) of the diluted cell suspension
was used for the ineculantiom of each tube of medium,

.~ The basal mediwm (see Appendix) which was
defiolient in the amino acid being analysed was prepared,
The pH was sdjusted to 7.1 to 7.2 ugipgﬂphono} rgd a8 an
external indicator. TFive milliliters of this medium
were added to each assay tube, To obtain a standard
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growth curve, graded amounts of the amino acid under
test were added to a series of tubes. The casein _
hydrolysate samples were diluted according to estimation
of ths appreximate concentration of the amino acid being
tested and the pH adjusted to 7.1 to 7.2, Three
different dilutions of the hydrolysate wers analyzed,
The final volume of each tube was made to 10 milliliters
with distilled water, 3 _

_ _Bodium aside (0,2 nilltgrm) was addod, and the
contents of each tube were thoroughly mixed. The tubes
were then stoppered with cotton plugs and placed in a
boiling water bath for 20 minutes. When cool, they
were inoculated and then incubated in a water bath
at 45 degrees centigrade for a period of 16 hours.

~ After incubation, the tubes were mixed by

inversion and the contents transferred to matched test
tubes®*, The density of growth was determined with a
Coleman spectrophotometer using a 660 millimicron
filter,

‘ The method of co.lcu:_la.tion of values was the
same for both of the assay procedures. standprq_cn;rru
(see _Appvendix)_ were _com}ru_c@od Yy _p_l_qtt}u the concen-
tration of the standard amino acid against the milliliters
of 0,05 N sodium hydroxide or percent transmission,

#The tubes were tested for similar light transmittance by
comparison in the Coleman apoctrophotoymter.
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getgrpgngd by 1ntgrgo;at}on of the response of the
samples on to this standard curve,

. _In order to determine the recovery of amino
acids. known ooncentratione of isoleucine, leucine,
methionine, phenylalanine, and valine were added to
one casein sample, This sample was then submitted to
the same treatment of hydrolysis and analysis as the

ten test samples of casein,
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RESULTS AND DISCUSSION

.. The average values obtained for the isoleucine,
1euoine, methionine, phenylalanine, and valine content of
casein are recorded in Table II,

_ .. Duplicate samples of each of three dilutions of
each casein hydrolysato were analysed with Laoctobacillus
arabinosus and with Clostridium perfringens. 1Im mioro-
biologloal determinations, however, the bacteria in
occasional assay tubes fail to grow for unknown reasons.
Therefore, six values were not available for each test
extract, Inspection of the data showed that one Yalue
for each dilution of the hydrolysates was uvailable. N
When growth was obtained in the duplicale tubes, there
was close agreement in the values, It was desirable to
have a complete set of values so that the data could be
analyzed statistically, Therefore, a selection of
values wag made according to a definite pattern.  The
values obtained from the first of the duplicale samples
of each dilution of the casein hydrolysates were chosen,
If the bacteria had failed to grow in the first of the
duplicate tubes, the value obtained from the second of
the duplicate tubes was used, Tables of the selected
values of the five amino acids may be found in the
Appendix, ] _

The average valnes in grams percent total

¢ e s - . .o - PR P PPN

protein obtained from the Lactobacillus arabinosus
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Table II

The Isocleucine, Leucine, Methionine, Phenylalanine,
and Valine Content of Casein as Determined by
Laotobacillus Arabinosus 17-5 and

Clostridium Perfringens EP6K

Amino Acid » - -
L. arabinosus 17=5 Ce porfringens EP6K

) pu_-o_cnt percent
Iscleucine 5456 X
Lewuoine 9,46 9.71
NMethionine 2,79 2,76
Phexylalanine 4,84 5,04
Valine 6,17 673
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method were isoleucine, 5.56 percent; leucine, 9546
peroents methioninp, 2,79 percent; phenylalanine, 4.8}\
percent; and valine, 6,17 percent. The average values
obtained fgom the CIOatridium.porfringeng‘pethod were
isoleucine, 5.71 percent; leucine, 9,71 percent; methionine,
2,76 percent; phenylalanine, 5,04 porcent; and valine,
6473 percent, Differences in the average values for
individual amino acids were apparent, Ixamination of the
data, however, revealed differences in the average values
of the ten casein hydrolysates in both microbiological
methods. The values of the dilutions within the hydroly-

e mte . e

sates also varied, It was necessary to determine if the
variations between casein hydrolysates or the variations
from one dilution level to another were greater fpgn the
variation in the average values obtained by the use of
the two mioroorganisms, The statistical device employed
to separate and evaluate these variations for each amino acid
was the analysis of variance, - i

N This etatistieal analysia showed that the
variation: betwgen'thg average values of the casein
hydrolysates was not significant in either the Lacto-
bacillus arabinosus method or the Clostridium perfringens
method for any of the five amino acids studieds The
velues obtained for the three dilutions of the casein
hydrolysates did not differ significantly in either method

for any of the five amino scids.
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. The F values which were caloulated from the
data to test the variation 9f_tp35794pes_obtgined by
the use of the two organisms are presented in Table
III, TPor isoleucine, leucine, and methionine, the
variation of values obtained from the Lactobacillus
erabinosus and from the Clostridium perfringens methods
were not significant; but the values for phenylalanine
and veline did differ significantly., _

) These results indicate that the Laetobacillus'
arabinosus method and the Clostridium perfringens method:
may be used interchangeably under the conditiona of
this experiment for the analysis of iaoleucine, leucine,
and methionine, 1In oonsideration of the fact that
Clostridium perfringens requires a much shorter inocubation
period than Lactobacillus arabinosus, it prodably would
be advantageous to use Clostridium perfringens for the
routine analys;s of isoleucine, leucine, and methionine,

Boyd, Logan, and Tytell(1948) havé used

Clostridium perfringens for the analysis of the
arginine, histidine, 1qqleucine, methionino, leucine,
phenylalanine, threonine, and tryptophane content of
A=lactoglobulin, egg albumin, and silk fibroin, stokea,
Gunness, Dwyer, and Caaval;_anglyzed samples ofwthewsamow
prepgration,ofhthe proteins, using Streptococcus faecalis,
Boyd, Logan, and Tytell (1948) atated that "the analytical
;9gn1tn obtained by these two diffe:eg? orggp}sys are

egsentially in sgreement®, There was, however, one






Table III

~ - -

F Values Obtained on Comparison of Percentages of
Each Amino Acid Measured by Lactobecillus Arabinosus 17-6
and Clostridium Perfringens EP6K

Amino Aecid F Obtained
Isoleucine 0,46
Leucine 3e24
Methionine ) 2,50
Phenylalanine 9o 67%%
Valine 28, 06%%

l. 01 Required 731
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eption to this statenent. The value obtained for the
phewlua.nino content of /J-laotoglo'bulin by the Clostridium
perfringens method was 3,2 peroent, but tho value obtained
by the Streptococcus faecalis method was 4.3 percent,
There is no experimental evidence in the present
study to explain the significant variation in the values
obtained for the phenylalanine and valine content of
casein by the use of the two mioroorganisms, It is
possible that one of the organisms is not responding
quantitatively to the phon?lngnino and valine in the
casein hydrolysate. It is also possible that the two
organisms are not responding to the same chemiocal |
substances.
_Satisfactory recoverios of amino acidl added

to the cuoin sample before hydrolysis were obtained for

~ - -~

" both micrebiological methods. The percentage recoveries
of added amino acids are presented in Table IV, The IL
form of isoleucine, methionine, phenylalanine, and valine
and the L form of leucine were added to a casein sample
for the recovery determinations, The percent resovery
of added amino acid was calculated as the response of the
organisms to the L form of the amino acide. = _
The peroont recoveries of isoleucine, valino,
phewla.lanino. and noth:lon:lne were lower for the 01ostr1-
d;t_u_p.e_rfringm nethgd'_t.ygn_fo; the I.utopgci;lug _urg._b_:!.-
nosus meﬁhod. In the case of phenylalanine and valine,
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Table IV

-

Percentage Recoveries of Added Amino Acids

Anino Acid |Amount | Miorobjological MNethods

added | L, arabinosus | C, perfringens
‘ ngm, percent percent
Isoleucine 25,0 106 98
Leucine 50,0 102 105
Methionine | 12,5 105 95
Fhenylalanine| 12,5 104 99
Valine 25,0 100 98
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these lower recovery values yield some interesting
information; singce they would suggest that Clostridium
perfringens was not responding to the D form of phenyl-
alanine and valine, It has been established that
Lactobacillus arabinosus utilizes only the L form of
phenylalanine and valine (Kuiken, st al, 1943a, 1943bj
Hegsted, 1944). Therefore, the higher values obtained
by the Clostridium perfringens method for the phenyle
alanine and valine content of casein were probably not
due to the response qf the microorganism to the D form
of these amino asids.
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SUMMARY AND CONCLUSIONS
.. ... Ten samples of a commercial preparation of
ga._oein were u.pa.‘.lynd for isoleucine, leucine, methionine,
phenylalanine, and valine by a standard microbiological
method using Lactobacillus arabinosus 17-5 and by a new
microbiological method using Clostridium perfringens
mcx. . - - - . .
The average values in grams percent of total

protein obtained with Lactobacillus arabinosus 17-6
were isoleucine, 5,56 percent; leucine, 9,46 percent;
methionine, 2,79 percent; and valine, 6.17 percent.

The values obtained with Clostridium perfringens EP6K
were isoleucine, 5,71 percents leucine, 9,71 percentj
methionine, 2,76 percent; phenylalanine, 5,04 percent;
and valine, 6.73 peroent, The variation in the values
"o:__ isoleucine, leucine, and peth}oninqobtained by the
use of the two microorganisms was not significant. The
values of phonyla.lan:lno and valine as determined by the
two methods did differ signifieantly. _

~_ On the basis of these results, it was
concluded that the Clostridium perfringens and the
Lactobacillus arabinosus methods may be used :!.nt_or-
changeably for the _a_ma.lyai- of the isoleucine, leucine,
and _gethionine oo_nj:ont of casein, The significant differ=
ences in the values obtained for phenylalanine and valine

by the use of the two microorganisms indicated that
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further investigation is needed,

The most important advantage of the Clostridium
perfringens method for the estimation of amino acids is
the short incubation period required for the maximum
growth response of the organism, Clostridium perfringens
sttains maximum growth in the assay procedure in 16
hourss Lactobacillus arabinosus requires 72 hours in
the assay procedure to attain maximm growth. In view
of this fabt!h}f'wbu;ghbq advantsgeous to use the
CIOstx;¢1yangrfripggp§ method for the routine analysis

of isoleucine, leucine, and methionine,
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APPEND IX




Double Strength Basal Medium for
Lactobacillus arabinosus 17-5%

IL-Léuociné

40 milligrams
IL-Isoleuecine 40 "
IL-Valine 40 "
L(~)-Cystine 20 "
m.-lethioniho 20 n
Tryptophane 10 u
I.(—) Tyrosihe 10 "
IL-Fhenylalanitie 20 "
L(+)-Glutamic acid 80 "
IL- Treonine 40 u
IL-Alanine ~ 40 "
L-Asparagine 40 n
L(+)-Iysine H C1 40 n
L(+)-Arginine H C1 10 "
L(+)-Histidine 10 "
IL-Serine 10 u
Glyeine 10 "
L(-)-Proline 10 Vv
Gluecose ' T 4 grams
Sodivm acetate 4 " X
su.ts A ) T
llﬁ 100 milligrams
100 "
ultn ‘
Mg 804 8 40 "
Fe 804 Zg’z, 2 "

Mn 804 2 "

"Ha C1 2 "
Adenine sulfate- ZHQG 2 "
Guanine H Cl-2HJ0 2 "
Uraeil - 2 L
Thiamine H C1 - 100 microgreams
Pyridoxine H 01 STt 200 )
IL-Caloium pantathmto 100 "
Ridoflavin 160 "
Nicotinio acid 100 "

p-Aminobenzoic acid 20 "
:Biotin 062
Folie aoiad 20 .
Vater up te (100 milliliters

sgauberlich and Baumann (1946),




Double Strength Basal Medium for
Clostridiwm perfringens EPOK¥

@lucose 2,0 grams
Ascorbic acid 50,0 milligrams
IL-Alanine 100,0 »
D-Arginine - 5040 L)
IL-Aspartic acid 100,0 »
L-Cystine 20,0 »
Glycine 100,0 "
L-Glutamic acid 150,0 »
L-Histidine 50,0 »
HBydroxyproline 26,0 "
IL-Isoleucine 50,0 "
L-Leucine 75,0 "
L-Iysine” o 100.0 .
IL-Methionine 50,0 "
L-Proline 25,0 "
IL-FPhenylalanine 50,0 »
IL-Serine 150,0 »
IL-Threonine 50,0 "
L-Tryptophane 50,0 "
L-Tyrosine 50,0 "
IL-Valine 75,0 "
Uracil - 28 "
AMenine sulfate 34 " -
RidOLlavin -~ = 100,0 miecrograms
Calcium D-pantothenate o 200,0 "
Pyridoxamine dihydreehloride 100,0 "
Biotin 1.0 " =
Mg 804 TH20 40,0 milligrams
Pe 804 2.0 L
Mn 804- 20 "
¥a C1 2.0 w
PO, 1,66 grams
 Ha PO, - 0,32 " o
Vater up to |100 milliliters

*Boyd; ucan; and Tytell (1948),



Milliliters of 0,05 N Na OH

6.0

5.0

440

3.0

2,0

1.0

1 1 | | 1 J I

N

]

5 10 15 20 25 30 35

Micrograms of DL-Isoleucine
Titration Values Obtained from
Lactobacillus Arabinosus 17-5 for

Known Concentrations of DL-Isoleucine

40

L5

50



Milliliters of 0.05 N Na OH

6.0

540

L0

3.0

2,0

1.0

0 1 | | 1 | l l ] )
0 2.5 560 75 100 12,5 15,0 17.5 2060 22,5
Micrograms of L-Leucine
Titration Values Obtained from
Lactobacillus Arabinosus 17-5 for

Known Concentrations of L-Leucine

25,0



Milliliters of 0,05 N Na OH

640

5.0

4.0

3.0

2,0

1.0

2 4 6 8 10 12 1, 16
Micrograms of DL-Methionine

Titration Values Obtained from
Lactobacillus Arabinosus 17=5 for

Known Concentrations of DIL=-Methionine



Milliliters of 0.C5 N Na OH

640

5.0

4.0

3.0

2,0

1.0

1 ) | | | | |

2 3 4 5 6 7 8
Micrograms of DL-Phenylalanine
Titration Values Obtained from
Lactobacillus Arabinosus 17-5 for

Known Concentrations of DL-Phenylalanine




Milliliters of 0,05 N Na OH

640

5.0

4LeO

3.0

2.0

1.0

| ] I ) l ) ] i

10 15 20 25 30 35 40 45
Micrograms of DL-Valine

Titration Values Obtained from
Lactobacillus Arabinosus l7=5 for

Known Concentrations of DL=Valine

50



Percent Transmission
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50 100 150 200 250 300 350 400
Micrograms of DL-Valine
Percent Transmissions Obtained from
Clostridium Perfringens BP6K for Known
Concentrations of DL-Valine

450 500
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Selected Experimental Values for the
Isoleucine Content of Casein

——

Casein Saxple N l.'icrouol ical Method
Lo arabinos 17-8 C. perfringens B!EK'
perocent percent
) | $,52 5,61
5,31 5,86
5,36 6,12
2 5.52 5,61
5,31 5,86
5,36 5,94
3 5,52 8,35
5,31 5,35
5,36 5635
4 5,95 5,61
5631 5,86
5,36 6,12
5 8,95 5,86
$,52 536
5,36 5,35
6 5.95 5061
5,52 B.48
5.‘8 50‘8
7 5.95 5.61
5.52 5.86
5,61 5,86
8 5.52 5035
5.52 509‘
5,61 5,94
9 5.52 5035
5.52 5086
5,61 - Be86
10 8,95 6
8,95 5.86
5,52 5,86
Averxrage 5,56 5,71




Selected Experimental Values for the
Leuscine Content ef Casein

Casein Sample

- ) 2§ i thold
Lo arabinosus 17- Ce perfringens EP6K
percent percent
1 11,05 10,20
9.76 9.78
8.‘2 9078
2 9,36 10,20
8,92 9,78
8.67 9.78
3 10,20 10,20
8,92 9.78
9,95 9.78
4 11,05 10,20
9,35 9,78
9,95 9.78
] 9,35 10,20
8,50 9,78
975 9.78
é 10,20 10,20
8,93 935
8,67 9435
7 10.20 10,20
8,93 9.35
8,92 9,35
8 ’035 loom
9,35 9,38
8,93 935
9 10,20 9,35
| 9,36 9,35
8,93 9,35
10 10,20 9.36
9435 9.35
8,92 935
Average 9.46 9.7




Selected Experimental Values for the
NMethionine Content of Casein

Casein Sample T Microbiclogical Methed T T
L. aredinosus 17- C. perfringens EP6K |
percent percent '
1 306 2,68
2,72 24,69
2,65 2,69
2 S3¢06 2.84
3,06 2,84
2,75 2,84
3 2,72 2,68
2,75 2,68
2,86 2.68
4 2,72 2,68
2,89 2,69
2,75 2.69
5 272 2,77
272 2,87
2,96 2,87
6 238 269
2.72 2087
2,86 269
¥ { 272 2,68
2,89 2,87
265 2,87
8 2,72 2,68
2,72 2,69
2.89 269
) 3,06 2,68
2,72 287
2,96 2,69
10 3606 2,68
255 287
2,86 2,87
Average 2,79 2,76



Selected Experimental Values for the
FPhenylalanine Content of Casein

Casein Sample [ — ——_ Micrebielogionl Method __—
L. arabinosus 17-85 Ce porfringens EP6K
percent percent '
1l 4,53 8,10
5,10 5,10
5,10 5,10
2 5,10 5,10
4,96 5,10
4,84 5,10
3 4.25 5010
4,96 4,97
4,84 $.10
‘ ‘.53 ‘097
5,10 4,97
4,88 4,97
5 5,67 4,97
4,82 4,97
4,68 4.97
6 4,53 4,97
4,96 5.10
4,59 5,10
7 4,53 4,97
‘.96 ‘097
5,10 8.10
8 4,53 5,10
4,82 4,97
4.76 ‘."
9 4,53 4,97
4,68 5,10
4,68 4,97
10 5,67 5,10
4,96 4097
o 4,68 5410
Average 4,84 5,04
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Seleoted l:porﬁnqptal‘vhlu,p for the
Valine Content of Casein

- bio )
L. arabinosus 17-5 Ce perfringens EPK
pereent percent
1 6o 7¢39
6,16 6,00
6.12 6,48
2 6,38 739
6,16 6,00
6.” 6.“
3 6,38 7.14
6,16 7.14
6,12 7.14
4 6,38 739
6.16 6,40
6,12 6,00
8 6,38 7.359
6,16 6,38
6.12 6,40
6 8,95 739
5,95 6,38
6.25 6080
7 6,38 739
8,95 6,38
5,99 6.40
8 6,38 7.14
6.16 6,38
6.25 6.40
9 5.95 703’
6,16 6,38
5,86 6,40
10 8,95 7.14
‘016 6.“
| ) 6,18 6,40
Average 6,17 6,73
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