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INTRODUCT ION

The study of metebolism with analogues of the metabe-
olites has helped in the elucidation of blologlecal
processss, Investipgetions of phenylalanine metabollsm have
been assisted by several snalogues, ons of which ls p-
{fluorophenylelanine, Studies by Atkinsonl showed -
fluorophenylalanine to be & potent antimetabolite for phenyle

alanine In lsctobeglillus sravinosus. In thls organlisn at

limiting concentrations of phenylalanine, subinhibitory
quantities of the anslogue were found to increase the amount
of growth as compsred %o controls lacking the analogue.

This thesis reports studies made with Lactobacillus

arabinosus to ascertaln if p~flucrophenylalanine is in-

corporated Iinto proteins under conditions in which thils
sompound causes increased growth of the organism. The
amino acid composltion was investigeted since a hypothetie
eal explanation for the increased growth was the substitu-
tion of p~fluvrophenylalanine for phenylalanine In the
proteins., If p-flucrophenylalanine, en amine acid not
known to cecur naturelly, ls incorporsted into proteins of

Lactobsclllus arabinosus, then the smino acid composition

of the proteins is mltered.
Investigations of alteration in smino acld composition

of miervorganisms, blood proteins, snd egys have been made,



The workers who studied the alteration of amino acid compo-
sition of mleroorganisms using natural amino acids concluded
that alterations occurred in the amino acid composition of
the organisms, The change in the amino acid composition of
the organisms may have resulted from alterations in the
amino acid sequence in the proteins or from changes In the
amounts of proteins contalning the amino acids. The ambi-
guity provided by these results may be circumvented by
studies of incorporation of amino acid analogues into pro-
teins.,

Attention has been focused on the adsorption to pro-
teins of natural, chemicaelly altered, or isotopically
labelled amino acids without incorporation into peptide
linkages. This thesis reports special procedures Ilnstituted
to remove free amino acids which might lead to erroneous

conclusions if present.



REVIEW OF THE LITERATURE

In the early part of this century, a few investigators
were interested 1n the change in amino acld composition of
microorganisms in relation to environmental changes.
Although the methods of analysis for amino acids were poor
in those days, the conclusion that amino acld composition
had been saltered has been verifled with more refined tech-
niques, Today, we are more cognlzant of factors which
might lead to false conclusions concerning changes in amino
acid composition of proteins. Such mlsleading factors are
(a) an apparent incorporation into proteins due to an ad-
sorption of the amino acid to the protein, and (b) the in-
ability to distinguish between changes in amino scid
sequence in proteins and changes in the amounts of proteins
containing amino acids, The above critlicisms are concerned
with natural amino aeids; however, in recent yesars unnat-
ural amino acids which are laballed with chemical groups
have been used in studies of this type. Although unnatural
amino aclds overcome the disadvantage listed in (b); the
consequence of (&) still sxists as well as (¢) breakdown
products which might be reused in natural amino scids, and
(d) incorporation of the labelled group into the natural
eamine acid already in peptides by exchange reactions.

Factors (a), (b), and (¢) aepply in cases where natural amino
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acids are labelled with isotopes; and (b), (c¢), and (d)
apply 1n cases where chemlcal analogues are labelled with
isotopes. These factors are considered in the evaluation
of the literature to be reviewed. First, reports involving
the use of natural amino acids to alter protein amino acid
composition will be reviewed, The reports using unnatural
amino aclds to alter protein amino acid composition will be
consldered second,

Abderhalden and Rona® used Aspergillus niger to study

the effect of environmental influences on the amino acid
composition of the organism. Although varlation of the
nitrogen source did result in differences in amino acid
composition, the difference was not large enough to be
gsignificant; therefore, they did not claim an alteration

of the amino acid composition of the organism, Precautions
were not taken to remove adsorbed amino aclds or to dis-
tingulsh betwesn the amino acid composition and the protein
containing the amino acids. A few years later, Tamurad
studied the changes in amino acld composition of two

bacteria, Mycobacterium tuberculosis and Mycobacterium

lacticola. He used the dry cells as a massj consequently,
his results should be considered with criteria (a) and (b)
in mind. He found that the nitrogen content remained the
same whether the organism was grown on medium containing

albumin or on a well-defined medium of components of simple



structure. He reported small differences in the amino
acid composition when the organisms were grown on the two
types of medium.

Rosedale?+° made a study of the amino acld composition
of normal and pathological flesh of animals fed bn known
diets. The proteins were precipitated by bolling in water,
Although the proteins were prsciplitated twice by this method,
removal of adsorbed amino acids could be questioned,
Rosedale concluded that the normal muscle tissue does not
vary to any appreclsable extent in the varlious animals, or
in different tissues of the same animal provided the animal
secures normal proteln in the diet.

In 1939, Dirr® administered arginine both orally and
intravenously to human subjects. He reported that the argi~
nine content changed from 5.42 per cent to 8.15 per cent in
blood serum proteins when given elther as & grams intra-
venously or 5 grams orally. Block’ failed to confirm Dirrts
results. Bloeck found that the ratlos of histldine, arginine,
and lysine remained constant. He determined the arginine
by precipitation with silver after coagulating the serum
proteins by heating. Repeating by the method of Dirr, i;af
alcohol precipitaetion of the proteins, Bleck confirmed his
own results obtained by heat coagulation of the protein.
Block pointed out the fact that the experiment was carried

out on only a few subjects casts doubt on the results in



either of the reports.

Block and Bollinge determined the essential amino
acids in ten commercially available yeasts. The amino
acids were determined on a fat-free residue after hydroly-
sis by microblological assay. Here agaln the adgorption
of amino acids to proteins was not ruled out, but the
workers concluded that the amino acld content of Saccharo-

myces cerevislae was constant though it might vary depend-

ing upon the varlety of yeast and the nutritive medium,
Camien et al.g reached the same conclusion as a result of
thelr experiments with Lactobacilli, Estimations of the
amino acid content were made on the whole cells. Theilr
conclusion thet the amino acid composlition varies with the
nutrient media 1s subject to the same criticisms outlined
before.

Stokes and GunnessliO made an extensive report on the
amino acid compositlon of microorganisms with respect to
changes in the medium, sge of culture, and aeration. All
amino acld determinations were made after hydrolysis of

washed and dried cells. Penicillium notatum varied in the

econtents of lysine, isoleucine, methionine, threonine,
phenylalanine, and tryptophan (all less) while valine,
histidine, arginine, and lsucline were greater when the cul-

ture was aerated., Baclllus subtlilis showed no change in

its composition under similar conditions. Differences wers



noted when Streptomyces griseus was grown with additional

glucose, In the presence of glucose, the content of
arginine and histidine decreased, while larger amounts of
lysine, leucine, and threonine were found. These workers
concluded that the amino acld composition remained constant
when the organisms were cultivated in the ssme medium, but
that the composition may very with medium, eeration, and

age of cells. Freeland and calell in a similar gtudy in-
cluded comparisons between Cram-positive and Gram-negative
organisms., Free and bound amino aclds were differentiated
by washing one portion of the cells in boiling water for

20 minutes before analysis., Freeland and Gale reported

that & greater correcticn for free amino acids was necessary
for Gram=poslitive species, the amino acld compasition was
fixed and charecteristic of the organism, and the aminc acid
composition aid not change under widely varyling cultural
conditions.

Csonka et al.l2 studied the methionine and cystine
content of chicken eggs. They were aware that the protein
balance of the eggs might change rather than the amino acid
content of the individual proteins; thus, they compared the
ratio of concentrstion of the two amino aclds., The hens
were fed diets of varying protein content, The whole egg
ineluding the shell was subjected to acid hydrolysis before

the amino aclds were estimated, Increase in the methionine



.

content was not always followed by an increase in cystine,
and the reverse was true, i.e. an increase in cystlne was
not always followed by methiomine'incr@ase.v Addition of
free cystine and methionine to the dlet did not increase
the content of amino acids in the proteins of the eggs.
csonkal® reported that free cystine and methionine could
not be detected in the eggs. On a high protein diet the
nitrogen increased 44 per cent, The bound cystine-methlo-
nine ratio in egg whites of young and old pullets on both
high and lew protein dlets did not change. 1In the egg yolk,
the ratio increased from .55 on & low-protein diet to .62
on a higheprotein dilet in young pullets. A decrease from
.75 on low-protein dlet to .63 on a high~protein diet in
old pullets was found. Csonka and Jonesl4 reported that
the amino acid composition of egg proteins varled both with
genetical lineage and dletary protein. The facts that free
cystine and methionine were not found in the eggs and that
the ratio of bound cystine to methionine did not remain
constant offers the best evidence that the emino acld com-
position of the egg yolk may be altered. This does not,
however, indicate an alteration of the amino acid composi~
tion of the proteins,

workl® characterized the free and bound amino acids in

Corynebacterium diphtheriase and determined the gross effect

of variastions in the culture medium on the bound amino zecld



content. The free amino aclds were separated by extraction
with ethyl alcohol of the wet-washed cells. Since the

cells were not cytolyzed, the complete removal of free amino
scids might be questioned. 8She concluded that on three dif-
ferent types of medium the amino acid composition remalned
constant; however, when extra glutamic acid was present in
the medium, it was depleted to a greater degree. The gluta-
mic acld content of the cell residues increased under these
conditions,

The results of these workers constitute inconclusive
evidence that the amino acid composition of a protein may be
changed, in view of the previously mentlioned interferences,
©.g. adsorption and the inability to distinguish between
changes in amino acid sequence in the protein and the amounts
of protein. Hore recently, the use of amino acid analogues
has been applied to clarify the problem, Although precautions
must be taken when using these unnatural ansalogues, the
main sdvantage is that one does not have to distinguish be-
tween changes in the amino aclid content of proteins and the
amounts of protein containing the amino acid. Other pre-
cautions have been mentioned in the first paragraph of this
section,.

About twenty years ago, Nelson et al,16 reported that
selenium was assimilated by plants in certaln western plain

states, The assimilated selenium was toxie to animals
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grazing on these plains. Robinsonl” determined selenium in
wheat and found 10 to 12 parts per million. Ninety parts
per million were found assoclated with the wheat gluten,
Studies of non~toxlc wheat falled to show the presence of
selenium. Frankel® conducted feeding experiments with

rats and reported a variation in tolerance to toxic grains.
Tests were made with selenium in various forms by Franke
and potterl®, Metallic selenium was not toxic to rats,
sodium selenide depressed the growth, and sodium selenite
and sodium selenate were toxic. Franke and Painter2C re-
ported that a hydrolyzate of the wheat gluten was toxiec,
but when the hydrolyzate was treated with barium carbonate
and mercuric chloride, the hydrolyzate lost Iits toxicity.
In another report by Franke and Paintargl, the proteins of
animals contained selenium when fed toxic protein. Attempts
to remove the selenium by solvents for inorganic selenium
falled, as did attempts to deposit 1t from protein hydroly-
zates electrolytically. The workers concluded that the
selenium was bound to an organic radical,

Studies on the content of selenium in bhumin formation
during acid hydroly31922 indicated more selenium was
present in the humin after longer periods of hydrolysis.
Hydrolysis with hydriodiec acid removed selenium from the
protein with little humin formation. The selenium anslogue

of cysteine was dismissed from consideration when Painter
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énd Franke found no increase of selenlum in the humin
during acid hydrolysis in the pressnce of stannous chlor-
ide. Cysteine decomposes under such treatment. Painter
and Franke®® pemoved the selenium from hydrolyzates with
bases or strong oxidizing reagents, Alkaline hydrolysis®4
of wheest glubten in the presence of lead resulted in the
formation of lead selenide as well as lead sulfide from
eystine., After ashing toxie protein, Horn et 8l.2% re-
ported the selenium was not as toxie. This was suggestive
of an organic selenium compound. Jones and his coworkers®6
divided a partial hydrolyzate obtained by mild peptile
digest into four frections. Two of these fractions contain-
ed nelther selenium nor cystine. In the other tﬁo frac-
tions, both selenium and cystine were found,

In 1940, Horn and Jones®7 isolated a compound from

wheat and from Astragalus pectinatus easch grown on soil

containing selenium, The compound with an empiricael form-

ula of C_.H, N_.8e &612 gave a strong ninhydrin reaction

21544Mg 50!

and all of its nitrogen was aminc nitrogen. Its solubility
was characteristlic of amino acids and difficultly soluble
in water like ecystline. Using a simple formula, 07514320486,
Horn and Jones proposed a structure, Later these same
workers®® isolated a sulfur containing amino acld, lanthio=~

nine, from human hair, chicken feathers, and lactalbumin

by boiling the protein with 2 per cent sodium carbonate



solution followed by acld hydrolysis with 80 per cent

0 H 0

" "
BOw»Cw(inlHoxSaw ™ w3Hw e 0OH

0=C-CHig=Se=Clig=CHg=CH~0

NHQ NHQ

hydrochloric acid, If the ¥-methylens group 1s removed in
the above formula to make a symmetrical molecule and the
selenium replaced with sulfur, the result is lanthionine.
The removal Of\thﬁ methylene group reduces the equivalent
welght from l&é\to 127.5. The experimental value obtained
was 130.5.

Moxon®0 studied the toxicity of selenocystine and
found it to be very toxlec. it was seven times as toxlic as
ApBt-diselenodipropionic acid, A dose of 8.4 milligrams of
selenocystine per kilogram of body weight killed 75 per
cent of the rats in two days. Moxon et al,%l later report-
ed the ggform of selenocystine to be one-third as toxic
as the érferm.

The results of these investigations have shown that a
selenium=-containing amino acid, probably analogous to a
sulfur-containing amino acid, is formed by plants growing
on solls contalining large amounts of selenium. Apparently,
it is Iincorporated into the plant proteins; however, these

warkers falled to rule out adsorption of the amino acid to
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the protein.

Using another amino acid analogue, Dyergz, in 1938,
attempted to substitute ethionine for methionine in the
diet of the rat in order to alter the amino acid composi-
tion of the proteins, The rats falled to grow, but the
inhibition was reversed by the additlion of methionine.

Levine and Tarver®® fed rats ethionine lsbelled in
the ethyl group with radicactive carbon 14. These workers
isolated radivactive proteins from the liver, kidney, &nd
spleen, The radiocactive ethyl group of ethionine was
identiflied as the S~ethyl isothiourea plerate from a protein
hydrolyzate, after separation from methionine by recrystall-
ization., Although Levine and Tarver recognized two other
possible explanatory mechanisms, l.e, exchange of methyl
groups in proteins or peptides for ethyl groups in free
ethionine and ethylation of homocysteine in peptide linkage
with the ethyl group from free ethionine, they considered
these improbable. The reasons given were that no corres-
ponding reactions have been described for methionine, and
the belief that amino sclds once in the form of peptides do
not undergo any structural modifications. The fact that
the ethyl groups were labile, however, was shown by Stekol
and Weiss®%4, These latter workers showed that choline
could alleviste the growth inhibition due to ethionine in

the rat. Also, elther antipode of ethionine was active in



~14-

causing inhibition which could be reversed by elther anti-
pode of methionine. Thils suggested to them that the in-
hibition was & funection, at least in part, of triethyl
choline instead of ethionine in protein synthesis, Con-
firmation was obtaineda®® by the isolation of triethyl
choline and ethyl creatinine labelled with the radloactilve
ethyl group administered as ethionine.

Levine and Tarverdd attempted to avoid erroneocus con=-
clusions due to adsorbed amino acids and to radioactive
amino acids synthesized from catabolic products of ethionine.
They tried to exclude adsorption effects by washing the pre-
clpitated protein with monothiocethylene glyecol, C(ontrol ex-
periments with plasma proteins indicated that nearly all of
.the radicactive ethionine could be washed from the plasma
proteins with monothiocethylene glycol. The residual radio=
activity in the protein depended upon the original concen-
tration of the amino acid. Similar results were obtained
by Borsook et 8l.96 in their studies on tissue homogenates.
Using radioactlve amino aclds,; they found that washing with
trichloroacetic scid failed to remove amino aclds which were
bound to the protein by complexes with metal lons, such as
cobalt end manganese. Complete removal was accomplished by
treating the protein with ninhydrin.

In experiments with histone proteins, Brunish and

Luck®7 reported radicactive amino aclids that were adsorbed



and could not be removed by washing with trichloroacetic
acid, by dialysis or by reaction with ninhydrin. The
amount of adsorption was dependent upon time and tempera-
ture of incubation, These groups of workers concluded that
the only way to be certain an amino acid was incorporated
inte proteins wes to identify the amino acid in peptides
from partial hydrolysis of the protein.

Smith and Schlenk®8s39 have isolated adenine thiomethyl

riboss and S5-thiomethyl ribose from yeast, Saccharomyces

cerevisiase and Torulopsis utilis were the best producers of

these compounds., The amount of the compounds formed was
dapandenﬁ upon the concentration of methionine, A wide
variety of yessts and bacteria was found to produce thio=
methyladenosine. The rabbit produced 0,3 micromoles of
thiomethyladenosine per gram of liver40, Schlenk and
Tillotson%l reported that 5-ethylthloadenosine was formed
from DL-ethlonine by yeasts‘ The amount of the ethyl ana-
logue formed was about half the amount of the methyl aoém
pound synthesized under similar condltlons, The formation
of ethyl mercaptan from acetaldehyde and hydrogen sulfide
by yeasts 1s known, and the utili,ation of ethyl mercaptan
to form the S~sthyl thioadenosine in yeast has been report-
ed by Schlenk%®, From these experiments it seems that
ethionine may not be as foreignh to the biologlcal functions

of organisms as was previously believed. Under special
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conditions its blosynthesis may take place, The metabolic
products of ethionine could contaminate preparetions of
proteins and result in erroneous conclusions regarding the
amino acid composition of the proteins.

Very little is known about bilological reactions of
amino seids in the form of peptides; however, the work of
Schoenheimer and his assoeciates4d with radiocactive isotopes
in amino acids showed that protelins are in & dynamic state,
Although these workers were unable to differentiate between
reactions occurring while the amino acids were in proteins
and reactions ocecurring before incorporation into the pro-
teins, thelr results showed that amino acids undergo resct-
ions continually. sizer?® nas shown that tyrosyl residues
in proteins are oxidized by tyrosinase. This indicates that
the assumptlion made by Levine and Tarver concerning the ime
probability of resctions of amino aclds in proteins is not
valid, Although reports were not found in the literature
concerning transmethylation reactions of methionine in
peptide linkage, such reactions may not be dlsmissed.

Levine and Fopeanotd reported additicnal evidence for
incorporation of ethionine into rat liver proteins by cal-
culations of liver protein as per cent of body welght.
Earlier workers found that the amount of liver protein de-
pended upon the amount of protein in the diet. In Levine

and Fopeano's experiments, rats fed ethionine in their diet
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showed a higher percentage of liver protein than control
rats fed a diet without ethionine, The results according
to thelr interpretations supported the evidence for incor-
poration of the analogue into proteins of the rat.
Pluorinated derivatives of phenylalanine and tyrosine
have been used to study metabolism of these aminoc acids for
many years. Kraft4®, in 1936, reported that 3-fluorotyro-
sine antagonized the effect of thyroxine on tadpoles,
Litzka47 reported the same phenomenon and later reported
the use of 3-fluorotyrosine in treating hyperthyroidism,
Boyer et al.48 extended the study of fluoro derivatives of
tyrosine in relation to basal metabolic rate of the rat,
S3-Fluorotyrosine was the most toxie, followed by S-fluoro=~
phenylalanine, 3,5~difluorotyrosine, and 3-fluoro=-5-iodo-
tyrosine. ’HQme of these analogues affected the basal metaw
bolic rate nor were useful for its control, Mitchell and
Niemann® tested 3-fluoro derivatives of phenylalanine and

tyrosine on Neurospora crassa., Competitive inhibition was

reported with each of the compounds tested. &-~Fluorophenyl~

alanine was the most effective inhibitor of those studied.
Melvin®© and Atkinsanl found that p-fluorophenylalanine

inhibited growth of Lactobacillusg arabincsus. Atkinson re-

ported that phenylalanine was the only aromatic amino acid
to reverse the inhibition. The extent of inhibition varied

with the concentration of inhibitor, but at limited con-
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centrations of phenylalanine, subinhibitory emounts of p=-
fluorophenylelanine increased the total amount of growth,
Atkinson, Melvin, and Fox®l offered three hypotheticsl ex-
planations for the increased growth: p-fluorophenylalanine
released & complex set of antagonisms which resulted in
increased growth, was converted to phenylalanine, or was
substituted in some functions of phenylalanine and not in
others. Preliminary evidence for incorporation of p-fluoro-

phenylalanine into proteins of Lactobacillus arabinosus was

reported byﬁBakarﬁﬁ. Adsorption of the analogue was not
eliminatad, §1th9ugh it was recognized as a possible source
of interference.

No other reports are known of similar supplementation
of phenylalanine by fluorophenylalanines, but many have re-
ported inhibition by fluorophenylalanines. p-Fluorophenyl-

alanine inhibited growth of Pseudomonas aeruginoaasﬁ, r&t354,

Escherichia csliﬁﬁg lowered the blood pressure in the dog55;

inhibited the action of dopa decarboxylase®®; and inhibited

protein synthesis in Saccharomyces cerevisiaes7 and heart

tissue culhurasss.

In the studles on protein synthesis in 8. cerevisise,

the assumption was mede that an amino acid pool occurred
inside the cell. When p~-fluorophenylalanine was added to
the medium, not only was the incorporation of phenylalanine

inhibited by the fluoro analogue, but also the uptake of
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other amino acids was inhibited., Thils was salso true in the
experiments with heart tissue cultures; however, inhibltion
did not occur when phenylalanine was obtained from the pro-
teins of the chlcken embryo., Thils suggested to the invest-
igators that the emino acid in peptide linkage was not

converted to the free amino acld before incorporation into

the tlssue of the heart.



MATERIALS AND METHODS

Laetobacillus arabinosus I and mutant strains derived

from it were used in these investigations, The original
strain was obtalned from the American Type Culture Collec-
tion (#8014)., The strains were transferred monthly and
carried in stabs of peptone yeast-extract agar medium., The
composition of the medium is shown 1in Table 1. After an
incubation period of 24 hours, the cultures were stored in

a refrigerator at 2° C.

Table 1. Composition of the Medium Used for
8tock Cultures

Constituent Amount
Bacto~peptone 0.8 g
yeast extract 0.2 "
sodium acetste 0.6 "
glucose i.0 "
agar l.2 "
salt solution A% 0.5 ml.
salt solution B% 0,5 "
water 100 "

#8ee Table 2.
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The mutents used were L. arabinosus FT;, which does

not require exogenous tyrosine and phenylelanine, and L.

erabinosus F, which grows without an extended lag phase

at levels of p-fluorophenylalanine which inhibit the parent
strain for 40 hours. Tae strain PT; was reported by

Atkin&snl and strain F by Baker©®, Lactobacillus brevis

(ATCC #8287) was used for assay purposes.

The Inoculum was prepared Ifrom the stab cultures by
transferring to a broth medium a portion of the cells. The
broth medium had the same composition asiihe stab culture
maﬁium except for cmission of agar. The broth cultures
were incubated at 36° ¢ for 18 to 24 hours after which the
cells were centrifuged, the medium decanted, and the cells
susp@m&a&vin 5 ml, of sterile 0.9 per cent sodium ehloridse
solution. After centrifugation and resuspension of the
cells in the sodium chloride sclution, a dllution of 1 to
50 was made with sterile sodium chloride solution. This
suspension was added to 10 ml. tubes of liquid medium and
to medium used for plate assays by means of a sterile
pipette.

The synthetic basal medium used for the test waa es-
sentially that of Kulken st al.%% The medium composition
is given In Table 2, For plate assay medium, one and three-
Tfourths per cent purified agar was added to the medium,

The agar was washed with water and acetone to remove trace



Table 2, Basal Medium

(Composition of one liter of double-strength medium,)

Constituent Amount
L~arginine+HClw# 400 mg.
DL-glanine 400 "
DL~asgpartic acid 800 "
L~cystine 400 "
DL-glutamic acid‘HEG 800 "
L~histidine«HC1 400 "
DL~isoleucine 400 "
DL~leucine 400 "
L-lysine~HCl 400 "
DL-phenylalanine 400 "
L-proline 400 "
DL~serine 400 "
DL-tryptophan 400 "
DL-methionine 400 ¥
DL-tyrosine 400 "
DL~threonine 400 *
Dl-valine 400 "
glucose 40 g.
sodium acetate s "
sdenine sulfate 10 mg.
guanine-HC1 on"
uracil o ®
vitamin concentrate 10 ml.
salt solution A o™
salt solution B io "
water 1000 "

#*Amino acid isomer prefilxes used in this theslis refer
to configuration rather than rotation, and should be
construed as small capitals in the official system
for such designations (Crane60),



Table £. (Continued)

Constituent Amount

Vitamin concentrate

thismineHCL1 £ mg.
pyridoxin+HCl g "
caleium psntothenate 2"
riboflavin 4 "
nicotinlic acid an
folie acld 100 g.
~aminobenzolic acid onn
iotin g "
water 100 ml,
Balt solution A
KgHPO4 e5 "
watsr 280 ml.
Balt solution B
Mg304-?ﬁaa 10.0 g.
Nagl Q.56 "
Fe80,4 «7HgO C.5 "
MnB804 *4He0 1.6 ®

water 2560 ml.




quantiﬁias of amino escids, The amino aclds were obtained
from commercial sources and recrystallized wihen necessary.
The p-fluorophenylalsnine was prepered from p-fluorotoluene
by econversion first to the aldﬂhydegl and then by means of
the azlactone procedure®? to the amino acid.

The medium was prepared at twice the filnal concentra-
tion with appropriate amino acids omitted., The p-fluoro-
phenylalanine concentration to be tested was placed in the
culture tube and diluted to 6 ml, PFive ml. of the double
strength medium were added to give a final volume of 10 ml.
The tubes were plugged with cotton and autoclaved for 15
to 20 minutes at 15 pounds pressure per square inch of
steam, The tubes were incubated at 36° to 37° ¢ in an air
incubator equipped with a fan.

Turbidity as a meamsurement of growth in the tube cul-
tures was determined with bthe Coleman Unlversal Spectro=-
photometer model 11 at a wavelength of 575 millimicrons,

In this way, perlodic readings during growth were made.

The measurements were read as per cent transmission, which
is related to optical density. The number of cells is
nearly proportlonal to optical d@naity$5. The culture tubes
were Pyrex, 1l millimeters in diameter and 150 millimeters
long. They were optically matched by filling each tube with
a dilute solution of copper sulfate., The tubes were match-

ed to a standard tube and marked with an etched line to
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coincide with a mark on the tube carrler., In this way, the
gsame position in the carrier could be obtained each time.
Medium for the plate assays was prepared at full
strength and aubtoeclaved Iin the same manner as above, When
the wedium had cooled to just above the solidification
temperature, 1t was linoculated with the appropriate organ-
ism, and 15 ml. were transferred to each plate with a
sterile pipette. After solidification, the filter paper
disks were placad'on the surface, and the plates were in-
cubated as above. The area of the zone of inhibition was.
calculated from the diameter. The diameter was m@aaure&
to the nearest millimeter alfter a 24 hour incubation period.
The paper chromatograms were run on Whatman No, 1
filter paper. For amino acld determination, the papers
were seven snd one-half by nine and one-eighth inches., A
5 pound jar with a screw cap was used for the chamber, A
cylinder was made of paper by stapling two opposite edges
together, The edges were not allowed to toueh since this
casused uneven advancement of the solvent front. The
samples were placed 1 inch apart on a base line which was
1l ineh from the bottom of the paper. The samples were
applied with either a melting point capillary tube or a 5
mierolliter pipette. After the solvent front had reached
the top of the paper, the cylinder was removed, dried, and

replaced in the chamber for the solvent to ascend to the top
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agein. Thils was repeated again so that the solvent advanc-
ed to the top of the paper three times, and good separation
of p-fluorophenylalanine from the remainder of the amino
acids resulted. The solvent was tertiary-butyl alcohol,
methyl ethyl ketone, and water. The proportions were
4:431.5 by volume, For qualitative results the amino acids
were loaated by spraying with 0.2 per cent ninhydrin in 95
per cent ethanol or acetone and drying in the oven at 100°
Cs

For quantlitative estimations of amino acids on paper
chromatograme, standard samples of the desired amino acid
were applied to the paper. After developing with the sol-
vent, the paper was dipped in 0.2 per cent ninhydrin In
acetone. The dipping allowed an even application of the
solution. The chromatcgrams were alr dried at room temper-
ature, Estimation was made by comparison of the color in-
tensity of the unknown sample with the intensity of the
known samples.

For separation of peptides by paper chromatography,
filter paper four and one~half by sixteen inches was used,
Descending technique was employed in & glass chamber. A
stainless steel support was placed in the chamber to hold
the glass trough containing the solvent, The solvent sys-
tem was the same as mentioned above, A beaker of the sol-

vent was placed in the bottom of the chamber to help



saturate the air space. The chromatograms were developed
with 0.2 per cent ninhydrin as before,

The filter paper disks for bloassay were cut from the
pap er chromatograms with a number 8 cork borer. Ths sub-
stance was located_by g compenion chromatogram of the sub-
stance to be assayed. The companion chromatogram was
sprayed with ninhydrin to locate the substance, and the
corresponding area was cut from the paper chromatogram
for assay. ’

Microbiological assay for phenylalanine was usad to
estimate the phenylalanine in some of the ssmples. L.
brevis was the assay organism., Since 1t was necessary to
separate phenylalanine from its fluoro analogue, the sam=
ples were chromstographed, and the area cut out of the
chromatograms as indicated above., The filter paper conw-
taining the sample was placed in a tube and 10 ml., of
medium lacking phenylélamine was added, After sterili-
zatlon and inoculation as indicated, the tubes were ine
cubated for 72 hours. A standard curve with graded amounts
of phenylalanine added to the medium was used to estimate
the phenylalanine in the sample, The samples and standard
curve were run in duplicate, and the acid produced by
growth was titrated with .050 N sodium hydroxide at the
end of the incubation period. Bromthymol blue was the
indlicator for the titration.



-0 -
EXPERIMENTAL

In experiments reported previously by Baker®Z on the
utilizatlion of p-fluorophenylalanine by L. arabinosus,

the inability to exclude adsorption of the p~fluorophenyl=-
alanine to the protein of the organism was reeegnizad,

To overcome thls limitation, the ecytolyzate was treated
with phenylisothiocyanate in aqueous pyridine asccording to
Edmen®? to block the free amino groups, both terminal on
proteins and on free amino sclids. Phenylthiohydantoins of
the amino acids were formed when the sample was hydrolyzed
with acid, The phenylthiohydantoins do not form colored

substances with the ninhydrin reagent for amino aclds.

Experiment 1

Thirty liters of synthetic medium containing 39,6
milligrams of DL-phenylalanine and 98,9 milligrams of DL~

p-fluorophenylalanine were inoculated with L. arabinosus I

and incubated for 48 hours,. Growth of the organism was

followed on the spectrophotometer in 10 ml, tubes contain-
ing the same medium. More growth occcurred in the presence
of p~fluorophenylalanine then in controls with the analogue
absent {see Table 3). The cells were centrifuged and suse

pendsd in one liter of physioclogical saline soclution,
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After standing overnight, the cells were centrifuged, re~
suspended in saline solution, and centrifuged again. The
cells were cytolyzed in a mortar by grinding with sand in
the presence of ether. The ether was separated from the

cytolyzate and washed twice with 50 ml, of distillled water,

Table 3. The Growth of L. arablinosus I in the
Presence of p-Fluorophenylalanine

(values are per cent transmission; averages
of gquadruplicate 10 ml, cultures; DL~phenyl-
alanine present in .08 micromoles Per tube.)

Ratio of p-fluoro- Incubation Time
phenylalanine to (Hours)
phenylalanine
16 24 51 48
0 59 56 54 53
2.5 58 50 46 45

The cytolyzate was taken up with 100 ml, of distilled
water, and the sand was washed with 100 ml. of distilled
water., All of the water used in washing the sand and
ether were combined with the cytolyzate. The total volume
was 3500 ml.

Two one-half milliliter aliquots of the cytolyzate
were used for the determination of nitrogen by micro-

Kjeldahl. One hundred and fifty-five milligrams of nitro-
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gen per 100 ml, of cytolyzate were found., To calculate

the amount of phenylisothloecyanate to add to the cytolyzate,
one~half of the nitrogen present was assumed to be free
amino nitrogen. In addition, a nineteenfold excess, as
suggested in the procedure of Hurst65, was added based upon
the nitrogen calculation. In this experiment, 300 ml. of
pyridine was added to the cybtolyzate, and the solution

made alkaline to bromthymol blue by the addition of sodium
hydroxide., After the addition of 50 grams of phenyliso=-
thiocyanate, the solution was placed in the Incubator at
379 ¢. The mixture was kept alksline by the periodiec
addition of base. When the consumption of base ceased,

the mixture was removed fraﬁ the incubator, and the sol-
vent was distilled under reduced pressure.

The residue was suspended 1n 100 ml, of distilled
water, which was then removed by distillation under re-
duced pressure. The residue was suspended In 200 ml, of
distilled water, and 200 ml., of concentrated hydrochloriec
acld was added. After refluxing for 24 hours, the acid
was distilled off under reduced pressure., The residue was
suspended in 100 ml, of distilled water and taken to dryness
again., This residue was suspended in 250 ml, of ether and
200 ml. of distilled water by shaking. The ether was
separated and extracted with two 50 ml. portions of distilled

water. The aqueous extract was added to the reslidue, Two
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and one-~half grams of Norite A, which had been actlvated by
washing in 5 per cent acetic acid (Partridge®€), was added
to the agqueous suspension of the mixture, Thorough mixing
was accomplished with the aid of 2 mechanical shaker, A
portion of the material was lost during the shaking by
splashing when a stopper was accldently removed. Shaking
was continued for a total period of 4 hours. The charcoal
was filltered off and eluted with 250 ml. of 20 per cent
acetic acid sclution containing & per cent phenol. A loﬁ
speed stirring motor was used for mixing the suspended cone
tents, The charcoal was filtered off after & period of 3
hours, and the filtrate extracted with 300 ml. of ether to
remove the 3xc@ss phenol. The ether extrects were washed
with 100 ml, of distilled water. These aqueous extracts
were added to the filtrate, and the solution was taken to -
dryness by distillation under reduced pressure.

The residue was suspended in 50 ml. of water and trans-
ferred to & centrifuge tube. After centrifugation, the
supernatant was poured off, and the residue washed again
with distilled water, The supernatants were combined and
cencentrated under reduced pressure., The combined solid
material was centrifuged and weshed with hot distilled
water, The pH was adjusted to approximately 6 with 0.2 N
sodium hydroxide solution. The solution was used for chroma-

tograrhic snalysis. It was labelled "p",



Experiment 2

A cytolyzate of L. arabinosus cells grown on complete

synthetlic medium without p~fluorophenylalanine was used as
a control for the above experiment., Three different controls
were set up. In one, 8 milligrams of p-fluorophenylalanine
was added to the cytolyzate before treatment with phenyl-
isothicocyanate, The purpose was to ascertain 1f the phenyl-
isothiocyanate blocked the free asmino acids. Thls control
is referred to as control "G". In the seaaﬁd control, re-
ferred to as "H", 8 milligrams of p-fluorophenylalanine
was added after phenylisothiocyanate treatment. The add-
ition was made after the excess phenylisothiocyanate had
been destroyed by acid., The purpose of this control was
to insure that any p-fluorophenylalanine in the aclid hydrol-
yzate could be detected by the method employed, The third
control, labelled "I", was processed like the other controls,
except p-fluorophenylalanine was not added to the cytolyzate
~at any time. This control would indicate if there were any
ninhydrin reacting substances with the same Ry value as p-
fluorcophenylalanine. The controls were processed in the
same way as outlined above,

The results of the chromatographic analysis of samples
"F" and "I" are shown in Figure 1. (Controls of p~fluoro-

phenylalanine (FPA) and phenylalanine (PA) are included.



Figure 1. Chromatographic separation of protein
hydrolyzate of L. arabinosus I. (Left to right)

Phenylalanine; phenylalanine and p~fluorophenyl-

alanine; sample F (hydrolyzate of L. arabinosus I
grown in the presence of p-fluorophenylalanine
under stimulatory conditions); sample F and p-
fluorophenylalanine; p-fluorophenylalanine; sample

I (hydrolyzate of L. arabinosus I grown in a com-

plete medium without p-flucrophenylalanine); sample

I and p-fluorophenylalanine.
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An emino acid spot with the same Ry value as p-fluoro-
nenylalanine was present in sample "F" and not in sample
"1*, Addition of p~fluorophenylalanine to sample "F*"

(F and FPA) produced an enlargement of the spot attributed
to p-fluorophenylalanine without a change in the Ry value.

Addition of p-fluorophenylalanine to sample "I" produced

a spot where none existed before.

FPigure £ is a reproduction of the chromatogram of
samples "“F", "G", "H", and "I"., Sample "G" and "I" did
not have spots with the same Ry value as B-fluoraphenyl~
alanine, while sample "F" and "H" did have spots with the
seme Ry value as p-fluorophenylalanine., The p-fluoro-
phenylalanine added in sample "G" appeared to have been
blocked by the phenylisothiocyanate treatment. In sample
"H", the p-Iluorophenylalanine added after the phenyliso-
thiocyanate treatment appsarsed in the chromatogram but at
a lower concentration than was anticlpated.

Quantitative estimations of p~-fluorophenylalanine in
sample "F" were made by blological assay and by ninhydrin
color comparisons, For the bilological assay, the p-fluoro-
phenylalanine was cut from chromatograms not treated with
ninhydrin. These circuler disks were placed on the surface

of medium inoculated with L. arabinosus PT;. After an in-

cubation period of 24 hours, the zone of inhibition was

measured, and the area was calculated. Table 4 shows the



Figure 2. Chromatographic separation of protein

hydrolyzates of controls end of L. arabinosus I

grown in the presénce of p-fluorophenylalanine.
{Left to right) Phenylalanine; sample ¢ (hydroly-

zate of L. arabinosus I grown in a complete medium

without p~fluorophenylalanine, but p-fluorophenyl-
alanine was added before treatment with phenyliso=-
thiocyanate); sample H (hydrolyzate of L. srabino-
sus I grown in a complete medium without p-fluoro-
phenylalanine, but p-fluorophenylalanine was added
after treatment with phenylisothiocyanate); p-
fluorophenylalanine; sample F (hydrolyzate of L.

arabinogus I grown in the presence of p-fluoro-

phenylalanine under stimulatory conditions); sample

I (hydrolyzate of L. arabincsus I grown in & com-~

plete medium without p-fluorophenylalanine); p-fluoro-

phenylalanine and phenylalanine.
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results obtsined with a 50 microliters sample of Wg©,
Figure 3 is the curve obtained when the area of in-
hibition 1s plotted against concentration of gérgffluoro~
phenylalanine. The area of 1200 square mlllimeters

corresponded to 7 micrograms of ggfgffluorophsnylalanine.

Table 4. Biological Assay of EmFlucrcphanyl-
alanine in Sample "FM

Area of Inhibitlion
Sample (8quare millimeters)

1 2 | Average

5 micrograms DL~p-fluoro-
phenylalaniné 1130 1150 1140

10 micrograms DL-p-fluoro~
phenylalanifie 1274 1274 1274

15 micrograms DL-p-fluoro-
phenylalani®d 1406 1469 1438

"F" 1200

If one assumes the inhibition was due to one antipode,
then 3.5 micrograms were present in 50 mieroliters of
sample "p¥,

The determinatlion of p~fluorophenylalanine in sample
"F" was made by visual comparison of the ninhydrin color
intensity with standard samples of DL-p~fluorophenylalanine.

A chromatogram of 3, 5, and 10 micrograms of DL~p-fluoro-



Figure 3, The sres of inhibition as & function

of DL-p-fluorophenylelanine concentration,
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rhenylalanine and 50 microliters of sample "F" was run.
The color intensity of the p-fluorophenylalanine in "F"
was between the iIntensity of the 3 and 5 mlerogram samples
of gg—gyfluoraphenylalanins. This agreed with the value
of 3.5 micrograms obtained in the bilologlcal assay, and
indicated that the inhibition and supplementery responses
were due to one and the same stereoisomer.

Quantitative estimations were made for phenylalanine
by the ninhydrin color comparison method and by mia£o~
biological assay using L. brevis. Five mierograms of
phenylalanine per 50 microliters of sample "F" were deter-
mined by the color comparison method and 9 micrograms per
50 microliters of sample "F" by microblologicsal assay.

The biological assay, using L. arabinosus PTj for p-

fluorophenylalanine, was more sensitive than the ninhydrin
reagent., For this reason, sample "G" was tested for p-
fluorophenylalanine., A narrow zone of inhibition was
present around the filter paper disk. The average area
was 401 square millimeters. An estimation of one micro-
gram of p-fluorophenylalanine was made by extrapolation of
the curve In Figure 3. This result indicated that perhaps
the phenylisothlocyanate treetment did not block all the
analogue,

In another experiment with L. arabinosus I grown in

40 liters of synthetic medium, p-fluorophenylalanine was
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not detected in the hydrolyzed cytolyzate. Apparently

this result was due to an extensive period of time in which
the cytolyzate was in contact with the charcoal used to ab-
sorb the aromatic amino‘acids.‘ Destruction of amino acids
by oxidation in the presence of charcoal has been réparted
by Wieland et 21,88 1In subsequent experiments, the char-

coal absorption procedure was omitted.

Exparimentyﬁ

In order to datermine the extent of the blocking of
free amino groups by the phanyliaothiocyanate procedurs,
two experiments were performed. In the first experiment,
2.21 milligrams of g%rgﬁfluorcpheaylalanine was dissolved
in 2 ml, of distilled water; 2 ml., of pyridine was added;
end the solution was made alkaline to bromthymel blue with
0.2 N sodium hydroxlde. Thirty-two &ﬁd four~tenths milli-
grams of phenylisothliocyanate was added, and the mixture
was placed in the incubator at 37° ¢ for 24 hours. The sole-
vent was removed by distillation, and the residue was washed
with 20 ml. of distilled water., After the water was distill~
ed off, 20 ml. of & N hydrochloric acld was added to the
resldue. The mixture was refluxed for 24 hours, and the
acld removed by distillation. The residue was washed with
several milliliters of distilled water and taken to dryness
again. The residue was suspended in 0,3 ml., of distilled
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water and 0.4 ml. of .05 N sodium hydroxlde. The pH of

the solution was approximately 6. Estimation of p-fluoro-
phenylalanine by color comparison indicated that 210 miero-
grams of Eefluorophenylalanin&‘were not blocked by the
‘phenyliaathiccy&nate treatment. This was about 10 per cent

of the starting material,

Experiment 4

In the second experiment to determine the extent of
the blocking of free amino groups by the phenylisothiocya-
nate procedure, 30 milligrams of p~-fluorophenylalanine was

added to a cytolyzate of L. arabinosus I which had been

grown on a complete synthetic medium, This cytolyzate was
treated with phenylisothioccyanate as in the experiment out-
lined at the beginning of the section. After removal of the
acid, the washed residue was extracted twice with 100 ml. of
ether, The residue was suspended in 20 ml, of water, and
the pH adjusted to 6 with concentrated scdium hydroxide. A
black oil, which formed, was removed by ether extraction.
The aquecus solution was diluted to 50 ml. in a volumstric
flask, Chromatographic analyses for p-iluorophenylalanine
ell failed to resclve the amino acids in the‘&rea in which
the anslogue occurs. The solution was concentrated to 256

ml., and chrometographed again with the same results. Another
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chromatogram wﬁieh had not been treated with ninhydrin was
cut into four sections each three-~fourths inch wide. Sec-
tion 1 began one-~fourth inch below the top of the solvent

front., The four sections were assayed for p-fluorophenyl-

alanine by biological inhibition assay with L. arablinosus

Pr'i. A zone of inhibition, 32 millimeters in diameter,
occurred on the plate containing sections & and 4. This
corresponded to approximately 2 micrograms of géfgrfluorou
phenylalanine in 10 microliters of the hydrolyzate or 16
per cent recovery. (See Table 6). |

In a companion chromatogram, sections 2 and 3 were
cut in one plece. The sections were eluted by the method
of Gonsden et 81,57 The eluate was concentrated and
chromaetographed in the same solvent as before. The area
corresponding to the Ry value of p-fluorophenylalanine was

cut and assayed with L. arabinosus PP;. No inhibition

occurred,

The results in the preceding experiments indicated
that the phenylisothiceyanate treatment did not block
completely the free amino acids. In order to circumvent
this disadvantsge, the cell cytolyzate was hydrolyzed to
peptides by partial hydrolysis, and the identification of
p-fluorophenylalanine was attempted from the mixture of

peptides.,
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Experiment 5

The cells of L. arablinosus I were grown and harvested

in the same manner as in the experiment on page 28. Table 5
shows that more growth occurred in the preeence of p-
fluorophenylalanine., The total amount of growth was more

than had been obtained in previous experiments, (See Table

Table 5. The Growth of L. arabinosus I in the
Presence of p-Fluorophenylalanine

(Values are per cent transmission; averages of
duplicate 10 ml. cultures; DL-phenylalanine
present in .08 micromoles ber tube,)

Ratio of p-fluoro- Incubation Time
phenylalanine to (Hours)
phenylalanine
24 32
0 &0 31
2.5 24 22

3). After cytolysis, micro~Kjeldahl analysis for nitrogen

on two and one~half milliliter aiiquots showed an average of
220 milligrams of nitrogen per 100 ml. The total volume was
250 ml., The solvent was distilled from the cytolyzate under
reduced pressure. Two~hundred and fifty milliliters of con~

centrated hydrochloric acld were added to the dried eytolye
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zate, and the mixture placed in the incubator at 37° ¢
for 3 days. The acid was removed by distillation under
reduced pressure. The residue was suspended in 100 ml.
of distilled water and then taken to dryness., After the
residue was transferred to a smaller flask with distlll=
ed water, the solvent was removed by distillation. The
residue was next transferred to a test tube with hot
distilled water, The solution was adjusted to pH 6 with
godium hydroxide before centrifuging the suspended materilal
to the bottom of th@ tube., The supernatant was decanted
into a 50 ml, vﬁlumsﬁria flask,»and the precipitate was
washed four times with 5 ml, of distilled water. The
supernatants were combined snd extracted with 50 ml., of
ether, The ether extract was washed with 5 ml, of dis-
tilled water, and all of the aqueous sclutiéns combined
and diluted to 80 ml. in the volumetric flask. This
solution labelled "Q" was used for the chromatograms.

The free amino acids in Q were bloeked with phenyl-
isothiocyanate, A 0.3 ml., sample of Q was treated with 43
milligrams of phenylisothiocyanate dissolved in 0.3 ml., of
pyridine. The solution was made alkaline with sodium hy-
droxide, and by the periodiec addition of sodium hydroxide

during the period of reaction, the solution was kept alkae-
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line, The reaction was carried out at 37° ¢ for 12 hours.
After the reaction had ceased, the excess phenyllsothio-
cyanate and pyridine were extracted with 3 ml. of benzense,
The remaining 0,6 ml. of solution were hydrolyzed by the
addition‘af 0.6 mi. of concentrated hydroahlorid acid. The
tube was sealed and placed in an oven at 100° ¢ for 15 hours.
When cool, the seal on the tube was brokén, and the acld was
removed by evaparation in a vacuum desiceator. The solution
was treated twice with twc‘drops of dilute ammonium hydrox-
ide. After each addition of the ammonium hydroxide, the
gsolution was taken to dryness. The residue was suspended

in 0.30 ml., of distilled water. This material was labelled
Qp and is referred to in the description of subseqguent ex-
periments as QP‘

Twenty microliters of Qp was chromategréphad by aé—
cending technlque., Filgure 4 shows the resultant chromato-
gram, Due to the high concentration of aminc acids in the
lower part of the chromstogram, the other amino acids were
abnormally displaced, and Effiﬁorophenylalanine could not
be identified in the sample,

In order to determine if any p-fluorophenylalanine was
in the sample, a companion chromatogram of 20 microliters
of sample QP was cut in five sections as shown in Figure 4,
Each ssction was assayed for p-fluorophenylalanine with L.

srabinosus PTy. Zones of inhibition were found around




Figure 4., Chromatographic separation of protein -

hydrolyzates of L. arabinosus I cytolyzates.

(Left to right) Chromatogram is of a 20 micro=~
liter sample of Qp ( a complete hydrolyzate of L.

arablinosus I grown in the presence of p-fluoro-

phenylalanine and which had been treated with
phenylisothiccyanate prlor to complete hydroly-
sis). Upper portion shows strips cut for blo=-
logical assay and rechromatographing. QPE (an
eluate of area containing p-fluorcphenylalanine
from a chromatogram of sample Qp) and 10 mlcrograms
of p-Tluorophenylalanine; QPE; 5, 5, and 10 micro-

grams oi p-fluorophenylalanine.
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Table 6, Blological Assay of p~Fluorophenyl-
alanine in Sample Qp

(Values are area of inhibition in
square milllmeters.)

Aliquots
Sample
1 2
3 mierograms of géfgfflueroﬁhanyl~ 1134 1134
alanine -
5 micrograms of DL~p-fluorophenyl- 1385 1320
alanine -
10 micrograms of DL-p-fluorophenyl- 1735 1809
alenine .
15 micrograms of DL-p~flucrophenyl- 2043 2123
alanine =
Section 1 of Qp 425 380
Section 2 of Qp# 1452 855
Section & of Qpﬁ 573 1482
Section 4 of Qp Increaged Growth
Sectlon 5 of Qp " "
Sample Qpy 1452
Sample Qs , 1808 1661

#Apparently the p-fluorophenylalanine in aliquot 1
advanced farther than in allquot 2.

%%$&mp1anﬁ is not to be confused with sample H in
experiment 2, p. 32.
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sections 2 and 3, Table 6 shows the results of the bio-
assay on two aliquots of sample Q?.

8ince 1t seem likely that the inhibition was due to
the L-form, Table 7 gives the amount of %fgffluorophanyl—

alanine corresponding to the Inhibition observed witnh sach

Table 7. Amount of I~p~Fluorophenylalanine in
Samples Assayed bY Blological Inhibition

(Vvalues are in micrograms,)

Sample 1 2 Average
Qpy .25 185
Qpgtt 3,0 1.0
Qpz* +50 | 3,0
Total 5.75 4,125 )
QK 5.25 4,35 4,8
Qg 3. S,

#Apparently the p-fluorophenylalanine in aliquot 1
advanced farther than in sliquot 2.

sample. The total innhibition of the sample QP corresponded
to 3,9 micrograms of L-p~fluorophenylalanine in 20 micro-
liters of hydrolyzate. This represents the amount of non-

aminoid p-fluorophenylalenine residue in the peptides.
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Evidence that the inhibltion present in sections 1, 2,
and 3 was due to foluerophenylalénine was obtained by the
identification of the amino acld in the eluate of sections
2 and 3, The combined area of sections 2 and 3 was eluted
from three companion chromatograms of 20 microliters each
of sample QP‘ The method of Consden et 21,57 was used for
the elution., After evaporating to dryness, the eluate
labelled Qpy was dlssolved in 60 mlecroliters of distlilled
water, Figure 4 shows the chromatogram of Qppe The in-
tensity of the p-fluorophenylalanine spot was estimated at
3 micrograms per 20 microliters of sample Qpp by comparing
with color intensities of known amounts of p-fluorophenyl-
alanine. The chromatogram of Qpg and 10 micrograms of p-
fluorophenylalanine showed that the spot had the same Rge
value as known p-fluorophenylalanine.

Biological assay of Qpp indlcated 3 micrograms of the
active form to be present, This is shown by the area of
inhibition given in Table 6,

"~ The total amount of p-fluorophenylalanine in sample Q
waakeatimated from a total hydrolysls of sample Q. To 0.3
ml, of sample @, an equal volume of concentrated hydro-
chloriec acid was added. The tube was sealed, and hydrolysis
was carried out in the same manner as the hydrolysils of
semple Qp. The removal of acid after hydrolysis and the

neutralization of the hydrolyzate was done in the same way
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as sanmple Qpe The resulting hydrolyzate was suspended in
0.5 ml. of distilled water and labelled Q. (Sample Qy 1s
not to be confused with sample H in Experiment 2, p.32.)
Estimation of p-fluorophenylalanine in QH by paper chromato=-
graphy indlicated 6 micrograms per 20 microliters of sample
Qy. As shown in Table 7, the blological assay indicated
that 4.8 micrograms of gfgrflueraphanylalanino were present
in 20 microliters of Qu. The amount of inhibltion in the
biological aessay is shown in Table 6.
' The zones of increased growth around sections 4 and 5
(see Table 6) were probably due to phenylalanine. This
would be the approximate area In which to expect the natural
amino aclid to be since p-fluorophenylalanine occurred in
sections 1, 2, and 3, and since p-fluorophenylalanine leads
phenylalanine on the chrometograms,

Partial fractionation of the mixture of peptides was
accomplished by descending fillter paper chromatography.
The chromatograms were run on paper 16 inches long with a
cleansing tissue stapled to the end to absorb the solvent
when it had descended the length of the paper. The ahramato;
grams were run for 15 hours, and on treatment with ninhy-
drin, they gave a colored strip from the origin to within
a few inches of the cleansing tissue. The greatest con-
centration of ninhydrin reacting substences was in the

lower one-half of the chromatogram. In order to determine



if p-fluorophenylalanine was concentrated in any sectlon
of the chromatogram in the peptide form, three samples of
20 microliters each were chromatographed as companion strips,
The resultiﬁg chromabogress were divided into four parts.
The section designated as Q) was the lower three and one~
half inches of the chromateogram. The remainder of the
chromatogram was divided into 3 sectlons three and one-
half inches wide and designated as Qp, Q3, and Qg proceed-
ing from the top of section Q) to the end of the paper.

The sections were eluted by the method of Consden
et 21,57 A 2 ml. bore caplllary tube 13 centimeters long
was used in the elutlon. The total volume of eluate was
apporoximately 0,3 ml, The eluates were transferred to
Pyrex test tubes of 10 by 75 millimeter size. Té each
sample, 0.5 ml., of concentrated hydrochloric acid wes added.
The tubes were sealed and placed in an oven at 100° ¢ for
15vhcurs. When cool, the seal on each tube was broken,
and the contents evaporated to dryness in & vacuum desiccator
containing sodium hydroxide pellets. One drop of dlstilled
water was added to each residue, After evaporation to dry-
ness, two drops of dilute ammonium hydroxide were added to
each tube, The excess ammonia was removed in the same
manner as the acid, After suspending in 5 microliters of
distilled water, the total amount of the hydrolyzates was
applied to filter paper for chromatographing; likewise, Qg



Figure 5. Chromatographlic separations for locat~
ing p~fluorophenylalanine in & partially hydroly-
zed sample of L. arabinosus I cytolyzate., (Left

to right) Chromatograms of samples of Qy (a par-
tial hydrolyzate of L. arabinosus I, grown in the

presence of p-fluorophenylalanine, which has been
fully hydrolyzed without phenylilsothloeyanate treat-
ment ) s Q1.ys 5 and 10 micrograms of p-fluorophenyl-
alanine; Qg pj Qz.ys and Q u (eluates of a chromato-
gram of Qy divided into 4 sections).
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and Q4 were suspended in 10 microliters of distilled water
and chromatographed. Figure 5 shows the chromatograms of
the hydrolyzed samples. It was evident that the p-fluoro-
phenylalanine was concentrated in sample Qg Approximately
5 microgrems of p~Tluorophenylalanine were estimated to be
in sample Qz+ Falnt spots were also visible in samples Qg
and Qge

Sample Qp was obtalned as indicated on page 53, Since
& smaller amount of sample Qu than Qz was applied, only a
very faint spot with the same Ry value as p-fluorophenyl-
alanine was present on the chromatogram, The material in
sample Qy corresponded to 5 microliters of sample Q, while

Qg corresponded to about 40 microliters of sample Q.



DISCUSSION

Table 8 gives the total amount of p-fluorophenylalanine

found in the cytolyzate of L. arabinosus I by paper chromato-

graphy and blological assay in Experiment 5., The table in-
cludes values for p-fluorophenylalanine substituted on the

amino group, e.g. the analogue without a free amino group

Table 8, The Amount of p-Fluorophenylalanine
Present in the (Qytolyzate of L. arabinosus I
Determined by Paper Chromatography and
Biclogical Assay in Experiment 5

Methods of Analysls

Paper Biological
Chromatography Assay
Total p~fluorophenyl-
alanine 1n cytolyzate 15 milligrams 12 milligrams
p-Fluorophenylalanine
gsubstituted on amino
group 7.5 " 8.7 "
Per cent of total p-
fluorophenylalanine
recovered as substituted
p-fluorcphenylalenine 50 per cent 81 per cent

present in peptides, and the per cent of the total p-fluoro=

phenylalanine represented by the amino-substituted analogue.

The results of both methods showed that well over 10 or 18



per cent of the p-Tluorophenylalanine was recovered as
amino-substituted p-fluorophenylalanine. The amount of the
analogue recovered as the amino-substltuted amino acld was
greater than that which could be attributed to 1ncamplete
reaction with phenylisothioeyanate. This indicated that s
portion of the p-fluorophenylalanine was Incorporated into

the proteins of L. arabinosus I.

The difference between the total p-fluorophenylalanine
and the p-fluorophenylalanine substituted on the amino
group, as shown in Table €, is probably p-fluorophenylala-
nine with & free swino group. The difference could be due
to free p-fluorophenylalanine or p-fluorophenylalanine
bound through its carboxyl group to¢ another emine acid. 1In
either case, the free amine group would resct with ph&nylf
isothiocyanate; therefore, p-fluorophenylalanine with a
free gmino group in peptides could not be distinguished
from free p-fluorcphenylalanine by the methods of analysis
which were used,

Although the values obtained by the two methods in
Experiment 5 are not in complete agreement, the same qual~
itative conclusion that p-fluorophenylalanine is incorpor-

ated into the proteins of L. arabinosus I can be deduced

from each set of data, The value obtained for the total
amount of p-ICluorcphenylalanine by paper chromatography is
probably more accurate than the value obtained by inhibition
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assay., Diffusion of amino aclids on the filter paper some-
times results in a portion remaining on the paper when the
disks are cut for inhibition assay, The value obtalned by
biological assay for amino-substituted p-fluorophenylalanine
is probably more accurate than the value obtained by paper
ahramat@graﬁhy. The samples for blologlcal assay were

held in strips eut from a chromatogram and assayed; however,
the sample for quantitative paper chromatography was obtain-
ed by elution of strips from a chromatogram followed by eva-
poration to dryness, and then gquantitatlve paper chromato-
graphy was employed.

The qualitative results of Experiment 1 with L. arabi-
nosus I, confirming the earlier work reported by Bakér52
whanvtha organism was grown in the presence of p-fluoro-
phenylalanine, indicated that the fluorc analogue of the
amino scid was incorporated into peptides of the organism.
Quantitative results, on the other hand, indicated that some
of the p~fluorophenylalanine which appears to be incorporat-
ed may be the free amino acild present in the cytolyzate
which was not completely blocked by the phenylisothiocya=-
nate treatment. The biological assay for p-fluorophenyl-
alanine in the control cytolyzate "G" of Experiment 2 gave
evidence that the blocking of free asmino acids, which in
qualitative tests appeared to be complete, was incomplete.

Confirmation was obtalned with two additional experiments.
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In Experiment 3 with the pure amino acid, 10 per cent
of the amino acid was recovered as estimated by ninhydrin
color intensities, When the amino acid was added to a

cytolyzate of L. arabinosus I, grown in the absence of p-

fluorophenylalanine as in Experiment 4, 16 per cent of the
p-fluorophenylalanine was recovered after treatment with
phenylisothilocyanate as estimated by blological assay. The
discrepancy between the two experimental results is no
larger than would be antlcipated in bleological assays.

Incomplete blocking of the free amino acid may be
attributed to incomplete reaction of phenylisothioeyanate
with the amino acid; to hydrolysis of the phenylthio-
carbamyl derivative of the amino aclid by 6 N hydrochloric
acid used for protein hydrolysis; or to adsorption of 10
per cent of the amino acid to cell components in a manner
which was unavallable for reaction with phenylisothiocyanate.
Adsorption of the amino acid, which could not be removed by
ninhydrin reagent as reported by Brunish and Luok57, proba-
bly would be unavailable for reaction with phenylisothio~
cyanate.

In Experiment 1, the quantitative results for p-
fluorophenylalanine and pnenylalanine showed 280 micro-
grams of the fluoro analogue and 400 micrograms of the
natural amino acid to be present in the hydrolyzate. These

values are minimum values because of losses occurring in
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the experimental procedure, The value for phenylalanine
was unexpectedly low since 19.8 milligrams of %rpﬁ@ﬂYl*
alanine were present in the medium. Since phenylalanine
was the limiting factor of the amount of growth in the
absence of the fluorc analogue, a fuller utilization of the
natural amino aseid would be expected in the presence of
p-fluorophenylalanine.

Activated charcoal, according to Partridgesﬁ, adsorbs
aromatic amino acids preferentially; however, the chromato-
graphlc results showed approximately nine amino acid spots,
Although adsorption and elﬁtion of the charcoal may not be
quantitative, the destruction of aromatic amino acids by
oxidation in the presence of charcoal (Wieland®®) was prob-
ably a source of loss of phenylalanine and p-fluorophenyl-
alanine, Inability to detect p-fluorophenylalanine in the
hydrolyzate in Experiment 2, page 41, was due probably to
extensive destruction by eharsaal.‘ In later experiments,
the treatment with charcoal was omitted.

The fallow;ng limitations in the experimental proce~
dure should be recognized. Methods for estimating p=-
fluoraphanylalanina in protein hydrolyzates were not highly
accurate., For exsmple, when cutting the filter paper
diske for inhlbition assay, the location of the amino acid
as determined by companion chromatograms might vary 1if the

rate of flow of the solvent was irregulsr., The areas of
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inhibition weré calculated by assuming that the zones were
circular.

Difficulties arose in estimabing the Intensity of p-
fluorophenylalanine in samples by the ninhydrin method
when the value fell between or outside known concentratlions
of p-fluorophenylalanine.

Phenylisothlocyanate used to block amino acids with a
free amino group also reacts with any p-fluorophenylalanine
present in peptides with a free amino group. For this
reason, the.toﬁal amount of p-fluorophenylalanine in the

proteins of L. arabinosus I could not be estimated by the

phanylisaﬁhiesyanata treatment.

Reaction of phenylisothlocyanate with p-fluorophenyl-
alanine was incomplete under the experimental conditions,
The small amount of free p-fluorophenylalanine which was
present due to the incomplete reactlion did not interfere
with the qualltative conclusion that p-fluorophenylalanine

was incorporated into the proteins of L. arabinosus I in

Experiment 5; however,}eamplata removal of all free amino
aclds would facilitate gquantitative caﬁcluaiona.

In addition to these experimental limltations, evi-
dence for alteration of the amino acid composition of the

L. arabinosus I proteins would be more conclusive if p-

fluorophenylalanine was i1dentified as a portion of a pep=-

tide in which sll the other amlno acids were known. The
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identification of p-fluorophenylalanine by other properties,
e.g. melting point of the pure compound and/or of a known
derivative, would supplement paper chromatography and in-
hibition assay methods.

In the experimental procedure reported previoualysg,
p-~fluorophenylalanine was identified only by paeper chromato-
graphy. Improved methods of chromatography as well as in-
hibition sssay ldentifled p-fluorophenylalanine more con-
clusively in the experiments reported in this thesls. p-
Fluorophenylalanine was sstimated quantitatively by the
ninhydrin method and by the inhibition assay, while quant~
itative estimations were not made hefore. Treatment of
the partial hydrolyzate with phenylisothiocyanate to remove
free amino aqids is preferable to washing the intact cells
repeatedly with saline.

The sdvantages of performing a partial hydrolysis of

the cytolyzate of L, arabinosus I, grown under stimulatory

conditions, were that the total amount of p~fluorophenyl-
alanine could be determined before as well as after treat-
ment with phenylisothioeyanate, and the partisl hydrolysis
of the proteins should release any free amino acids trapped
by the proteins.

Estimatlon of the p~fluorophenylslanine in the par-
tlal hydrolyzate both before and after phenylisothiocya-

nate treatment indicated that part of the analogue was
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present In the eytolyzate without a free amino group. In
the previous r@pertﬁz, this evidence was not obtealned,
Considering the criteria outlined in the Review of
Literature (page 3), ﬁhe éxperim&nba reported in this
thesls attempt to overcome the effacts of adsorbed fres
amino aclids by hydrolyzing the proteins to peptides and
treating with phenylisothiocyanate. The use of an unnat-
ural amino acid circumvents the disadvantage wilth a natursl
amino acid of having to distingulish between a change in the
amount of protein containing the amino acld and a change in
the amounts of amino acid in the protein. Although nothing
is known about the metabollic breakdown of p-fluorophenyl-

alanine in L. arabinosus I, the posslbility of utilizing

the products to synthesize an amino acid with the same Re

value and inhibition response in L. arabinosus PT,, &s p-
fluorophenylelanine, is remote, The likelihood of trans-
fluoridatlion from cellular free p~fluorophenylalanine to

peptide bound phenylalanine or tyrosine has not been ex-

cluded, but the bond strength of organic fluorides makes

this seem infeasible.

Indirect evidence indlcated that supplementation and

inhiblition responses of L. arabinosus I with p~fluoro-
phenylalanine were due to the same stereoisomer. Since
proteins are composed mainly of amino acids of the L-con-

figuration, it was assumed that the p-fluorophenylalanine
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identified in the cell hydrolyzates was of thls configura-
tion, In the quantitative estimation of p-fluorophenyl-
alanine, the amount obtained by ninhydrin color comparison
was one-half the value obtained by inhibition analysis,
This is apparent in sample Qﬁg of Experiment 5, In PFigure
4, sample Qpn shnweé the sgme ninhydrin color intensity as
3 micrograms afygéygffluorcphanylalanine; however, the area
of inhibition, as shown in Table 8, was equivalent to 6
micrograms of ggugﬁfluerophenylalanina.

Incorporation of p-fluorophenylalanine into the pro-

teins of L. arabinosus I constitutes an alteration of pro-

tein synthesis, The aminec acid residue sequence of the
protein has been altered in & way not controlled by the re-
production mechanisms of the orgenism., This indlicated,
therefore, that the amino sclid composition of a protein is
mutable, The effect of the change in protein structure on
the blological function of the protein is unknown. It 1s
conceivable, however, tnat biological amctivity of an enzyme,
for example, may vary &s the amino acid composition devi-
ates from the pattern set by the enzyme reproduction mech-
anism. The implications of a system allowing variabllity
in amino acid composition of proteins in conjunction with
variabllity in bileloglical function have been discussed by
Fox69, Pox postulated that molecular variability, in the

‘structure of compounds, such as proteins, which results in
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variation of biologiéal aétivity, may afford a selective
advantage to cells with the abllity to synthesize compounds
with increased activity. 1In a competitive society, the
cells producing compounds with higher biological activity
would win the struggle for survival. Fox points out that
the families of molecules known to occur naturally such as
antibigﬁi&s, vitamins, hormones, enzymes, and the inability
of ohemists to isolate a pure protein may be consequences
of molecular variation.,

The inhibltlon of L. arabincsus I by p-fluorophenyl-

alanine has been reported praviouslyl. In view of the
results reported in this thesis, 1t appears that the acti-
vity of p-fluorophenylalanine in respect to phenylalanine
can be dlvided into two classes; One, the biologlecal
functions in which the analogue inhibits the utilization of
phenylalanine, and twe, the blologlical functions in which
the analogue substitutes for phenylalanine. A third class
might be those reactions of phenylalanine which p-fluoro-
phenylalanine does not affect in any way. ZFlucidation of
the yélabi@nship between the first two classes ls dependent
upon more knowledge of the mechanisms of inhibition and

tolerance of p-fluorophenylalanine in L. arabinosus I.

The techniques employed in these experiments and the
results of the experiments suggest further studles. P~

Fluorophenylalanine may be useful in followlng the pathway
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of free amino acids to their inclusion into proteins. The
biological effect of peptides contalning p-fluorophenyl-
alanine would be interesting to study as well as the effect
of ortho and meta Tluorophenylalanine under conditions
which cause both stimulstion and inhibition of L. arabino=-
sus I by p~fluorophenylalanine., The genetical implications
of changes which might take place by the incorporation of
the analogue into gene proteins are important and should
not be overlooked, especially if an organism can be traine-
ed to replace its phenylalanine requirement with p~fluoro-
phenylalanine, The substitution of an amino acid with a
chemical analogue as reported in this thesis can be extended
to other amino acids as well as to other analogues. The
mechanisms of Inhibition and tolerance are worthy of study.
The results obtained from these experiments may be useful
in elucldating mechanisms of protein synthesis and phenyl-

alanine metabolism.
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SUMMARY AND CONCLUSIONS

Many attempts to alter the amino acld composition of
proteins have been made. Natural, unnatural, and isotopi=-
cally labelled amino acids have been used in these studles,
Early workers overlooked the effects of adsorption of amino
aclds to proteins., In the studies with natural amino
acids, the inability to distingulsh between changes in
the amino acld composition of the proteins and changes in
the amounts of proteins containing the amino mcids was a
disadvantage. In sbtudies with unnatural aminc acids or
isotopically labelled amino aclds, the incorporation of
the labelled group into the natural amino acid already in
peptides by exchange reactions and the synthesis of natural
amino acids from breakdown products of the unnatural amino
acids might lead to erroneocus conclusions.

An emino acld containing selenium was isolated from
grain grown in soil having large esmounts of selenium. The
selenlum compound appeared to be an analogue of & naturally
occurring amino acid containing sulfur. Levine and Tarvero®
reported‘tha incorporation of ethionine into proteins of
the liver, spleen, and kidney of the rat, They assumed
ethionine to be an unnatural amino acid and devold of other
blologlcal reactions, Stekol and Weiss$5, howesver, report

the formation of triethylcholine and the ethyl analogue of
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ereatinine from ethionine., Schlenk and Tillotson4l re-
ported that S-ethylthioadenosine was fbrmad from ethionine
by yeasts, bacteria, and rabbit liver. These reports
showed that ethionine may take part in several biological
reactions, Levine and Tarver failed to exclude inter-
ferences from these resctions,

Atkinsonl reported p~fluorophenylalanine stimulated

the growth of L. arabinosus I, Preliminary evidence of

incorporation of this amino acld into the organism's pro-
teins was reported by Baker®2, The experimentel results
reported in this thesls led to the conclusion that p=-
fluorophenylalanine was incorporated into the proteins of

L. arabinosus I. p-Fluorophenylalenine was determined by

paper chromatogrephy and by biological inhibition of L.

arabinosus PI';j. A cytolyzate of L. arabinosus I, grown in

the presence of p~fluorophenylalanine, was partially hy-
drolyzed with concentrated hydroeochloric aclid, Twelve to
15 milliggama‘of p-fluorophenylalanine were estimated to
be present in the cytolyzate. A portion of the cytoly-
zate was £faated with‘phenyiiaothioeyanate and the p-
fluarophenylaianina was estimated again. Seven and five=
tenths to 9.7 milligrams were estimated to be bound in the
proteins in such a way that the amino group of the acid
was not free. The recovery of p-fluorophenylalanine was

greater than that attributed to incomplete reaction with
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phenylisothiocyanate.

The results and limitations mf‘the experiments are
discussed. The evidence which indirectly showed that the
inhibition and stimulation response was due to %ugffluaro~
phenylalanine is discussed.

It was concluded that p-fluorophenylalanine can par-
tially substitute for phenylalanine in the proteins of
L. arabinosus I, and that the stimulation and 1lnhibition

responses were due to the same stereolsomer of p-fluoro=-

phenylalanine,
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