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CHAPTER 1
INTRODUCT ION

The literature desoribing bacterial oxidases eapzble
of oatalyszing the oxidation of aromatic amino acids to a dark
browvn melanin-like pigment is very sparse. Several reports have
besn presented on the addition of tyrosine or phenylalanine to
rather complex media and the consequent slaboration of a pigment.
There seem to be no reports showing the oxidation of all three
aromatic amino aolds by s single bacterial strain with the pro-
duction of a melanin-like pigment. This report presents such
evidence., Also, the aromatic smino acids sre incorvorated into
& very simple synthetic medium and a0t as the sole sources of
garbon, energy, and organic nitropen. Preliminavry evidence indi-
oates thnt the oxidation of tyrosine and phenylalanine may follow
a slmilar oxidative pathway but that tryptophane follows an en-
tirely different pathway.




CHAPTER I

HIBTORY ARD AEVIE® OF LITERATURE

The baoterial oxidation of aromatic amino aclds dividaes
itself historionlly into three separate fields of astudy. The
firet part deals with the oxidation of tyroasine and phenylalanine
by the oxidative enzyme, tyrosinass, and other oxidative enzymes;
the second part deals with the utilization of aromatic compounds
as sole sourcesz of carbon and energy for baoterial species; and
the third part deals with the baoterial oxidation of tryptophane
and the pathways therein, In this report the three phases of
study become c¢losely related since the end-product of the bacte-
rial oxidation of tyrosine, phenylalanine, and tryptophane iz a
dark brown melanin-like nipgment. Because the oxidation of these
aromatie amino acids is accomplished throurh the medium of a sin-
gle bacterial strain, Alcaligenes fegalls, an integrating rela-
tionahip definitely exists,

The literaturs that hag accumulated through the years
gonoerning the enzyme tyrosinase iz vast and only 2 short review

of the moterial oan be presented.

T3
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" In 1856 Sohoenbein demonstrated the presence of an
agent in the mushroom, Boletus luridus, which, under aserobic eon-
ditlons, brought sbout the oxidation of vextain material in the
fungua giving rise 0 a blue pigment. Yoshida (1883) found the
presence of an oxidative enzyms, laccase, in the latex of tha lac
tree. Following the study of YToshida, Bertrand (1895) and Bour-
quelot and Bertrand (1898) reported a substance in the mushroonm

nigricang whieh turned black as oxidation progressed.
Later, Bertrand (1896) showed that the substrate being acted upon
was the amino mcid tyrosine and named the enzyme tyrosinase. Fur-
ther experimentation by Bertrand (1907) upon the specificity of
tyrosinase showed that the enzyme could catalyrze the aerobie oxi-

dation of other aromatic monohydrie phenols such as p-hydroxy-
phenyl athyl smine, p-hydroxyphenyl methyl amine, p-hydroxyshenyl
acetic aold, p-cresol, and phenol, However, the oxidase was un-
able to bring about the oxidation of these compounds whan the
hydroxyl group was absent.

8ince the work of these sarly investigators, many re-
ports (Kastle, 1910; Gortner, 1910-1911) of the isolation of
tyrosinase have come forth. The enzyme occurs widely in natuve,
in plants and in invertebrates, The preasence of the oxidase lLas
been demonstrated in mammala although diffioulties have been en-
countered in the extraction ¢f the active materizl Gessard (1902)

aghowsd the presence of the enzyme in the ink gae of the cuttle-
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figh. Onslow (1917) extracted the oxidase from the skin of rab-
bits, and Pinhey (1930) reported the presence of the enzyme in
the blood of certain ¢rustsceans. A good review of the isolation
of tyrosinase from various sourcea was presented by Kastle (1910)

| Raper (1928) reported ths resulis of his sxparimenta-
tion upon the reastion mechanism in the converslon of tyroasine o
melanin., Working with tyrosinase from plants and mealworma, he
showed that in the pressence of oxygen, tyrosine 1la converted to
dihydroxyphenylalanine (dopa), and that dopa is then oxidized to
dopa-quinone. Dopa-quinons then becomes converted %0 an indole
derivative which polywerizes to form the pipment, melanin, after
several complex intermediary reactions. The follewing dlspgranm
shows the pathway of oxidntion of tyrosine, ns desorided by Rapem

CHy
HCOoOH HO CHCOOH 0= ]cucooH
NH,

NH,
Tyrosine Dopa Dopa q none
K —1C0)
- <———-—-
Ha .l COOH CoOH
5,6- Dlhyd xylndole Hallochrome \ Leuco compound
\
Do
—>  MELANIN <—— l
HO COOH
NH
Indole 5,8—qu1none 5,6-Dihydroxyindole-

g-carboxylic acid




B
'Raaently; Lerner, Fitypatrick, Calkinaz, and Bumnmerson
{1949) have compared the action of tyrosinase of mammaliam origin
to tyrosinase obiained from plants, insects, znd marine animals.
Their exneriments indlecate that mammalian tyrosinane is much more
specific in its action upon tyrosine and related substrates.

Tyrosinase for experimental purposes iz usuwally ob-
tained from the potato; the mushroom, Pgalliots compesiris; and
the menlworm, #heat bran, the Indian bean, and octopus blood
have also been used. The enzyme, isolated in highly aotive and
highly purified form, demonatrates the following sotivity: it
can oatalyse the oxidation of many o-dihydric phenols as well as
the oxidation of many monohydrio phenols. 1%, therefore, brings
about two essentially different oxidations: (1) the insertion of
an hydroxyl group into monohydric phenols ortho to the one al-
roady present ani {2) the oxidation of o-dihydrie phenols to
their corresponding o-guinones.

The literature on bacterisl tyrosinase ig less volumi-
nous. Gtapp, in 1933, reported the presence of tyrosinase in
fifteen of the speventy-six bacterisl epecies that he studied.
Ungerer {1934) demonstrated a melanin-like pigment production by
Azotohagtey chroogocoum. In 1939 Clark and Smith showed that
Baciliua niger produced a black pigment upon the addition of
tyrosine to their protein medium, Griffin, Inieasko, and Friddle
{(1953) reported increased pigment production with the addition of
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tyrosine or phenylalanine %o a medium supvorting the growth of

Reports in the llterature oconcerning the utilization of
aromatic cowmpounds as enerpy sources for bacteria are more preva-
lent. Stormer (1908) igolated from aoil organisms capable of
destroying toluene, xylene, phenol and p-~crescl. Fowler, Ardern,
and Lookett (1911) ileolated from sewage effluent, an organism
that would grow in a salt medium to which phenol (0.01 pram/100
ml. of medium) was added, and oxidize the phemol. Wagner (1914)
found that gsubatances such az phenol, cresol, phloroglueinol and
toluene could serve ag sourges of energy for soil baoteria. Hen
Gupta (1921) demonstrated the disappearance of phsnols and ore-
sols from various soils. Tausson (1928, 1929) isolated baoterial
apecies capadble of destroying naphtalene, phenanthrene, and tolu-
ene. At sbout the same time Gray and Thornton {1928) and Tat-
tersfield (1928) independently isolated many bacteris oapable of
attacking aromatic compounds. Happold (1930) studied the oxida-
tion of oathechol, guaicol, oreinol, phencl, p-cresol, and tyro-
sine by bacterial suspensions. Happold and Yey (1933) isolated
from gewage, a Vibrio whioh oxidized monohydroxyphenols., TIn 1942
Berheln investigated the deoomposition of benzolc acld and re-
iated substances by a species of Myoobacteriwm., Fvanz (1947)
isolated phenel utiliszing organimus from the feces of a large

variety of animals, including man. Utanier (1948) demonstrated
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the utilization of aromatic compounds by twenty-two strains of
pasudomonads,

Although nmany of the aromatic compound-nutilizing orpan.
iams isolated by CGray and Thornton {1928), Happold and Xey (1933)
and Evans (1947) ocould utilize tyrosine, the generally accepted
tyrosine-tyrogsinane color sequence lending to the formation of
melanin was abgent. The products of the oxidation were colorless
and eventually led to the cleavage of the benzene ring.

The literature on the oxidation of $ryptophane by bacte-
rial aspecies is 30 vast that only the highlights will b@ presented
in this review. ?hﬁ majority of the reports are concernsd with
the oxidative pathways and the production of indole, In 12903
Hopking and Cole demonatrated that trypitophane is the precursor
of the indole formed by baoteria, Woods (1835, 1) using washed
goll showed that L{-) tw¥yptophane is

gsuspensions of Zgcherichis

quantitatively converted to indole. The umnatural isomer, D(#£)
tryptophane, ig attacked very slowly, of not 2t all. Happold and
Hoyle (1935) succeeded in the conversion of tryptophane %0 indole
by the use of a non-viable aleohol presipitated culture of 1,
goli. Also at about the same time, %oods (1935, 2) attempted to
produge indole from B-~indoleproplonic acid, B-indolecarboxvlie
acid, B-indoleacetic acid, B-indolesldehyde, and B-indoleacrylie
seid. Under conditions whers 100 per cent indole was formed from

tryptophane none was formed from the other compounds., These
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results w&x@ corroborated Dy Hapvold and Hoyle (1935). fTatum and
Bonner, in 1944, suggested that the breakdown of tryptophane be
the revaerse process of the synthesis, namely, tryptophane split-
ting to give indole plus serine. In 1933 Kotake revported an oxi-
dation of tryptophane by Baoillus subtilis remlting in the forma-
tion of kymarenic acid and anthranilic acid, Tynurenine could be
subatituted for tryptophane yielding the name remulta.

Recently, by the study of adaptive patiterns, two d4if-
ferent pathways hove been proposed for the oxidative breskdowm of
tryptophans., ©Suda, Hayaishi, and Oda (1949, 1950) demonstrated
the following metabolic pathway with the use of an unidentified
specle of Pneudomonas as the agent promoting oxidation: I
TRYPTOPHAND —err LK Y HUREN T M e ANTHRAN LI AC T Dowmete{G ATRCHOL
Stanier and Touohlda (1949) alsc using an unidentified pseudo-
monad, reported the following metsbolic pathway: TRYPTOPHANweews
KYNURBHINE~—sXYHURENIC ACID. The two pathwayn diverge at the
stage of kymurenine. In 1951 Stanier, Hayaishi, and Tsuohidsa
designated the pathway discovered by Suda, Hayalishi, and Oda as
the "aromatio patheay”, and the pathway of Stanier and Tsuchida
as the *quinoline pathway.* They further showed that the aromatie
pathway contimies in the following manner: CATICHOL el T8-0T8
HUCORIC ACTDwmesB~YBTG ADIPIC ACIDww—sproducts not yet identified.
The gquinoline pathway was shown to continue from kynurenic acid to

benzene and pyridine derivatives whioh alao have not been iden-

tified as yet.




CHAPTRR Y71

HATERIALS AND HETHODR

I. Materialas
A, Oxganioms

The oulturs used throughout the study was a strain
of Alealigenes fecallg (ATCC 8750). In the stoek culture collec-
tion of the department of Mieroblology of the 3triteh School of
Hedicine of Loyola University, the organism is desiznated as Xo.
RH~135. In thls report the organism shall be referved to as Ho,
132, Two other strains of Aloalipmensa were used in the prelimi-
nary studies, but since they 4id not produce the desired plgment
their use was discontinued.

Other organisme used in the ¢omparastive studies
were also ohtained from the stock culture collection of the
Atriteh School of Hedloine of Loyols Univerasity.

Aerobaster nexrogenes No. 7.3
%Zgoheriohia coli Wo. 4.1
Proteus valparis ¥o. 38500
Paragolobactrum ap. No. 3131
Paendomonns gp. Ho, E-13
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'ggggggggggg fecalig Ho. 135 in a gram negative rod
motile by meanz of peritrichous flagella. Flagella were stained
by the method of Leifson (1851). Utilization of carbohydrates
commonly used for the identifioation of enteric organisms ig en-
tirely nbsent. Other nutritional studlies conducted indicate that
this organism is capable of utilizing single amino aoids and
other related compounds, incorporated into a bHasal salt wedium,
as sole sourcss of carbon and organic nitrogen, The tables on
pages 48, 43, 44, and 45 glve the results of the nutritional
studies, Other physiologlenl reactions nre presented in the
table on page 486,
B, Hedin
A basal salt medium wae used throughout the entire
study. This medium ig a modification of that used by Uscavage
(1853),
HgB04 . . . . . . 0.3 grama
RBgHAPO, o . .« ¢ 1.0 graus
EPOs . . o o . . 1.0 grams
¥all . . . . . . . 5.0 grams
HaD . . . . . . . 1 liter
originally, agar (1.5 %) was incorporated into the
modium and plates were used to detect pigmeniation., This proce-
dure waz later sdandoned and liouid medium waz used throuvghout
the remainder of the atudy.
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The basal salt medium was made in five liter amounts,
adjusted to pH 7.2, with 1 ¥ NaOH, and stored for use in the re-
frigerator.

The testing media were made by adding analytically
walghed amounts of the desired chemioal %0 the basal salt medium
and adjusting the pH to 7.3. Unless otherwize speaified, 100 mg.
of the various chemicals were added to 100 ml. of the basal salt
medium to give 100 mg. % solutions. 8teriliszation was aoccom—
plished by autoolaving the heat otable solutions (fifteen pounds
for fifteen minutes), and Seitz fllter steriliration of the heat
labile solutions. The pH of the sterile solutions was checked
and adjueted if altersd by the sterilization.

Nutrient broth was usmed to grow the organism for some
of the determinationa. %The basal salt medium with 0.3 % sodiuwm
cltrate was usmed in the majority of the cases to grow large popu-
lations., Hutrient sgar slants and mubrient broth were used to
maintaln the orpanism in stook,
tI. Hethods

A, Preparation of Inooula

The organism was grown in mutrient broth or citrate
basal salt medium for tweniy-four to thirty-eoix hours. The cul-~
tures were then dispensed into coniosl tubes and sedimented in
the centrifuge at 3000 RPY for fifteen minutes. 7The supernatant
was discarded and the orpanisms resuspended in sterile saline.
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This praa;sﬂ wae repented twice. The desired turbidity was ob-
tained by dilution %o specific turbidimetric resdings on the
Klett-Bummeraon photoeleotric colorimeter, using the dlue filter.
B, 8hallow Layer Method
The solutions being tested were placed in shallow lay-
ers in large Erienmeyer flaska. By allowing maximum surface ares
the optimm in oxidstion was vealized, In earliier work, the
ghaking msohine was used, and, as the table on page 47 dewon-
strates proved more efficient in promoting growth and pigment
formation, but thies method was dropped in favor of the shallow
layer method, which proved more satiufactory for 4the large scale
axperiments.
C. Colorimetric and Turbidimetrio Determinations
Pigment production and turbidity were determined by
placing the properly prepared test solution into previously cali-
brated tubes and placing these in the photoelectric colorimeter.
The blue filter was used in all onses.
1. Preparation of ammple for colorimetrio
determination
The test samples were preparved for colorimatrio
determinntions by removing 5 ml. aliquots from the reaction
flasks and placing these in the centrifuge tubes. The tubes wers
piaced in the centrifuge and the cells sedimented at 3000 RFPY for
fifteen minutes. Then the tubes were removed, the supermatant
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decanted ;nta s second aset of centrifuge tubes and residue dig-
carded, This second get of tubes waz again centrifuged at 3000
RPH for fifteen minutes. This time the supernatant was decanted
into oalibrated colorimeter tubes and readings made.

2. Prepazration of sample for turbidimetric
determination
The teat samples for turbidimetric determinas-
tiong were prepaved by removing 5 ml. aliguots from the rasotion
flanks and olsoing these in ths centrifuge tubes. The tubes were
placed in the centrifuge and the cells sedimented st 3000 AP for
twenty~five mimites., Then the tubes were removed, the superna-
%ant diszezrded and the residunl organisn resuspended in physio-
logieal saline 2nd plased inta calibrsted colorimeter tudss for
determinations of turbidity.
3. Dilution of pigment
Bighly pigmented samples wers zerially diluted
to determine what effeot dillutlon would have on the pigment and
whather or not a straicht line relstionahip could ba sstablished
on graph paper. The diluent that wos used waz the stock 33l
solution and the dilution factor was two-fold.
. pH 8tvdien
Uning the shallow layer method 100 ri. of 100 mg. 4
amino acid medium was placed in 1000 ml, TPrlanmeyer flaasks. This

smount of medium proved asufficient to allow the removal of 5 ml.
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aliguote far golorimetric determinations. For each ¢comparative
study, flasks having pH levels 5.0, 6.0, 7.0, 8.0, and 9.0 were
prapared by the addition of either 1 ¥ HaOH or 1 ¥ HCL. Accurate
pH readingz were made by the use of the Beckman pi-meter. The
flasks were sterilized by placing them in the autoclave at fif-
teen pounds for fiftcen minutes, The pH wos agnin checked and
zdjusted vhenevaer neceszaxy by the additlion of sterile acid or
base, After proper ccoling, the inocuium (3 ml, turbid suspen-
sien wazhed cells; 500 on Xlett) wag adied and the finsks were
viaced in the 30°C inoubator. Perlodic resdingas {twelve--hour
intervals) were ﬁaﬁa on the oolorimotey by ramoving 5 ml. ali-
quots,

Z. Temperatures Studisa

Agalin uaing the ahallow layer method 100 ml. of 100 mg.
% amino s0id medium was plased in 1000 ml. Trlenneyer flasks.
Frelininary astudlen, presented in the table on page 48, indicated
that growth and pigment formatlon does not tnke place at 10°C and
45°C. Due %o these obeervations the more extensive experiments
determining quantidative pigment formatlion wers conduocted at 209¢,
30°C, and 379C. After proper sterilimntiom the flaske were inoou-
lated (3 ml. turbid suspenalon washed cells; 90 on ¥iett) and
placed in the various femperature incubators. Aligquots {5 ml.)
woere removed at twelve-hour intervals and, after proper prepara-

tion of the sample, colorimetric determinations were made.
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'F. Inooulum Studies

Using 100 ml. of 100 mg. % tryptophane medium in ghal-
low layers the effect of size of inoculum was determined. Dupli-
cate sets of flasks were inoculsted with 0.1 ml,, 0.5 ml., and
1.0 ml. of a turbid suspension of washed cells (900 on Klett)
raspectively. Aliquots (5 wl.) were removed nt four-hour inter-
vals and colorimetric determinations made, 8ince the effect of
aize of inosulum 4id not appear very significant in these studies
the other two aromatic amino acids were not %ested in relation to
inoculus sige,

G, Inbhibitor Studies

Various ohemigals were added to 100 ml., medium con-
taining 100 mg. % of the respective aromatio amino solds. These
ohemicals were added in 10 mg, % and 5O mg. % amounts. The con-
trole contained only 100 mg. % amino apid. The following chemi-
gales were used: +thiouracil, thiourea, glutathione, oystelne, and
potasslum cyanide. After proper pi adjustments were made the
solutions were sterilised and inoculated with 1 ml. of a alightly
turbid suspension of washed cells (200 on Xlett). The flasks
were placed in the 37°C imcubator and checked at twenty-four
intervals for possible inbibition of growth and pilgwment formation,

H, 8erial Transfers

In order to determine the poasibility of a carry-over
of mutrient from the mutrient broth or clirate media serial
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trmnafarg-wexa performed uaing 35 ml. of basal salt medium plus
100 mg. % of tha raspective aromatic amino acids as the serial
tranefer medium, The Yransfera wers carried out over 2 ten-day
period by transferring 1 ml. each day to the next flask, Also
each day 1 ml, was transferrad into sterile mutrient broth to
insure that the cells were viable.

I. Growth Ourve 3Ztudles

Comparative studies were nmade to deternine whether the
organisms grow as well in the various aromatic amino acids as
they do in the sodium cltrate medium. Flaasks containing 100 ml.
tasal salt medium plug elther 100 mg. © of one of the aromatic
amino acidas or 100 mg, ¢ sodium citrate were inoculated with 2 ml|
of a turbid suspension (800 on Klett) and placed in the 309C inou-
bator. Aliguots (5 ml.) were removed at twelve-hour intervale
and, aftey proper preparation of the sample, turbidimetric deter-
minations made. In the casme of tryptophane, difficulties were
enoountered in makine correct determinations nfter about seventy-
two hours since it become impoasible %o entirely separate the
pigment from the bacterial oells.

J. Hutritional HStudies

Determinations were made to establish the general nudris-
tional requirements of the orsanisme, Carbohydrates, aleohols,
and amino acids and compounds related to amino aclids were Incor-
porated into the bassl salt medium as gole sources of carbon and
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organio ni%rugmn. This assay was performed by using 25 ml., of they
test medium per flask and inooulations of 0.1 ml. washed cells
(380 on Klett) per flask, Sterilization was generally performed
in the antoclave except in the case of heat lablile compounds,
which were sterilized by the use of the Seltz filter. In sll
cases 100 mg. % of the compounds were used except in the oases of
the following compounds, which were also used at the 50 mg, &
level: phenol, p~oresol, indole, anthranilie acid, ecatechol,
kynurenie aeid, glutathione, thiourea, thiouracil, oystoine, and
indoleasetio aocld, Utilization of the compe
by the appearance of turbidity in the inoenlated flasks za com-
pared to the uninooculated controls.

K. Adaptation Gtudles
Preliminary studles were oconduoted %o determine the

mds was detarmined

posaibility of the sxistence of adaptive enzymes reaponsible for
the oxidntion of these aromatlc amino acids. HSince the formation
of pigment through the oxidation of txyptophane proceeds at a
muoh faster rate than phenylalanine or tyrosine, it was Choaen as
the subatrate for these experiments. ¥ashed organisms were incc-
ulated in equal amounts into 100 ml, of 100 mg. % sodium cltrate-
basal salt medlum and into 100 mg. % tryptophane-basal salt
medium, After twenty-four hours incubation in the 30°C incubator
the organisms were treated as described under preparation of in-
ooulum, The actual experiment was aet up in duplicate using 100
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ng. % ‘kry;ptephane in all cases as the subsirate. Fifteen 250 ml.
flasks containing 10 ml, each of the medium were inoculated with
0.5 ml, of a alightly turbid suapension {250 on Klett) of the
tryptophane-grown and sodiuvm eitrate-grown organiasms respectively.
Algo, 1000 ml. flasks containing 180 ml. of the medium were lnoou-
lated with 8 ml. of the same suspensions of $ryptophane-prown and
sodium citrate-grown organisms, All flacks were placed in the
30°C incubator. Golorimetric readings were made every two hours
over a twenty-four hour period. At each reading 10 ml. aliquots
ware removed from the 1000 ml. flasks for determinations while
the entire contents of the 350 ml. flaske were used, DBeiore each
determination the sample wap treated as desoribed under prepara-
tion of smmple for colorimetric determination.

L. Aromatio Amino Acid Utiligation by Related

Organions

Experiments were conducted to determine whether related
gram negative orzanisms would be eapable of utilizing these amino
acids as sole sources of carbon and organic nitrogen and whether
a plgment wos formed., BShallow layer flasks containing 100 ml.
each of 100 mg. % and 200 mg. % of the respective amino acids
were prepared. The oypanisma to be tested were grown for a
twenty-four hour period in mutrient broih at 37°C. Inooula were
prepared as recopded under preparation of incoulum. Alcaligenes
fecalia Ko, 135 was used asz the conirol of growth and pigment




19
pradautioﬁ. Inooulations were sg follows: 1 ml, of a slightly
turbid suspension (350 on Xlett) of the respective organiems wasg
inoculated into 100 mg, % and 2300 mg. ¢ solutions of the three
aromatic amino acids and incubated at 37°C. Readings were made
at twenty-four, forth-eight, seventy-two, and ninety-siz hours
for the appearance of growth and/or pigment production.

M. OComparative Utilization of U and L-Phenylalanine

Bince all the datz had bheen compiled using the natural
lsomers of the amino aolds, it was decided that a comparative
study of the vnnatural isomer sbhould be made. These prelininary
studies were conduoted only with the use of the unnatural isomer
of phenylalanine and are by no means an indication that the un-
natural isomera of tyrosine and tryptophane behave in the same
aanner.

Flasks contalning 100 ml. of 100 mg. % of the two igso-~
mers were prepared and inoculated wlth washed organisma. The
inoonla were prepared as described previously and the inooulum
oonaisted of 2 ml. of a turbid suspension (700 on Xlett) per 100
ml. medium, Incubation was at 37°0 and readinge of turbidity and
pigment produstion were made a%t twenty-four hour intervals as
described under colorimetric and turbidimetrio determinations,




CHAPTER IV

FXPYRIMENTAL DATA

As noted in the table on page 42 the experimental or-
ganiem does not utilize any of the carbohydrates of alcohols
tested except ethanol, under the conditions tested. The organism
grows very well with ethancl as the oarbon and energy source and
axhibits heavy turbidity in s twenty-four hour culture. Within
seventy-two hours the pH of the medium hao ohanged from 7.2 to
5.0.

Utilization of the amino acids a2 sole sources of oar-
bon and organic nitrogen, as shown in the table on page 43. 1is
generally very good with a few exceptions. HNorvaline, threonine,
serine, hydroxyproline, arginine, and lysine ocannot be utilized
by the orpanism, Utllization of oystine, eysteine, and himtidine
results in the formation of a water-soluble pigment. Cystine
medium becomes yvellow-orange at twenty-four hours inoubation and
turns a dark orange within forty-eight hours. Oysteine medium
turns a elight yellow color at twenty-four hours incubation and
by forty-eight hours has turned a yellow-orange. Higtidine
medium becomes slightly yellow at forty-eight hours incubation

20
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and 2% sa&enty»kwa hours inoubation has turned yellow-orange.
Hone of the other amino acids, extept the aromatle amino acids,
produce any color change while under the influence of daocterial
oxidatlion,

The tables on pages 44 and 45 glive the results of the
utilization of some related aromatic oompounds and suspected
degradation products of the oxldation of tryplophane. Anthrani-
1ic a0id 1s utiliged very well by the organism and also produces
a water-soluble pigment, which appears at twenty-four hours inou~
bation as a yellow discoloration of the medium, KHo plgment was
formed from any of the other compounds.

The graphs on pages 5z, $3, and 54 give the results of
the pH studies determining pigment production, using the three
different aromatic amino agids a2s substrate. A rather drastie
difference in pH optirum for the appearance of the pigment is
noted between tryptophane and the other two amino acids, tyro-
gine and phenylalanine. The pH optimmm for tryptophane appeary
beatwesn 6.0 and 7.0 while the pH optimum for the other amino
acids appears batween B,0 and 9,0. Also, the formation of pig-
ment with tryptophane zs subatrate appears gradually over a forty-
eight hour period while the formation of a pigment with phenyl-
alanine as subgirate appears rapldly after ninety-six to one hun-
dred twenty hours incubation. The graph on page 55 illustrates
the difference beiween the time and intenaity of pigment produc-
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tion when-usiag the three aromatic amino acids as substrate 2%
pH 7,0.

Bince the preliminary studies, as indicated by the
table on page 48, ghowed that growth and pigment production did
not take plage at 100C or 4500, the graphs on pages 56. 57. and
358 give the resulta of pigment production at 20°0, 309¢, and 379C.
With tryptophane as substrate the optimunm temperature for pig-
ment production is between 30°C and 37°0, although at 2090 pig-
ment production procseds very well except not as rapidly. On the
other hand, when phenylalanines or tyrosine are used ass mubstrate
the optimua remains the same (30°C--37°C), dut there is only a
vraoe of pigment production at 20°0.

The pgraph on page 59 shows the results of the effect of
inoculun on pigment production. The readings were made every foun
hours over a twenty-four hour period; and ag the graph illustrateq
the difference between 0.5 ml, inooulum and 1.0 ml. inooulunm is
not gignificant although when 0.1 ml. is used as inoculum, the
pigment production proceeds nt a slower rate.

The table on page 49 pives the results of the inbibitor
studies. Hone of the compounds added, except thiouracil, showed
any inhibitory effects. OGlutathione, ¢ysteline, and potassium
gyanide stimulated growth,

As the table on page 51 indiontes the organisms are

definitely oapable of utillizing the aromatie amino acids ag nole
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gouraens ek carbon and organic nltrogen. The turbidity prosent
within twenty-four hours in the first day flasks is comparable %o
that formed within twenty-four hours in the tenth day flasks,
Algo, the intensity of the pigment fermstion heg a tendenoy %o
become more pronounced as the serial trancfers contimues, that ias,
the time for plgment to appear ig shortened.

The graph on page 60 glves the growth ourves of the
organism in various medin (sodium ¢itrate, tryptophane, tyrosine,
and phenylslonine). As the graph shows the optimum population,
when the organiems are grown in sodium citrate, iz resched ot
about thirty-=iz hours inoubation, 7This situstion differs from
that enoountered when the aromatic msino aclda are used as sube
strate, since in these onges there appenys to be more of a lag
phase present and the optimum is reached at about one bhundred
twenty houra incubation. Also, the population reached is highew
in the c¢case of the amino acids, A difficulty wms encountared
when the turbidity of organiemsg grown in tryptophane was being
establishad since 1t beoams lmossible to entirely separate the
bacterial eells from the pilgment, and even after washing the or-
ganiome filve timesz they otill reitsined » brown discoloration.

The table on page 50 glves the results of the onmpara-
tive study usine related granm negative organisma to determine
whether they could utilize the oromatic amino aclids as sole

sources of carbon and organic nitropen. As the table shows none
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of the crggaiams produced any plgment nor was growth very evident.
Lsoherishis goll gave a positive indole test after twenty-four
hours incubation when using tryyutophane zs substrate.

The graph on page 81 indlcates that adapted organisms
éi& not ubilize the subgatrate to whioh they were adapted any
faster, acoording to the methods used, than unsdapted orgenicnsg.
This graph also shows that oxidotlon proceede wore rapldly in the
samples that are token from the individual flasks than in the
large flasks from which aliguots sre romoved.

Since the unnatural isomer phenylalenine wasz availabdle
s oomparative study was ¢onducted betwean the two laomers. As
the graph on page 62 shows the D form iz utilized by the orgeniem,
vat to a maeh lesser extent than the natural 1. form,  The nigment
produced when using the D form never goeg Peyond a very slight
discoloration of the medium, while the I form renches its maximwm
{dark brown color) in about one hundred twenty hours, ’

On page 63 ig the granh showing the results of dilution
of the pligment with bamal salt colution. The graph shows thet it
iz poasidle to cbtrin almest o straight line relationshiy on dilu-
tion of the pigment zlthough 2t the higher concentrations of nig-

ment the line hae z tendency to ourve,




CHAPTER ¥

DISCUSTON ARD COHCLUBIONS

Por the sake of asherence the dlsocussion ghall be aeps-
raited into three sections: (1) Helationanlp of the aromatic

amino ncid oxidane of Alealirenaes fgonlia Wo. 130 %o tyrosinasa,

{11} Prysical-chemical gharacteriatics of pigment formation. and
(111) Disousgion of the oxldative pathways of trystophans,

I. Relationship of the Aromatic Amino Acid Oxidase

of &. fgoalis No. 135 to Tyrosimase.

¥ithin the last bhundred years the enzyme tyrosinass has
been isolated from a great voriety of plant and animal wources.
The szpecificity hag wvarled oonslderably depending on 1ty sourge
the general concept deing that the enzyms isolated from the hiph-
or animals poesesnses a higher depwee of speolficity than that
isolated from the lower animala and plantz. In contrast to this
is the case of the enzyme being »roduced by o, 135, The oxidase
geoma to possess a rather hipgh degree of specifielty, not at-
tasking meny of the substances attacked by tyrozsinases deseribed
in the literaturs. Cresol and catechol, used az indieatore of
tyroainzse nctivity by many investigators (Miller, Mallette,

25
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Roth, anﬂ'ﬂawaan, 1944; Hallotte and Dawson, 1947), are not oxi-
dized by No, 138. This obasrvation 1s supported by Griffin ot al.
(1953) who reported that a pathogen of salmonoid fishes, Bagteri-
salmonigida, produced a deep amber color on mutrient agar when

aither tyrozine or phenylalanine ware added, ¥o plimment produc-
tion wap obaerved by these investirntors vher phenol, eressl, o
catechnl were incorporated into the wmatrient amar.

Raper and coworkers (Raper and Wormall, 1933; Raper and
Speskman, 1920) conduoted very extennive ewxperiments on the path-
way of oxidation of tyresine 4o the hiph molecular weisht noly-
merized piloment, which is non-apecifianlly oalled wolanin, The
dingram on paze 4 1llustrates thely erperimantal resalts. Thase
workars demonatrated that the following three commounds nre
formed during the oxidantive mxaﬂéwsz (1) dihydrezyphenylzlanine
(dopa) . (8) B,6-dinydroxyindole, and (3) 5,6-dihydroxyindole~dw
garboxylio acid, They chowed thet the enzymotic oxidation of
dopa would result in the formation of the other two compounds and
therefore postulated that dopn wno probably the firat oridation
produot of tyrosine,

The following f2ots moke the oxidation of dopae to domn-
quinome appesy pogsible: (1) o-dihydroxyphenyl eompounds sre
rondily oridized to the ecorresnonding orthocuinones (2) sub-

atances that reant with orthoouinones inhibit melanin formation

in the dopa~tyrosinase reaction (3) plant tyrosinase has been

_
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shown %o éaﬂalyaa the oxidation of catechol %o orthobensoguinone
and the oxidation of dopa to dopa-guinons appeasrs similar.

Raper (1987) has further cshown that a red substance
(ballochrome) was one of the products formed in the oxidative
mechanism, Reduction of this red compound reaunlted in the forma-
tion of 5,8-dihydroxydihydroindole-3-carboxylic aeid (leuco
pound) and the subssquent oxidation of this leuco compound again
pave the red gompound., Oxidation of the red compound resulted in
the formation of the indole compounds, 5,6-dihydroxyindole and
5,8-d ihydroxyindole~3-garboxylio acid. Spectrophotometric data
{Mason, 1948a) indicats that the 5,8-dihydroxyindole is rapidly
oxidized to the corresponding gquinone which then polymerizes to
give melanin,

Ao yet no degradation produots of the oxidation of tyro-
sine or phenylalanine by No., 135 have been identified, but since
the oxidative scheme of Raper is generally avcepted by Iinvestl-
gators working with tyrosinnne from various sources it is worthy
of mention.

%hen No. 135 ia grown in the presence of tyrosine or
phenylalanine there iz s period of growth before any pigment
fakmatian is evident. Thim lag phase has also Leen desoribed by
Griffin et al. (1963) and may be similar %o the induction phase
desoribed by lLermer et al. (1949). The presence of a lag phase
is also reported by Sussman snd Markert (1953), working with
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mitants of Glomerslla cingulata. There is no evidence of a lag
phase when tryptophane is oxidized by Ho. 135, but instead the
formation of pigment proceeds along with the inerease in bacte-
rial population. Only when tyrosine and phenylalanine are uged
as substrate ig 2 lag phase evident and the asponrance of the
pigment with phenylalanine as substrate is precipltated very
rapidly after ninety-six to one hundred tweniy hours inoubation.

Lerner ot al. (1942) encountered the presence of an
induction period when they reacted tyrosine in the presence of
tyroginase and oxygen. These investigators showed that this
induotion period could be shortened by the addition of trace
smounts of dopa, which posseszed catalytic effects, Oriffin et
al. (19853) showed that the sddition of dopa to the mutrient agar
pontaining tyrosine or phenylalanine and seeded with Bacterium
salmonicida ¢id not oatalyze the production of pigment. When
dopa was added to the reaction flasks containing aither tyrosine
or phenylalanine and inooulated with Wo. 135, no oatalytic effects
were obpserved.

Buseman and Markert (1953) reported the development of
tyroginase sctivity in induced mutants of Glomereils gingulaba.
They induced mubations by using ms mutagenio agents ultraviclet
1ight, x-reys and neutron bombsrdment, They found that the oo
nidia possessed 1ittle tyrosiname activity and upon germinabion

the mycelial maas completely lost this activity, sfter one
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handred téaaty hours growth tyrosinngse activity began to show up
and incrensed with the end of growth of the mycelium and the
beginning of auntolysis. These authors sugpest that possibly the
produotion of ftyrosinangse is induced by zome substance a¢coumalated
during growth and released during autolysis, The observation lg
ginmilary to the oxidation of tyrosine and phenylalanine by HNo.
138, where moctive pigment produotion {especially when phenylala-
nine is used as subatrate) does not take place wnvil the oulture
is in the stationary or death phase of the growth curve.

fince the conversion of phenylalanine to ¢yrosine has
been demonstrated by many investigators (Moss and Schoenheimer,
19403 Bernheinm and Bernheim, 1944; Lein and CGreenberg, 1955
Ddenfrient and Cooper, 1952) one might conzider that the oxida-
tion of phenylalanine prooeeds in this manner., This idea i supg-
gested in the report of Griffin et al. (1953) and the faot that
the oxidation of phenylalanine procesdg more slowly than tyrosine
in their observations might account for this conversion. This
theory 1s contraindicated in the experimentation performed with
Ho. 135 singe the oxidation of phenylalanine progeeds st a much
{faster rate than the oxidation of tyrosine. Also the pigment
produced by the baoterial oxidation of tyrosine never reaches the
intensity of that produced by the bacteriasl oxldation of phenyl-
alanine. Thevefore, the posaibility that alternate pathways

exiot for the oxidation of thease two closely related amino acids




30

migt be considered. Dagley, Fewster, and Happold (1863), working
with vibrio organlams, reported that the baoterial oxidation of
phonylalanine has been observed to follow two alternate metabolie
pathways. Thene pathraye are as follows: (1) PHEEYLALAN THE s
FHENYLITRUVIO AQOTDay P HARYLACET IO AG I Doy HOMOGERT IH10 ACULD
(2) PHANYLALAN THE——TTROS IN By~ HY DROLY PHAHYLTYRUTIC  AG L e
HOBOGENTIZIC ACID, These workers stated that the former pathway
has been confirmed as the propey oxidative sequence. Thelr re~
sults are based on adaptive pattern experiments and the isolation
of the phenylhydrazons of phenylpyruavic acid from the metabolio
fluids, Simmonds, Tatum, and Fruton (1947) amd Davis (1960)
demonstrated that independant routes of tyrosine and phenylala-
nine synthesis take place and that phenylalanineg ie not converted
1o tyrosine. This has alsc been demonstrated by Cllvarg and
Bloah {1951) in yeast celle.

The literature emphasizes that the moat diastinguishing
!aatuf& of tyrosinase 1g ite zdility to catalysze two characteris-
tically different oxidations! {1) the oxidation of monohydric
phenols (2) the oxidstion of dihydric phenols; to give = dark
brown melanin-like pigment, The literatures further states thal
the existing evidence indicates that phonylalanine may be oxidized
via tyrozine. There is no indication in the literature that tyro-
sinase oxidizes tyyptophane to melanin, Lerner and Fitzpatriock
(1950) atate that although thers are differences among the tyro-
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sinases obtained from vurious sources they all have three charac-
teristios in common: (1) all catalyze the oxidastion of tyrosine
to melanin (2) the enzymatic reaction with the monohydroxyphencl
compound iz catalysed by some o-dihydroxyphenol compound (3) cop-
per is sssoclated with the aotivity of the enzyme. Comparing the
oxidase of No., 135 to the standards proposed for dyrosinase by
preovious investipgators, ome obmerves aome stiriking differensces.
The oxidase of Ho. 135 catalyzes the oxidation of tyrosine %o
give pigment which never reaches a dark brown state but rather
renmaing yellow-brown., Other monohydrio phenols tested are not
oxidized and neither are dihydrie phenols., Phenylalanine and
tryptophane both become oxidized Yy No. i35 to give s dark brown
pigment. The Piret premise of the oommon characteristics of ty-
rosinazes as elaborated by Lerner and Fitzpateick (19580) appears
satisfied. The sevond premise moy possibly also be satisfled
oven though expoerimental results do not indicate that dopa oata-
lyses the resction. The methods veed may not be sensitive enough
to detest 2 possible ¢antalysis. Whether the third premise io
satisfied has not vet been éxperiméntally determined.

Therefors, in comnclusion, one may state that the oxi-
fevalig ¥o, 135 belonga to the realm of tyro-
ginases aince tyrosine is oxidized to give plement production,

dase of Aloallp

Also, and probably more indicative, is the realization that Ho.

135 poasegoes three different oxidases, namely, tyrosinase,
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phenylalaninane, and trvotophanasze. Fach of thase avomatio amino
a0id oxidasen is. of course, supporbed in the oxidative progess
by = host of other enaymes.

1I. rhysicsli-chemioal Uharactaristies of »igment

Formation

The pigment produced from the aromatic amino aclids by

bacterial oxidsation f2lla indo the geoneral clase of melanings,
The plgment io water soludble and colloidal in nature, The color
variaes according 1o the subatrate., Oxidation of dyrosine pro-
duces a yellow-brown pigment wheress oxidation of phenylalanine
and tryptophans resulis in the formation of a dork bromwmn plament,

Helanin 1s a non~apecific name Tor a group of vary
widely distributed plgments varying in color from blaok, brom,
and buf? $o blue. Hason (1583) presenta the following definition
of welanins:

These substances sre pigments of high maleoular weight
formed by the ensymatic oxidation of phenola. These
melaning, which are obtained ae the result of oxidative
processes, oannot be simple substances homogenous with
respect t0 a rapeating unit, but arve likely %o contain
struotursl elementa in various states of oxidation, oon--
densation, and degrsdstion.

Many properties have been used by investigators %o
choracterize melanin, Of primayy oonslderstion has boen the pro-
duction of solor. Bloch (1957} deseribed the eolor range from
bright yellow and red yellow to 1light and dark brown to deep

blaak, Attempts o characisrize melanin in torms of abwmorption
& b4
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apeotra have been complicnted by the colloidal state of thene
plgments, and by the presenve of concommitants with which they
are known to be agsociated. Some investigators have reserved the
terr malanin only %o pigmenta formed in vivo whareas othars have
uged “he term to deacribe in vitre formation of vpipment (Rloch
and flghaaf, 1925), Other propertles thot have besn used to
dazoriba melanin are solubility, resctivity, and chemical compo-
aition. Rloch and Schanf (1935) have reported that natural (in
vivo) and synthetio {im vitro) mslanins are soluble in alecohol
and pyridine. OCreemstein, Turner, and Jenrette {1940) have
shotm that melanin from o wouse melanoma may be dissolved in
neutrsl affere and water, In 1845 Lez found that both natural
and synthetic melaning were soluble in ethylenediamine and ethyl-
enoshlorohydrin solutions, ¥elanin is generally considersd ns
baing'aalahla in asid and alkall, Pigme (1939) reported thet
melanin may he bhlaachad By permanzanate snd blehromate, and
saghs (1944) stated that it may be hleached by hydeogen. A re-
view of the composition of melanin wan presentsd by Bloch {1227)
and Waelsch {1932). Generally, tha pranence of carbon, hydrogsn,
nitrozen, and sulfur have been revoried.

Hagon (1548b), in a confarence consernad with the
meaning of the term "melonin,® pressnted the following elasalfi-

eation of melnning
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A, Hatursl Heloning--formed im vive

1. Eative melaning--forms in which natural
melaning scouyr

a. Animal melaning-~gkin, halr, wmeln~
nomas, eta,

B, Plant melanins--pushroons, etc.
2, Derived melaning-—exiracted native proteins
2. OSimple melsnins——unsowbined plgments

b. Oonjugate melaning--melanoprotelns,
melanolipeids, and melanopolypeptides

5. Oynthetic Melanins—in vitro oxidation of henze-
ﬂﬁig anine acids and phenolis amines and anino
acidg

1. Helaning from photoshemical oxidations—w
(3peigel-Adolph, 1837; Rotiman, 194C)

. Relsning from chemical oxidations and
autoxidrtions

3

&

Helaning from enzymatio oxldations

According to the claazifieation of lagon the plgment
produced by No. 135 1s "a synthetle melanin produced by ensymntle
oxldation.

Plgwent formation by Ho. 135 takes place over a wide
range of pH valuez. Production of pigment is wost prononnoed in
the slightly alkaline pH range when using tyrosine or phenylala-
nine ne substrate whareas tryptophane shows better plgment pro-
dustion at neutrsl or slightly acid pH velues, Production of
pigment 2t acid pH ranges (5.0 and 6.0}, vwhen using tyrosine or

phenylalanine zs subetrate, ip almoot entirely abaent.
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'Prc&uﬂtian of pigment at various temperature levels
goincides with the optimum temperature for the growth of the
organisms. This is indicated by the complete absence of pigment
when the reaotion flasks are placed at 10°C or 45°C, whereas
optimum pigment produstion ls cbserved in the temperature range
of 309C to 37°C. The optimum growth temperature of Alealigenes
feoallg is 379C (Bergey, 1948). Formation of pigment takes place
at 30°C when using tryptophane as substrate whereas only traces
of pigment are produved at this temperature level when using ty-
rosine or phenylslanine. Lerner and Pitapatrick (1980) reported
that the rate of enzymatic oxldation of tyrosine %o melanin ia
more rapid sbove 30°C., OCriffin et al, (1953) indioated that
actively growing cells of B, galwonioida oan producge pigment at
2390 but are devoid of plgment production above 3390, Horowits
and Bhen (1982) stated that tyrosinsse production in Neurospors
ls dependent on the temperature of cultivation and that above
35090 enzymatic activity is almost entirvely sbsent,

Various imhibitors of pipment production have been
described by investigators (Lerner and Fltmpatriek, 1980), Among
these are the organic sulfur-sontaining compounds and cyanide
compounds whioh bind or remove the copper lons by forming weally
dissociable complexes with the copper. Of these inhibitors the
following were used to determine posaible inhibitive effects:
oysteine, glutathione, thiouresn, thlourscil, nand potaassium oya-
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nide, ﬁniy thiouracil ahowed inhibitive effects, as compared to
the oontrol, and these were only slight. HReaotion flaska oon-
taining plutathione and cysteine nhowed stimmlation of growth ond
as further sxperimentation indloated could merve as s0le sources
of oarbon and energy for the organisms, Thiourea had no effect
snd potasszium oyanide actually stimulated growth elightly. In
view of these reeults the presence of copper ions for sctivity of
the oxidntive enzymes in the case of No, 135 ie not indicated.

Attempts to draw any definite conolusions as Yo the
physlonl-ghemioal characteristics of pigment production by No.
135 are not justified at present. By definition the pigment pro-
duced 1is a melanin-type pigment, Preliminary experiments con-
ducted with the use of cell-free filtrates indicate that the
enzymes are of intracellular mavure, Therefore, future experi-
ments will have to be conducted with the use of celli-extract fil-
trates with subsequent purification of the active material.

111. Discussion of the Oxidative Pathways of

Tryptophane

Experimentstlion entailing the pathway of oxidation of
tryptophane was limited bevause of the unavailability of the
majority of degradation products described by investigators.
Indole, indoleasetic zcid, kynurenic sold, and anthranilio acid
were available and therefore were tested. Of thece gompounds
only anthranilic aoid eonld be untilized by Ho, 135.
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The oxidation of tryptophane may follow various path~
waya, each leading to different degpradation products. Four pos-
sible pathways, based on reports in the literature, are as fol-
lowg!

{1) Reversal of the synthetic mechanien involving
primary cleavage to indole and serine with subsequent
oxidation of these fragments, anthranilic asid oo-
curring zs a degradation product of indole,

(2) Breskdown of the tryptophane molecule resulting
in production of indole, ammonis, and pyruvic acid.
Indole and pyruvic acid undergo further oxidation.

(3) Oxidative desmination of the aliphatic side echain
resulting in indolepyruvic acld with subsequent
oxidation to indoleacetic acid.

{4) Primary attack on the indole muoleus, with elimina-
tion of the second carbon atom in the five-menbered
ring giving kymurenine and by oxidative deamination
and ring olosure giving the formation of kymurenie
acld.

Stanier and coworkers (Ztanier, Hayalsh!, nnd Touchida,
1951) contucted rather extensive experiments on the bacterial oxi-
dation of %ryvtophans. They used an unidentified species of
Paepdomonng as the source of oxidative ensymes. These workers

congluded that the oxidative Aegradation of teyptophane follows
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pathway No. 4. They came to this conclusion since the baoterial
cells could be adapted to oxidise the degradation products of
this pathway as well as the original substrate, tryptophane.
These investigators based their expaerimentation on the
gensral theory of engymatio adaptivity which waa proposed by
Kavstrom in 1238 and is atated as followa:
Cells adapted to attack the primary substrate should
be adapted simalisnecualy to attack all the Intermedi-
ate formed during the oxidation of that substrate.
fSuda, Hayaishi and Oda, in 1949 and 1880, formulated
the concept that exposure $0 a primary substrate activates the
adaptive enzymes which act upon the subseguent metabolic inter-
uediates and named the phenomenon "succesalve adaptation.” These
investigators further studied the metzbolic pathway of trypto-
phane which was oxidized by an unidentified Psgudomonas sp., and
preaented the following metabolic sequence: I-TRYPTOPHANFw—>
L-RYBURENT ﬂﬁmﬁ.ﬁ?}!ﬁ%‘ﬁ THTC ACT D ATROHOL .
dtanier and Tsuchida (1949) made independant studies of
the oxidatlon of tryptophane by another unidentified specle of
Pagudomonsas, also using the method of adaptive patterns. The
phenomenon of subsagquent adaptation wan developed by Htanier, in
1947, under the name of "asimultaneous adsptation.® Theae investi-
gators found that the oxidation of tryptophane proceeded in the
following manner: THY%?&?iﬁﬁﬁ-*’?Y§Haﬁ%?%&-~.g¥§ngﬂﬁza ACTID.

In this pathwyay both isomers of tryntophone could be oxidized
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whereas in the metabolic pathway of 3uda, Hayaishi and Oda only
the natural or L form of itryptophane could be oxidized.

In 185) Stanter, Hayaishi, and Teuohida designated the
pathway discovered by Sudn, Hayaishi, and Ods as the "aromatic
pathway® and that discovered By Bianlier and Teuchida an the
*quinoline pathway.® They further reported that all strains
teated showed the following ini%ial pathway:

c COCH,CHNHCOOH
cu,cmm.cooy COCH,CHNH.COOH .
NHeHo T NH

Tryptophane Formylkynurenine Kynurenine

Beyond kymurenine there exints 2 atrict dichotomy in the pathway
of oxidation following elther the aromatic or the quinoline pathe
way. Parther degradation products of the aromatio pathway have
been identified sand the metabolic sequence continuee as followa:

COCHLCHNH,COOH ecooH OH
—_ —
N, NH, : oH

Kynurenine Anthranilic Catechol
Acid

HOOC-CH=CH-CH=CH-COOH ———> HOOC-CH,;-CO-CH,-CH,-COOH

Cis-cis-muconic Acid B-ketoadipic Acid
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Oxidative products beyond B-ketoadiple soid have not been identi-
fied. The quinoline pathway beyond kymureniec acid has not besn
investigated sufficiently to warzant the establlshment of further
degradat ion products.

Since No. 135 cannot utilize indole, serine, or indole-
acetic acld and since indole is not produced as a degradstion pro-
duot the Tirst, second and third oxidative pathwaya presented in
the beginning of the discussion may be disregarded. This leaves
the srometic pothway of Suda, Hayaishi, and Oda and the quinoline
pathway of Stanier and Teuechids, Dus to the incompletenese of thq
studies concerning the utilization of the degradation products of
these two pathways by No. 135 it becomes diffleult to definitely
eztabliah which of thege pathways the oxidation follows. Pre-
liminary evidence indiecates that the avomatic pathway is mdiaatej

i

since Jio. 135 is able to utilize snthranilic zeid very vwell and
completely unable to utilize kymurenic seid., The fact that Ho,
135 ia unsble to utilize catechol may indlicste that the aromatic
pathway ia not followed directly but thnt the pathway diverges at
some point, TPurther exverimentation with the use of cell-extract
filtrates of the acbive envyme. performed with the ure of the
“srourg, should resolve the problem of the metabolic sequence in

the oxid=tlon of trypiophene by flealigenes fecalls Fo. 135,




1. Oxidation of tyrogine, phenylalenine, and trypto-
phane by Alcallgenes fecalls Fo. 135 renults in the formation of
a melanin~like plgment.

2. Preliminnry avia&nw indlentes that the patlway of
oxidntlon ig different for each of the aromatic amino acide.

&, The oxidntion of tyyptophane mey follow the "aro-
matic pathwey" deseribed by OBuda, Hayaishi, and Oda

41
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{#)~ appearance of turbidity within 48 hours
(=)= no appearance of turbidity within 48 hours
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TABLE IX

no appearance of turbidity
slightly turbid

turbid

heavy turbidity

vary heavy turbidity




TaBLE 11

33‘??1»"‘?&? {'}?5 P AMING ACTIDS BY
ITHYE FEGALIS WO, 135

48 hre.

glycine
Dl~alanine
Di-valine
Di~norvaline
Dimthreonine
Diwgerine
M~leveine
D~igoleuoine
DM~norleucine
ywlalnine
Dimtyronine
i~oyatine
Dlcyateing
Memethionine
Dimtryptophane

Imgluntomio acid
Dimagpartic aoid
I~histidine

Imazginine
Di~lysine

Vot m$§¥§$lt*?:§::h$$j‘t; ; ,*$$

#
4
#
¢
¢
¢
g
#
4
#
#
#
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72 hra.
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TABLE ITL

no appearance of turbidity
slightly turbid

turbid

heavy turbidity

very heavy turbidity
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TABLE ITI

Q“?hi&ﬁ?f@ﬁ G? %TBAT?Q compoTHDS BY
LGRS LT RO, 136

24 hra. 48 hos, 3 hra,

tyrosine ethyl ester ¥ +H Fi
tyramine hydroochloride +H Pk y¥y
38 dilodo~l~tyroaine - + Fas
phenol - - -
p=methoxyphenol - - -
p-aninophenol - - -
p~oresol - - -
pyrogullol - - -
gpinephrine - - -
phenylacetic asid *H s Frry]
p-nitrophenylacetic acid - - -
3,4 dimethoxyphenylacetie acld - - -
benzoie acid - - #
p~aninobenzoio anid - - -
p~hydroxyvenzoio acid - - -
glutathione £ ry ¥y
thicurea - - -
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TABLE IV

UTTLIZATIOR OF DEGRADATTON PRODUCTS OF TR{RTORHATY OXTDATTON
CALTOENES FRCALIS ¥O. 135

indoleacetio 80Ld. . ccnvscrirrrnersns (=)
*ymTenic BOLA. . vassesnvarararrassssl=)
anthranilio aeld. . v.severersrravrenss(f)
ANOL8 e e v rnnvnonanssasassaresesnaceslm)
CALOONOL. sessvorrroevsnsvsasssssensssls)
EYTITORINGs s eesnavnsesss (DOB available)
clo-ois-mwonic seid.....{not availadle)
B-ketoadipie acid........(not available)
indolepyruvic soid,......{nos s¥ailable)

(£)~- appearance of turbidity within 48 hours
{~)~ no appearance of turbidity withim 48 hours




TABLE ¥V

YRAL PHYSIOLOGICAL REACTIONS
ALTGTNES FRCALYD WG, 130

ANAOLG. s vseorsrenssrrcnsesl=)
methyl P8, .uuerersinroane =)
VOROR-PROBKEUEE. .\ aue ..o (=)
T VDU C8
NIELAEO. . vscrcvensresnsssl=)
gelatin-liguefaction......(«)
hydrogen sulfide..........{=)
g R T T NP € .
blood agar, ...alpha hemolyals
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TABLE V1
COMPARATIVE STIMULATIOE OF OXIDATION

BY SHAYING MACHINE ARD
BHALLO® LAYER METHOD

Growth Pigment

I-tyrosine

ghaking machine 18~24 hrs. 48«72 hrs,

shallow layer method 24-48 hrs, 96-144 hra,
I~phenylalanine

shaking mashine 18«24 hrs, 34-48 hra,

shallow layer method 34~48 hras, 73-96 hra,
L-tryptophane

shaking wachine 1824 hrs, 8-12 hrs,

shallow layer method 24-48 hrs. 6~12 hrs.




Temperature

0% ¢
30% ¢
309 ¢
37° ¢
48° ¢

4

48
TABLE VII

PRELIMIBARY TEMPERATURE aTUDIES

I~tyrosine I~phenylalanine L~tryptophane

(=) (=) (=)
(#) (£) (£)F
(#4)P (#4)P (M)P
(#4)P (#)P (#)p
(=) (=) («)

*} -~ absence of turbidity
-~ slightly turbid

}f) - turbid
- pregsence of pigment




TABLE VITY
EFFECT OF INHIBITORS ON PIGMENT FORMAT ION

L-tyrosine
ths 0 24 3fa 48 35?. ?3(§§?.
hiourac CIR ,
thiourea ) ?f**) #44)
glutathione $H+) 2}}{}) (ghth) P
oydteine a M;P* Hﬁ;? € §
potasaium cyanide }fﬁt i ;
gﬁﬂt?ﬂl 7 + g#ﬁf 2;;;;
I~phenylalanine
tni a 3&(3{3. 48 3:?. 8 ?i?.
ouras: -
thioures ) i, H4)
glutathione AN FAE) P
oysteline fbp) P e L FAkb) P
potassium cyanide éf}{ FHF)P P
control 4 e a e
24 g;ﬁrypteghanza h 72 hr

i 3 TS, re. 3 1
thiouracil (#) (44); {#A) P
thiourea P )P #A#) P
glutathione A} P L4E) P M
oysteine HA) P AP HA) P
potasaivm cyanide }ft P AP P
eontrol ) P FHEIF ) P

*pigment due to oxidation of cysteine

appearance of plgment
- slight turbidity
turbid

heavy turbidity

very heavy turbidity

Tesns
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TABLE IX
UTILIZATTION OF ANOMATIO AMINO ACIDS BY RELATED OROANTISYE

‘ Ty Ph Tr
Aerobscter aerogenes Wo. 7,3 (=) () ()

Techerichis goll Yo, 4.1 («) (a2 (<)

Progeus yulgaris No. 3500 (=) (=) (=)

s raGolobastrun () (=) {~)
(=) (=) (-)

Algaligenes feoalis Fo. 135 (AP (AP (PF

*nositive indole tent

Ty - I~-tyrosine

Ph ~ L=phenylalanine

Tr « I-tryptophane

,»;m no appearance of turbldity
- appearance of turbidity

P « appearance of pilgment
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TABLY X
SERIAL TRAHNDFIR ¥FAPTRTMOT

Day Lmtyra$iné I~phenylalanine l=tryptovhane
1 £(120) #{s6) #{24)
2 #(120) £(98) #£{54)
3 #{120) £{72) £(24)
4 +(98) $(72) #(24)
& ¢#{96) £(72) #(24)
8 £(98) #(72) $(24)
7 +(96) #(72) #(2¢)
8 #(28) #{73) #{34)
9 #(73) #(48) $(24)

10 #(73) #(73) #{24)

¥+ - appearance of turbidity within 34 hours
{ ) - hours within which pigment appears
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FIGURE B0, 12
100 -~ undiluted sample
5 -« 1:3 dilution
25 =~ 1i4 dilution
13.5 - 1:8 dilution
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