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INTRODUCTION

As The Broad Realm of Serotonin Research

The story of serotonin is a fascinating chapter in the progress of
medical science, and few of the final conclusions have yet been written.
From a physiologically active but unknown substance studied by two ine
vestigators fifteen Yyears ago to a known crystalline compound- a possible
regulator of brain function, peristalsis, and blood pressure~ studied
by hundreds of investigators today, serotonin has illustrated a pattern
of intensive research, that of trying to make the uniknown known, and
then of asc‘ri’bing to the known a rational practical place in the realm
of reality. Semtunin oaﬁtinues to be widely investigated pharmacologi-
cally, biochemically, anatomically, physiologically, snd medically, but
as yet its true funetion in normal body processes is unimown.

The history of serotonin actually spans almost one-half century,

A powerful vasoconstrictor substance obtained from extracts of platelets
has been known for at least L0 years (3Lh). However, the chemical nature
of this substance was not known until 1948, when Rapport, in Page's
laboratory, succeeded in purifying the vasoconstrictor in beef serum,
serotonin, and identifying it as S-hydroxytryptamine (52, 53). In 1952,
Ergpamer (21), who had been working for 15 years with a biologically
active extract from the gut which he called enteramine, also identified
his substance as S-hydroxytryptemine. Thus, extracts were purified from
two different sources in the body and found to be the same compound.

Serotonin (designated hereafter as SHTM) is now known to be widely
distributed in nature. It has been found in bananas in a concentration
of 3.7 mg. per banana (75). It has been reported in venoms of the toad,
scorpion, and wasp (69, 1, 35), It occurs in nettle stings, for which



an old remedy, dock lsaves, secms to have been at least partially
rationally used; dock leaves contain a SHTH antagonist {15, 10).
Octopods have SHTH in their posterior salivery gland in & concentration
of 1 mg. per gram tissve (21). It is found in similay high concentra-
tions in amphibian skin (19).

In mamals, including man, it is found in diverse places, the highe
est concentration being in the enterochromaffin eells of the intestinal,
tract. Here the SHTM exists in a concentration of 1 ~ 10 micrograme per
gram tissue (17). It is also found in relatively large amounts in blood
platelets (19, 19), lung (78), spleen (19), mast cells (3), and gray
matter of nervous tissue, particularly hypothalams (7 s 68).

The assay of SHTU has been accomplished by biological, chemical,
and physical methods. Biological methods were first used. These in-
cludeds 1) econtraction of a uterus from an ovariectomized rat brought
into estrus by injection of ovarian hormone (19), 2) contraction of a
strip of rat colon (18), 3) contraction of isolated molluse heart (68),
and L) contraction of a strip of fundus from the rat stomach (7h).
Chemical methods, developed mostly by Udenfriend and his group (73), de~
pend on primary extraction with organic solvents and then determination
of the S-hydroxyindole structure by reaction with l~nitroso-2-naphthol
to form a purple colored complex which is measured colorimetrically.
Physical methods include both absorption of ultraviolet light, and
fluorescence in ultraviolet light (73). A spectrophotoflucrimeter has
been devised, using the latter principle, and has found wide use (8).

The metabolic pathways of SHTM synthesis and degradation have

largely been characterized by a group of investigators at the National
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Institutes of Health, (Shore, Udenfriend, Weissbach, and co-workers)
(71). The generally accepted pathway is as follows (figure 1).
Tryptophan, the dietary precursor, is absorbed in the intestinal tract.
in the enterochromaffin cells, it is thought that hydroxylation of
tryptophan occurs in the 5 position to give S-hydroxytryptophan (17, 71,
Ll). However, the evidence for the hydroxylation is the most unsatise
factory of all the steps in the metabolic scheme. lost of the evidence
has been obtained from radioactive Gll studies, in vive (71). Wo in
vitro evidence for ensymatic hydroxylation has yet been found., The next
step in the patlway, for which there is substantial evidence, is decar-
boxylation of the side chain of S-hydroxytryptophan by a decarboxylase
enz&me resulting in SHTH (13, 25). This énsyme has been purified and
studied extensively, and is thought to be the main agent for the forms-
tion of SHTM. The cireulating platelets are thought to sbsorb the SHTH
from the enterochromaffin cells and distribute it throughout the body
(25)s The degradation of SHIN is accomplished by e nonspecific amine
oxidase, for which tyramine and {ryptamine are also substrates (k, S,
30, 61)s The enzyme is found in many tissues, particularly liver end
lung., It converts SHIM to S-hydroxyindoleacetaldehyde which is rapidly
broken down to S-hydroxyindoleacetic acid by a nomspecific aldehyde dehy-
drogenase (66). S-hydroxyindoleacetic acid (SHIAA) is then excreted in
the urines In spite of the fact that only 25-75% of injected SHTW, as
studied in wany animals and men, is recoverable in the urine as SHIAA (20,
66, 71), it is generally accepted .tﬁat this metabolic pathway accounts
for the majority of SHIN breakdown. However, three other possibilities
have been suggested: 1) SHTM is broken down by other yet unidentified path-
ways (17, L9, 60, 20); 2) SHTM is conjugated with glucuronic acid (77);



3) SHIAA is broken down by the body (17). However, it is generally
considered at the present time that SHIAA is not degraded by mammalian
tissue (17, L9, 7T1), although little werk has actually been done on
thia problem.

Much bicchemical and pharmacclogical study of SHTM mstion has
been done indirectly by the use of chemical antagonists and metabolie
inhibitors. Woolley (59, 80) has done considersble work in this field,
especially with synthetically-produced compounds which closely resemble
SHDY in structure, especially the methoxyserotonins, such as l-bensyle
2emethyleSenothoxytryptanine (BAS), Other cempounds that have been
widely used are iproniasid (11, L9), an emine oxidase imhibitor, and
chlorpromasine (2) and Lysergic acid diethylamide (1SD) (17, L9), ine-
hibitors at unkcnown sites of the effects prodweed by edministered SHTH,

The pharmacology of SHIM has been extensively studied in dogs,
cate, rats, and man (2h, 54, 31, L9)s From these studies, various ine
vestigators have formulated theories concerning its role in the bedy,
Page (4O) regards SHTYM s funetioning malnly to control arteriolar
tone, iHowever, SHIM has no constant effect on arterial blood pressure,
often giving biphasic reoults. Recent work, however, has indicsted that
SHBM may sot as a homsosbatic controller of bloed vessel tone, causing
giﬁher an incyease or decrease in blood pressuve, depending upen the
preeexisting tone and caliber of the vessels (L9), Erspamer (21) bee
lieves 5HDM helps to gontrol kidney funotion by en antidiuretic sstien.
He has shown SETHM to exert this effect in physiological concentrations
in rats, but this has not been confimmed by other inwestigators (17).
Dalgliesh (17) believes the primary effect of SHDM is on smooth muscle,
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and very likely in the maintenance of ncmﬂ reristalsis in the gub.
Recent work on the effects of sdminlstered SHIM on intesiinal wmotility
seems to substantiate tois hypothesis (12, 28, 31).

Woolley end Shaw believe SHTM is most likely a mediator of normal
brain function (80). Bases for this suggestion are many. Antagonists
of 5HTM, such as yohimbine, medmain, sud 1SD are powerful hallucinogenic
agents (63). The injection of Sehydrowytryptophen (SHIR), the precursor
of 5HIM, vesults in o marked increase in free brain SHIN and resultant
sensorial effects similar to ISD (72). Reserpine, a potent trasquiliger
and sntihypertensive agent, brings about the relegse of SHTH from all
body depots, including brein, platelets, snd intestinal tract (51).

This results in a decrease in “"bound" SHIM in the brain, and an increase
in the "fyee' SHIM, lNMoreover, the tranquilising effect of reserpine is
related not to lts oun concentration, but to the concentration of "free"
SHTM in the brain (11). Iproniazid further accentuates the effect,
because it blocks the conversion of SHIM to SHIAA and thus further pro-
longs the high concentrations of "free" SHIM in the brain (11). Chlore
promagine, also a potent tranguiliger, is also a S5HIM antagonist, bub
as yot the exact mechanism of antagonism is poorly understocd (2). Thus
far, however, no consistent quantitative differences from normal in SHIM
metabolism, a® measured by BHIAA excretion in the urine, have yet been
determined in patients wiih mental iilness, such as schizophrenia (22,
36), except by one investigator (38). However, a8 pointed out by many
of the workers in this field, SHIAA determination may not be an adequate
index of nervous tissue mebtabolism of SHIM (22). Other as yeb unknown
metabolic patiweys of SHIN breakdown may be iwportant, and their

wsasurencnt may zive a more adequate index of newvous tissue functicn.
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SHIM has also been suggested s having a role in the hypersensie-
tivity phencmenon. It has been postulated that the ansphylactic response
is medlated through 50T in rate (56) and mice (78) in contrast to
histamine in guinea pige (56, 78)., Mice previcusly immunized with
pertussis vaccine have been shown o be markedly sensitive to the toxie
effects of injected SHMM (37, 45). It has been noticed that humans
with atopic dermatitis (1) or carcineid tumors (55) react differently
from normal humans in response to intradermal SHTM, Patients with
allorgic asbthma have been found to respond to SHDM serosols by develope
ing abtacke of dyspnes while controls were wnaffected (32). These
findings point to some role for SHBM in the yealm of allergy.

The prectizal sedical importance of SHIM is limited to patients
with a metastasiszing carcinoid tumor, This wnique opportunity for the
study of SHTH physiclogy in vivo is afforded when the argentaffin cells
of the intestinsl traot undergo neoplasia with the produetion of a
carcinoid tumor. These Lumors produce large quantities of SN and,
when metastasised, produce the resultant ".l-ll.tgnmﬁ‘ ecarcinoid syndrome,”
Thie symptomecomplex, due to high levels of circulating S5HIM, is chare
scterized by transient flushing of the feco and extvemities, chronic
diarrhea, respiratory distress, and valvuler disease of the right side
of the heart. These patients excrete large, pathognomonic amounts of
SHIAA in the urine. The values range from 100=-800 mg per 2k hours, as
compared to normal valmes of 0.5«13,0 mg por 2h hours (62). Only a
~ fow other medical conditions exist in which the daily SHIAA excretien
ie altered, Patients with “collugen® diseases were found to have scmee
what low values (29). Fatients with sctive nontropical sprue were found



to have increased excretion levels (28)., The role of SHIM in the
production of symptomatology in thess other conditions is not knowm.
B, Bacterial Melabolism of S-hydroxyindoles

Reports of experiments on the bacterial metabolisn of the 5~
hydroxyindoles have been exceadingly sparse, The formation of small
amounts of SHTR from tryptophan has been shown by ititoma et al (L)
to oecur in the bacterium Chromobacterium violacewn, The evidence for

the ocourrence of the hydroxylation reaction in the bacterium is some-
what stronger than any so far reported for mammalian tissues. However,
in this bacterium SHTH i8 mot formed from SHIR, which Mitoma suggested
might rather be a precursor of the purple pigment characteristic of
this species.

Weissbach et al (76) reported that a suspension of human fegal
bacteris were capable of the decarboxylation of tryptophan to yield
tryptamine in small amounts. The bacteria were also able o produce
small amounts of indole-3-acetic acid, resulting from transamination
of tryptophan with alpha-ketoglubarate.

Othey observations on bacterial metabolism of these compounds have
been made in this laboratory {48). Several organisms were isolated
from various soils on the basis of their ability to derive all of their
carbon and nitrogen for growth from their degradation of SHTM. Further
studies showed that most of these organisms metabolized SHTH to SHIAA, |
with profound degradation of the latter product. Three of the isolates
were identified as strains of Alcalipenes fascalis, a bacterium which

oceurs not only in soil, but also as a nonpathogenie intestinal organ-
ism and occasionally as a partner in mixed infections. The recognition
of SHTH metabolism by strains of A. faecalls suggested the following
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possibilities: first, that this metabolic property might be @ species
characteristic of this crgaenicmj second, that other iutestinal organe
isms might slso be capable of this metsbolisw; and third, that 4.
fapcalis or other intestinal bacteris might contribute to the pattern
of SHIM production or degradation in the body, The first two of
these possibillities werye explored in this thesis.

Ce Studies on mm m&a

Frevious experimental work on the bacterial species 4. faecalis
has also been sparse. Since its discovery ia 1896 by Petrusiky (50),
therxe have been meny publicaticns on its isolation from pathologie
processcs, such as entericelike fovers, sbscesses, meningitis,
cyatitis, and arthritis. However, the speoies itself has never been
well studied taxonemically or metabolically. Sarkar gt al (57) recently
attempted a more complete study of the speciss, and found much taue
onomie variation within the large number of cultures studied. They
found, ameng other things, that A, fsscalis was pathogenic for mice
when injected with gastric mucin, but not for guinea pigs or rabbits.
This suggested to us the possibility that the abllity to metabolise
SHDM by f. faecalis strains might contribute to their ability to iafect
and kill mice, The exploration of this possibility is described in
this thesis,

A. fagcalis io reported toe occour in the normal intestinal flora
of from O %o 19% of humans (58), The incidence of 4, fascalis in the
rat intestine has not been previously reported, It was decided to
undertake first s study of the incidence of A. faecalis in a hospital
and elinic population, and second a study of the incldence of A. fescalis



in the rat intestine, to £ind cut whether an increase in the amount
of SHIM in the intestine itself might bring abont a selective increase
in the number of SHTH metabolizing bacteria, and more specifically of
A. faccalis.

The underlying question in the sevries of experiments reported in
this thesis was ecssentially this: what is the significance of SHTH
metabolism by A. faecalis, considered from motabolic, taxonomic, and
scologleal points of view? These three aspects are closely related,
sinee ecological and taxonomic patterns are based on metabolic dif-
ferences among organisms. The investigations here reported were
devised to study whether the metabolism of a small group of compounds,
the S-hydroxyindoles, might serve as a critleal factor in the defind-

tion and the environmental behavior of the bacterial species, L.

fascalis,.
MATERIALS AND METHODS
As Metsbolism of S-Hydroxyindoles by “Intestinal® Bacteria

1. Bacterial Cultures

A total of L2 cultures of “intestinal® bacteria were examined
for their ability to metabolize SHTM, Nineteen of these cultures were
obtained as members of the gemus Alcaligenes from soil enrichment iso=
lations, stool cultures, various departmental stock culture ca&lactioml,
and the American Type Culture Collection. A4ll cultures received as

I, These cultures were obtained from Dr. Charles A, Evans of the Uni-
versity of Washington, Dr. Owen B. Weeks of the University of ldaho,

and Dr., Herman C. Lichstein of the University of iinnesots, as well as
from the culture collections of Dr. Evelyn L. Oginsky and of the Depart-
ment of Bacteriology of the University of Uregon Hedical School.
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Alealigenes were subjected to routine tawcacmic procedures for identle
fication, sscording to Berpey's Manual (9) and te Conm (16). The 23
other cultures were obtalned from the departmental culture collection
at the Uniwersity of Oregon Medical Schools They included 2 strains of
Esehorishis coli, § Jercbaster sorogencs, 2 Proteus yulgarls, 1 Proteus
morgenit, 1 Feeudomonas serugincsa, 2 paracclon (strains Jackets and
Gaseer), 1 each of Sglmonells typhimurium, Salmonella parabyphi,
Salmonells schobtmusllerd, Ssluonells enteriditis, Salmoncllas london,
Salmonells pewport, Shigells flemmeri (Oxford), Shigella flemeri
(Wober), end Shigella somnei. The stock culbures were maintained on
nutrient agar.

2, Media

The synthetic wedium employed (0,15% K EFG , a.osmgm,,, 0,028
MgsQy,, 0.05% (WH),)e50),) was supplemented with 0.1% yeast extract
throughont all of the experiments. When solid medium was reguived,
1.5% agar was odded, The final pH of the mediun was 7.0. The subw
strates? (SHTR, SHTM and 5HIAA) were Seits filtered and added to the
ecooled steriliged medium to give a final concentration of 0.025%,

Cona's {16) two media for differentistion of "soil" from “ine
testinal® stralng of A. faecalig had the following composition: Hedium
I« 0.1% (W) HiPO), 0,028 HgS0).THoO0, 0.028 yeast extract, and 1.58%
agar, Medium I « same as above with the additica of 0,15% glucose,
Eaoh of the A. fascalie cultures was stresked onto the solid media and
growth was obeerved for L hours at 37C.

2. SADM crestinine sulfate wes obtained from the Californis Corporee
tion for Dicchemical Researchy DieSHTR and SHIAA were obteinod from both
the Hutritional Biochemicals Corporstior and the Califernia Corporation
for Bicshemical Research.



3. Sereening Test for S-hydroxyindole Degradation
A screening procedure was designed to detect bacterial degrada-

tion of S-hydroxyindoles. This consisted of incubation of the organisms
with the substrate (SHTR, SHIM, SHIAA) and the determination of the
total concentration of S-hydroxyindoles by a colorimetric method. Eight-
een hour cultures grown on mutrient ager or synthetic SHIM agar were
suspended in sterile water to a concentration of 0.5 mg bacterial
nitrogen per ml, using the optical density of the bacterial suspension
at 520 mp as a measure of nitrogen content. Mtipliaationﬁof this
optical density value by a factor of 1.5 gave a result equivalent to the
nitrogen content as measured by micro-Kjeldahl analysis. Into a 50
ml Brlenmeyer flask were placed 0,6 ml of 0,01 i SHTH ecreatinine
sulfate, 0,01 ¥ 5HIAA, or 0,02 i DI-5HTR, 1.0 ml of cell suspension,
and 2.5 ml of the supplemented synthetic medium, giving a total volume
of 40 ml. The flasks were incubated in air at 37C in a Dubnoff shaker
for I8 hours, At 5, 2l and 4B hours, 0.k ml samples were removed for
colorimetry and paper chromatography.

L. S-hydroxrindole Determination by Colorimetry

The colorimetric procedure was adapted from the method of Udenw

friend (73) to determine the total coneentration of 5-hydroxyindoles
without distinguishing among them. Into a stoppered centrifuge tube
were placed 0,2 ml of the reaction sample from the flask and 1.8 ml
distilled water, To this were added 1.0 ml of 0.1% nitrosonaphthol
solution in 95% ethanol and 1.0 ml of G.l%vni.trwa acid reagent; the
tubes were stoppered, shaken, and placed in a water bath at 55 C for

S minutes. PFive ml of ethylene dichloride were then added, and the



12
tubes reshaken vigorously. After centrifugation for 5 minutes at 1000
rpm, the optical density st SO mp of the supernatant layer was de~
termined., A standard curve, using a control flask incubated without
cells, was run with each determination, because the S-hydroxyindoles
undergo slight destruction on aerobic incubsztion. Another control
flask containing only cells and medium was used to check the possgie
bility of endogenous formation of S-hydroxyindoles or other reactive
compounds. Descending paper chromatography was used to Separate the
Sehydroxyindoles, using n-butanol: acetic acid: water (hil:l) as
solvent and short wave length ultraviolet light, diazotized sulfanilic
aeid (D84) (h2), and Ehrlich's reagent (18) as the visualizing agents,

S. Manometric Studies

The results of the screening procedure were confirmed with cone
ventional manometyic oxygen uptake studies in the Warburg apparatus.
A1l cultures effecting a decrease in conecentration of S-hydroxyindoles
and all eultures showing compounds other than the original substrate
on the paper chromatograms were examined msnometrically. Several
other cultures showing no activity on the S-hydroxyindoles were also
examined to confirm the validity of the screening procedure, For these
manometric experiments, cells were grown for 18 hours on the synthetic
agar medium containing SHTM, washed with distilled water, and resuse
pended in water to 0.5 mg bacterisl nitrogen per ml. Ume nml of cell
suspension was used per flask, with 30 ull POj buffer pH 7.0, and 3 uM
of SHTHM, SHIAA, or tyraumine, or 6 uif DL-SHTR; the total volume was
3.0 ml. Oxygen uptake was measured at 37C. During some of these
experiments, duplicate flasks wers removed at different oxygen uptake
levels and thelr contents examined chromatographically. During some
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of the experiments, metabolic inhibitors (O-hydroxyquinoline, arsemite,
and iproniazid) were added to the reaction mixtures,

Bs  As Taecalis Inmfections in Mice

-

1. Mice

A Webster strain of Swiss white female mice, 7 -~ 12 weeks old,
weighing 18 to 2l grams, were used throughout the experiments. The
stock mice were kepbt in metsl ceges with sawdust bedding; the diet of
all the mice consisted of ldbbled Super ileat Dog Food ad 1ib. Frior
to each experiment, the mice to be used were weighed, and placed in
10 inchedeep Duraglas jars with ventilated screw-top lids, each of
which contained a 2-3/L" hole for ventilation and a 1/2" hole for a
water bottle. Olass jar cages were used for all the acute experiments
becanse they allowed for excellent observation of the mice during the
infection and could be autoclaved in toto.

2, Experimental Infections

The experimental infections were effected in the following manmer.
Bacterial cultures were grown for 18 hours on either nutrient agar, or
synthetic sgar conbaining SHTM. The cells were suspended in normal
saline, centrifuged, and resuspended in saline to a concentration of
0.} mg. bacterial nitrogen per ml. Flating experiments, using cell sus-
pensions of known density, were done in order tc determine the mumber
of organiems at lknowm nitrogen concentrations, Dilutions of the ori~
ginal suspension were made to obtain the desired number of organismse
per ml.

Throughout the experiments, a 5% gastric mucind suspension in

3« The gastric mucin was obtained from the Nutritional Biochemicals
Corporation.
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saline was used to enhance the virulence of the b:cteria (143)., The
gastric mucin was suspended in normal saline and auwtoclaved at 15 lbs,
pressure for 20 minutes. Igmal volumes of the mcin suspension and
the final bacterial suspension vere addeu to sterils rubber-topped
vaocine bottles and shaken thoroughly. A total of 0.5 ml of this mix-
ture was injécted into each mouses

All mice were injected intraperitoneslly in the lower left
quadrant of the‘dbdamen with a 26 gauge needle, The mice werc subse-
quently observed for woriidity =ud mortality over a period of 72 hours,
during which time, the mice either died or recovered Trom their ine
fections. sauples of hearr snd tail blood were obitained frow freshly
deceased ﬁiae and aﬁltured for A faecalis.

| Preliminary studies using all ol the A. faecciis strains were
carried out to assess grossly the virulence of each individusl strain.
Three of the most virulent strains, 41TC. 212, 0-Cl0, and 0-83, were
more thoroughly investigated. The LESG doses were aporoximated by
trial and error injections of hacterial susypensions containing differ-
ent numbers of orgonisas,

3s  HHTE Administration in Experiment:zlly Infected itce

The effect of SHPM adninistrztion on experimentally infected nmice
was detormined in the followins manner, A solution of SHTH in distilled
water was aade to give a totnl concentration of 20 mg per kg (az free
base) when injected into the mouse in s tot:zl volume of 0,1 ml. The
S5HTH dose was calculated from the average welight of the mice used in
each particular experiment., The solution was adjusted to pH 7.0, -eits
filtered, and injected into the lateral t-il vein of each mouse, The

injection wue mode routinely one hour prior to the intraperitoneal
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bacterial injection.
he Imounological Studies

liice surviving the acute infections were maintained in the lab-
oratory for a period of up to 15 weeks, At different times during
this period, the animals were challenged with the homologous organism
in a dose twice as large as the initial infecting dose. OUne week after
this second injection, 2k of the mice were bled from the orbital sinus
by a method described by Stone (65), and the serum collected and pooled.
Each "pool® consisted of sera from B mice which had recovered from
infection by ons of the three bacterial strains, Agglutinating anti-
bodies against flagellar and somatic antigens of the homologous and
heterologous strains of organisms were determined. The "immundzed"
mice were also subsequently challenged with the homologous and heter-
ologous organisms in a dose three times the original infecting dose.

C. A, faecalis in Human Feces

1. Survey of Stool Specimens for A. fascalis

& survey of 87 stool specimens received at the clinical labora~
tories of the University of Oregon Medical School Hospitals and Clinics
was done to determine the incidence of A. faecalis in the clinic popu~
lation. In the first 80 determinations, a pea-sised sample of stcel
was suspended in 2.0 ml of sterile saline, 4 loopful of this suspension
was streaked onto a iacConkey agar plate and incubated overnight at 37C.
Any colorless colonies were itransferred to Triple-Sugar-Iron (TSI} slants
and incubated overnight. Only those cultures that resembled A. faecalis
in their lack of sugar fermentation on the TSI agar were kept for
further study. One stool sample from a patient with known malignant

carcinoid (later proved by autopsy) was treated in a similar manner.
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In an attempt to obtain a more selective medium for the screening
of stool samples for 4, fascalis, glucose was added to the NecConkey
agar in a concentration of 1,0%. On this medium, all of the common
intestinal gram negative rods produced red colonics, except Pseudamongs
and Alcgligenes species which produced colorless colenies, Cne gram
of each of 7 atool sanples was suspendsd in 9,0 ml of sterile nomal
sgline to obtain approximately a 10f suspension. Ome loopful of this
was streaked out on the modified MacConkey agar. Any colorless colonies
were further identified by the usual tazonomic procedures.

Fecal enrichment studies were also done in an effort to flad a
procedure with a high degree of sensitivity for the detection of A,
fascalis in stool, Synthetic liquid medium, without yeast extrast,
containing 0,025% SHIM (as free base) was used as the earichment
medium, Seven stool samples were suspended to 1,08 and 0.1% in this
media and ineubated at J7C for 5 dsys. At 3, T, end 2 howrs, a loopful
from each of the suspensions was plated on the modified MeeConkey agar.
At the end of 5 days, 0.1 ml of the suspension was transferred to a
tube containing 9.9 ml of the SHIN synthetic media; the new suspension
was then incubated for ancther 1 days, At various intervals, loope
fuls were stresked out on the HacConkeyeglucose agar, for the dotection
of colorless colonies,

3. Survivel of i, fsscalis in Stool Specimens

The survival of 4. fescalis in stool was examined by inoculating
& known pumber of crganisms into each of 2 stool specimens knowm to
contain no A, faecalis ae detectsble by the sbove procedures. The
survival of 3 strains of A. faecalls, ATCC 8750, Ow31, and ATCC 212,
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vas determineds Into 1.0 ml of a 1.0% fecal suspension was plased
0,02 ml of a suspension of one of the A. fascalis strains containing
025 mg basterial aitrogen per mls Then Ol ml of this mixture wes
placed inte 9.9 ml of the SiIM synthetic mediums The sme procedure
was then followed as abowve, 4t 8 days, s trensfor was made to fresh
media; the new suspensions were cbserved for 21 days; during which
timo samples were streaked out for As faecalils,

Ds  As fescalis in Reb Peces

The incidence of 4. feecalis in normsl rats and in rate given
SHTH orally was studled. Sixteen Sprague-Dawley femals rats, weighing
200-250 grams were used for the experiment, They were kept individe
wally in metal wetabolic cages on a diet of Purina Laboratory Chow
24 1ib., The isolation of 4. favcalis from stool was done in the
following manner. Twentyefour houy fecal specimens were collected
by placing a 2" x 6" wire soreen within the metal collecting funnel
of the cages this allowed for the urine and food bite to pess either
through or arcund the wire soreen. 4 small bit (0,1 = 0,25 grem) of
the 2l hour specimen was weighed and diluted with sterile saline to
give a 1,08 focal suspension. A O.1 ml aliquot of this suspension
was placed on a HecUonkeywglucose agar plate and spread with a glass
spreader, The plates were incubated for 24 hours at 370. At the ead
of this time, the cclonies were counted; all colorless colonjes were
replated on the same medium and then, if still colorless, furthep
identified by the usual taxonomic procedures.

To determine the incidenve of A, faecalis in normal rat feces a
total of 5 fecal specimens weye obtained from each of the 16 rats over
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a period of 10 days. Then the animals were divided inte 2 groups of
8 snimals per group, and fed twice each day with solutions of either
SHIM croatinine sulfate or crestinine over g 10 day perdod. A 16
gange stomach tube was used to administer 1.0 ml of solution., Croup
I received creabinine, 20 mg per kg for the first 7 days and then
40 mg per kg for the last 3 days, Group Il received SHTH creatinine
sulfate; 20 mg per kg for the firet 7 daye and then 4O mg per kg for
the last 3 days. Un days 1, 3, 6, 8, and 10, twenty four hour sbool
specimons were collecied and plated on NasConkeyeglucose agar as
previously, Again any colorless coloniee were further identified,.
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RESULTS

A, lietabolism of S-Hydroxyindoles by "Intestinal® Bacteria

1, {lassification of Urganisums
The definition of A, faecalis as given by Conn and Breed in the

Tth Edition of Bergey's Mamual (9), includes the following character-
istics: gram-negative rods, 0.5 x 1,0-2.0p, motile by peritrichous
flagella, aerobic, nonechromogenic, litmus milk alkaline without
peptonization, no det@cmbie acid or gas from carbohydrates, no gela-
tin liquefaction, no indole production, ne urea hydrolysis, nitrates
may or msy mot be produced from nitrites, acetyl-methyl-carbinol not
produced. The results of the taxonomic gtudies done on all cultures
received as Alcaligenes are shown in Table I. 4ll cultures received
as f. faeccalis had the following characteris'l;ics: alkaline in brom-
cresol-purple milk, no fermentation of carbolydrates, and no gelatin
liquefaction, However, the species designation could be truly con-
firmed, according to Bergey's Mamual (9), for only 1l out of 16 or-
ganisms mparted to be A. faccalis, and O out of 1 reported to be

A. bookeri. The species designation for 1 A, viscolactis, and 1 A,

amoniogenes, now called Brevibacterium amsoniogenes was confirmed.

Four of the reputed A, faeccalis strains were eliminated by the marked
discrepanay of theiy cell sizes from that given in Bergey!s Manual:
strain 0-51, cell size of 1.5 x 7.0 u; 0-010, I-1, and I~2, cell sises
of 1.0w1.5 X 1.0-5.0 p, Onme strain, 0-C2, was eliminated because of
poler flagellation, which is characteristic of the genus Pseudomonas.
All five strains were, however, carried through the screening proce-

dure along with the confirmed 4. faecalis,
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Coan (16) developsd two media whish demonstrated that the gddition
of glucose tc a medium containing inorganic nailtrogen maricedly improved
the growth of "soil®, bub not "intestinal® A. fascalis, Orowth of the
11 strains of A, fgecalis on thén media showed that there were 5
"goil”, 3 "intestinal®, and 3 indeteminate forms. (Table 2)

2. Colorimetric Methoda

Stmdar&int;on ef the method for Sehyiroxyindole determination
demonstrated a straighte-line standard curve. Heither the medis nor the
eells interfored signifieantly with the color reection. (figure 2A)
All three of the Sehydroxyindoles studied gave similar standerd curves,
(figure 28) This substantiated the method as being a nonespeeific
one, mevely estimating the total Sehydroxyindole concentration.

The concentration of Sehydroxyindoles in the control flask with-
out cells deocressed only slightly over the L8 hour incubation peried.
This was spparently due to spontanecus destruction of the Sehydroxyine
doles on gercbic incubation. Estimation of the number of basteria
during the L8 hour incubation, ms determined by plating methods and
optical density, showed that 1little, if sny, mulbiplication ocenrred
in the flasks.

3. Hetabolisn of Sehydroxyindoles by A, fsecalis

The sercening procedure demonsirsted that all 11 A. faecalis
strains metaboliged S58TH, (Table 3) Of these, 6 also metaboliged
SHIAA, and of the latter, 2 metaboliped 5HTR., Un the basis of SHMN
and SHIAA metebolism, 3 large groups could be distinguished, The ex-
perimental results on which this group differentiestion wae based will
be presented as the data obtainod on representative members nf each

Eroups
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Group I was able to metabolize rapidly both SHTM and SHIAA, as
well es tyramine. The results obtalned in the screening procedure with
strain ATCC 8750 grown on mitrient or synthetie SHTHU agai', figure 34,
demonstrated that the concentration of S-hydroxyindoles decreased on
incubation. Adaptation of the organisme by prior growth on SHTH was
evidenced by the much faster decrease in S-hydroxyindole coneentration
with such cells. The oxygen uptake during SHTM and SHIAL metabolism
by strain 0-83, another characteristic member of CGroup I, is shown in
figure 3B, The average total oxygen uptake of Group I organisms was
12,7 uM O per uid SHTM and 9.} nid O per mM SHIAA, The average QQQ(N)
for SHTU was 569 and for SHIAA was 585. The values for the individual
menmbers of Group I are given in Table L.

The chromatographic pattern during the metabolism of SHTH by
strain ATCC 8750 is presented in figure hi. As SHTH decreased in con-
centration, the accumilation of SHIAA became readlily apparent. This,
however, declined after reaching a peak, At 200 nL oxygen uptake,
another DSA-reacting spot with an Rf of 0,10 appeared. It represented
a bright yellow-green plgment, not further identified, that transiently
appeared during the course of the oxidation of both SHT¥ and SHIAA by
only 2 of the strains, ATCC 8750 and 0-390. This color was not demon-
strated in the endogenous control flasks, By the time oxygen uptake
had ceased, no spots could be visualized by wltraviolet or IBA spray.
The changing chromatographic pattern during the manometric studies of
SHT oxidation by other meubers of the group are swmarized in Table 5.

Group II, consisting of only one organiem, strain 0.390, was found
by the screening procedurs and manometric experiments to be similar to
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Group I in that 5HTH, SHIAA, and tyramine were rapidly metabolised.
Paper chromatography, however, reveglad g marited difference in Croup
Ix (figure L4B). Vhen samples were taken at the same levels of oxygen
uptaike as in figure LA, the ZHIM decreased in concentration consider
ably more slowly than before. dore importantly, there was no domone
strable accumulation of SHIAA at any time, OUnly the yollowegresn
plgment, with R 0,10, appeared transiently. Accumulation of SiIAA
eonld be domonstrated ocaly when 2.0 x 10*1 arsenite or 2.67 x 1078
S-hpdroxyquinoline were present in the reaction flask. It has been
previcusly demecnstrated that these concentrations inhibit SHIAA dow
gradation (LB8), The oxygen uptske, averaged over several experiments,
was 13.5 p4 O per pid SHTH, 10.8 pil O por wi SHIAA, and 12.3 p¥ O per
3 tyrswine. The @oﬂ{x) for SHIM was 356, for SHIAA wes 376, and for
tyramine was 116,

Group III gave still a different pattern. Figure SA represents
the results of the screening procedure with strain ATCC 212, a meubey
of Group Iil. The concentration of Sehydroxyindoles did nobt change
significantly from the control flask. ilowever, as iz evident by
figure 7, 5HT¥ was oxidiged with a Qoz(ﬁi of 80 end a total oxympen
uptake of 1.6 pM O per wi substrate. There was no apprecisble oxidation
of HHTAA, Interval sampling for chromatography revealed the disape
pearance of SHTH gnd the sccumulabion of SHIAA which remained as the
final end product (flgure 4C). The oxyzen uptake values for the other
members of the group are found in Table 6, The chromatographic patterns
during the manometric studies for other members of the group were
identical with that of ATCC 212 showm in figure WO, Tyramine was
oxidized in a manncr ideatical %o Jroups I and Il.
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The effects of metabolic inhibiters on the oxidation of SHTM was
studied in a comparative manner. It was thought that if organisms
from Groups I and II possessed truly different ensyme systems for the
breakdown of 5HTM, thelr response to inhibitors might be different.
Studies were carried out on sbrains 0«31 and ATCC 8750, members of
Group I, and 0-390, the lone member of Group II. Arsenite in a con~
centration of 2 x 107% to 2 x 10™% or 8-hydroxyquinoline in a con-
cenbration of 2 x l@'sﬁ were added to the Warburg reaction flasks 20
minates before the addition of 5HIM. The results of this study of
strains 0«31 and 0-390, shown in figure 6, demonstrated that the oxi-
dation by 0-390 was considerably more sensitive to arsenite and 8-
hydroxyquineline than that of 0-31. At a concentration of 2 x 10™,
arsenite inhibited 5HTM oxidation by 0=390 at about 80 L oxygen up-
take. Faper chromatography st this time revealed a substantial
pile-up of SHIAA, which normally was not accumulated in this organism.
Similarly, 8-bydroxyquinoline effected the accumulation of SHIAA.
Arsenite inhiblbtion of 5HIM oxidation by O-31 required s higher con-
centration {2 x 10™7M) and resulted also in the pile-up of SHIAA. 8-
hydrexyquinoline was only slightly inhibitory at these comcentrations.

Iproniazid (Marsilid) is known to inhibit amine oxidsse. Iis
effect on SHIM oxidation by strains ATCC 8750 and 0-390 was studied,
Iproniazid in a concentration of & x 10™7H was added to the flasks
prior to their incubation during the routine screening procedure
(figure 7). It was evident that at this concentration, iproniazid
inhibited oxidation in both organisms équally wall.
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5. Metabolism of SHTR

Metabolism of SHTR was shown by only 2 of the 11 A, faecalis,
strains ATCC 8750 and 0-390, members of Groups I and II, After 2& hours
incubation in the usual screening procedure there appeared an intense
brownish coloration in the reaction flask, Colorimetric determination
showed that one~hslf of the DI-SHTR had disappeared (figure 8), Paper
chromatography at this time revealed only SHTR (presumably residual
D-isomer) and three new spots, discussed later, which have not yet been
identified, The addition of iproniagzid to the flasks in a concentration
of 6 x 10_31«;1 did not affect the metabolism of SHIR, MNanometric studies
showed that both organisms demonstrated only slow oxygen uptake with
SHTR: over a l-hour period, the oxygen uptake was only 1.4 mM O per
ull substrate for ATCC 8750, and 0,7 3 O per pM substrate for strain
0-390, Neither SHTM nor SHIAA could be demonstrated to accumulate as
an intermediate during these incubations,.

6o New Unidentified Chromatogrephie "Spots"

A number of unidenmtified spots were seen during the metabolism of
S-hydroxyindoles by strains ATCC 8750 and 0-390, As previously men-
tioned, a spot with an Rf of 0.10 was seen‘ during the oxidation of
SHIM and SHIAA by these étrains. This spét gave a bluish fluorescence,
reacted with DSA to form a grayish-purple color, and with Ehrlich's
reagent to form an orange color. The other 3 spots seen were unre-
active with DSA and Ehrlich's reazent, but all fluoresced under
ultraviolet light. A brightly-blue fluorescent spot with an Rf of
0.19 was seen when ATCC 8750 was incubated with either SHTR, SHIM, or
CHIAA, but not in synthetic medium alone, This spot was also seen

when strain 0-390 wag incubated with SHTR. Two less intense spots,
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produced whea ATUC 8750 or Oe390 were incubated with SHIR, had RS
values of 0,29 and 0,70, Using identical chromatographic techniques
and visualipation by ultravieolet, US4, and Ehrlich's reagent, some
possible intermedistes in SHTR breakdown had the following Rf values:
SHDY » 0,33, SHIAA « 0.6k, S-hydrexyanthranilic acid = 0,55, DieBe
hydroxykynurenine = 0,17, S-hydroxyindole, 0.84. It was shown during
these experiments, that the USA spray was an equally, if not more,
sensitive method of detecting SHIM than ultraviclet fluorescence; cone
centrations of SHIM that gave a just recognissble color with DSA did
net recognigably fluoresce under ultraviclet. This wounld tend to axe
tlude SHI¥ or other S-hydroxyindoles in small quantities as boing
responsible for producing any of the gbove spots. A number of other
spraye which give colors with complex pheneols, aromatic acids, indoles,
and anino goids, were uged tov try t¢ further characterize the 3 fluow-
rescent spots: suerose, amoniacal AgNUj, methyl red, ninhydrin,
isatin aend dichromate fommaldehyde (6); dimethylaminocinnamaldehyde
{26). lione of the sprays prodused a recognisable celor with any of
the 3 spots,

T. Hetgbolism of Sehydroxyindoles by Uther Crganisms

Of the other ¢onfimed Alsaligenes strains, A. viscolactis showed
no sbility to metabolize SHIN, at either I eor 25C. B, gmoniogenes
did, however, resemble Croup I1I im its metsbolism of SHTM very slowly

to SHIAA, with po further broaskdown of the latter,

Ho motabolism of SHTH or SAIAA could be demonstrated with any of
the 5 organisms received as Alealigenes, but not so confirmed. (Table
1)
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Of the other gram-negative rods exgmined, none of the sirains of
B, gold, P, geruginoss, P. vulgaris, P, mowganii, or paracolon metabe
oliged SHMM, Pour of the 5 strains of A. gerogenes accumulated small
suounte of SALAA after 2Le4d hours incubation during the scrsening
procedure, Since the total concentration of Sehydroxyindeles did not
change, SHIAA metsbolism was not indicated, Two of the 6 Jalmenella
specice, 3» typhimurium and S. paratyphi, preduced small amounis of
2 DSA-roacting campounds with Rf values of Oulh and Ouhh on incubatiocn
with any of the three Sehydroxyindoles, However, these were shown %o
result from endogencus metabolism and not from metabolism of Sehydroxyw
indolss. Ths other |} Salmonella species were also negative on all 3
of the Sehydrcxyindoles. o metabolism of SHIM by the 3 species of
Shigella could be demonstraled,

B, A. fascalis Infections in Mice

Because A. fsecalis has been shown to be pathogenic for mice (57),
it was considered that the ebility of the organisme Lo metabolipe
SHTE might be intimately sssocisted with their abililby te kill the
mice. The results of this investigation are presented below,

1, WVirulence of A, fgealig Strains in Mice

A vexy rough estimate was made of the virulence of the 11 A
fascalis straios and one strain, O-C1l0, which wes similar %o A. fsecalls
except for cell size and its lack of ability to metabolise S-hydraxyine
doles. Approximstely the same nusber of organisms of esch strain wes
suspended in saline snd then mixed with the mucin suspension and ine
jected inte 2 mice per strain., Ihe results are showm in Table 7. It
is evident that the virulente of the strains differed. Gultuves of
heart and tail blood taken from animals newly decessed were sbrikingly
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positive for the injected organism. The number of organisas injected
was considersbly higher {epproximately ten times) then that used in
later experiments.

Thyee of the strains, O=-83, ATGC 212, and 0010 (not A. faecalls)
were chosen for further study becauwse first, they had been previously
demonatrated to differ in their metabolism of Sehydroxyindeles, and
second, they were among the most virulent strains ge deterulnsed by
this survay.

2. 1dgo Doses

An approximate LDgg dose was determined for each of the 3 strains,
(Tables 8, 9, 10), It is seen that strains ATCC 212 and 0=010 hed
Lhgp doses that were very gimilar; however, thet of C=83 was considerw
sbly higher. I} was also evident that neither saline nor mucin alone
csused any mortality or morbidity whea injected into mice., Throughout
noet of the following experiments, the following infecting doses of
organisns were useds ATCC 2123 200 x 105 orgenisms in 0.25 mlj 0=C10s
200 x 106 organisna in 0.25 ml; 0=83: 700 x 10° organiems 1n 0,25 ml.

3. Lffect of iHuein on Virulence,

The effects of mucin on the virulence of these orgenisas wes
studied in strailn AKC 212, Oroups of mice were injected with the same
awber of beeteria in the same total volume. FHowever, ssline was used
to replace the muein in half of the groups, 7The results are shown in
Table 11, It is obvious that the orgenisms were less virulent when
mucin was not added to the injection mixbure.

L. Endotexin Effect

The poesibility of en "endotoxin effect™ was considered as a
mechsnism for fatalities during the mouse infections, To iavestigate
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this possidility, s suspension of strein ATUC 212 was bolled for 15
sinates 50 kill all of the erzanisme. This heatetreated susyensica
in msedn was injectod into the mice, (Table 8) Yo fatalitiss resulted,
and indeed no mordidity cccurred,

$. ST Injecticns in Nows) fice

The offects of intravensus SWIM (20 mg per kz) slone were “Sudied,
An injeetion into nommal mice resulted in o constant, yemroduoible
syndrome, Almest immediately after the iajection, the mice became
extremnly lethargic sod quiet, lying prostrate en the floor of the cege,
only moving at the issistance of the investigatowrs Oait was somevhsh
unsteady, Sroothing scaswhat slowed. They remained in this etate of
guietude for shout LS minutes snd then degan to regain repddly their
former setivity. By ome hour, mest of the noticoable signs of SHPM
effect wore gone, and the intraperitonesl injestions of bacteria ware
then mgie., Intravences injections of sithor creatinipe oy SHIAA 4o
the same dosage resulied im no notiotable behavioral changes in the
mice,

6o Effeot of STM on the Mortelity Rates of Infooted Mice

The sffecte of intrevencos SHTM oa the mortality rates of the
exporimeatally infected mice are shown in Teble 12, The etatistical
anslyses show that SHTH had no measureshle eifect on the killing ratep
of infected mice, gs measured by these methods.

In 81} of the preceding experiments, the Intravencus SHIN injecw
tions weve piven 1 hour before the Antrsperitoneal bectarial injections.
The effects of varions other time iantervals betwsen injectlons sre
shown in Tubls 13, iUafortunately, during this experiment, the nuber
of mico killad by the seme dose of crganians was higher than usual.




29

The killing rates in the 6 hour tiae iaterval groups wers no diiferw
eat from the control group of mice, but the killing rate abt Ww 1 houwr
interval scemed to be significantly different frem all 3 of the olher
groups, However, as was shown previocusly, no significant difference
on 5HP treatmont existed when larger aumbers of mice were used. (Table
12).

The experimental desige was modified by adapting the crganisus to
BHI before their injection ianto the mice, since in this state the
bacteria would be able to utilize SHTH with increased icitial rapidity,
and thus have greater survival velus., The bacteris for this experiment
were growm for 18 hours on SHTM synShetic medium and then injected,
along with mucin, into the mice. The results are shown in Table 1.
in those experinents, there was a significaat difference in survival
with strain ATUC 212 infections belween the SHTY iajected mice and the
control uninjected mlee, indicating that the SUIN injected mice were
"protected”, Howeveyr, in thie experiment, as in the previocus ones, the
conbrol mice did not recelve any intrsvencus injections, bui only in-
traperitoncal bacterial injections, It was thought thal perhaps the
trama of the injection and/or the volume of injected material might
influence the killing rate. Therefore control experiments using
ereatinine and S5JIAA s the intvavencusly injected substsnces were
carried ocut in an sbtempt to substantigte this possible SHIM effect.
These resulis are also shown in Table ke 10 is evident thal there was
pow g wide rangs of control valuss, and much overlapplng between groups,
statistically, Larger numbers of mice would be necessary to separats
the groups stabistically, if this indeed could be possible.
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7s Imsupclogical Studies

It has been previously shown by Saxkar gt gl (57) thet mice ine
fected with A. faccalis deveicped ac immunity to subsequent infections.
Imnunclogical investigstions were done in this laboratcry by injecting
all the survivore of previcus expsriments with twice the dose of organe
jsme previously used. Ihe results, shown in Teble 15, iadicate that
immuniGy did develop in these surviving animals. The group of mice
that wes previocusly injected with only heatelilled organisme was alse
protected, demonetrating thal heabtekilled bacteria weve also effsctive
immonising egents. Mice which had been previcusly injected with SHTH
as well a5 basteria showed a response identical to the mice which had
not received 58T, The group of mice previcusly imjected with only
SiiM and no bacteria were afforded no protection against thic dose of
bacteria, a8 might have been expected.

The sape group of investigators (57) working with i, faccalis
infections in mice had reported that no cross-immunity devsloped bee
tween members of this species. [hils problem was studied in this labe
oratery by injecting the now welleimmanized mice used in the sbowe
experiment with the 2 helervlogous orgsnisms.s 4 dose three times thghb
originally used was employed in this experiment. The data, {(fable 16},
suggost that there was cress-imaunity betwsen O-83 and bolh 0-L10 and

100 212, bub none between ATCC 212 and 0-010.

These results were supplesented with agglubination experiments,
using convalescent serum of the mice and i and O antigenic suspensions
of the three A, faecalis strains, The resulis sre shown in Table 17.
Ho serological crosseimmunity could be demonstrated; all of the antisera

azglutinated only the homologous organisas.
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Co A, faccalis in Human Feces

iy

Using routine MacConkey agar plating methods, 82 stool samples
were negative for the presence of A. fascalis. The stool sample from
the patient with malignant carcinoid also did not contain A, faecalis;

it did contain Proteus mirsbilis and Escherichia coli. Both of these

organisms were examined with the sereening procedure for the break-
down of S-hydroxyindoles and found to be negative colorimetrically and
chromatographically.

Further studies of 7 additional stool samples, using the glucose-
supplemented llacConkey agar were no more succegsful in demonstrating
A. faecalis., The latter 7 stool samples which were subjected to fecal
enrichment studies with SHIM also proved to be negative for A, faccalis.
The addition of A, fascalls suspensions to stool sanples Jmown not to
contain these organisms resulted in the disappearance of the added
A, faecalis, in spite of the fecal emrichment methods with SHTM de-
signed to bring about their selective increase.

D. A. faecalis in Rat Feces

The incidence of A. faecalis in feces from 16 normal rats was
found to be zerc (Tsble 18). The oral administration of creatinine
%o B of these rats made no diffeérence in the fecal analyses for A.
fascalis. During the administration of SHTM creatinine sulfate 5 color-
Jess coloniss were obtained from 3 of the 8 rats on days 8 and 10 of the
experiment (Table 18). However, further taxonomic identification
showed that none of these colonies were A. faecalis. They were all
eliminated by some of the following variations from the Bergey defin-

ition of A. fascalis: production of soluble green pigment; late fer-
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mentetion of glucese and xyicsa; inebility to grow well on nubrient
agar at either 37C or 2503 inebility to turn bramecresole-purple milk
alkaline; discrepancy in cell size. However, the screening procedure
for degradation of SHIM was done on all 6 culbtures. Only one culture,
which possessed a soluble green plgment and was probably a Peeudomonas,
produced small guantities of SHIAA from SHTM, with no degredation of
the latter evident on the screening procedure, The other 5 cultures
showed no ability to metabolige SHEM whatsovever.

Neither the doses of SHIM nor creatinine produced any gross be-

havioral changes in the rats.
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E)ISC’{Ess TOB

Be Tammg of A. faeccslis
The characteristics of A. £‘acca1ia used for classification are

essentially 2ll negative ones, and therefore the classification of a
culture as A, faecalis is primarily a process of elimination, and is
thus subject to many difficulties. Comm (16) undertook a study of the
genus Alcaligenes, with special emphasis on those organisms of soil
origin to which the name 4. faecalis has been aseribed. lany of his
cultures which fit the species designation, ineluding those from the
American Type Culture Collection, showed a metabolic pattern different
from those Conn felt were "true™ A. faecalis. He showed that addition
of glucose to a medium containing inorganic nitrogen improved the
growth of "soil", but not "intestinal" A. faecalis, However, no
definite conclusion was drawn asbout whether only one or both types
constituted the real type species. The findings of this study indi-
cated that there is "serious question as to whether anyone lkmows just

what Alcaligenes faecalis is." (16)

Sarkar et al (57) did an extensive taxonomical study of 200 re-
ported A. faecalis isolated from hospital patients. They used as their
eriteria for classifications "gram-negative bacilll or coccobacilli
growing profusely on MacConkey plates{s), fermenting no sugars in 72 hours,
and turning litmus milk alkaline (or rarely meking no change in it.)®
They found much heterogeneity within this large collection, including
much morphological and flagellar variation, some late glucose fermen-
tation, and some gelatin liquefaction. In spite of this nonconformity
to Bergey's classification, they did not exclude any organisms from
their original designation, but rather suggested that all these
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differences were variations within the species. The possibility that
many of these cultures might have helonged in groups such as the non-
pigmsnted pseudomonads was not even mentioned. In many clinical
laboratories, the same few criteria used by Sarkar gt al are applied
in the definition of a culture as 4. fgecalis. Such limited taxonomlc
gbudy no doubt results in many false classifications of 1solates.

In the studies done in this laborstory, the cultures eliminated
from this species differed markedly from the Bergey definition (9) in
cell size or flagellar arrangement. Two non-motile strains, S5-1 and
ATCC 4741 were included, believing that this one eriterion was probably
not enough to eliminate them from the rest of the organisms which they
closely resembled, and not enough to place them in 4. e ea
since they grew very well at 37C, which the latter organisam does not.
Admittedly, this selection of what constituted an A. faecalis was
rether restrictive. Less rigorous morphological criteria would not
have excluded the other 5 of the original strains, and as a result, the
number of cultures not metaboliging SHTY would have definitely been
increased. OUne such orgsnism, 0-Cl0 which closely resembled the "true"
A. faecalis execept in cell size, was demonstrated to induce cross-
immunity with 4. faecalis 0-83 by protection tests; however no serolog-
icel cross~-immunity existed. It might be argued that this crosse
immuanity would tend to place 0~U10 in the species. It is possible,
however, for cultures to have related antigenic groups but be totally
unrelated as to species designation (79). With our rigorous critera
for defining 4. fagecglis, it would appear that metabolism of S-hydroxy-
indoles is a specles characteristic, although the nusber of strains
tested is sdmittedly small for s definitive conclusion. 5-hydroxyindole
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metabolism may thus provide a positive confirmatory criterion for taxe
onomic disbtinction of an organism as A. faecalis, in addition to the
orthodox and essentially negative characteristics. Howsver, the ablle
ity to metabslize Se-hydroxyindoles does not per se identify an organe
ism as A. fascalis in the absence of other crileria, since it has been
found that some Pseudomonas cultures also exhibit this mebabolie
property (48).

B, BSehydrexyindole Metabolism
The finding of 3 different groupe ol SHIMemetaboliging A. fascalis

strains is compatible with a theory of genetic mutations within the
species resulting in loss of enzymes capable of breaking down the vare
ious Sebydroxyindoles. Group I apparently is able to metabolize SHIM
by means of the engyme amine oxidase with the production of SHIAA, and
also to degrade 5HIAA, a feat many believe the mammalian system unable
to accomplish {16, WL, 6h). Oroup II, consisting of only one culture,
is able to metabolize SHTM through a pathway not normally involving
amine oxidase and SHIAA production, Group II is also able to metabolige
SHIAA rapidly. It is thus similar to a culbure of Pseudomonas, sirain
121, studied previously in this laboratory by Oginsky et al (k8),

which also metabolizes SHTM without normally accumnlating SHIAA, SHIH
oxidation by both 121 (L8) end 0=390 in these experinents is much more
sensitive %o inhibition by arsenite and Behydroxyquincline than is

SHTM exidation by strains in which 5HIAA accunulation apparently results
from amine oxidase activity (e.g. Group I organisms). Furthermore,

this marked sensitivity to arsenite and Behydroxyquinoline of SHIM
oxidation by these two organisms is comparable to the marked sensitivity

of SHIAA oxidastion (L48). These data would suggest that the predominant
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pathwgy of SHTM metabolism in 121 and 0=390 is not the amine oxidase
pathway, bub rather involves a mechanism resembling that of SHIAA dee
gradation, It may be that these organisms normally metabolize only a
small fraction of SHTM via amine oxidese to 5HIAA, as the result of a
supnressive matation. In the presence of arsenite or 8ehydroxyguinoline
this would become the only mechanism for SHEM mebtebolism, and SHIAA
would acewnulate, as indeed it does, The comparable inhibition of
both Gronp I and Group II SHTM oxidation by iproniasid does not necese
sarily imply amine oxidase function in elther group, since Oginsky
et 2l have found that SHIAA oxidation is also inhibited by iproniaszid
(48). It is of considersble interest that alternate routes of SHIM
metabolism in mammalian kissues have been postulated by a number of
investigators (17, L9, 60, 20, 77). Characterization of the mechenisms
of SHTM metabolism by ebtrains 0=390 and 121 would further assist in
clarifying this problem.

Group III cultures do appear to metsbolize SHTM by the emine
oxidsse pathway, but do not possess the enmyme sysiem capable of bresk-
ing down SHIAA, perhaps because of a genetic loss mubation. Thelr
Sehydroxyindole metabolism resembles the accepted route of SHTM
metabolism in mammals, which also results in SHIAA as en end-product.

Metabolism of SHTR, demonstrated by 2 A. fascalis strains, appears
to teke place through a different pathway than has heretofore been
described, None of the compounds one might propose as intermediates
in a S4TR degradative pathway were found (13, L7). Two of the fluores-
cent spots had Rf values very close to those of SHTH and SHIAA; however,
neither of them could be visualized with sprays that react with these

compounds at concentrations visualized by fluorescence.
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There were no other intestinal organisms tested which could
metabolize SHTM with the rapildity snd completensss of A. Laecalis.,

B. gmsopiogenes and A. gerogenes were the only other cultures found
capable of metabolizing SHTM; they both demonstrated only eslow break-
down of SHTM to 5HIAA. The faot that the enzymes for the metaboliam
of S-hydroxyindoles are present in A. fgecalls .'l.n significant con~
centrations further differentiates them from other common intestinal
gran-negative rods.

pifferentisl growth response on Conn's media 1 and 2 would sug-
gest that the cultures ineluded not only soil and intestinal organisms,
but elso snother group which Conn found consisted of organisms growing
equally well in both medla, classified as tgimilar to A. {pecalis.®
(16) One organism, 0-62, which would be designated as intestinal in
origin by this test, was isolated by soil enrichment. uost of the
other strains used were from culture collections of long standing, and
their origins lost in antiquity. These findings suggest that this
eriterion of Conn for characterization of 4. faecalig cultures may not
be valid.

There is generally little interest in the study of thls group of
organisms, probably because they ssem to be very inactive on the usual
medis used for their classification. There is also little general
acceptance of really rigorous rules for defining this organism, mor-
phologically and metabolically. It seems that re~evaluation of the
whole genus by new metabolic approaches would be highly desirable.

C. A. faecalis Infections in Mice

A study of the virulence of A. faecalis in mice has been reported

only by Sarkar gt gl (57). They studied 12 of their 200 cultures and
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fouad them all to be of sgusl virnlsace, The minimum lethal dose (MID)
for all of the 12 strains was 125 x 105 organimms when injected with
mucine There was no mention, however, of the strains, ages, or weights
of mice vsed. The virulence of i. fascalis in this laboratory varied
with the narbticular s*srain; However, for the ) more virulent cultures
studied in detall, the Iﬁsa was betwsen 200 and 700 x 106 organisms,
indicating thabt either the mice were more resistant or the strains lesa
virnlent than those of Sarker.

Immunological studies by the sgne lavestigators showed that formaline
killed bacteria produced adequate protection of the mice against cne
MID of the organiems. They were able to determine no oross-immunlty
anong the various strains; each anblserum was able to agglutinate only
the homologous strain. Results in this leboratory demonstrated thab
an effective immunity was produced either by injection of heabekilled
bacteria or by recovery from an active infection. Challenging the
immunized mice with the heterologous strains demenstirated a crosse
{mmunity between strains O»83 and 0010, and C=83 and ATCC 212, bub not
between strains ATCC 212 and 0«C10. This would suggest that Qw83 had
common antigens with both O=C10 and ;wcs 212, but that the latier two
had dissimilar antigens. Agglutination studies, however, showed no
eross serological reasctions between any of the three. This would suggest
that antibodies against O and H antigens are not intimabtely connected
with the ability of the animal to withstand infection, and that these
sntigens are not primarily responsibls for the virnlence of the bacteria.

e effect of mucin on bacterial virulence was flrst deseribed by
Nungesber gt al in 1932 {h;é); They showed that gastric mucin enhanced

the virulence of Pneumococcus, Streptococcus, and Staphyloccccus in mice,
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Later, other workers noticed a similar effect in mouse infections with

Meningococcus and H. influenza (23, h3). This effect has never been

explained, bub it is thought to be the yesult of a protective ccat which
the mucin provides for the bacteria (k6). The resulis obtained from
this study ere in ezreement with those of the above investigators and
of Sarkar gt sl, since a much larger nunber of organisms was needed to
kill the mice when no mucin was used. DBecause all of the blood cultures
were heavily positive for the injected organism, and because heateicilled
bacteria produced no morbidity or mortality in mice, it can be assumed
that the mortality caused by injections of A. fzecalis was dve bo
multiplication of the organisms.

Throughout these studies, it was shown that SHTM administration
had no measureable affect on 4. fascalis infections in mice., This was
true whether or not the organisms were previously adapted to SHINM,
shether or not they conld metsbolize SHTM and/or SHIAA, and whether or
not the SHTM was injected before or after the bacteris. The dose of
SHTM was not varied throughout the experiments. It was felt that 20
mgm per kg was an adequate dose because it was well below the Ij‘B5° for
mice (2li, 45), and yet was well within the physiological range, pro-
ducing marked effects in the mice. Whether or not SHIM in other dosages,
routes of administration, or time intervals might affect this type of
infection is not known, but this seems unlikely in view of these totally
negative results. The data on mouse infections make it highly unlikely
that the ebility to metsboligze the important body constituent SHTH,
and thus to compete with mammalian tissves for an essential physiologi=
cal componend, is & significent factor in pathogenesis by this group
of organisms. Incresse of the level of availsble SHIM by injection
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provided no advantage to either the mouse or the bacterium.

One intevesting result was obtained when SHIMeadapted AICC 212
organisms were injected into mice. There was a significant protection
afforded from the SHTM injection; however, this protective effect was
also seen when creatinine alone or SHIAA was injected. This would sug-
geat the possibility that the trauma of the injection or the small
added fluid volume resulted in some protective mechanism being activated,
possibly by adrensl stimulation.

D, A. feecalis in Human Feces

The incidence of A. fsecalis in the population studied was found
to be zero. This result agrees with the results of Hirst (33), but is
different from those of Trawinski and Gyorgy (67) who fuﬁad an incie
dence of 19% and Sarkar et al in India (58) who found an incidence of
3%, However, because Sarkar's designation of a culture as 4. fascalis
was rather pon-restrictive, and included late glucose fermenters, this
percentage may be somewhat high. The fecal enrichment studies in this
laboratory were likewise unproductive of any strains of A. faecalis.
The failure of known cultures of 4. fascalis o grow during the fecal
enrichment procedure would suggest that there ie some factor in normal
stool which inhibits the growth of A. faecalis. The nature of this
inhibition has not been further studied.

Because of the difficulty in finding A. fsecalis in human feces,
by either routine or enrichment procedures, and because of the relative
ease of finding it in soil (48), the question is raised as to whether
the species designation of "faecalis" is a taxonomic misnomer. Ancther

organism with the same species name, Streptococcus fagcalis, is very

easily obtainable from fecal specimens (79). Perhaps this organism
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would be better understood if ite name were related to its more usual
environmental habitat.
E. A. fascalls in Rat Feces

Sarkar and Tribedi (58) found thet the percentage of stool culw
tures positive for A. faecalis increased from 3.3% in nomal humans
to an average of 25% in convalescent entericelike fever, cholera, and
dysentery patients. We considered that the striking intestinal hypere
motility of the latter two diseases might be intimately connected with
an inerease in SHIM concentrabion in the locality of the intestine
yesulting in hyperperistalsis, If this were true, those organisms
vhich could metabolize SHTH, such as A. faecalis, would be given a
biological advantage which may account for their high incidence in the
feces of the previouslye-mentioned patieats. The experiments done in
this laboratory were based on the hypothesis that A. faecalis may be
present normally in small nuwbers in the intestine, nob detectable by
usual methods, but the relative proportion of these organisms might
be increased on SHIM administration. The results from our experimenta
with rats indicate that these organisms do not appear in detectable
numbers even when given this advantage. However, two factors may
account for these negative results. First, there may have been no 4.
faecalls in the rat intestinal flore originally, and therefore it could
not have gppeared during the experiment, Second, the SHIM may have
been completely absorbed from the intestine before it resched the
locality of the organisms. It has been shown by lewis (39) that SHIM
given orally %o humans is completely absorbed from the gastrointestinal
tract within 8 hours.
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SUMMARY AND CUNCLUSIONS

The metabolism of S-hydroxyindoles, particularly SHTM, has been
investigated in L2 intestinal and seil gram-negative rods, including
16 reported strains of Alcaligenes faecalis. A4ll 11 of the 16 strains

for which the species designation could be confirmed demonstrated the
ability to metabolize SHTH, 10 of them very rapidly. Six of these ore
ganisms could degrade SHIAA equally well., All strains but one metab-
oliged S5HTH through the SHIAA pathway; the one exception appears to
proceed through a different route, as yet unidentified. Two A. fascalis
straine conld also metabolize SHTR, proceeding through pathways as yet
unknown,

Some new intermediates of S~hydroxyindole metsbolism have been
indicated by paper chromatography, but their identity has not yet been
ascertained,

Four out of 5 Aerobacter aerogenes cultures showed a slow metabolism

of SHIM to SHIAA, None of the other organisms, including normel intestinal

gram-negative rods, Salmonells, and Shigella, had any activity on SHTM,

The difficulty in classification of organisms in the species A.
faecalis is discussed.

The possible role of SHTM in infections of mice with A, faecalis
has been studied. No definite relationship could be established., HNo
difference in the mortality rates of infected mice was observed whether
or not the organisms could metabolize SHT and/or SHIAA, whether or not
SHTM was injected prior to the infection, and whether or not the organisms

were “"adapted® to SHTM,
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The incldence of A, faecslis in the fecal fiora was studied in a
hospital~clinic population and in a population of laboratory rats. HNo

A. faecalis cultures could be found either in 87 human stool sauples or
in 160 fecal samples from 16 rats. The oral administration of SHTM %o
the rats did not result in the appearance of A+ faecalis in the fecal

flora.
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TABLE 2

Classification of A. faecalis by the Criteria of Conn#
A. faecalis GROWTH IN CONN'S MEDIA Con's

Strain No.. 1 p 3 CLASSIFICATION
0-390 rt L ' ‘ -
O=31 L e s b -
O=62 + + 1
0=83 + bt S
ATGC 8750 + + I
ATCC 9220 -+ e 8
ATCC 212 -+ Tt 3
ATCC L7721 + * 1
8 «1 4o +i+d 3
H -1 + Ranad 3
I 3 L e e -
% (16)
8 = Soil

I = Intestinal
« = Indeterminate
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Oxidstion of SHTM, S5HIAA, and Tyvamine

PTABLE k

by A. faecalis, Group I
TOTAL OXYGEN UPTAKE

OXYGEN UFTAKE RATE

OROANISM . B&grm ﬁ TR
0 <31 12.6 8.3 11.0 690 512 700

0 -62 1h.3 8.9 10.4 559 Lk 350

0 <83 12.9 12.1 10.8 782 770 627
ATCC=8750 12.8 Goly 11.6 535 510 570
S -1 13.1 10.3 945 286 352 368k
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Oxidation of SHIM, SHIAA, and Tyrauine by
Ae faoecalis, Uroup IIl

TABLE

TOFAL OXYGEN UPTAKE ratzs Yop (u)
(A0l substrate)
Orgenism SHTM SHIAL YR SHTM SHIAA TYR
ATCGC 9220 1.3 0ol 8.9 103 b 355
ATCC 212 1. 0.2 97 71 3 284
ATCC h7hi ol o 0 0 0 0
Ml 1.7 0.3 -2 12k g -
Ie3 1.7 0o - 69 6 .

e reactions progressed too slowly to be studied adequately by

manometyic methods,

zﬁo‘b done.



TABLE T

Virulence of 4. fasc alie Strains in Mice

A. faecalis No. of organisma
__strain__ Injected X 107 Degd/Total
0=350 320 /2
031 310 1/2
Ow62 - 2/2
0=-83 390 2/2
ATCC 8750 Loo /2
ATCC 9220 260 1/2
ATCG 212 250 2/2
ATCC L7l 210 o/2
S-1 -3 1/2
Ml 310 2/2
I3 140 2/2
0=C10 200 2/2

(not A. faecalis)

# Cell counts not doney optical density same as other

strains.



TABLE 8
Virulence of A. fascalis, ATCC 212, in Mice

No. of organisms No. of mice
X 1o used /T % killed
0 (Muein and 8 o/8 of
saline only)

2500 2 2/2 100
1250 k 3/ (]
800 2 2/2 100
500 10 10/10 100
250 12 6/12 50
200 8 2/8 25
25 2 o/2 0
200 (heat killed) 8 0/8 0



No, of

TABLE 9

Virulence of A. faecalis, 0-C10, in Mice

anisms No, of mice

58

X usad B/t % killed
1000 2 2/2 100
500 10 17/10 70
250 8 5/8 63
200 8 L/8 50
25 2 0/2 0



TABLE 10

Virulence of A. {secalis, 0=83, in Mice

£ gi L . m‘ugﬁdmw B/t % killed
1000 2 1/2 50
750 8 5/8 63
700 8 3/8 36
500 8 1/8 13
250 10 1/10 10
25 2 0/2 0



TABLE 11

Effect of Qastric Mucin on the Wrulence
of A. faecalis, AICC 212, in Mice

v /T % rilled

o Qfxwlggnm Saline Mugin _ Saline Mucin
2500 2/2 2/2 100 100
1250 0/2 3/h 0 7
800 o/2 2/2 0 100
500 o/ 2/2 0 100
250 o/2 1/2 0 50
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TABLE 17

Agglutination of A. faecalis Antlgens by Serum from
Mice Recovered from A. fascalis Infections

Serum of
mice -
recovered from Antigen Sexun Dilutions
infection with

~
&
ot
g8
Sy, b
b
©
"‘:‘dﬂ
D
o

ATCC 212-70"

0=C 100"

ATCC 212 O=83~00"
AICC 212-%H"

0wC 10w *HY

S

0L 10=10"

0-C10 Omg3enpn
ATCC 212-"H®

Qul 10w TH"

o

¢+ 0+ 88 250 ‘E:..H
@
o

0-63-11"

0-G10="0"

0-83 0=83="0"
ATOC 212"H"®

0=C10="H"

0 v 3 4+ + 80 48 81 ‘g&-‘

+ 0

0-822:*‘}{"
212~
0=G10="0"
Hornal Oe83=90"
mice ATCC 212-"H"
0=C1.0-1H*
0e83="HH"

t 0 sl+ 8 0 0% 3|0 +0 8 48|00 &0 0

t 8 8 ¢ 0 B+ 8 3 8 9% +8 ¢ B +0 0
]

‘A B N E O I N A R LN R I LB N A

HEEENIEE IR A R LR R N R




TABLE 18

Bffect of Oral Administration of BHIN on the Incidence
of A. feecalis in Rat Feces

Ho. of Colonies Counted on MapConkeyeClucose Agzar
ore Feedin X

Oral Red Colorless ~ Red clorless
Rat Nos _Feeding Colonies Coleonies Colonies Colenies
1 creatinine 616 0 393 0
2 " 1905 0 lg22 0
3 " 2048 ¢ 12k 0
L R 1653 0 k0 0
5 " 220 o 1308 0
6 E 759 o 713 0
7 . g22 o 801 0
8 " 636 ¢ 1430 0
9 SHTM creatinine 197k 0 895 1
10 sulfaw 1329 0 1467 0
11 . 3 0 L1o 0
12 " 1787 0 1130 b
3 . 1021 0 640 0
ik - 733 0 Lh8 1
15 " 403 0 776 0
16 " 6hky 0 6l 0



Figure )
Proposed Pattern of HHTM Synthesis
and Degradation
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Figure 2
A, Standard Curves for the Colorimetric Determination of SHTH.

B, Standsrd Curves for the Colorimetric Determination of SHTHM,
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Flgure 3

A. Sereening Procedure: Metsbolism of SHIM by A. faecalis,
Groups I and II, as Demonstrated by ATCC 8750. ~

Keys

1. Control Flask Containing SHIM Only.

2. B5HIN plus Cells Grown on Nutrient Agar.

3. B5HTM plus Cells Grown on Synthetic SHIM Agar.

B. Oxidation of SHTM and 5HIAA by A. fascalis, Groups I end II,
as Demonstrated by O=83.
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‘ Figure L
Paper Chromatographic Patterns During the Oxidation of SHTM by:
4, Oroup I, as Demonstrated by ATCC 8750,
B, Group II, as Demonstrated by O=390.
C., Group III, as Demonsirated by ATCC 212.
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Figure 5

A. Scroening Procedure: Metabolism of SHIM by A. faecalis,
Oroup III, as Demonstrated by ATCC 212. '

Keys

1, Control Flask Containing SHATH Only.

2, GSHTH plus Cells Grown on Nubtrient Agar.

3., BHTM plus Cells Urown on Synthetic SHTHM Agar,

B, Oxidation of SHTM end SHIAA by A. faecalis, Group III,
28 Demonstrated by Hel.
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Figure 6

Effect of Arsenite and B-hydroxyquinoline on the
Oxidation of 5HTH hys

A A. fascalis, O=31
Bse A. fascalis, (=390

Keys:
l. SHIM
2s. OSHTH plus Arsenite 2 x 10753
2b. SHTM pius Arsenite 2 x 1
2¢, SHTM plus Arsenite 2 x 10"M
3. SHTM plus Shydroxyquinoline 2 x 105
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Figure 7

Sereening Procedure: Effect of Ipronlasid on the
Metabolise of SHTM bys

Ae ’_Ao feecalis, ATCO 8759
Be As faecalis, O=330
Heys »
1, Control Flask Containing 5HTH without Cells.

2, SHTM with Cells
3. SHUDM with Cells plus Iproniazid 6 x 103
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Figure 8
Sereening Procedures Metabolism of SHIR by:
A  A. fascalis, 0390
B. A. fasealis, ATCC 8750
Keys

1. Control Flask Containing SHTR without Cells
2. BHTR with Cells
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