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CYSTEINE AND RELATED COMPOUNDS FOR
DIFFERENTIATING MEMBERS OF THE
GENUS SALMONELLA"

W. R. HINSHAW?®

INTRODUCTION

CERTAIN EUROPEAN INVESTIGATORS, including Manninger (1930),* Miess-
ner (1930), Wagener (1934), and Haupt (1935), have recommended
that Salmonella pullorum and Salmonella gallinarum’® be classified as
identical species. Although, undoubtedly, these bacteria are antigeni-
cally alike, poultry-disease investigators do not all concur with these
four researchers, since the two organisms show certain biochemical and
morphological differences and produce two distinet diseases.

Hinshaw and Rettger (1936), in attempting to determine additional
biochemical differences between the two organisms, found that the 0.15
per cent cysteine gelatin devised by Valley (1929) for anaerobic culture
furnished a medium for differentiating these organisms into two dis-
tinet species.

The present paper will describe additional studies on cysteine and
related compounds as possible agents in differentiating closely related
species of the Salmonella group. 8. pullorum and S. gallinarum were

! Received for publication June 24, 1940.

2 This paper covers the major portion of the work submitted to the Graduate School
of Yale University by the author in partial fulfillment of the requirements for the
degree of Doctor of Philosophy. The experimental work reported herein was done by
the author in the laboratories of the Department of Bacteriology, Yale University,
and of the Division of Veterinary Science, University of California.

3 Associate Professor of Veterinary Science and Veterinarian in the Experiment
Station. -

¢ See “Literature Cited” for complete dates on citations, which are referred to in
the text by author and date of publication.

® The nomenclature of the Salmonella Subcommittee of the International Society
of Microbiologists (1934) has been used throughout this publication.
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taken as type species. Also studied were eighteen other species (or types)
of the genus Salmonella together with biochemical variants of several
strains of 8. pullorum, and sixteen species belonging to other genera.

REVIEW OF LITERATURE

In the Salmonella group, most species are flagellated. The Kauffmann-
White scheme, adopted by the Salmonella Subcommittee (1934) for dif-
ferentiating species, provides a satisfactory method for this group.
S. pullorum and 8. gallinarum (both nonmotile) cannot, however, be
differentiated by antigenic means because of their identical somatic
antigen. The review of literature here concerns principally the differ-
entiation of Salmonella species by other than antigenic means; S. pul-
lorum and 8. galltnarum have received special attention. The reviews
are arranged, as far as possible, according to specific means of identifica-
tion.

Salmomnella gallinarum was first described as Bacillus gallinarum by
Klein (1889), who isolated it from an acute outbreak of infectious en-
teritis in adult fowl. Moore (1897) described a similar organism, Bac-
tertum sanguinarum, from a disease of adult chickens which he called
“infectious leukemia.” Since then the two organisms have been proved
identical—and the same as Bacterium typhi gallinarum alcalifaciens re-
ported by Pfeiler and Rehse in 1913. All of these authors regarded the
organism as the cause of a definite adult fowl disease.

Rettger (1900, 1901) first described Salmonella pullorum as the caus-
ative agent of a fatal ailment of baby chicks now universally known as
pullorum disease. He called it Bacterium pullorum. Many pathologists
throughout the world, after investigating this condition, have accepted
it as a disease principally of young chicks (or other young birds). A
monograph by Rettger and Plastridge (1932) gives an extensive bibliog-
raphy of this chick epizootic and its causative organism.

As stated above, one distinct difference between Salmonella pullorum
and S. gallinarum is the former’s predilection for causing acute losses
in young birds, and the latter’s for producing acute symptoms princi-
pally in adults. There are, however, exceptions. Jones (1913) described
an acute outbreak of pullorum disease in adult chickens. Similar reports
have been issued by Gwatkin (1927), Bunyea (1927), Edwards and
Hull (1929), Tittsler (1930), Plastridge and Rettger (1930, 1934), and
Stafseth (1931).

Fowl typhoid of young birds has been reported by several investiga-
tors—Beaudette (1925), Beach and Davis (1927), Martinaglia (1929),
and Komarov (1932). Hinshaw and Taylor (1933), having isolated
Salmonella gallinarum from the ovary of a turkey, suggested possible
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transmission through the egg. Beaudette (1925, 1930) has recorded iso-
lations from chicken eggs laid by carriers of 8. gallinarum. Gauger
(1934) isolated 8. gallinarum from the testes of a chronie carrier of fowl
typhoid. Thus the eriteria for considering these two species as differen-
tiated by predilection for age or by method of transmission are less reli-
able than was once contended. ‘

Smith and TenBroeck (1915a, 19150) were among the first to present
a comparative study of Salmonella gallinarum, S. pullorum, and 8.
typhi. Their studies included agglutination affinities, toxin-producing
properties, and carbohydrate reactions. They noted the antigenic like-
ness of the three species. According to them, S. gallinarum and S.
pullorum, though alike in many respects, are different enough to be con-
sidered separate species. The basis for this conclusion is the production
of gas by most strains of 8. pullorum and the fermentation of maltose
by 8. gallinarum but not by 8. pullorum. Other comparative studies on
these organisms include those of Rettger and Koser (1917), Goldberg
(1917), and Dumaresq (1938).

Mulsow (1919a, 1919b) first noted maltose fermentation of certain
strains of Salmonella pullorum and suggested duleitol as a better differ-
ential compound. This maltose fermentation has also been noted by
Krumwiede and Kohn (1917), Spray and Doyle (1921), Beaudette,
Bushnell, and Payne (1923), Edington (1924), Bushnell, Hinshaw, and
Payne (1926 ), Hendrickson (1927), and others. According to Hendrick-
son, all differences in the fermentation reactions between S. pullorum
and S. gallinarum disappear when serum water is used as a basic me-
dium. Under these conditions, Hendrickson maintains, the only essential
difference between the two organisms is the more vigorous growth of
8. gallinarum. Beaudette (1930) concurs with him (as well as with oth-
ers) that this greater vigor is a differential feature of S. gallinarum. He
also observes that the organism has a disagreeable odor, not noticed in
8. pullorum cultures. According to Edwards (1928), acid production in
maltose by 8. pullorum results from slow alkalinization of the medium
during long incubations and from subsequent hydrolization of this
sugar by the alkali formed.

Rodrigues and Pacheco (1936a) though failing to confirm Edwards’
results on the hydrolysis of maltose, found in serum an enzyme that
hydrolyzes maltose. They, therefore, recommend caution in using serum
water as a stock medium for studying maltose fermentation.

More recent literature, besides presenting several reports of maltose-
fermenting strains of Salmonella pullorum, confirms Mulsow’s recom-
mendation that duleitol, not maltose, be used to differentiate between the
two species. Van Roekel (1935) reported a laboratory strain of 8. pul-
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lorum which decomposed maltose after several years as a nonfermenter
of this sugar. Later (1937) by colony selection he obtained stable vari-
ants that subsequently fermented maltose after even a few hours’ in-
cubation at 37° C.

Hadley, Caldwell, Elkins, and Lambert (1917) were prompted by the
occurrence of both aerogenic and anaerogenic strains of Salmonella pul-
lorum to classify the former as the alpha type and the latter as the beta.
Weldin and Weaver (1929) reviewed the literature on gas production.
Of one hundred strains of S. pullorum studied by them, eight produced
no gas at any temperature. The others varied in their aerogenic prop-
erties, some producing gas at all temperatures, others only at tempera-
tures varying from 25° to 37° C.

Except possibly in the Duisburg strains (Miiller, 1933), Salmonella
gallinarum appears more stable in its reactions than 8. pullorum. Some
investigators would probably consider the Duisburg type a maltose-
fermenting variant of S. pullorum, because it failed to decompose
sodium potassium tartrate (Kauffmann, 1934) or to produce the “galli-
narum” reaction in eysteine gelatin (Hinshaw and Rettger, 1936). It
does ferment dulcitol, however, and has other characteristics of 8. gal-
linarum.

Type B of Salmonella intermedius is a maltose-fermenting strain, con-
sidered by Nobrega (1935) to be a variety of 8. pullorum because it
reacts in tartrate medium and because it is lysed by S. pullorum bacterio-
phage.

Various differential media have been suggested for separating these
two species. Cruickshank (1927) utilized Andrade’s lactose agar for
original streaking from tissues. If growth oceurs in 12 hours at 37° C,
if the lactose is not fermented, and if the growth consists of Gram-nega-
tive rods, it is inoculated into a double-sugar medium containing 1 per
cent maltose, 0.1 per cent glucose, and Andrade’s indicator. Salmonella
gallinarum produces a permanent deep-red color in both the slant and
the butt of the tube in 18-24 hours. S. pullorum usually produces gas and
a faint pink color in the end of the tube, the slant remaining colorless.

Mallman and Snyder (1929) used dextrin-lactose agar and duleitol-
lactose agar for differentiation. These media consist of 2 per cent basal
agar containing 1 per cent dextrin (or duleitol) and 0.5 per ecent lactose
with bromthymol blue as an indicator. With Salmonella gallinarum the
top was blue, and a yellow color appeared in the butt; S. pullorum pro-
duced no change; Escherichia colt produced a yellow-to-blue top and a
vellow butt; and Pasteurella avicida, a blue top and a green butt.

The use of brilliant green in media is limited largely to its value as
an inhibitory agent for certain contaminants, but allows Salmonella
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species to multiply. Mallman, Thorp, and Semmes (1928) reported vari-
ation in the bacteriostatic action with different members of the Salmo-
nella group. They did not, however, propose that this property be used
to differentiate species.

Kerr (1930) suggested that brilliant green agar (1:100,000 dilution)
may aid in differentiating Salmonella gallinarum and 8. pullorum on
original isolation because of the difference in colony growth. The former
grows readily, producing a larger colony, with a brownish tinge. Telluric
acid added to brilliant green agar (to a dilution of 1:25,000) causes
colon types to produce colonies that are “brilliant green fast” to be
darkened and readily distinguishable from others.

Delpy and Rastegar (1938) suggest that brilliant green may be useful
in two ways to differentiate species of Salmonella: first, through utiliz-
ing the property of some bacterial species of reducing the dye; second,
through variation in bacteriostatic action. These authors also reviewed
the principal means of distinguishing 8. pullorum, 8. gallinarum, and
the closely related species or varieties. The following media or reactions
were suggested by them for differentiation purposes: xylose, maltose,
amidon, duleitol, and sorbitol broths, Jordan-Harmon tartrate agar,
neutral-red fluorescence, gas production, and brilliant-green reduection.
The use of neutral red solution for detecting gas formers by the fluores-
cence reaction is the same method as reported by Pacheco and Rodrigues
(1935a). The neutral red medium consists of nutrient agar plus 1 per
cent neutral red (8 parts per 1,000), covered with vaseline.

Beck and Eber (1927) give as additional differential methods the de-
composition of Drigalski medium with the produetion of blue-gray color,
and a change of Gassner medium to yellow by Salmonella gallinarum.
The changes produced by S. pullorum are not specified, nor the kind of
Gassner medium used.

Gressel (1928), studying twenty-nine stock cultures, found that six-
teen conformed to Salmonella pullorum and three to S. gallinarum (Bac-
tertum paradysenteriae), while ten apparently stood between these
species. The slime-ring activity of S. gallinarum on Gassner’s agar is em-
phasized somewhat as a differential characteristic for these two species.

Pacheco and Rodrigues (1935a, 19350, 1935¢, 19364, 1936b) and Rod-
rigues and Pacheco (1936a, 1936b), in several papers on the biology of
the pullorum-gallinarum group, compared the well-known types with
an intermediate type, later called Salmomnella intermedius type B.
(Delpy and Rastegar,1938). One paper (Pacheco and Rodrigues, 1935b)
also discusses type A of S. intermedius of Delpy and Rastegar. The neu-
tral-red fluorescence test for gas formers, the use of a modified Drigalski
medium in which maltose distinguishes the maltose fermenters from the
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nonmaltose fermenters, and the employment of a modified Pacheco and
Mello (1932) medium for H,S determination are the principal differen-
tial methods of these investigators. Their bismuth carbonate agar was
modified by adding 0.01 per cent cystine. This gave stronger reactions
with 8. gallinarum, the only member of the group that reacted in either
medium. Stress is laid on the production of H,S for differentiating be-
tween the 8. intermedius type B and the regular types. Even in lead
acetate agar, the 8. intermedius type B produces only a faint reaction.

Lovell (1932) summarized the important literature on the serological
identification of Salmonella species; also included in a table are the most
important fermentation reactions of the group. The historical back-
ground that has led to the antigenic classification of this group by Sav-
age and White (1925a, 1925b), White (1926), Kauffmann (1929, 1930),
and Kauffmann and Mitsui (1930) is amply discussed in Lovell’s paper.
White and his co-workers, and Kauffmann and associates, used essen-
tially the same methods of differentiation—namely, by the types of fla-
gellar and somatic antigens possessed by the organism. The Salmonella
Subcommittee of the International Society of Microbiologists (1934)
has now combined the Kauffmann and White systems into a single one
called the Kauffmann-White scheme, and accepted by the originators
of the two individual systems. Embodying as it does certain points of
each individual system, it is now in international use for differentiating
between species. The Kauffmann-White scheme, with a table of the im-
portant species and their antigenic formulas, is also given by Topley
and Wilson (1936) and by Bergey (1939).

The use of specific bacteriophages in identifying members of the Sal-
monella group was suggested by Burnet (1929) when he demonstrated
the close relation between the sensitiveness of particular phages to the
distribution of particular somatic antigens. These relations seemed spe-
cific for antigenic groups, but not for species within the groups. Naidu
(1935) described bacteriophagic differentiation of §. pullorum and
8. gallinarum with a strain of bacteriophage which lysed the former,
but which failed to attack the latter. His findings were confirmed by
Nobrega (1935) and Munné (1937).

The results obtained by Naidu and by Nobrega contradict the obser-
vations of Pyle (1926) and Mallman (19310). Pyle found no bacterio-
phages specific for Salmonella pullorum, and Mallman observed that
bacteriophage from one organism could be easily adapted to another by
the use of mixed cultures. Judging from the results reported, bacterio-
phage would differentiate somatic antigenic groups; also, a highly
specific bacteriophage like that of Naidu and Nobrega could, if once iso-
lated, perhaps be used in identifying species.
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Organic acids have been employed less commonly for differentiation
purposes in the Salmonclla group than in the coli-aerogenes group. Koser
(1923), exhaustively reviewing the earlier work, showed that results
had not been systematically applied to the differentiation of bacteria. In
that paper and in later ones (1924a, 1924b, 1926) he reported on the
ability of members of the coli-aerogenes group to utilize various organic
acids. On the basis of utilization he employed several of these substances
for differentiation, especially between fecal and nonfecal types. The
most satisfactory of these is citric acid.

Weldin and Miller (1931) studied 84 strains of Salmonella pullorum
for their ability to utilize citric acid or sodium citrate, using the citric
acid medium of Koser (1924a) and the citrate agar of Simmons (1926).
They state :

In Koser’s citric acid medium 13 strains grew consistently, 10 failed to grow at all,
and the remainder were variable in their reaction. In Simmons’ citrate agar 21 grew
in every test, 20 never grew, and the remaining 43 were variable. It was found difficult
to determine in many instances whether growth had actually occurred or not in
Koser’s citric acid medium. The turbidity was so slight in many instances that results
could only be recorded as questionable growth. On the other hand, growth in Sim-
mons’ citrate agar was slow but the reaction was definite if incubation was continued
long enough. The majority of the strains of S. pullorum were shown to be able to
utilize eitric acid or sodium citrate as a sole source of carbon, although a few strains
were found which were unable to attack these compounds. Neither medium is recom-
mended for dividing this species into subgroups nor in the identification of S. pul-
lorum.

Brown, Duncan, and Henry (1924) reported extensively on the fer-
mentation of organic-acid salts as an aid in differentiating bacterial spe-
cies. A large group of the salts of open-chain organic acids was tried in
a concentration of 1 per cent of the basic medium of ordinary nutrient
broth having a reaction of pH 7.4. Phenol red served as an indiecator,
and Durham’s tubes for recording gas formation. Twenty different spe-
cies, including thirteen belonging to the genus Salmonella (8. galli-
narum and 8. pullorum among them), were studied. Of the salts tested,
those of formie, citric, and d-tartaric acid were the most satisfactory.

The d-tartrate medium gave the most regular reaction. Salmonella
typhi produced an early and marked acidity, followed by definite alka-
linity after 48 hours. 8. paratyphi A caused little or no change in
reaction, while 8. paratyphi B produced a slight alkalinity with no pre-
ceding acid or gas. 8. paratyphi C gave an acid reaction similar to S.
typht but produced gas. Neither 8. pullorum nor 8. gallinarum is men-
tioned. Because of the irregular gas production, the method was consid-
ered less reliable than the usual “sugar” fermentation method.

By means of a lead acetate solution, these same authors could deter-
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mine whether or not organisms could utilize these salts; and much of
their paper concerns the development of the technie of the lead acetate
precipitation test. They employed thirteen strains (not including Salmo-
nella pullorum and 8. gallinarum) in these studies, which revealed con-
stant results with individual species. By using six organiec salts, they
obtained seven different groupings of the common Salmonella types,
whereas sugar reactions divided these same species into only four
groups.

Jordan and Harmon (1928), employing the d-tartrate medium of
Brown, Duncan, and Henry (1924), confirmed the observation that the
Schottmiiller and “aertrycke” types can be differentiated in this me-
dium. All the Schottmiiller strains of the Jordan collection failed to fer-
ment sodium d-tartrate after 7 days’ incubation, whereas the majority
(78 out of 87) of the “aertrycke” types fermented this chemical within
48 hours. These investigators deseribed a new medium composed of 2.0
per cent nutrient agar, 1.2 per cent of a 0.2 per cent alcoholic solution
of phenol red, and 1.0 per cent sodium potassium tartrate, adjusted to
pH 7.6-7.8. This medium, employed in tubes, unslanted, and inoculated
by the stab method, surpasses Brown’s medium. The paratyphoid strains
that impart an acid reaction give a distinct yellow color in the lower
portion of the tube and a red surface zone of 4-7 mm. The strains
that produce an alkaline reaction give a diffuse homogeneous reddish
discoloration. This medium has come into wide usage; it is mentioned
often as a means of differentiating various Salmonella species. Topley
and Wilson (1936, pages 552-53) list all the Salmonella known by that
date, and include the reactions in this medium.

Mallman (1931e) tested several sodium salts of organic acids to deter-
mine their possible value in differentiating Salmonella pullorum and
8. gallinarum. Two of these, the salts of mucic and d-tartarie acid, had
merit. When grown in their presence, S. pullorum gives an alkaline, and
8. gallinarum an acid, reaction. Mallman also refers to a personal com-
munieation relating how Henry and Duncan, after publishing their
1924 paper, found that S. pullorum fails to utilize d-tartrate, but will
utilize the l-tartrate. 8. gallinarum, in contrast, utilizes the d-tartrate,
but not the l-tartrate. Hinshaw and Rettger (1936) confirmed Mall-
man’s observations.

The ability of Salmonella species to produce H,S from peptone and
other media has been used for differential purposes by many investi-
gators. Most references to H,S produection concern the use of Jordan
and Vietorson’s (1917) lead acetate agar; and the results, especially for
8. pullorum and S. gallinarum, are variable. Both these species have
been reported as producing H.,S, although 8. gallinarum has been the
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more variable of the two. Tittsler (1931) reported a possible correlation
of the incubation temperature to H,S production; he found temperatures
above 34° C to be inhibitory.

Pacheco and Mello (1932) proposed to use a semisolid agar plus bis-
muth carbonate as a medium for studying H,S production. Pacheco and
Rodrigues (1936b) used this medium, as well as a modification of it made
by adding 0.01 per cent eystine.

Their findings indicate a dependence on the medium used for H,S
production. Their results with the c¢ystinized Pacheco and Mello medium
resemble those observed by Hinshaw and Rettger (1936) with cysteine
gelatin and reported in more detail in the present investigation.

MATERIALS AND METHODS

Cultures from as many sources as possible were collected. These in-
clude old stock laboratory cultures, newly isolated organisms, and strains
considered as variants. These, with their origin and history, are sum-
marized under “History of Cultures.”

In every instance standard chemical agents were used. Three brands
of chemically pure cysteine hydrochloride have been used with equal
success. Other chemicals used included the following : I-eystine, dl-methi-
onine, glutothione, sodium potassium tartrate. The grades of gelatin used
were : granular Difco-Bacto; Eastman’s de-ashed purified gelatin; and
ice cream gelatin. The agar, peptone, and beef extract used were all of
the Difco-Bacto brands.

Careful records were kept on each new lot of medium, and each was
given a lot number. These records included the brand of ingredients
used, the date of making, the amount, and the results of check tests.

Preparation of 0.15 Per Cent Cysteine Hydrochloride Qelatin.—The
formula for making the stock medium of cysteine hydrochloride gela-
tin, used in these studies, is as follows :

Peptone ............. ... il 5 grams
Beef extract ...................... .. ... 3 grams
Gelatin (granulated) ................... 125 grams
Water (distilled) ...................... 1,000 ce

The gelatin base is prepared by the standard procedure. To it is added
slowly 1.5 grams of cysteine hydrochloride. It may be dissolved first,
in 25 ce of hot distilled water, if desired. This reduces the pH to between
5.0 and 6.0, so that one must correct it to 7.2 with an alkali such as KOH
or NaOH. The medium is then tubed in 5- or 10-cc amounts, and steri-
lized in the autoclave for 20 minutes at 15 pounds’ pressure. This me-
dium has been kept as long as two months in a refrigerator without losing
its differential characteristics.



592 Hilgardia [VoL. 13, No. 11

Other Media.—All other media used were made up by the standard
procedure, unless otherwise noted. All carbohydrates employed for
fermentation studies were sterilized by filtration and were added asep-
tically to sterile peptone water containing bromthymol blue as an indi-
cator. Jordan-Harmon sodium potassium tartrate agar was also used
as a routine medium, in all the tests on the experimental media; it was
prepared according to Jordan and Harmon (1928), and all inoculations
were made by the puncture method.

Routine incubation of all cultures at 37° C for 72 hours was practiced,
except in the experiments conducted to compare the results of incubation
at different temperatures.

Care of Stock Cultures.—Stock cultures, when not in regular use,
were maintained by seeding in 0.5 per cent nutrient meat-extract agar by
the stab method, incubating at 37° C for 48 hours, sealing, and storing
at room temperature in a dark compartment. Cultures sealed carefully
have been kept as long as one year. As a routine procedure, however,
transfers were made every 6 months, and the strains in use were trans-
ferred at least once a month.

Verification of Cultures—All cultures, regardless of source, were
studied to determine the authenticity of the species. These studies in-
cluded their morphology, motility tests (by the hanging drop, and the
semisolid agar method of Tittsler and Sandholzer, 1935), and cultural
characteristics. Routine carbohydrate media included 0.5 to 1.0 per cent
solutions of the carbohydrate in 1 per ecent peptone water with brom-
thymol blue as indicator. The following fermentable substances were
used, at all times, for routine studies : dextrose, lactose, maltose, sucrose,
and duleitol. Other fermentable media were used when deemed neces-
sary. Antigenic studies were another means of obtaining data on speci-
ficity.* \

HISTORY OF THE CULTURES”

Cultures of Salmonella gallinarum were secured from as many animal
sources and organs as possible; they include turkey, chicken, guinea
fowl, and human strains.

Most of the strains were isolated in California from chickens or tur-
keys. Strains were also obtained from Connecticut, Virginia, North
Carolina, Massachusetts, Rhode Island, and New Jersey, as well as from
Europe. European strains include the Duisburg variety of S. gallinarum
(Kauffmann, 1934). The Yale stock culture collection strains include

* Determinations were made by Dr. P. R. Edwards, University of Kentucky.

7 The complete history of all cultures used is tabulated in table I of the author’s
dissertation filed in the Yale University Library. In the text only the author’s identi-
fication numbers are given.
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G42, which is probably the original strain isolated and described by
Moore (1897). G78 and G79, two guinea fowl strains, have been de-
seribed by Beaudette (1938).

The Duisburg strains (G55, G356, G85) were obtained by Miiller
(1933) from cases of acute gastroenteritis in man. G57 was isolated from
the potato and egg salad which is believed to have been the cause of the
gastroenteritis. Kauffmann (1934) who studied these strains, designated
them as the Duisburg variety of Salmonella gallinarum because of slight
differences in the fermentation reactions. Antigenically they are iden-
tical with S. gallinarum of avian origin.

Representative strains of Salmonella pullorum from different sections
of the United States, Europe, and South America, and isolated from
various species of birds and other animals, are included in these studies.
Classified according to animal origin, there are included in the regular
stock collection 38 strains isolated from young chicks; 23 from adult
chickens; 56 from turkey poults; 26 from adult turkeys; 8 from turkey
eggs; 10 from ducks; 2 from pheasants; and 1 each from sparrows,
pigeons, and foxes. The remainder come mostly from chickens or chicken
eggs.

Various examples of biological and biochemical variants were secured
to determine whether or not they react differently in the various media.
These variants include 36 anaerogenic strains.

One strain of Pacheco and Rodrigues’s (1935a) Salmonella inter-
medius type A, and two strains of their 8. intermedius type B were fur-
nished by Dr. Paulo Nobrega of the Instituto Biologico, Sio Paulo,
Brazil. These strains are considered by Pacheco and Rodrigues to be
intermediate types between 8. pullorum and 8. gallinarum. Their type
A, a gas producer, ferments maltose and dulcite, but not xylose, and
gives no reaction in Jordan and Harmon’s (1928) tartrate agar. Their
type B, a non-gas-producer, gives the same biochemical reactions as type
A. According to Nobrega (1935) these organisms are probably varieties
of 8. pullorum because they are tartrate-negative and 8. pullorum bac-
teriophage-sensitive. These types are further discussed in a recent paper
by Delpy and Rastegar (1938).

Three dulcitol-positive strains, which in the present studies did not
decompose maltose except when incubated for three weeks, were fur-
nished by Dr. D. D. Nai, Perugia, Italy. One of these, P214, (Nai’s strain
7), is described by Kujiumgieff (1937) ;° the other two, P217 and P218
(Nai’s 15 and 21), are described by Barboni (1937). These variants have
not been the subject of complete biochemical studies by the present
writer, but they have been checked to determine whether they give con-

8 Quoted in the correspondence by Nai.
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sistently the variant reactions described by the donors. In addition, their
reactions to eysteine hydrochloride gelatin and Jordan-Harmon tartrate
agar have been investigated. The results appear in table 5 (p. 611).

Twenty-seven aerogenic strains which ferment maltose within 72
hours and which are dulcitol-negative have been encountered. These
were isolated from California outbreaks or secured from Van Roekel
(1935).

Fourteen representative strains of Salmonella typhi were used in
these studies. All are of human origin except one, which is a strain de-
scribed by Emmel (1936). According to him this strain was isolated
from the intestine of a chicken. It has all the biochemical characteristics
of the human strains. Two strains were dulcitol-negative strains in these
studies, one is a nonmotile variant.

Sixteen species (or types) of Salmonella other than S. pullorum, 8.
gallinarum, and 8. typhs have been tested one or more times in cysteine
hydrochloride gelatin. A total of 148 strains is included, all of which
have been antigenically typed according to the Kauffmann-White
scheme. They include species isolated from chickens, turkeys, chukar
partridges, ducks, pigeons, geese, foxes, swine, and horses. The 8. enteri-
tidis, S. paratyphi A, and S. paratypht B strains are of human origin
and are from the stock collections of the University of California and of
Yale University.

Miscellaneous cultures of other genera include 12 species and from 1
to 5 strains of each (table 2, p. 598).

CYSTEINE HYDROCHLORIDE GELATIN AS A
DIFFERENTIAL MEDIUM

Hinshaw and Rettger (1936) reported preliminary results on the dis-
covery that Salmonella gallinarum produces a yellowish-white turbidity
in a 12 per cent gelatin medium containing 0.15 per cent cysteine hydro-
chloride, after 48 to 72 hours’ incubation at 37° C. 8. pullorum, in con-
trast, caused no visible change in this medium even after prolonged
incubation. The present work grew out of this earlier observation.

The reaction seen in Salmonella gallinarum cultures will be hereafter
called the gallinarum reaction. It may be deseribed briefly as follows:
In 24 hours a slight cloudiness is usually noted in the upper part of the
medium. In 48 hours this cloudiness increases both in intensity and in
depth. By this time it is yellowish white or grayish and may extend
throughout the upper half of the medium. The amount of reaction in 48
hours varies, and in some cultures may even be absent. Individual
islands of flocculation may be present. In 72 hours, all cultures studied
have shown turbidity, usually extending over the upper two thirds of
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the column, with the lower third clear. By this time a slight amount of
granular precipitate may be seen in the bottom of the tube, and sediment
in the gelatin is usually blackened.

A total of 91 cultures of Salmonella gallinarum have been tested in
cysteine hydrochloride gelatin. The 437 separate trials made with these
were done over a period of nearly two years, with intervals of from a
few days to several months between trials. During the intervals the cul-
tures were stored in semisolid nutrient agar at room temperature. All
but two organisms (G87 and G89) gave the typical gallinarum reaction
in cysteine gelatin after incubation at 37° C for from 48 to 72 hours.
While neither of these two exceptional strains was positive in cysteine
hydrochloride gelatin, both gave an acid reaction in tartrate agar. These
also differ from the type strains of S. gallinarum in that G87 is xylose-
and dulcitol-negative, and that G89 is maltose- and arabinose-negative
(table 5). Individual strains vary in the rapidity of the reaction and in
the amount of precipitate. Usually the speed and the turbidity may be
correlated with the intensity of the organism’s growth on agar slants.
Two strains, neither of which has ever grown well on meat-extract agar,
have consistently been slow in producing the typical reaction and have
had less turbidity than the other strains. When the cultures are removed
from the incubator and left at room temperature (with the gelatin solidi-
fied), the medium clears progressively, beginning as early as two days
after removal from the incubator. This clearing usually starts at the
surface and extends over the entire area for a few millimeters below the
surface. It progresses downward along the sides and toward the center,
the central portion being the last to change. This tendency to clear varies
greatly with individual strains and also with different lots of media. No
explanation for the clearing has been found, but apparently the precipi-
tate is dissolved. The yellowish-white granular precipitate that settles
out does not redissolve. Strips of lead acetate paper suspended over the
medium during incubation at 37° C become blackened within 24 hours,
indieating a rapid liberation of H,S. Little or no blackening of lead ace-
tate paper has been noted in cultures of S. pullorum or in the uninocu-
lated medium tested simultaneously with 8. gallinarum.

The results obtained by seeding four strains of the Duisburg variety
of Salmonella gallinarum (G55, G56, G57, and G85) resembled those
with 8. pullorum. In the 32 trials made with these strains, no turbidity
has been noted even after prolonged incubation at 37° C. One reason
why Kauffmann (1934) classified this strain as a variety of Salmonella
gallinarum, rather than as the true species, was its failure to ferment the
tartrate medium of Jordan and Harmon (1928). The present studies
have verified Kauffmann’s findings. The reaction produced by the Duis-
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burg strains are more nearly like those of 8. intermedius B of Delpy and
Rastegar (1938), than any of the other variants studied.

A total of 454 different strains of Salmonella pullorum were studied,
and a total of 808 trials were made. In one of the groups there were 160
cultures and 470 trials, or an average of 2.9 per strain. These trials were
made over a period of two years, with intervals of from a few days to
several months between trials. During the intervals, the cultures were
stored in semisolid nutrient agar at room temperature. With but one ex-
ception, all of these strains gave negative reactions in the 0.15 per cent
cysteine hydrochloride gelatin in 72 hours; the one tended to produce a
slight flocculation, but no permanent turbidity. This culture grew some-
what more vigorously than the others, and the present interpretation of
the atypical result is that the flocculation resulted from growth and not
from any change in the medium. Incubation of 8. pullorum in this me-
dium for several days at 37° C or at room temperature produced no
marked changes. The only change noted was the tendency of a few cul-
tures to become slightly turbid at the surface after standing at room
temperature for a few days. There were no indications that this medium
may be useful in segregating the different species variants.

Fourteen strains of Salmonella typhi were studied and 49 trials were
made. During the intervals between testing, the cultures were stored in
nutrient semisolid agar at room temperature. This organism, like most
paratyphoid strains, grows very profusely in this medium, so that the
turbidity due to growth may be confused easily with the gallinarum re-
action. This is especially true in the first 48 hours of incubation at 37° C.
At this early period a flocculent type of colony growth often appears in
the upper half of the column. When the tube is shaken, a turbidity re-
sults that is indistinguishable from the reaction. After 72 to 96 hours—
sometimes even 48 hours—the cells settle, and the medium becomes clear
or only slightly turbid. For this reason, final readings should not be
taken for at least 72 hours. A heavy surface growth is also apt to appear
in these cultures. None of the 14 strains has at any time given a positive
reaction.

Miscellaneous Species of Salmonella.—Sixteen other species (or types)
of Salmonella, received from diagnostic laboratories and from a few
other sources, have been tested. Results with these cultures, together
with those deseribed above, are summarized in table 1. The results indi-
cate that cysteine gelatin as used here is most useful as a means of sep-
arating 8. gallinarum from 8. pullorum and only of limited use for
separating other strains in this genus. Since, however, this latter phase
of the present work is only preliminary, many more strains and species
must be studied before a definite conclusion is reached. It was difficult
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to distinguish the gallinarum reaction from the turbidity due to growth.
Most of the strains grew profusely and formed flaky islands in the body
of the medium and heavy surface growths (pellicles). In some cultures
this flaky growth settled on standing, which left a surface growth and
a typical bacterial deposit in the bottom of the tube. In others (ques-
tionable reactions) the cloudiness remained, although it was less marked
than with 8. gallinarum. No strains found gave consistently the strong
positive reaction seen in all the 8. gallinarum cultures.

TABLE 1
SuMMARY OF REACTIONS OF Salmonella SPECIES IN CYSTEINE GELATIN
Distribution of strains according to the reactions
Speci Total
Species . strains
Negative Pellicle Q"::‘T"I:""' Positive
S.pullorum................ ... ... ..... 453 0 1 0 454
S. 2 0 0 89 91
S. 4 0 0 0 4
S. 6 0 8 0 14
S. 0 2 1 0 3
S. barellly...... ... 10 2 0 1 12
S. bredeney........ .. 0 2 0 0 2
S. california*. ... ... ... . ... ........... 3 4 0 0 7
S. cholerae suts var. kunzendorf. 6 5 0 0 11
S.derby.................. 3 0 0 0 3
S.dublin.......... 6 2 0 0 8
S. enteritidis. .. ... 1 0 0 0 1
S.give............ 1 0 0 0 1
8. newington. ... .. 2 0 0 0 2
8. newbrunswick. . 0 2 0 0 2
8. oranienburyg. . .. 2 4 0 1 7
S. paratypht A. ... .. 0 0 0 2 2
8. paratyphiB. .. ... 2 1] 0 0 2
S. typhimurium. ................. 4 39 6 18 67
8. typhimurium var. copenhagen 9 4 0 2 15

* See: Edwards, Bruner, and Hinshaw (1940).

Miscellaneous Species of Other Genera.—Sixteen species of genera
other than Salmonella were tested in the cysteine gelatin medinm. The
results of the preliminary trials of twelve of these are summarized in
table 2, together with whatever histories were available.

Besides the species included in the table, a few other miscellaneous
organisms were tested. With seven strains of Escherichia coli types iso-
lated from turkeys, there was no regularity of results. Three gave no
reaction, one a positive, and three a partial reaction. These strains,
though not studied completely, consistently fermented dextrose, lactose,
and maltose, but not sucrose. Four gave an acid reaction in Jordan-
Harmon tartrate agar; three failed to do so. One of the last three gave a
positive reaction in cysteine gelatin, a medium in which the other two
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were negative. Three strains of E. communior types were also irregular—
one being negative, one positive, and one partial in the cysteine medium.
All fermented Jordan-Harmon tartrate agar. Similar irregular results
were obtained with seven slow lactose fermenters. In the cysteine gelatin,
two of these were negative, and five positive. All seven failed to ferment
the tartrate agar.

A small Gram-positive eoceus, often isolated from turkey poults, may

TABLE 2
REACTIONS OF MISCELLANEOUS SPECIES IN CYSTEINE GELATIN
Distribution of strains accord-
ing to the reactions
Species ) s};(:i?lls History
Negative Qu:‘s;ﬂon- Positive

Escherichiacoli............. 0 2 0 2 Yale stock strains 3 and 4

Brucella abortus. ........... 2 (1] 0 2 1 Yale, 1 California strain

Brucella suts. .............. 2 0 0 2 1 Yale, 1 California strain

Brucella meletensis.......... 1 0 0 1 1 California strain

Shigella dysenteriae. ... .. ... 1 (1] 0 1 Yale 21—Flexner type

Shigella dysenteriae. .. ... ... 1 0 0 1 Yale 22—Shiga type

Phytomonas cerasi. ......... 4 0 0 4 Cherry gummosis strains

Pasteurella avicida. .. ....... 6 0 0 6 From rabbits and turkeys

Pseudomonas aeroginosa. . .. 0 2 2 4 From turkeys

Proteus species. ............ 0 3 2 5 From turkeys. All produced
acid and gas in dextrose but
noreaction in lactose, maltose,
or sucrose broth

Corynebacterium peridicium. 1 0 0 1 From quail; see Morley and
Wetmore (1936)

Staphylococcus albus. . . ... .. 1 0 0 1 From ovary of a turkey

at first be confused with Salmonella pullorum because of similar colony
morphology. Four strains of this organism were negative in cysteine
gelatin and in tartrate agar. Two strains of a Gram-positive diplococeus
and two of a Gram-positive staphylococcus gave similar reactions.

Three of six strains of a Gram-positive streptococcus gave positive
reactions, while two of them were negative in the cysteine-hydrochlo-
ride gelatin medium. Two of the three strains which gave the gallinarum
reaction failed to ferment the Jordan-Harmon tartrate agar and one
gave a positive fermentation reaction in this medium. The other three
strains produced no reaction in the cysteine gelatin and failed to grow
in the tartrate agar.

No comment on the reactions recorded in the table is necessary. Too
few species are represented ; and, except in the Brucella cultures, no
very closely related species were studied. It was hoped that the cysteine
gelatin might prove useful for differentiating the various species of the
Brucella group; but, after two strains each of bovine and swine types
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and one of human type had been tried, with negative results, no more
were tested.

Recapitulation.—The results obtained by inoculating various species
of bacteria into the 0.15 per cent cysteine hydrochloride nutrient gelatin
are summarized in tables 1 and 2, which give the reactions in this medium
for 20 species of Salmonella, 3 of Brucella, and 9 miscellaneous species.
This medium definitely differentiates 8. galltnarum from 8. pullorwm,
N. typhi, and 8. enteritidis. By its use, two strains each of S. paratyphi
A and 8. paratyphi B were separated. S. paratypht A gave a positive
reaction (though less marked than S. gallinarum), while 8. paratyphs
B gave a negative reaction.

All types of Brucella organisms gave a negative reaction, which elim-
inates this as a differential medium for members of this genus. The
remaining species do not show differential possibilities, although the
numbers of related species and trials are too small to warrant definite
conclusions.

EFFECT OF VARYING THE PERCENTAGE OF CYSTEINE
HYDROCHLORIDE

To determine the effect of varying the amounts of cysteine hydro-
chloride on the gallinarum reaction, the 12 per cent nutrient gelatin, pH
7.2, was kept constant, while the amount of cysteine hydrochloride was
varied from 0.019 to 0.45 per cent. From 8 to 10 cec of medium were
placed in 16-mm tubes, inoculated with Salmonella pullorum or 8. gal-
linarum, and incubated at 37° C; readings were made after 24, 48, and
72 hours. All of the cultures were then held at room temperature for
one week, after which a loopful of each culture was seeded on nutrient
meat-extract agar to determine whether growth had been retarded by
the cysteine hydrochloride. No retardation was noted with the different
amounts of cysteine used. The results with S. gallinarum are saummarized
in table 3. To conform with previous records, only the 72-hour readings
are noted. No further changes were observed after one week’s incubation
at room temperature. From 25 to 47 trials with S. pullorum and from
1 to 10 trials with S. typhi were negative in all the concentrations. S.
gallinarum showed marked differences in the various coneentrations of
cysteine hydrochloride. Negative results were obtained in the 0.019 per
cent concentration. Even though the results of nineteen strains seeded
in the half-strength medium (0.075 per cent) are recorded as equal to
those of the regular (0.15 per cent) double and triple strengths, there
was a noticeable difference. No differences, except a possible slight in-
crease in the yellowish-white precipitate, could be discerned between
the 0.30, the 0.45, and the 0.15 per ecent cysteine tubes. After 24 and 48
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hours’ incubation, the various lots showed little noticeable difference, al-
though the 0.075 per cent tubes tended to show turbidity somewhat
sooner than the more concentrated media. Judging from these studies,
the optimum concentration of cysteine hydrochloride, from the stand-
points both of cost and of efficiency, is 0.15 per cent, the amount which
has been used in all of the routine experiments reported herein.

EFFECT OF VARYING THE CONCENTRATION
OF GELATIN

In these trials all the ingredients except gelatin were kept constant.
The various percentages of gelatin used were as follows: 2.5, 5.0, 6.5,
10.0, 12.5, 15.0, and 20.0. The organisms studied were Salmonella gal-

TABLE 3
INFLUENCE OF VARYING CONCENTRATIONS OF
CYSTEINE HYDROCHLORIDE ON THE REACTION WITH Salmonella gallinarum

Distribution in the various grades of reaction®
Per cent concentration of Total
cysteine hydrochloride number of

4 3 2 1 Negative trials
015 53 3 0 (1] 0 56
045.. ... 25 0 0 0 0 25
030, 24 1 0 0 0 25
0075.. ...l 19 17 8 0 0 44
0038............ociiiinl.. 0 0 3 7 15 25
0.019....................... 0 0 0 1 24 25

bid * In the grades, 4 indicates a typical gallinarum reaction; lower numbers indicate gradations in tur-
idity.

linarum, Salmonella gallinarum var. duisburg, Salmonella pullorum,
Salmonella typhi, and Shigella dysenteriae.

Except in the 20.0 per cent and 2.5 per cent gelatin tubes, Salmonella
gallinarum gave typical reactions in the different concentrations. In
the medium containing 20.0 per cent gelatin twenty out of twenty-three
strains failed to give as pronounced a reaction as was noted in the reg-
ular (12.5 per cent) medium. The reaction was also slightly retarded
in the 15 per cent gelatin; but at the end of 72 hours’ incubation, it
equaled that in the 12.5 per cent tubes. In the 6.5 and 5.0 per cent con-
centrations good reactions were obtained, but part of the turbidity ap-
peared to result from growth. This was likewise true in the 2.5 per cent
gelatin. In the 2.5 and 5.0 per cent tubes, settling occurred more rapidly
than in the others; and, as might be expected, there was more yellowish-
white precipitate.

No reactions were noted in the 20.0, 15.0, 12.5, and 10.0 per cent gela-
tin tubes inoculated with Salmonella pullorum. Concentrations under
10.0 per cent showed a tendency toward slight turbidity caused by the



April, 1941] Hinshaw: Differentiating Members of the Genus Salmonella 601

growth of the organism and not by a cysteine reaction. This was equally
true of every other Salmonella species. The two Shigella dysenteriae
strains were negative in all coneentrations.

Three strains of Salmonella typht gave negative reactions in the 15.0
and 20.0 per cent gelatin media, whereas the other tubes showed some
cloudiness. Although inconclusive because of the small numbers used,
this result suggests that the greater viscosity of the higher concentra-
tions of gelatin may prevent dispersion of the organism throughout the
medium, and that growth of the organism, and not the cysteine reaction,
causes the slight turbidity often seen with some species.

Prolonged incubation of the Salmonella gallinarum cultures at room
temperature produced no changes that would materially affect the re-
sults recorded above. In the 2.5 to 6.5 per cent gelatin series, there was
a rapid clearing after the maximum clouding of the medium. This ap-
parently resulted, not from an actual disappearance of the insoluble
material, but rather from a settling out, as indicated by a slightly
greater amount of yellowish-white precipitate in these tubes. In the
higher-concentration series, there were larger amounts of foreign ma-
terial, probably from the gelatin, in the bottoms of the tubes. These
deposits were reddish brown before incubation, then became blackened
as incubation progressed. The turbidity in the 20.0 per cent gelatin
medium cleared more rapidly at room temperature than in the concen-
trations ranging from 10.0 to 14.0 per cent. The cause of the more rapid
clearing is not known, but may be the smaller amount of precipitate
formed in this concentration of gelatin. Prolonged incubation of the
other species did not change the results recorded for them after 72
hours’ incubation at 37° C.

Judging from these observations, the optimum concentration of gela-
tin for obtaining a maximum gallinarum reaction or a clear-cut negative
test is between 10.0 and 15.0 per cent when 0.15 per cent cysteine hydro-
chloride is used.

EFFECT OF VARYING THE HYDROGEN-ION
CONCENTRATION OF THE MEDIUM

To determine whether the hydrogen-ion concentration of the medium
has a bearing on the gallinarum reaction, seven strains each of Sal-
monella gallinarum and S. pullorum were inoculated in tubes of 0.15
per cent cysteine hydrochloride gelatin medium which had been ad-
justed to H-ion concentrations varying from pH 5.6 to 7.6. Observations
were recorded after 24, 48, and 72 hours’ incubation at 37° C and again
after an additional incubation of 36 days at room temperature.

The findings show a definite relation between the pH of the medium



602 Hilgardia [VoL. 13, No. 11

and the characteristic reaction in the Salmonclla gallinarum cultures,
but little, if any, in the S. pullorum tests. The optimum pH for S. gal-
linarum appears to be 7.2 to 7.6 with a decreasing efficiency in the lower
range. After prolonged incubation, no marked differences due to change
in pH were noted, although a few strains remained cloudy, with the
ereatest turbidity at pH 7.6.

EFFECT OF INCUBATION TEMPERATURE

The relation between the incubation temperature and the gallinarum
reaction has been studied in both tubed and plated media.

Incubation at 17° C.—Tubed medium inoculated by the puncture
method while the gelatin was solid was incubated at 17° C. At this tem-
perature Salmonella gallinarum (five strains) produced a fair growth
along the line of inoculation. After 48 hours a cloudy zone appeared
along this line. At about 1 mm below the surface and extending 4-5 mm
into the medium, this zone was somewhat larger in diameter than on the
surface or at points deeper in the medium. With continued holding, the
cloudy zone increased in intensity and slightly in diameter, until after
120 hours it formed a band across the full width of the tube 1-2 mm
below the surface. The cloudiness along the line of stab seldom extended
deeper than half the length of the gelatin column, and increased in
diameter towards the surface. Except for the surface zone and the zone
along the upper half of the stab, the medium remained clear. The reac-
tion cleared after prolonged incubation, the time required varying with
individual strains, but being usually less than one month.

Four strains of Salmonella pullorum inoculated in the same lot of
medium and incubated in the same low-temperature incubator with the
8. gallinarum strains, never showed turbidity along the line of stab,
though the growth of the organism was plainly visible. Plain nutrient
gelatin tubes inoculated with one or the other of these two species never
showed cloudiness; both species grew somewhat better in the medium
containing cysteine.

Shake cultures of the same organism grown at 17° C developed turbid
zones around each individual colony in all Salmonella gallinarum strains.
In these instances the colony itself was plainly visible within the spheri-
cal turbid zone. S. pullorum produced no turbidity around the colonies
of any strain studied.

Incubation at 20° C.—Five strains of Salmonella gallinarum were
seeded into eysteine gelatin medium by both the puncture and the shake-
dilution methods, with tubes containing 12.5, 15.0, and 20.0 per cent
gelatin. Final observations were made after 9 days’ incubation at 20° C.
The results resembled those reported for the incubation trials at 17°. No
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difference could be noted in the various concentrations of gelatin. The
individual colonies in the more dilute shake cultures were round and
well scattered throughout the medium. In general, those nearest the sur-
face showed no turbid halo, nor did those below 114 inches from the
surface. Colonies in the areas between showed distinet cloudy halos and
therefore appeared somewhat larger than in the areas where no reaction
oceurred. A zone of subsurface turbidity about 2-3 mm deep developed
in part of the tubes.

RELATION OF CULTURE METHODS TO THE REACTION

To determine whether the type of culture container or the amount of
medium placed in it has any bearing on the reaction obtained, several
kinds of containers were used: test tubes, flasks of various sizes, and
petri dishes. Different amounts of medium were employed.

TPour different sizes of test tubes were used : 12-, 15-, 18-, and 22-mm.
Medium to the depths of from 1 to 4 inches (in the 22-mm tubes) was
inoculated with both Salmonella gallinarum and S. pullorum. After
aerobic incubation at 37° C, no marked differences were noted in the
efficiency of the medium in any of these combinations. In no case did
8. pullorum produce turbidity. The only difference in 8. gallinarum
cultures was in the 22-mm tubes, filled to depths of from 3 to 4 inches.
In these, less precipitate appeared than in the others, and the turbidity
did not extend to a depth of over 2 inches unless the tubes were shaken.
No method of measuring this reaction quantitatively was found. Judg-
ing from the above observations, 12- or 15-mm tubes containing 115 to
2 inches of medium provide the most satisfactory procedures for routine
studies.

F'lasks of the Erlenmeyer type with various bottom diameters were
tried to determine whether diameter and depth of medium are related
to the amount of precipitate. Medium from 1 to 2 inches deep inoculated
with Salmonella gallinarum and incubated at 37° C for 72 hours showed
marked turbidity. When the reactions in flasks were compared quali-
tatively with the reactions in 22-mm tubes containing the same amount
of medium, there appeared to be more precipitate in the flasks.

Three strains of Salmonella gallinarum and two of S. pullorum were
transferred from 24-hour-old broth cultures to 15 cc of cysteine hydro-
chloride gelatin in amounts varying from 0.05 ce to 0.3 ce, and the seeded
medium was poured into sterile petri dishes (100 mm x 15 mm). The
plates were incubated aerobically at 22° C, and observed daily for two
weeks. Good growth of both surface and subsurface colonies was noted,
but in no instance was there turbidity. This method of inoculation and
incubation was repeated with various lots of media, with similar results.
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The findings conform to those obtained when S. gallinarum is grown in
tubes of the same medium; there is no turbidity at the surface of the
stab, and seldom is there any to a depth of 2-3 mm when the tubes are
incubated at 20°-22° C.

VALUE OF OTHER MEDIA CONTAINING
CYSTEINE HYDROCHLORIDE

The following experiments were conducted to determine whether a
gallinarum reaction could be obtained when media other than nutrient
gelatin are used as vehicles for cysteine hydrochloride.

Nutrient Agar.—The basal nutrient agar in these studies was pre-
pared by the standard procedure. The only change was to vary the
amount of agar as indicated in the trials summarized below.

Two agar media were used, one containing 0.5, the other 2.0 per cent
agar. Twelve strains of Salmonella gallinarum, fourteen of S. pullorum,
and five of 8. typhi were inoculated into these media by the deep-stab
method and the cultures were incubated at 37° C for 72 hours.

In the Salmonella gallinarum cultures a slight browning to a faint
blackening occurred along the line of growth in both media with
slightly better growth in the semisolid medium. No changes along the
line of growth or in the surrounding medium were noted in either the
8. pullorum or in S. typhi cultures. Slightly more intense blackening
along the lines of growth was noted in the 8. gallinarum cultures after
120 hours’ incubation than after 72 hours’ incubation. No changes were
observed in the other species.

The reactions with the Salmonella gallinarum cultures cannot be con-
sidered striking enough to warrant using either of the two agar media
for differential purposes. Pacheco and Mello (1932) used a bismuth ear-
bonate agar in distinguishing between these organisms; and Pacheco
and Rodrigues (1936a) obtained better results by adding 0.01 per cent
cystine to the medium. These media were not used in the present studies.

Plain Meat-Extract Broth.—Nutrient meat-extract broth, prepared
by the standard procedure for water analysis, was used as a basic me-
dium. To this was added 0.15 per cent cysteine hydrochloride and the
medium was adjusted to pH 7.2. At the time of the tests made with this
medium, the same strains of organisms were inoculated into 0.15 per
cent cysteine gelatin medium and into the standard meat-extract broth
for control purposes. Approximately 8 cc of medium were introduced
into each tube.

Sixteen strains of Salmonella gallinarum and seventeen strains of S.
pullorum were inoculated into the three media mentioned above. All
cultures were incubated for 72 hours at 37° C. No more turbidity was
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noted in the broth tubes containing cysteine hydrochloride than in the
control tubes. Because of the turbidity caused by growth, casual observa-
tion does not reveal any reaction that may occur. For this reason alone
a broth medium is valueless as a vehicle for the cysteine hydrochloride.

Methylene Blue Broth.—To determine whether methylene blue may
be useful as an indicator in cysteine hydrochloride broth, a medium con-
taining 1:200,000 methylene blue was tubed in 8-cc quantities.

Fourteen strains each of Salmonella gallinarum and S. pullorum were
inoculated into this medium. Observations were made after 24, 48, and
72 hours’ incubation at 37° C. Exeept at the surface, the methylene blue
was definitely reduced in all the S. gallinarum cultures in 24 hours. At
the end of 48 hours there was complete reduction, but by 72 hours re-
oxidation had occurred. At the end of 120 hours, the 8. gallinarum cul-
tures were grassy green with a heavy deposit of white amorphous
powder in the bottom of the tubes. Very slight reduction was noted in
the S. pullorum cultures in 24, 48, or 72 hours; but at no time was the
reduction as marked as in the case of S. gallinarum cultures. At the end
of one week, no further changes were noted in either species.

Judging from these studies, methylene blue may serve as an indicator
for the cysteine reaction in differentiating Salmonella pullorum from
S. gallinarum in broth cultures.

Ice-Cream Gelatin.—A high-grade ice-cream gelatin was used in these
studies. To determine whether this cheaper product could be employed
as a basal medium for cysteine hydrochloride, it was compared with
the regular cysteine gelatin. Twelve strains of Salmonella pullorum, four-
teen of S. gallinarum, and five of 8. typhi were each inoculated into the
two cysteine media and into the same media without cysteine. The S.
gallinarum reactions observed in the ice-cream gelatin medium differed
only slightly from those in the regular product, but the natural ecloudi-
ness of the medium definitely interfered with the interpretation of the
results. No changes were noted in either of the plain gelatin media, al-
though that made from the ice-cream gelatin had the definite cloudiness
noted above. As far as could be determined, the organisms grew equally
well in all these media. Judging from these studies, the brand of ice-
cream gelatin used could not be substituted for the Difco granulated
gelatin of the regular medium.

Eastman De-ashed Gelatin.—This highly purified gelatin (isoelectrie
point of pII 4.7) is washed free of all soluble chemicals and supposedly
has a very low sulfur content. It was used in a cysteine medium in place
of Difco-Bacto gelatin for comparison with the latter medium. Owing
to the cost of the Eastman product, both media were tubed in 2.5-cc
gquantities in 12-mm tubes.
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Five strains each of Salmonella pullorum and 8. gallinarum, four of
S. typha, three of S. typhimurium, and three of S. bareilly were seeded
into the two media and incubated for 72 hours at 37° C. The Difco-Bacto
gelatin medium apparently gave somewhat more pronounced reactions
in 48 hours; but after 72 hours no differences could be noted.

‘There was seemingly no advantage in using the Eastman de-ashed
product for routine purposes. Since the typical reaction is obtained with
it, it may be used for chemical studies on the nature of the reaction in
order to prevent sulfur (other than that found in the eysteine) from
interfering with the results.

Scott’s Synthetic Medium.—Since Scott’s (1930) synthetic medium
grows the Salmonella species satisfactorily, it was selected as a sulfur-
free vehicle for gelatin and cysteine. The original formula calls for ferric
citrate as one of the salts. In preliminary trials certain organisms of
the Salmonella genus blackened the medium in the presence of gelatin
and cysteine. For these studies both the original medium and one in
which ammonium citrate was substituted for ferric citrate was used. The
regular nutrient gelatin e¢ysteine medium served as a control. All three
were tubed in 2.5-ce quantities in 12-mm tubes.

Five strains each of Salmonella pullorum and 8. gallinarum, four of
8. typhi, three of 8. typhimurium, and three of S. bareilly were inocu-
lated into these media and incubated for 72 hours at 37° C. Before inocu-
lation the medium containing the ferrie citrate was dark brown, with
the lower one third almost black. 8. pullorum caused this blackening to
disappear within 24 hours; no reaction or precipitate was observed. S.
gallinarum caused a temporary increase in the blackening, followed
within 48 hours by a deposit of a black flocculent precipitate in the bot-
tom of the tubes. Very little cloudiness of the medium was noted. 8. typhi
reacted in a manner similar to S. pullorum in the ferric citrate medium.
Two of the three S. typhtmurium strains caused this medium to become
coal black in 24 hours and retained this color for at least 96 hours; the
other strain caused a reaction closely resembling that of S. gallinarum,
with no permanent blackening of the medium. Of the three, this strain
was the only one that gave a positive reaction in the control. All three
strains of S. bareilly caused permanent blackening in 24 hours.

The ammonium citrate modification of Scott’s medium produced good
growth of all the organisms studied, and gave results identical with the
regular cysteine gelatin medium for Salmonella pullorum, 8. gallinarum,
and 8. typhi. The results with S. bareilly and 8. typhimurium in this
medium were variable. All the 8. bareilly strains were negative in the
control (regular cysteine gelatin) medium, while only one failed to give
any reaction in the ammonium citrate. The latter medium was slightly
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darkened by all of the S. baretlly cultures. Two of the 8. typhimurium
cultures were negative in both the control medium and the ammonium
citrate. The third was positive in both media. Slight darkening of the
ammonium citrate medium occurred in all of the 8. bareilly and S. typhi-
murium cultures.

Time has not permitted a further study of these media; but judging
from these preliminary results, Scott’s medium and the ammonium
citrate modification may prove valuable as vehicles for cysteine and
gelatin in differentiating various Salmonella species.

COMPARISON OF CYSTEINE WITH
RELATED COMPOUNDS

Since the reaction obtained when Salmonella gallinarum is grown in
gelatin containing cysteine hydrochloride is apparently related to the
sulfur contained in the cysteine, it was thought desirable to determine
whether other sulfur-containing organic compounds would react sim-
ilarly. The substances selected for this study were cystine, methionine,
and glutathione.

Cystine and Methionine.—Cystine is an amino acid having an —S—S—
group; it is readily reduced to cysteine. Methionine has the single —S—
radical combination. To compare the effect of growing various Sal-
monella species in gelatin media containing these amino acids, amounts
with approximately equivalent proportions of sulfur were added to the
basic nutrient gelatin medium, and the medium was adjusted to a pH
of 7.2. Two lots of gelatin media containing 0.15 and 0.12 per cent cystine
and two lots containing 0.15 per cent methionine were compared with
a lot of 0.15 per cent cysteine hydrochloride gelatin.

As the cystine would not go into complete solution, this medium had
a milky opacity about equivalent to a partial gallinarum reaction. This
fact alone would make cystine an undesirable substitute for cysteine
hydrochloride.

Four strains of Salmonella gallinarum, six of S. pullorum, three of
8. typhi, and eight miscellaneous Salmonella species were used for these
comparative studies. After amounts of inoculum as nearly equivalent
as possible had been introduced into the different tubes of medium, the
cultures were incubated for 72 hours at 37° C. An additional day’s
incubation failed to change the results.

The reactions in the medium containing cystine resembled those in
the one with cysteine hydrochloride. Methionine, however, caused no
visible changes, except perhaps a slight inerease in turbidity attribut-
able to the growth of the organism.

Turbidity definitely increased in all Salmonella gallinarum cultures
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containing cystine ; and after 72 hours the reactions were similar to those
observed in the cysteine gelatin cultures. In all 8. pullorum and 8. typhi-
tubes and in a few of the miscellaneous Salmonella cultures containing
cystine, the medium definitely cleared after 48 hours’, in some instances
after 24 hours’, incubation. In some tubes this clearing was only partial;
in others, complete. In a few this procedure was reversed ; that is, when
complete clearing had been noted, a cloudiness developed after an addi-
tional 24 hours’ incubation. Whether these changes result from utiliza-
tion of the finely suspended particles of cystine by the organism, or from
reduction of the eystine to the more soluble cysteine, has not been deter-

TABLE 4
HYDROGEN-ION CONCENTRATION OF CULTURES AFTER TEN DAYS’ INCUBATION

pH of various media
Cultures
Cysteine, Cystine, Cystine. Methionine, | Methionine,
0.15 per cent | 0.15 per cent | 0.12 per cent | 0.15 per cent | 0.14 per cent
Gl.............ooo 6.8 6.8 6.6 7.2 7.4
G32..................... 6.6 6.6 6.4 7.2 7.2
P15, ... 7.2 7.0 7.2 7.4 7.2
P97 7.2 7.2 7.2 7.4 7.4
T2 ... 7.2 7.2 7.2 7.4 7.2
TI2... i 7.2 7.2 7.2 7.2 7.2
Control.................. 7.2 7.2 7.0 7.2 7.2

mined. The reappearence of turbidity in a few cultures may be caused
by a reoxidation of cysteine to cystine.

Judging from results, cystine may be used instead of cysteine to pro-
duce the gallinarum reaction ; but its low degree of solubility makes it
a poor substitute. Methionine cannot be considered a substitute for
cysteine ; the failure to produce the reaction probably means that the
—SH radical of the cysteine is responsible for the reaction.

After 5 days’ incubation at 37° C, half of the Salmonella gallinarum,
S. pullorum, and S. typhi cultures were left at room temperatures for
an additional 5 days. To each of the remaining cultures was added a drop
of a saturated alcoholic solution of methylene blue. After a thorough
shaking, observations were made for 1 hour. Except for one of the
8. typhi strains tested, no differences could be noted in the reduction of
the methylene blue. With this strain slight reduction occurred in the
cysteine gelatin cultures, partial reduction in the cystine gelatin, and
nearly complete reduction in the methionine gelatin. Only partial re-
duction of the methylene blue was noted in the S. gallinarum and S.
pullorum cultures, with no differences in the several media.

The cultures which were kept over for 5 days at room temperature for
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additional observations were subjected to pH determinations with the
aid of bromthymol blue. The results appear in table 4. The control used
in these studies consisted of an uninoculated tube of the medium referred
to, incubated along with the inoculated tube.

Glutathione.—Glutathione was used as another example of an organic
compound containing sulfur having the —SH group. The following for-
mula from Bodansky (1938) was used for calculating the percentage of
sulfur:

H,C-CO-NH-CH-CO-NH-CH,-COOH

CH, CH,
\

H,N-CH SH
COOH

Glutathione (molecular weight 307.217) contains 10.44 per cent sul-
fur, as compared with 20.34 per cent in cysteine hydrochloride (molecu-
lar weight 157.587). To obtain a medium with the same amount of sulfur
as in the 0.15 per cent cysteine hydrochloride gelatin, 0.29 gram of
glutathione was added to 100 ce of nutrient gelatin. A medium contain-
ing 0.145 gram per 100 cc was also made. Two lots of cysteine hydro-
chloride gelatin, one containing 0.15 per cent and the other 0.075 per
cent eysteine hydrochloride, served as controls. All of these media were
tubed in 2.5-cc amounts in 12-mm tubes.

Five strains each of Salmonella pullorum and S. gallinarum were in-
oculated into the four media and incubated at 37° C. Observations were
made at 24-hour intervals for 96 hours. Typical reactions occurred in all
of the 8. gallinarum cultures containing cysteine medium ; on the other
hand, glutathione medium remained clear as did all of the tubes inocu-
lated with S. pullorum.

Judging from the results obtained with glutathione, the —-SH group in
cysteine is not entirely responsible for the gallinarum reaction. Possibly,
however, Salmonella gallinarum may dissimilate cysteine somewhat
differently from the manner in which it does glutathione, for the 8. gal-
linarum cultures changed the cysteine medium slightly to the acid range
of bromthymol blue, whereas there was a slight alkaline change in the
glutathione medium. Growth was verified by streaking part of the cul-
tures on agar after 96 hours’ incubation. Because of the expense of gluta-
thione, these studies were not repeated.
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DISCUSSION

Classification of bacteria by means of fermentation reactions have until
recent years been largely based on differences in fermentations of car-
bohydrates and alcohols by the organisms. The utilization of organic
compounds, the production of H,S, and the reaction towards various
types of media are more recent and, in many respects, more reliable
means of differentiation. This is especially true where organisms vary
in their ability to attack certain carbohydrates. A good example is the
variation in maltose-fermenting ability of Salmonella pullorum, a prop-
erty once considered the most marked difference between this bacterium
and 8. gallinarum. Largely because of the variable reaction of S. pul-
lorum toward maltose and because of antigenic likenesses, many investi-
gators such as Miessner (1931), Wagener (1934), and Haupt (1935)
regarded the two as variants of the same species. Although many vari-
ants do exist, there is increasing evidence that 8. gallinarum and S. pul-
lorum are distinct species. The differences in the reaction of these
organisms toward the Jordan-Harmon (1928) tartrate agar (Mallman,
1931a; Hinshaw and Rettger, 1936), with the separation into distinct
species by bacteriophage by Naidu (1935) and Nobrega (1935), exem-
plify recent methods for differentiating these species. The production
of a characteristic reaction in cysteine gelatin by 8. gallinarum, but
not by S. pullorum as reported in this investigation, is added evidence
that they are separate species. Whereas all but two of the 8. gallinarum
strains (G87 and (G89) of avian origin produced the characteristic re-
action, all 454 strains of 8. pullorum were negative in this medium. All
these strains also reacted typically for the species in tartrate agar
medium.

Judging from the observations made in these studies, and those of Van
Roekel (1935, 1937), Nobrega (1936), Kujiumgieff (1937), Barboni
(1937), Pacheco and Rodrigues (1935¢), Delpy and Rastegar (1938),
there are probably several subspecies in the pullorum-gallinarum group.
In table 5 are listed several strains of variants of Salmonella pullorum
and 8. gallinarum. These strains, some of which have been isolated in

Jalifornia and the others obtained from various laboratories, have been
studied by the use of the more common differential media including
cysteine gelatin and Jordan-Harmon tartrate agar. The results are sum-
marized in the table. It will be noted that Van Roekel’s (1935, 1937)
maltose-fermenting strain (P52) gives identical reactions to the Cali-
fornia maltose-fermenting strains of this organism. As found in the
present studies, these strains have consistently fermented maltose within
72 hours, and generally within 24 hours, at 37° C. Several of the Cali-
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fornia strains have been isolated from chicks or turkey poults that have
died during an acute outbreak of pullorum disease, and fermented mal-
tose on original isolation. P52 is designated as Massachusetts VII in
Van Roekel’s collection. The Van Roekel and California strains differ
from the Salmonella intermedius A-type strains in that the latter are
xylose-negative and dulcite-positive. These strains furnished by Nobrega
and by Nai, are classified as S. intermedius A type according to Pacheco

TABLE 5

SUMMARY OF CHARACTERISTICS OF VARIANTS OF Salmonella pullorum
AND 8. gallinarum

Fermentation reactions in the media given*
Gas

forming | nro1tose Xylose | Dulcite |Arabinose| Cysteine | Tartrate
gelatin agart

Variants and stock numbers

8. pullorum (Van Roekel
strain); P52....... ... .. .. .. + + + — + - -
8. pullorum (California
strains); P75, P86-P89,
P121, P184-P187, P222-
P228,P230................. + + + - + to + - -
8. intermedius A types; P130,
P214, P217, P218........... -+ + to + -
8. intermedius B types; P127-

X
2
|
+
|
+ o+
+
|
|

8. gallinarum (Kujiumgieff
strain); G87..... ... ... .. ... — + — - + -
8. gallinarum (Barboni
strain); G89......... ... .. .. — —
8. gallinarum (Van Roekel
strain); G84...... ... .. ... .. - -
S. gallinarum var. duisburg;
G55-57,G85................ - +

B+ o+
+ o+ o+

|
+ 1
+ o+ o+

* Explanation of symbols: 4+ = positive reaction; &= = variable or slow fermentation; — = negative
reaction.

t Jordan-Harmon (1928) tartrate agar

and Rodrigues (1935). In these studies Nai’s strains (P214, P217, P218)
did not ferment maltose except after several days’ incubation. P214 is
described as Bulgaria 7 by Kujiumgieff (1937) according to Nai. P217
and P218 are described by Barboni (1937) as Torino 15, and Brescia 21,
respectively.

The Salmonella intermedius B types were also furnished by Nobrega
(1935, 1936). They are classified by him as P7 (Rotterdam), P14 (Rot-
terdam), and P24 (Berlin). Nobrega found these strains, as well as P130,
sensitive to S. pullorum bacteriophage and because of this fact considers
the strains variants of S. pullorum. It will be noted that in these studies
S. intermedius A and B types reacted like S. pullorum in both cysteine
gelatin and tartrate agar. The writer has not found any American
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strains of S. pullorum which conform with Pacheco and Rodrigues
(1935) qualifications for §. intermedius A or B types.

Van Roekel’s maltose-negative strain of Salmonella gallinarum (G84)
was classified by him as S. gallinarum on the ground that it produced a
positive gallinarum reaction in cysteine gelatin; acid in tartrate agar;
and was dulcitol-positive. This strain was isolated from a chick that
died in an acute outbreak of a disease resembling pullorum disease.

The dulcitol-negative Salmonella gallinarum variant (G87) of Ku-
jiumgieff (1937) differs from Delpy and Rastegar’s (1938) S. interme-
dius type B, in that the latter is duleitol-positive and tartrate-negative.
No attempt has been made to derive duleitol-positive substrains from it.
Barboni’s (1937) maltose-negative strain (G89) and Kujiumgieff’s
(1937) strain (G87) are the only strains in either the 8. pullorum or
8. gallinarum collection which produced no reaction in cysteine gelatin
and a positive reaction in tartrate agar. They are variants which are
difficult to classify.

The Duisburg strains of Salmonella gallinarum have been discussed
in another section. They are like S. pullorum in that they do not ferment
tartrate agar with acid production, and do not give any reaction in
cysteine hydrochloride gelatin. They resemble S. gallinarum in the type
of growth on nutrient agar, and in being maltose- and duleitol-positive.
They are more nearly like the 8. intermedius type B than any of the
other strains given in table 5. '

Barboni (1937), who has studied 63 strains belonging to the pullorum-
vallinarum group, suggests a reclassification based on fermentation of
d-tartrate, which is in the Jordan-Harmon (1928) medium. He would
designate all positive fermenters (acid) as S. gallinarum, and all strains
that do not attack the d-tartrate as S. pullorum. With gas production
as a basis, he would reclassify the two species into non-gas- and gas-form-
ing subspecies, as determined by neutral red fluorescence tests. Even
with this regrouping, he has set apart an additional one which he calls
S. gallinarum intermedius, largely on the basis of colony formation. This
group of biochemical variants of both 8. pullorum and 8. gallinarum
must undergo fundamental study before being classified as distinet
species.

The cysteine gallinarum reaction here reported is a new type of dif-
ferential reaction, which must be studied further before one can predict
its physical or chemical nature. According to Buchanan and Fulmer
(1930), quoting Czapek (1920), the following reactions caused by dis-
similation of cysteine by microdrganisms are possible :

HS.CH,,CH (NH,)-COOH+H,0—— HS.CH,-CHOH.-COOH{NH,
Cysteine B-thiolactic acid
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The B-thiolactic acid is decarboxylated and oxidized to thioglyecollic
acid as follows :

HS.CH,.CHOH-COOH:!0,—— HS.CH,-COOHCO,+H,0
B-thiolactic acid Thioglycollic acid

The thioglycollic acid is further oxidized to methyl mercaptan (CH,SH).

Yaoi (1925) showed that H.S, but never CH,SH, is formed from
thiolactic or thioglycollic acid. Further, he noted that mercaptan is pro-
duced from cystine only in the presence of a sugar. According to Almy
and James (1926), no mercaptan is produced from cystine or peptones
by Proteus vulgaris, Salmonella aertrycke, and Escherichia coli. Yaoi
(1925), using Frankel’s synthetic medium with l-cystine, found H,S
to be formed by E. coli, Salmonella typhi and S. paratyphi A, but not by
Shigella dysenteriae.

In a culture of Salmonella gallinarum growing in cysteine-gelatin
medium, H,S can be demonstrated readily by its faint odor and by the
use of strips of lead acetate paper hung in the tube or flask during incu-
bation. No mercaptan odor has been detected. The turbidity, however,
cannot be accounted for by the H,S, since it remains after growth has
ceased and after H,S can no longer be detected with lead acetate paper.
Only a faint browning of such paper has been noted in 8. pullorum cul-
tures grown in cysteine-gelatin medium.

The H-ion concentration of the cysteine-gelatin medium is lowered as
much as 0.6 pH during the growth of Salmonella gallinarum, but is not
changed during growth of 8. pullorum. This observation suggests a pos-
sible colloidal precipitate with gelatin; but if such a precipitate were
formed, one would expect the optimum reaction to occur at a pH near
the isoelectric point of gelatin. In favor of actual dissimilation of the
chemieal is the fact that both 8. pullorum and 8. gallinarum, as well as
other Salmonella species, produced an initial clearing of a eystine gela-
tin suspension, as indicated by the disappearance of the cystine erystals.
This clearing in 8. gallinarum cultures is followed by the production of
the characteristic cysteine reaction.

Another possibility, which can be solved only by a thorough chemical
study, is that Salmonella pullorum and other organisms which produce
no visible change in cysteine gelatin may actually dissimilate the eys-
teine into some other soluble compound or compounds. No supporting
evidence has been found. Scott’s (1930) synthetic medium, in which
gelatin was substituted for agar and to which 0.15 per cent cysteine
hydrochloride was added, was blackened by 8. bareilly and by most
strains of S. typhimurium, but was cleared by 8. pullorum. 8. gal-
lanarum, on the other hand, produced a black flocculent precipitate,
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which settled to the bottom of the tube after 48 hours. This medium,
containing ferric citrate, on sterilization becomes brownish black. S.
pullorum apparently utilizes the iron sulfide without evolution of any
H,S. This fact would suggest that the other species can dissimilate the
cysteine more completely than does S. pullorum.

SUMMARY

Salmonella gallinarum in 89 out of 91 strains produced a character-
istic yellowish-white or grayish turbidity when incubated at 37° C for 72
hours in a gelatin medium containing 0.15 per cent cysteine hydro-
chloride. After incubation at temperatures that do not liquefy the gela-
tin, a turbid halo appeared around the individual colonies in shake
cultures, and along the line of inoculation in stab cultures. None of 19
other species of Salmonella studied gave this typical reaction. S. para-
typht A (2 strains) most nearly approached the gallinarum reaction, but
it was not as clear-cut.

Species which consistently produced no visible change in the medium,
or at best a surface pellicle, were Salmonella pullorum (454 strains), S.
gallinarum variety duisburg (4 strains), S. california (7 strains), S.
cholerae suis variety kunzendorf (11 strains), 8. derby (38 strains),
S. dublin (8 strains), S. bredeney (2 strains), S. enteritidis (1 strain),
8. gwe (1strain), S. newington (2 strains), S. newbrunswick (2 strains),
and 8. paratyphi B (2 strains). Species which were irregular in their
reactions, but the majority of which gave negative results were S. typhi
(14 strains), 8. anatum (3 strains), S. bareilly (12 strains), S. oranien-
burg (2 strains), S. typhimurium (67 strains), and S. typhimurium
variety copenhagen (15 strains).

Of 12 species from other genera, only two, Pseudomonas aeroginosa
(4 strains) and Proteus from turkeys (5 strains), gave reactions re-
sembling that produced by Salmonella gallinarum.

The optimum range of concentration of cysteine hydrochloride in
gelatin for production of the gallinarum reaction is from 0.15 to 0.45
per cent. No advantage could, however, be seen in using concentrations
greater than 0.15 per cent.

The optimum range of concentration of gelatin as a vehicle for cys-
teine hydrochloride is from 10 to 15 per cent. Concentrations above 15
per cent inhibit the reaction slightly ; and concentrations below 10 per
cent, though not affecting the typical reaction in Salmonella gallinarum
cultures, produce false reactions with some organisms.

The optimum H-ion concentration for producing the gallinarum re-
action is in the pH range of 7.2 to 7.6, with a decreasing efficiency as the
pH islowered beyond this.
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The characteristic reaction was noted only when Salmonella gal-
linarum was grown in cysteine gelatin medium. Similar concentrations
of eysteine hydrochloride in nutrient agar of various concentrations of
agar, or in nutrient broth, were not characteristic enough to warrant
their use.

The gallinarum reaction as shown by Salmonella gallinarum was
produced when cystine was added to nutrient gelatin in quantities con-
taining amounts of sulfur equivalent to that found in cysteine. Methio-
nine and glutathione, however, were useless as supplementary com-
pounds.

The Jordan-Harmon (1928) sodium potassium tartrate agar was a
valuable supplementary medium to be used with cysteine gelatin for
differentiating Salmonella gallinarum from S. pullorum. 8. gallinarum
(91 strains) consistently fermented this medium, with acid production,
whereas S. pullorum (454 strains) produced no change in it.

Several maltose-fermenting variants of Salmonella pullorum have
been observed in these studies. None of these has given a positive reaction
either in the cysteine gelatin medium or in tartrate agar.

Two strains, diagnosed as Salmonella gallinarum by the donors be-
cause they are dulecitol- and tartrate-agar-positive, were studied. Both
of these (G87 and G89) failed to produce a positive reaction in cysteine
gelatin medium.

Pacheco and Rodrigues’ (1935a) Salmonella intermedius B (4 strains)
and Miiller’s 8. gallinarum variety duisburg (4 strains), resemble S.
pullorum in that they produce no change in cysteine gelatin, nor in tar-
trate-agar medium.

These studies furnish additional evidence that Salmonella pullorum
(Rettger) and 8. gallinarum (Klein) are separate and distinet species.
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