A BACTERIOLOGICAL STUDY OF THE
PITCHER LIQUOR OF THE SARRACENIACEAE

By JOSEPH SAMUEL HEPBURN, A.M,, B.S. in Chem., M.5.; I'h.D. and
ELISADETII QUINTARD ST, JOHN, M.D.

Bacteriological studies have heen made of the liquor from both closed
pitchers and open pitchers of plants growing in their native habitat. Up to
date, all the North American Sarraceniaceae cxcept Sarracenia psillacina
have been drawn into the scope of these studies. The liquor from each pitcher
was studied separately. The procedure for the collection and laboratory
examination of the pitcher liguor was an amplification of that in our study

of Nepenthes.®
CLosED PITCHERS

Technic. The external surface of the pitcher, near the base of the cavity
and slightly above the level of the pitcher liquor, was sterilized by passage
through the flame of an alcohol lamp. The pitcher was then cut obliquely
through the sterilized region by means of sterile scissors. The upper portion
of the pitcher was discarded. The lower portion contained the pitcher liquor,
which was immediately poured into a tube containing a “slant™ of sterile
plain nutrient agar. The usual precautions were observed in making this
transfer, #. £., to sterilize the scissors in the flame just before use, to flame the
top of the tube and its cotton plug just before removal of the plug to make the
transfer, and again before insertion of the plug after making the transfer. In
making the transfer by pouring, the pitcher liquor came into contact only
with a small area of the inner wall of the pitcher. The tubes were immediately
sent to Philadelphia by express.

In a few instances, a sterile platinum loop was used to transfer the pitcher
liquor to a tube of sterile gelatin. These tubes were brought to Philadelphia
by one of us.

Since closed pitchers of Sarracenia purpurea contain so very little liquor,
the technic was modified somewhat for this species.

The top of the closed pitcher was passed through the flame of an alcohol
lamp. The top was then removed by means of sterile scissors. One cc. of
sterile water was immediately introduced into the pitcher cavity by means
of a sterile pipette. By imparting a gentle motion to the pitcher, this water
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was made to wash the inner wall of the cavity. The water was then trans-
ferred, by use of another sterile pipette, to the agar slant.

Upon arrival at Philadelphia, the tubes were incubated for four days at
a temperature of 37° C.

A total of 50 experiments were made, cach on liquor from a single closed
pitcher. These experiments were distributed as follows: Darlinglonia cali-
fornica 3, Sarracenia minor 3, S. Sledgei 3, S. flave 15, S. Drummondii 3, S.
rubra 3, 5. purpurea 20.

Results. Neither colonies nor other evidence of proliferation of bacteria
developed in any of the 5o experiments. Therefore, the pitcher cavity and
liquor of closed pitchers is bacteriologically sterile.

OreEN PITCHERS

Technic. The procedure for the transfer of liquor from an open pitcher
to a slant of sterile agar was exactly the same as was followed in the case of
closed pitchers. However, in the case of open pitchers of Serracenia purpurea,
1 cc. of the liquor was transferred from the pitcher cavity to the agar slant by
means of a sterile pipette. A separate pitcher containing prey was used for
cach experiment.

A total of 39 experiments were made, distributed as follows: Darling-
tonia californica 3, Sarracenia minor 5, S. Sledgei 4, S. flava 8, S. Drummondii
3, S. rubra 4, 5. purpurea 12.

In all 39 experiments, colonies developed upon the agar slants. Therefore,
bacteria were always present in the liquor of open pitchers. Sterile physiologi-
cal (0.85 percent) sodium chloride solution was added to each agar culture,
and an emulsion of the bacteria was prepared. This emulsion was then used
for the inoculation of the sterile media enumerated below. No effort was
made to isolate bacterial species and to test their action in pure culture upon
the various media, for the sole purpose of the bacteriological experiments was
to permit the bacteria to act on the media in as nearly as possible the same
manner as they act on the prey in the pitcher cavity.

The following media were used. The figure in parentheses after each
medium shows the number of separate experiments in which it was employed.

1. Substrates for proteolytic bacteria.
A. Gelatin (38).
B. Nihrstoff-Heyden agar (28).
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Loeffler blood serum (35).

. Dorset cgg medium (32).
Aleuronat-protein agar (6).
Casein agar (6).

Fibrin agar (3).

. Ovalbumin agar (3).

Litmus milk (28).

I1. Substrates for alkali-forming bacteria.

HEmeEEYO

A. Ammonium lactate rosolic acid agar (34).
B. Ammonium tartrate rosolic acid agar (371).
C. Acectamide rosolic acid agar (34).
D. Urea rosolic acid agar (31).
E. Asparagin rosolic acid agar (34).
F. Glycocoll rosolic acid agar (34).
TT1. Substrates for acid-forming bacteria.
A. Litmus lactose agar (19).
B. Litmus glucose agar (19).
IV. Substrates for the colon-aerogenes group.
A. Lactose bile salt bouillon (49).
B. Trypsinized peptone (28).

The following media are frequently used in routine bacteriological work,
and were made in the usual manner: Litmus milk, litmus lactose agar, litmus
glucose agar, lactose bile salt bouillon, Dorset egg medium, and Loeffler blood
serum. The gelatin® and the trypsinized peptone® were prepared and
used according to the directions of Rivas. The various protein agars and
rosolic acid agars were made as suggesied by Crabill and Reed® They
had as their base a medium containing magnesium and ferrous sulphates,
dipotassium phosphate, potassium chloride, and agar. To this base was added
cither a protein or a simple nitrogenous organic compound, to serve as the sole
source of nitrogen and carbon for the bacteria. The various protein agars
were made by addition of 1 percent of a protein (Nihrstoff-Ileyden, aleuronat-
protein, casein, fibrin, ovalbumin) to this plain agar prior to sterilization, and
thorough suspension of the protein in the sterile mass prior to use. The
various rosolic acid agars were made by additions of () onc-half percent by
volume of a 2 percent solution of rosolic acid in 60 percent alcohol and () a
simple nitrogenous compound (ammonium lactate or tartrate, acetamide,
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urea, asparagin, glycocoll) to the plain agar. One percent of asparagin was
used, the other compounds in molecular concentration equal to that of the
asparagin. The rosolic acid agars were always sterilized by the discontinuous
method. The production of basic compounds (amines or ammonia) by bacteria
growing on these media was shown by the red color imparted to the medium
beneath and around the colony. Sterile plates of rosolic acid media were
always poured, to serve as controls for the determination of the change in color
in the experiment proper.

The media, after inoculation with the suspension of the bacteria, were
incubated at a temperature of 37° C., and examined at intervals for evidences
of bacterial action. Unless otherwise stated, observations were made during
a period of 3o days.

Results. The results obtained with each medium may be summarized
briefly.

Gelatin. The gelatin was completely liquefied in all 38 experiments. In
approximately three-fourths of the experiments, liquefaction was complete by
the end of the first week of incubation.

Néhrstoff-Ieyden agar. Colonies developed in 26 of the 28 experiments.
Clearing of the cloudy medium about the colonies occurred in 7 of these experi-
ments, and was apparent on some plates as early as Lthe fifth day of incubalion.
This clearing of the medium was due to the action of proteolytic bacteria on
the Nihrstoff-Heyden, which, according to Gotschlich,® is a mixture of
albumoses (proteoses).

Loeffler blood serum. Digestion of this medium occurred in four-fifths of
the 35 experiments. The digestion was slight in 2 experiments and marked in
26y experiments; it became apparent as early as the fifth day of incubation,
and tended to become more pronounced as the period of observation length-
ened. A putrid odor was evolved in many of the experiments; it became
apparent as early as the tenth day of incubation.

Dorsel ege medinm. Distinct digestion of the medium occurred in 15
experiments. It was noted as early as the fifth day of incubation, and
tended to become more marked as the period of incubation increased. Incipient
digestion of the medium was observed in 4 additional experiments. Therefore
evidence of digestion was present in 59.4 percent of the 32 experiments. A
putrid odor developed in many of the experiments, and became apparent as
early as the tenth day of incubation.
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Alewronat-protein agar. While colonies developed in all 6 experiments,
digestion of the protein with clearing of the medium about the colonies oc-
curred in but 2 experiments.

Casein agar. The bacteria proliferated in all 6 experiments. Digestion
of the casein with clearing of the medium about the colonies took place in 3
experiments.

Fibrin agar. Colonies developed in all 3 experiments, but the fibrin was
not digested to any appreciable extent.

Cuvalbumin agar. Growth of the bacteria occurred in all 3 experiments.
However, digestion of the coagulated albumin did not occur to an appreciable
extent.

Litmus milk. Coagulation of the milk, 4. ¢., the casein, occurred in all 28
experiments.  The coagulum was then digested in 22 experiments; evidence
of digestion became apparent as early as the fifth day of incubation; usually
from fifty to eighty percent of the coagulum had been dissolved by the end of
the period of observation. The litmus was bleached in three-fourths of the
experiments,

Rosalic acid agars. The number of experiments in which each of these
media was used has been recorded above (see page 77). The entire group of
experiments may be summarized in tabular form, reporting for each sub-
strate: (a), the percent of experiments in which colonies developed, and (b)
the percent of experiments in which alkalinity was produced.

Percent of experintents

showing
Subslirace Crowife Alkalinity
F T T e P e e e P 38.3
AT T T e e, e e e ob.B B30
Acetamide. .. et S e T g1.2
Urca. . L 274 52.3
B B T el s ol gu e e ol 8 Ty e e 07.I 97.1
o R e e e e L ot 04T Q1.2

This alkalinity characterized the colonies and the medium about them,
and frequently extended over the entire plate. It could be produced in any
one of four ways:—

1. By oxidation of the organic nitrogenous compounds, including the
ammoninm salts, to ammonium carbonate.

2. By hydrolysis of an amide, e. g., acetamide, and oxidation of the result-
ing ammonium salt to ammonium carbonate.
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3. By desaminization of an amino acid with liberation of ammonia.

4. By decarboxylization of an amino acid with the formation of an amine.

Of the substrates used, acetamide and urea are amides, glycocoll is an
amino acid, asparagin is both an amino acid and an amide, and ammonium
lactate and tartrate are ammonium salts of organic acids.

A grand total of 198 plates of these rosolic acid agars were inoculated.
In 22 percent of them an odor of ammonia or amines developed during the
carlier portion of the period of incubation.

Toward the end of this period, a fading or bleaching of the rosalic acid
occurred in approximately 4o percent of all the plates inoculated.

Litmus agars. The litmus lactose agar and the litmus glucose agar were
used in the same 19 experiments. With the lactose medium, a permanent
acidity developed in 2 experiments, a primary acidity followed by a secondary
alkalinity in 1 experiment, and a permanent alkalinity in 16 experiments.
With the glucose medium, a permanent acidity developed in 4 experiments, a
primary acidity followed by a secondary alkalinity in 5 experiments, and a
permanent alkalinity in 10 experiments.

These results indicate that the bacterial flora of the liquor in open pitchers
attacked the peptone of the medium in preference to its carbohydrate. This
was especially true of the lactose medium.

Laclose bile salf bowillon. In 38 experiments, the emulsion of bacteria was
sown into lactose bile salt bouillon contained in Dunham fermentation tubes.
In each of 11 additional experiments, a 2 cc. sample of liquor from an open
pitcher was sown into a sterile tube of this medium in the field, using a sterile
pipette to collect the liquor from the pitcher and transfer it to the tube. The
inoculated tubes were carried to Philadelphia.

The period of incubation with this medium was 5 days at a temperature
of 37° C. The production of gas and its collection in the inner inverted tube
(positive reaction) was presumptive evidence of the presence of the colon-
aerogenes group of bacteria, commonly called the Bacillus coli group.

Of the 49 experiments in which this medium was used, gas was produced
in 26 experiments, or 53 percent of the total. The test was always negative
(no gas-formation) with liquor from open pitchers of Darlinglonia californica.
The test was also applied to liquor from open pitchers of each species of Sar-
racenia except S. psitlacina; with each species, some pitchers yielded positive,
some negative results, although they were growing near each other. These
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results indicate that the Bacillus coli group, if present, is introduced by the
captured insects and not from the bog water of the habitat. This conclusion
is further supported by the experiments on Sarracenia purpurea. The 11 field
experiments, mentioned above were made with this species. Two bogs lay
on opposite sides of a railroad, and a stream of water flowed through both
bogs. Of 7 samples of pitcher liquor, taken in one bog, 5 gave positive and
2 negative results. Of 4 samples, taken in the other bog, all yielded negative
results. The liquor from 12 open pitchers growing in these bogs was also
studied, using the agar slant technic. The bacterial emulsions thus obtained
gave g positive and 3 negative tests for the presence of the B. coli group.
Therefore, of 23 open pitchers in these bogs, 14 (61 percent) presumptively
contained members of the colon-acrogenes group while g did not. Duplicate
samples of water, each containing 2 cc., were taken from the stream, and from
each bog in the immediate vicinity of the pitchers whose liquor was used in
the ficld tests. Sterile pipettes were used to collect the water and transfer it
to the sterile tubes of the medium. The samples of water and of pitcher liquor
were taken at the same time. The stream water and the water of both bogs
did not produce gas in the medium. Therefore the organisms of the B. coli
group, which were present in 61 percent of the Sarracenia purpurea pitchers
examined, did not come from the surrounding water, and must have been
carried into the pitchers by the prey. The absence of this group of micro-
organisms from the open pitchers of Darlinglonia californica was doubtless due
to the very sparsely settled region in which that species grows, and the conse-
quent failure of its prey to become infected by members of the group.

Trypsinized peptone. With this medium, the period of incubation was
5 days at a temperature of 37° C. The test for the presence of indol was then
made by means of para-dimethylaminobenzaldehyde and hydrochloric acid.
A purplish red color developed if indol had been produced in the medium by
the bacteria. A positive reaction for indol was obtained in 21 experiments,
i. €., in 75 percent of the 28 experiments in which this medium was used.

Now in these 28 cxperiments, the lactose bile salt bouillon had also been
employed, and gas had been produced in 15 experiments, i. e. in 53.6 percent.

Since indol formation occurred in a higher percent of these experiments
than did gas formation, the conclusion may be drawn that indol-forming
bacteria, other than members of the B. coli group, may be present in the liquor
of open pitchers.
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GENERAL SUMMARY

Closed pilchers. The pitcher cavity and liquor of closed pitchers invariably
was bacteriologically sterile.

Open pilchers. The liquor from open pitchers, which had captured prey,
invariably contained bacteria. The bacterial flora of this liquor always in-
cluded species which digest proteins. Gelatin was always liquefied. Toefiler
blood serum and the casein of litmus milk were digested in approximately 8o
percent of the experiments in which these respective media were used. The
proteins of Dorset egg medium were attacked in about 60 percent of the experi-
ments in which it was employed. The proteins in the various protein-agars
were not markedly attacked, but supported growth of the bacteria. As a rule,
the bacteria from a given open pitcher produced proteolysis of at least 2 or 3
substrates and frequently of 4 or 5 substrates.

However, the bacteria digested the proteins so slowly that their part in
the digestion of the prey must be a minor one on the genus Sarracenia, the
protease of the pitcher liquor playing the leading role. The bacteria apparently
live in symbiosis with the Sarracenias, drawing their nutriment from the
digested insects, and aiding, to a certain extent, in the digestion of the prey.
Since the pitcher liquor of Darlinglonia californica does not contain a protease,
the proteolytic bacteria, present in the open pitchers of this species, must be
the chief factor in the digestion of the prey. Doubtless, in the pitchers of both
genera (Sarracenia and Darlingtonia), tissue enzymes of the captured insects
participate in the digestion by virtue of their autolytic action.

A putrid odor was frequently produced by the action of the bacteria on the
Loefiler blood serum and the Dorset egg medium. This phenomenon recalls
the observations concerning the presence of hydrogen sulphide in the pitcher
contents of Darlinglonia californica several days after egg white had been
introduced, see page 73.

The bacteria exhibited a marked tendency to attack protein (peptone)
in preference to carbohydrate. This was shown by the production of an
alkaline reaction in the litmus agars, especially litmus lactose agar. When the
bacteria from a given pitcher produced an alkaline reaction in the litmus agars,
they also produced an alkaline reaction in the rosalic acid agars.

The bacteria were able to use amino acids, amides, and the ammonium
salts of organic acids as their sole source of nitrogen and carbon, and, as a
result, render the reaction alkaline to rosolic acid; and, at Limes, they produced
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an odor of ammonia and amines. As a rule, the bacteria from a given pitcher
grew and produced an alkaline reaction in 5 or 6 of the rosolic acid media.
An alkaline reaction to rosolic acid means a hydrogen-ion concentration, pH,
numerically equal to or greater than 8.0, or a specific alkalinity numeri-
cally equal to or greater than 1o. However, the pitcher should be able to
maintain the normal reaction of its liquor even if basic compounds be produced
in its cavity, just as it maintains the normal reaction when dilute acid or dilute
alkali is introduced into the cavity (sce page 44).

Members of the colon-agrogenes group of bacteria were present in the
liquor of over half of the open pitchers. They apparently were introduced
into the pitcher cavity by the prey.

Indol-producing bacteria, not members of the colon-aérogenes group,
also were frequently present in the liquor of open pitchers.
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