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102 ATLAS OF BACTERIOLOGY.

are less pathogenic, ete. It is only after repeated
transference to fresh nutrient media in the dark that
they regain their old power. When the action of
light is still more prolonged the micro-organisms die.
In order to test the sensitiveness to light it is best,
according to H. Buchner, to expose to diffuse light
or to sunlight densely crowded plates of gelatin or
agar, a black paper cross being pasted on the light
side. In order to exclude the action of heat the light
may first be passed through a layer of water or
alum a few centimeters in thickness. After exposure
to the light for ome-half, one, one and a half, two
hours, ete., the plates are placed in the dark and it is
noted whether the bacteria develop only at the loca-
tion of the cross. When all the colonies which were
illuminated have perished, we find a sharply defined
cross, formed of cultures in a light field.

During March, July, and August bacteria putidum
and prodigiosum are killed in one-half hour by direct
sunlight. In November, at the end of one and a half
hours, their power of producing pigment and tri-
methylamin is interfered with materially, they grow
slowly, and bacterium prodigiosum liquefies poorly.
The organisms died in one and a half and two and a
half hours.

In diffuse daylight, inhibition of development oc-
curs in the spring and summer in three and a half
hours, in winter in four and a half hours; death
occurs in from five to six hours. The electric are
light, of 900 candle power, inhibited development in
five hours, and killed the germs in eight hours.
Bacterium coli, bacterium typhi, and bacillus anthra-

cis reacted in a similar manner.






























112 ATLAS OF BACTERIOLOGY.

ones). It is sometimes very slow, sometimes so
rapid that observations in detail are hardly possible
(bacterium typhi).

In some cases it is difficult to decide whether there
18 a real active movement or whether the micro-organ-
isms do not exhibit an unusual degree of the so-
called Brownian molecular movement—i.e., the danc-
ing and trembling which are also found in finely
divided, mon-organized particles. In such cases,
apart from the attempt to render the flagella visible,
1t 18 well to examine the organism in a drop of five-
per-cent carbolic acid or one-per-cent corrosive subli-
mate. If the movements then continue, we have had
to deal only with molecular movements. Some
varieties do not always exhibit movements of their
own, but they may be absent in certain nutrient
media. According to A. Fischer the vital movements
may be lacking, although the flagella are perfectly
developed—for example, in bacillus subtilis upon a
nutrient medium containing two to four per cent
ammonium chloride. In two different cultures of
micrococeus agilis Ali-Cohen, drawn from a good
source, we saw neither vital movements nor flagella,
and reached the conelusion that the same variety
may oceur with or without flagella. ‘

Certain chemical substances attract bacteria (posi-
tive chemotaxis), others repel them (negative chemo-
taxis). Oxygen in particular attracts aérobic, and
repels anaérobic bacteria. As Beyerinck showed,
very beautiful chemotaxic or aérotaxic figures can be
obtained in the following way: In a test tube filled
three-quarters full with sterilized water is placed an
unsterilized bean, pea, or the like. By diffusion the



























THE EFFECTS OF BACTERIA, 121

subtilis 1.7 e.c., bacillus anthracis 0.9 c.c.; bacte-
rium vulgare was the only one which did not produce
liquefaction.

4. In fluid, non-albuminous, glycerin-containing
(free from sugar) nutrient media, very few bacteria
produce proteolytic ferments—for example, bacterinm
prodigiosum and bacterium pyoeyaneum. The pro-
duction of ferment also appears to be less on pep-
tone bouillon than on peptone - bouillon gelatin
(Fermi).

Upon albuminous nutrient media the liquefying
bacteria produce bitter produets of disassimilation
—for example, this is done in milk by very many
varieties (Huppe). An enumeration of the trypsin-
forming varieties is unnecessary because they are
characterized as trypsin-producers by their liquefac-
tion of gelatin.

The other ferments have been studied less care-
fully.

Diastatic ferments convert starch into sugar. They
are demonstrated in the following manner: A thin
starch paste containing one per cent thymol is eom-
bined with a culture to which one to two per cent thy-
mol has been added, and is kept six to eight hours in
the incubating chamber. A little Fehling’s solution is
then added and sugar is recognized by the reduction
of copper (reddish-yellow precipitate) on boiling.
We can also make a direct examination of mashed
potato cultures of the bacteria by boiling the cultures
and testing the extract.

According to Fermi about one-third of the varie-
ties examined—only upon albuminous nutrient media
—possess the power of forming such a ferment (A. H.,





















128 ATLAS OF BACTERIOLOGY,

terium janthinum were found to contain a violet
coloring matter, which was insoluble in water, readily
soluble in alecohol, but insoluble in ether, benzol, and
chloroform. In the dry state it is turned yellow by
concentrated sulphuric acid and emerald green by
caustic potash. In alcoholiec solution it assumes a
greenish to bluish-green color on the addition of
strong acids and ammonia. The pigment loses its
color on the addition of zine and sulphurie acid.

Claessen and Schneider examined, in a very imper-
fect manner, the beautiful blue coloring matter of
bacterium indigonaceum Claessen. This pigment is
insoluble in the ordinary solvents; in hydrochlorie
acid it gives at first a blue, then a yellowish-brown
solution. Other acids dissolve it but cause decom-
position. Caustic potash gives a bluish-green color.

Distinet from these blue coloring matters is the
blue pigment formed by bacterinum syncyaneum (blue
milk) in addition to bacterio-fluorescein (vide below)
and for which I propose the term syncyanin. Thumm
describes the pigment as very unstable. Acids color
it steel blue; in slight acidity it is bluish-black, neu-
tral black, and alkaline brownish-black.

According to the recent investigations of Thumm
the fluorescent pigments, which are found in numer-
ous cultures, are all identical. The coloring matter,
for which I propose the term bacterio-fluorescein, is
lemon yellow and amorphous in the dry state, soluble
in water and dilute alcohol, and insoluble in strong
alcohol, ether, and carbon bisulphide. The watery
solution, when concentrated, has an orange color,
when diluted, a pale yellow color; with acid reaction
it shows no fluorescence, with neutral reaction a



































































150 ATLAS OF BACTERIOLOGY.

always find, at least in traces, formic acid, acetie
acid, proprionic acid, butyric acid, and not infre-
quently some ethyl alecohol, aldehyde, or acetone. In
rarer cases the lactic acid is wanting and only the
other acids are formed.

In order to obtain and separate the acids we
employ the following method: In 1 litre flasks are
placed 4 litre peptone bouillon with two to five per
cent grape sugar or- milk sugar and perhaps
10 gm. calcium carbonate. The acids formed com-
bine with the calcium carbonate into a soluble
lime salt and carbonic acid escapes; the reaction
of the fluid—and that is the main thing—remains
neutral. A strongly acid reaction would inter-
fere prematurely with the further growth of the
bacteria.

When the growth has ceased (in eight to fourteen
days) the undissolved carbonate is filtered off, and
the reaction being neutral, the alcohol, aldehyde,
acetone, ete., are distilled; the fluid is boiled down
considerably during this process. The three sub-
stances just mentioned are detected in common by
Lieben’s iodoform reaction. To the slightly warmed
fluid in a test tube are added five to six drops of
pure ten-per-cent potash lye, then a weak iodine-
potassium iodide solution is added drop by drop
until a brown color is produced, and the latter is
made to disappear by a drop of potash. The charac-
teristic iodoform odor and the precipitation of micro-
scopic small six-angled iodoform plates are convine-
ing evidence. For the differentiation of aleohol,
aldehyde, and acetone, vide Vortmann, “Analyse or-
gan. Stoffe,” 1891.

































































































182 ATLAS OF BACTERIOLOGY.

Both fluids are then mixed, filtered, and ten per cent
gelatin is added. Not to be neutralized.

(¢) Herring gelatin. Two salt herring, unwashed,
are boiled in 1,000 gm. water and ten per cent gelatin
i3 added to the filtrate; not to be neutralized.

(/) Potato-water gelatin, according to Holz, for
bacterium typhi: 500 gm. potatoes are thoroughly
washed, peeled, finely grated, and squeezed through
a linen cloth. The opaque juice may be allowed to
settle for twenty-four hcurs and then filtered, or, as
we always prefer, filtered at once through pure
animal charcoal. After heating one hour in the
steam chamber ten per cent gelatin is added to the
clear fluid, this is again heated in the steam chamber,
filtered, poured into test tubes and sterilized on three
successive days.

(9) Potassium iodide potato-water gelatin (Elsner):
One per cent iodide is added to the gelatin. The
best way is to add a well-sterilized solution in the
requisite amounts to gelatin which has just been
made ready for use.

9. Nutrient agar. To 1,000 gm. bounillon add
10 gm. very finely divided agar, boil for one hour
on the fire in a glass retort until completely dis-
solved; the water which has evaporated is replaced
and then 10 gm. peptone and 5 gm. sodium chloride
are added. After heating again in the steam cham-
ber the fluid is neutralized, filtered by means of the
Lhot-water funnel, placed in test tubes, and again
sterilized.

10. In order to make grape-sugar or milk-sugar
agar, two per cent of the corresponding substance is
added with the peptone and sodium chloride. As


















































































