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The Bacterioph=ge.

In the last few years sttention has been
focusad on the works of d4'Heralle, Twort, Bordet, Gratia
and others on the so-called "Bacteriophsage,”™ a nhenom-
enon which consists of the bro-king down and solution of
bacteria by a filtrable azent which may be as=ociated
with pure cultures,

This bacte iolytic action was =2arly spoken
of by Hanken (1) while working with the waters of
India. However, the first real investigstion of it
was made in 1915 by Twort at the Brown Institute,

Twort, (2} after experimenting with varied materials
obtained resulis with vsccinia, He innoculated agar
slants with the vaccinia before tne glvcerine had
completely sterilized it and found that the micrococei
showed at times a translucent or transparent change which
started as clear spots at the marzins, He found that
some of these colonies ecould not be sub-cultured, also
that if s colony of the white micrococcus that haid
started to become trsnsparent was pl=ted out, then the
micrococcus grew and = pur2 streasik culture from certain
of these coloniss could be obtained, But if plate
cultires, (made by inno-~ulating thae watar of condenssation
of a series of tubes asnd floating this over thas surface
of the medium) were left, the colonies turned transpar=nt,

thie action starting from the edge. Other experimants
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showed thaet if & nornal eslony 2f the misarsgoscus ware

touched with same »f thisa glassy 22lsny, the norms] colony
would become "wmtery,” It was found that this trans -
parent material was 8tild) setive ia 4wign dilutione «nd

%11 attempts to subeculturs tas {iltrate proved negsutive
for it would not 3row by itsa2lf on say ntitum, 2y

further experimant, Twort found that this fllter psseing

materixl
1. Resisted heat to 60 for one hour.

2., It could be sep-.rated from tne organiem from which
it was derived by filtration., (Berkfeld).

3. it nad no action 9a dead orisnisms aal was most
setive agsinst youanzx antivaely grosiag organisms,

4, 1t iaarasse? in juantity when allowed to snct on =
culture,

5 It acted to s lozs degras on clo=ely rolsted or-
gunieze and 4id not act upon uarslated forms sush as

the calon ~-tygheid group.

6, It could be Lranemittad iad2finitely from one culturn

ts another,
Twort also obtainad similur results with «

miorogcoccue, and a membar of the 22lon-typnoid group of
bscilll obtgined from th: +i.gous 2mbrane of = 423
suffaring from disteaper; also with & bacillus from tas
intestin«l trzet,

He c¢l.ime in the case uf vaccinia, the

trunspurz2nt met2:icl coataines sn enzyme, I€ 1t is part
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of the micrococcus it may be either a2 staze in ite 1ife
history which will not grow on artificisl media bdut
stimulstes fresh cultures of the micrococcus to pass into
the same stage, or an enzyme 8aecreted by the micrococcus
which leads to its own destruction and the production

of more enzyme, He does not however, insist th«t his
experiments have definitely disproved tne possibility

of its beinz an ultrs microscopic virus,

Bordat and Ciuca (3), who have s5lag 4one a
considersble amount of work on the bacteriophsage,
entir=ly disagr22 with d'.arelle in thinkinz that lysis
is due to a living filterable virus, They beliesve that
the microbes, when exposed to externsl influencas, such
as a leucocytic exudste, underzo a modification by which
they are then capable of producing an sutolvtie principle,
Thie property is transmitted to the following generations
by the germs which ware sufficiently resistant and thus
could multiply.

Bordet was the first to declape tnat a lytic
principle could be obtzined without starting from a
stool filtrate but could e isolated by filtering an
exudate, This method however is not conside ed satis-

4

faciory by the msjority of those who have tried its
duplication, He and his co-workers ware alsg tha first

to produce an antilvtic sarum by innoculatinz: rabbits with
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increasing amounts of diesolved culture filtrate, This
s~rum w=as able to n2utrslize completely tne action of
their bact=i,iophaze.

Since then Kuttner (4) has obtained thie lytie
principle from normal tissue axtracts of guinea pigs and
from normal rabbit sera, She does not agree vith
d'Herelle but favors the idea that the bacteriophage
is @ secretion of the bacteria of the natur2 of an
sutolyein, This autolyein u3sually libarated in old
bacterial cultures, =8 a result of coll disintegration
acts as a catalyst which destroys the enuiliorium
eccurring in actively j.owing e¢a2lles between the cone
structive and destructive forces in favor of tne latter,
Solution of the bacteri.l c2ll consequently results and
thus more of the autoly2in is liberated,

D'Herella's work h=s undoubtedly aroused the
greateat intereet in the Bacteriopnage, He has recantly
published a book on this subject, the result of four
vears of caraful study., He maie Aaily axaminations of
the stools of a patient suffaring from a severe dysentery
(Shiga). He innoculatad broth with feces, incub.ted
it overnight, filtered throuzh a Berkfeld filter and
u’ded about twelve drops of Le fitrste ‘o young active
broth cultures of 3niga b-cillus, usinz one tube
inno~ulated with 3higa only as a control., Duriang the

heighth of the disease such cultures yielded nommal
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growths, However, when the patient presented sy~ptoms

of improvement, the bouillon innoculuated with culture and
filtrate appeared sterile, When he added a drop of this
dissolved culture to snother young broth culture it slso
was dissolved, After repesating this process several times
it w.s fouad tnat the broth cultures were diesclved

even more gquickly than at first, From this he concluded
that the Bascteriophage was increasing in potency and

that it was capable of cultivation in series,

D'Herelle also examined the above cultures after
incubation periods of one, two =snd thrae ho.rs by |,
imoculating the materi-.i on to azar slants, If
examined immediately after planting on agar, ths agar
was covered by a normal film of 3higa Bacilli, dbut
with two areas about 2 mm, in Adiameter entirsly free
of growth, In the one hour tube six of these clear
areas were found, In the two hour tube there were about
one hundred and in four hours no growth of 3higa
bacillus could be seen.

After many experimeats of this type he cune
to the conclusion that this dissolving principle may be
present in the iatestinal contents of aull living beings.
£ is usually parasitic for Bact, coli but in the course
of intestinal dieesse it becomes a parasite on the

invading organism by th2 process of sdaptation. D'Herelle
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holds steadfsstly to t e idea that he ie dealinz with =an
ultramicroscopic filtrable virus which ie para=itic on
bacteria snd aa proof he states tha following facts:

I. "The dissolution of bretaria by the Basteriorh.gic
principle takes plascae in asrisa,* Ha found thie to be
true after mors than 1000 rasasges, If it w~are «n
enzyme action it would soon cease to show bacausa of the
greater and greatsr 4iluti.n of the enzyme solution in
the ccurse of the successive paassages,

II. "The lytic enzymes come from matarial corpuscles
which will pase throuzh filters; these corpuscles
multiply in the course of the bacteriolysis,®

III. ™All bacteriophs iic ultramicroscopic corpuscles
grown at the expense of any bacterizl sprcies consitute
one and the same antizen.,” By experiment he foua? that
the serum of an animal prepared by 2 culture of =nv
bactarisl spacice dissolved by bacterioph=ge aontrina an
amboceptor which fixes its2)f on any other bacterioe
phaged culture, MNence the smboceptor is spasislly
snti-bacteriophaziec and not anti-nasts iglr

- IV. "The lytic activity of the corpuscles varies,®

fhie variation in activity ie dus to a diffarence in the
multiglication of ths corpuscles innoculated, To explain
thie, the sctive particle must be a microbe, as a microbe
acte by ite virulence and toxicity while an enzyme scte

only by its guantity.,
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\ V. "The virulence of,a lytic agaent msy be increassd

by successive pnssages.”

Vi. *"Bacteria when attacked by bactariophage defend
themselves and are capablae under eertain condition of
acjyuiring an immunity against the varasite., This could
happen only if the g{setercionh . ze ware parasites of 3
living orzsniam.”

VII, "Tae resistance of bactoriophage to the action of
thyeical and cn-mical reagents is that of a living being
and not that of an =nzymes., Bacteriopn geo iz Xilled

by eight days contact with 3slycerin, thie being the
liguid used to preserve indefinitely an enzyme in soluble
form. *

VIII."It is possible to extract the lytic enzymes

free from the living bacteriophaze micro-orzanisms.”

IX. "Bacteriophage is capablas of adaptation.”

3. "The proparties of bacteriophage are varisbla, this
b=zing 21s0 a chsracteristic of livinz beingzgs.

Altnouzh A'Herelle dges not baliava that the
lytie material ia0lated by him:21f and the tranararant
material of Twort to bs the =3ma, most of the workers
now con=ider thst the swme phenom~ona are involved in
toth cases,

Up to thia time tnere has be2n comparatively
little wvork done on the stoola of typhoid carriers,

Therefore it was decided to study in what profoxtion
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of carrier cises a bacterievhage is found, It was
thought possible that the isclation of an anti-typhoid
bacteriophzge from a suspected carrisr might serve as
another mesns for their positive identifieation.

A 8tool was obtained from an individual sus-
pected of being a typnoid-carrier on account of the
pr:sence of a positive #idal test. Tnis man had
typhoid fever four or five years mreviously and two
yozars aso had given a nezative 7Jid=l, Tae present
positive result was (Fonfirmed on three examinations
at weekly interv:=le,

B. coli but no B, typho-us was isolated from the stool,
About 5 zme, of the fecss wsa carefully suspended in

50 ¢, of bouillon and incubated at 37 for fourteen
hours, It was then filtered throuzh an ordinary filter
and parer mash and finally through a Kandler filter
previously sterilized, The day before the test was
made agsar slants were innoculated with B, dysentenae
Shiga, B, dip. Fleéexner, B. typhosus, B, Para typhosus a
13 para typhosus B. and the anomolozous strain of B. coli,
From all of these young cultures seven groups of four
tubes of peptune broth esch were innoculated, To the
first tube was added one drop of the filtrate, to the
second ten drops and to the third two cubic centimeters,
One tube was innoculsted with the orzanism to serve as

a control. All ware incubsted at 37 O, After twalve,
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eighteen and twenty-four hours they were examined.

All tubes showed a normal growth, 1In order to be sure
that there was no bacterioph=ge present, active against
these organisms, a platinum loop full of each tube wus
spread over the surface of slanted agar, After incubse
tion these tubes praesented = normal growth and no lytie
colonies occurred, It would spgpear from this isolated
trial that in this "ecarrisr's® stool at the time of
exsmination, there was no bacteriepaage active fur tne
stock straine of B. Sniga, E. Flexner, B. typhosus, E,

Paras typhosus A., B. Para tgphosus B, or B, Coli.

Other experiments with a normal stool ware
c¢arried out in the same munner ss the previo.s attempt.
The results however, were in thie ca<e alap nezative,
The number of typhoid carrier cases in routine exam-
inatione nae been dissppoi tingly limited to the ginsle
case quoted above. This work is to be continuned on

future cases ae they appesr, and results appandad lwter,
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