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AUTHOR'S NOTE
The contentg of the book by‘Ie. M, Gubarev and N. N.

Ivenovakly, Biochamis of the Pl Bacillus, ranges far beyond
tho rams. At e Fion 5o sumasia
ing the literature material and the authorst oun investigations on
the chemical composition and the biochemicel activity of the plagme
and other similar bacilli, the book combains much general informes
tion on the bilology and evolution of the plague causative, its
pathogenesis, and the clinical aspect of plague infection. Although
this information is presented in genersl form, the book can serwve

as an introduction to & more detailed study of the problem in the
original sowrcess In this regard the extensive and carefully ccmpiled
literature list included in the book will be of great benefit.

These qualities make the book profiteble and interesting not

only for a narrowdrcle of speclalists, but also for many lovers

of natural sclence and medicine.
[ ]




INTRODUCTION
Pages 3-5

Plague has been & monstrous menece to mankind both in amti-
quity as well as not ‘very long ago.

The Asiatic-Eurcpean epidemic of the lith Century took more
~ than 65 million people, During the course of this epidexic sbout
one-fourth of the entire population of Eurcpe perished, It haas-
been only in the 20th Cenmtury through graduelly develcped antie-
epidendc measwres that 1t has been possible to sharply cut down
the muber of fatalities from the still numerous epidemic outbreaks
of _ghg‘ue infection. Mortality from the plague, amounting to

25-80% for the bubondic form and 100% for the pnewmonic form, hes
been greatly reduced only duwring the last 15 years, ‘

At present, beginming with the successes of chemotherapy,
and subsequently owing to the use of antibiotics mortality from
the plagm can be reduced to practically zexro when early and proe
per treatment is carried out, It is diffioult to poimt to any
other such exaxples of success in the struggle of man with the
hostils forces of natwre.

Beginning from 1938, when sulfard lamide preparations began
to be used in vhe treatment of the plague, an essential twrning
point in the treatment of this disease was recorded. Bub even
such powerful. agents, ss sulfathiszols, sulfadimezine, and sul-
famsrazine, have afforded favorable results only far the treatment
of the bubonic form of plagne. The introduction of antibiotics in
the postwar years into therapeutic practice hes made possible an
allevistion of the severity of prognosis in plagwe wvictims. At
the present the high effectiveness of streptomycine for primarily
preuronic plsgus and for septicsemic plague has been concluasively
egtablished,




Other antibiotics =~ chloramphenicol (chlorouweétin) and
terramycin (oxytetracycline) -- have shown approximately the sams
effectiveness, '

However, in spite of many reports of cwres of almost 2ll-
victime of any form of the plague in individusl epldemic outbreaks,
we must never wholly remain comtent with the successes achieved and
with the availability of antibictics. Various rdcroorganisms,
including also the plague bacillus, have the abiliity of forming.
varieties yhich are resistent to streptomycin and to other amti-
blotics. This does not exclude the possibility of forming, for
example, streptomycin<resistant plagus bacilli not only artificially,
but also under natwral conditions, the poszibility of infection
of man hy streptomycin-resistant strains of the plagne bacillus,
although the emergence of strains simltaneously resistant to msny
antibiotics appears improbable. Therefore, the most important
problems to be dealt with are as follows: dlscovery of the
mechanisnm of action of antdblotics on plague; ths mechenism of the
formation of drug-vesistant strains of the plagve bacillus; the
development of methods of suppressing or eliminating tbis resis-
tance; and ressarch into new chemotherapeutic agents, It is
unneccessary to state that the solution of such problems is
possible only on the basis of profound understanding of the
biochemistry of the plague bacillus.

There are also other not less important problems that

must e ficed in combatting plague infection, the solution of which
is also linconcejvable without careful research into the tdochemistry
of the plague bacillus. Thus, the experience of many specialists
armed with modern methods of treating plegwe includes csses of
paetient mortality even after the complete ammihilation of the
bacilli in the bnod and the tisswes of the affected organs. In
these instances, vsuwally ocewrring as a result of delayed indtial
treatrent, the patient dies from intoxication caused by the plague
Lagillus. This inboxication occurs in attacks by amy form of the
migue . Conwequently, controlling intcdcation in all, and not
only in the instances of the disease that are dangerous to ‘life

ooan wegente modern problem of plague treatment. Toxins of the
pirpue bacillug, both those exhibiting antigenic properties as
well & those which are nonspecific toxic substances, farmed by
thi, nicrobe, require specidlly careful biochemical resgearch;
glnce this problem has wp to now not been satisfactorily fllum -

] -~
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Baged on the sbove stated facts we have been convinced that
now more than ever it is necesssry to sum up the resuits of bio-
chemlcal knowladge of the plague bacillus in order to concentrate
efforts in solving the problems lying shead. Without fear of
overstatement, it can be said that tha complete soluticn of the .
main problems related to the modern successful treatment of the
plague lies along the approaches of the most extensive use of
methods of blochemical research which heve successfully been
mastered by microbioclogists.

Considering the speciel character of this study, we recommend
that the reader examine several monographs on the general bio-
chemistry of bacteria, published in recemt years in the Russian
msm%ex V. 8. Gostev, Bioohemical Poundationa of Medical Bac‘ber:l-

published by the Ac

e+ M. Qubarev, Bacberiochanﬂ.s_t_.? (Medgisz Ukr&inian S8R, 1952) ;
M. 8, Stefenson, olism acberj.a (Poreign literature Pub-
lishing House, Moscow, 19 of Bacteris (Foreign
Iditerature Publishing Houae ’ cov, redderts famili~
exrity with even tne of the suggested books will considerably
facilitate his wmderstanding of the presemt monograph.




CHARACTERISTIOS OF THE DEVELOPMENT OF
RESEARCH OF THE PLAGUE BACIILUS

Pages 69

From the moment that Yersin isolated the causative crgenism
of the plagne (189)) and during the course of the subsequent years
researchers, cultivating the plagos bicillus under various oondi-
tions and in variows artificial mtritive media, observed changes
in the forn both of individually isclated bacterial cells, as wll
a8 of their colordes. In this commection, simltaneously with
the morphologiokl changes several features characteristic of the
plagwe bacillus - its tinctorial properties, virulenoy, anti-~
genlelty, and maxy others ~- also changed to & greater or lesser
extent, FPart of these bacillus signs were lost, for exampls,
virulency, while part on the other hand were acquired, for example,
the ability to multiply from small culture batches, étc. All
these diverse appear for the plaguws bacillus dwring ite cultiva-
tion in artificial nutritive media, that is, in & medium hebitat
that i3 new for the microbe,

Much material of the nature indicated exists in studies
from the end of the 19th and the beginning of the 20th centuries,
dedicated Yo problems related to the study of plagus imfection.
Thus, for exarple, N. N. Vesternik (1), growing the plagwe becillus
under an anserobic snd asrobic conditions, described in deteil the
changes occwrring in the culture.

Meny awthors heve directed attention to the formation of
the adult forms of the plague bacillus when it is ocultivates in
& mutritive medium with high sodium chlaride content,

Investigations of this period are factorially descriptive
in character and are presented in a non-systematig arude form.

.-h-




The large amount of accammlated experimental material on the
mutability of the plague bacillus was verified and considersbly
enlarged upon by the later observations of M. P. Fokroveksys,

A. A, Bozsonovaya, Ye. I. Korobkovays, N. N. Zhukov = Verezhnikov,
G. N. lenskaya, V, M. Tumanskiy, and others, These authors described
the encrmous mumber of plague bacillus forms, which they were able
to obtain as a result of repeated suwbcultwring in artificial
nutritive media, and also through the action of bacteriophage.

A swrvey of the factusl data on this problem is available in &
monograph by V. M. Tumenskiy, (2).

These studies served to establish the so~called process of
dissociation of the plague bacillus culture into coarse and smooth
varieties. From these the authors isolated many transitional
forms, and countered on the traxsformation route of the typical
natural virulent course form inmbto the atypical, avirulent smooth
forms The same process of formation of smocth form from the coarse
wes regarded as a consequence of wnfavorable conditions in which
the plague bacillus existed. Finaslly, the problem of the profoundly
occewrring metebility of the plague bacillus beyond the limits of
disgoclation wag formulated, This mutability is observed in
cultures of old museunm strains, subjected to frequent subcultwring
in artificdial mutritive media over a long period. Thews changes
of the plague bacillus proceed along the path cf similarity with -
the properties of the psewdotubercular bacillus and with the
pessage of time advance so far that the problem of the possible
transition of the plagwe bacillus into the pseudotuberculsr arcse.

During the second period of the progress in understanding
the mutability of the plague bacillus first and foremost wore
chdefly the morphological properties of the variety; the bilochemd.-
cal characteristics of the newly obtained forms reduced to the
constancy that the R-forms in the biologicel sense wers gemerally
less active then the S=forms. The morphological properties of
nmamerous forms of the plague bacillus were described in the utmost
detail. Many observations of this period (for example, the pigment-
containing cultwres of the plagme bacillus) were regarded as rare
instances, which the authors were not able to reproduce. Research-
ers explained them by the "spomtaneous® changs of the culture,
occowring as a result of its prolenged storage without subculturing,
partial subeulturing, or under the action of a bacteriophage.




Swming up the results of the successes in descriptive mor-
phology of this perlod of progress in elucidating the mtability of
the plague bacillus, G. N. Lenskaya (3) in his monograph presented
a detailed treatment of the existing materisl on this problem.

The problem of the smtability of the plague bacillus, appeaxr-
ing initially basically as purely morphologlcal, has been given
subsequentially a new biochemical direction. :

A third period in the study of the plague bacillus set in == .

the functional-morphological periode

The wity of biochemical processes im the cell frequently
18 noted in the literature and now is a widely known positicn.

v processes of intracellular metabolism involved the parti-
cipation of substances, in comson for all cells of plant and animal
origin, however, not all of these substances are capable of being
indepondently synthesized by tis oells, The nubtrient svbstences of
the call are chtained from without and in a ready form or 1n the
form of by-products from which the usable substances can be more
easily obtained.

The above considerably eases the task of studying the bioce-
chemistry of the plagwe bacillus,

At present the blochemical processes in e plagwe bacillus
cannot be investigated without taking into account its substantial
and sharply pronounced variability in morphological features. The
range of intragpecies mrbability is so great that even experimental
microblologlsts frequently experience difficulties in diagnosis,

when thay ars dealing with old laboratory strains of the plague
bacillus.

Noither data relating to the chemical compositiom of the
plague baclllus, nor its so-called blochemical propertles, that is,
the conventional indices of iwtabolism can be regarded independently
of the verieties with which the author must deals Underestimating
the varlsbility of the plague baclllus is an explanation for the
nany app-orenh contradictions in ite properties, wiiich researchers
hive indocetod, Actually the contradictions often do not exist,

N




. since the amthor frequently study strains of the plague bacillus which
sharply differ in their morphclogical featwres and biochemical '
properties.

In the present monograph, in addition to other, no less
important problems, an attempt will be made to sumarize the data
dealing with the biochemical properties of the plagus bacillus and
to wndertake a biochemical analysis of its mumerows varieties. .
Soms material in the present work is being published bere for the
first time,




CHRMICAYT, COMPOSTTION (OF THE PLAGUE BACILLUS AND THE
CHARAGTERISTICS OF 1I5 AWXICGERS :

Pages 9-27

into this problem are Zragmentary in the sense
the study of not all but only ssveral of the cell coponents. The
firat efforts in st ths ¢ 1 !

were associated with the effwrts of researchers to obtain from a
glven bacillus those of its constituents which exiibited the
properties of antigens, which could be upsed for immmisation.

In a study by Lustig and Galsotti (L) it was first notioced
that plagus bacilll readily and complately dissolved upon adding
potassium hydroxide up to & concentration of 1%, Upon aci
these produsts of cell decomposition with acetic acld, a precipi-~
tate separated from the solution, callsd micleoprotelid, exhibiting
antigenic and toxic propertisa. The mucleoproteid of Iustig and
Galeottl wove vuggested by them in obtaining antiplagw horse sseuss
and for a lang time was vsed for this purposs in variows anti-
plagwe institutions. The chemical composition of this nucleoprotéid
bas remained thus far unknown.

From the cells of P, pestis, killed each chloroform, 3., Rowland
(5) extracted using a 5% sodum sulfate solution & toxic protein
substepcs, digcovered to include adenine and guanine, which led the
awthor %o proposs the micleoproteidic nature of the protein produced,
The Rowlend mclecproteld exhibited immumizing proparties.

B L, Giyasaov (6) obteined from & Y-day cultwes on meat-

Jnghove vpsr s Gpy prepevation of plague bacilli, in which 6,.8%
Aaddo s exixagiod Ly othor and two protoin fractionawars found,

B




Ye. M. Gubarav and N, M, Skomarovsiiy (7) found 5.5% ether-
extracted 1ipld content in the cells of P. pestis, produced from
a gseven-day culture in Martents broth.

The first efforts to systematically study the chemical com-
position of the plagus bacillus was a study of A, Bystrenin (8).
According to his data, the plague bacillus, on a weight
basis, consists of 8lL.,1% protein (based on nitrogen), 3.7%
lipids, 3.6% ash, and 8.6% uninown substances. :

The protein comtent calculated by A, Bystrenin in the
plagus bacillus imdouvbtedly is exaggerated, since not all the
bacilli is compleately deprived of the ability to effect an increase
in the opsonic index in vaccination. Shrivastava (14) isclated
this nucleoproteid from the disolwed poxrtion of the Haffkine anti-
plegue vaccine, This substance rsacts strongly with antiplague
gerun, bubt it is difficult toisolate from the nonspecific proteins
present in the mrtrient modium. In order to facllitate this
separation, Rao (15) used a non-protein gelatine hydrolystat
for the cultivation of P, pestis. lLater Maller and Johnson (15)
used & caseln hydrolysate medium for this same purpoze.

As the result of the above indicated research it was
egtablished that one of the protein of P, pestis is wery wnstebly -
assoclated with the cells, and easlly enters the mibrient medium
dwring the course of a three-day cultivation. This protein waa
ghown to be gserologically active,

Baker and his colleagues (17) isolated two protein fractions
from the P, pestis cells, grown in three days on an agar medium,

Both fractions were obtained from a suspension of the bacilli
that had been washed free of agar with & physiological solution of
sodium chlorides, One of the fractions was soluble the other =-
insoluble in weter. The same authors (18) described the isoclation
and properties of two antigenic fractions from the water-goluble
portion of the plague bacilli, The cultures were killed with acetone
and then the antigens were extracted from them by a neutral salt
solution. From the water-salt extract a fraction 1-A containing
a carbohydrate agsoclated with a specific protein was isolated by
ammonium sulfate, This fraction is a viscous noncrystallizing sub-
stance. Through purification it was possible to liberate it from
the carbohydrate and the isolated protein substance was called
fraction =B, which was obtained in the form of a crystalline
preparation. Both fractions exhibited similar immprzing properties,

-9 -
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serving as powerful antigens in the immmization of mice and rats,

but for gulnea pigs the immmity from either fraction proved to .
be weak, Both fractions did not show toxicity. In addition to the
sbove-mentioned, a toxic fraction was isolated from the water-

soluble portion of the cultwe. Finally, it was established that

the water-soluble precipitate of the bacilli contains antigens

capable of inducing a relatively high degree of immmity in guinea

pigs.

Seal (19) obtained soluble specific proteins from virulent
and avirulent strains of P, pestis, and also from the oells of P,
pseudotuberculosis, All the strains were cultivated over a 2l-day
period at 280 in a medium containing casein hydrolysate. The pro-
tains were obtained from cultured nonocelluler filtrates by the
method of salting out with sodiwunm sulfate and ammonium sulfate
or by acetic acid precipitation, In the latter case protein were
obtalned which were sarologloally less active in compariscn with
the salted-oub proteins. :

From each filtrate in the salting with sodiwm sulfate high
fractions were obtained, Salt was added to the bacterial filtrate
util completely saturated, but the precipitate formed was dissolved
in distilled water and precipitated by 50% sodimm sulfate (the
fraction P=1/2), The filtrate from this precipitetion was '
saturated by the same salt and the. fraction P-1-1/2 was isolated.
Part nitrogen can be regarded as proteinic. According to the data
of thls same author, the lipids of P, pestis are deep yellow in
color and have & sharply unpleasant odor. The physiccochemical
properties of the 1iplds of the plagws bacillus are as follows:
malting point == 100, iodine mumber -- 27.7-29.,6, and sapomification
number -- 169-188,

Bygirenin computed the average molecular weight of the fatty
acidz includad in the composition of the plagus bacillug lipida.
1% proved to bo equal to 302, The author also stated that the
3 andfdealion mober of the plague bacillus lipids coincides almost
recisely with the sapenification number of the triglycerides of
ytearle and arachidic acids, The low lodine number of the P. pestis
liplds poiuha ¥o their low content of unsatwrated fatty acilds.
Dowevor, dus to the fact that the author dried the microbes at
3!‘)033.05'0, a partion of the unsatwrated fatty acids were possibly
i dized,
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N. N. Tvanovsidy (9) investigated in more detall, using
fractions, the nitrogen and phosphorous-containing substances of the
plague bacillus (the strain grown on the Chottinger agar at pH = 7.l
and 289, a two~day culture). ,

Presented below 18 the composition of the air-dried defatted
preparation: total nitrogen -- 13.3%, nitrogen of the humous sub-
stances -- 0.73%, ammonia -- 0.83%, moncaminocacid =« T.44%, dia~
mnoacid -- 2%, purine and pyrimidine bages == 1,68%, total ,
phosphorous == 1,1%, 1ipid phosphorous -- 0,18% (in the non-defatted
preparation), Inorgamic phosphorous was absemt, According to the
caloulation of N. N, Ivanovskiy, the plague bacillius contains,
consequently, 72.15%¢ protein and 11,1% nucleic acids.

Thus, the plague baclllus proteins contain considerably
more ;ﬁ.trogen in monoaminoacids than in diaminocacids (ratio --
1:3e7)

The greatest number of studies, begiming with the above-
mentioned investigation of Lustig and Galsotti up to the present 3
have been concerned with isolating the constituents of P. pestis
ag isolated antigens of this microbe,

One of the most widely used vaccines for antiplague immmnization
is the Haffking vaccine, developed more than 50 yeers ago., Its
preparation is simple, A cultwre of any virulent strain of P.
pestis, grown on a meat-peptons the broth at 280 over three to fowr
weeks is killed with a 15-minute heating at 54° and is preserved
upon adding 0.5% carbolic acid., As an effective immnizing agent,
this vaccine has frequently been investigated to discover its
active principles Thus, even Balfowr-Stewart (10) and later
Sokhey (11, 12) indicated that the ancigen of the Haffkine vaccine,
protecting against subsequent infection by the plague, when in

solution perhaps could be isolated from the vaccine by centrifuging
and ves a protein.

Brooks (13) showed that the substance increasing the opsonic
index during the immmization process and in producing the antiplague
serum is a nucleoproteid, which can so easily and completely be
isolated from the P, pestis cells that the water used to wash the
of the P-1/2 fraction vas dissolved in water and precipitated upon
the 1/3 satwration with sodiwm sulfate, obtaining the. fraction P-1/3,




In the filtrate of the last fraction on concentration of the salt
increased to 507 saturation; the precipitate forming was designated
ag the P<1/2-1/3 fracticn. The fifth fraction, not precipitating
upon complete satuwration by salt, was called the residual. The
protein fractions were pwrified by reprecipitation, and by careful
dialysis against distilled water, and were stored in dry form,

SCHEME (F FRACTIONATION (F FIITRATE FROTEINS (F THE
PIAGUE BACILIUS CULTURE ACCORDING TO SEAL (19)

Bacterial Filtrate
Saturation Ly of Nap30},

< =

Precipitete (conteins l fractions) Fltrate (contains the
soluble in water fifth fraction)

1/2 satwration ), NapS0),

. Y . ~

Procipitate (fraction 1/2) Filtrate
solvble in weter saturation of NagS

1/3 saturation of NapSQ), 3

N J
Pre c’i’pitate : Filtrate Precipitate Filtrate
fraction P- {3 1/2 sstwration NagB0,  fraction FL.1/2 clear
(Antigen A N

Precipitate: fraction P<1/2-1/3
(Antigen B)

The P-1/2 fraction represents 75% of all the salted-out
proteins and exhibited sercloglcal activity. About 90% of this
fraction consists of the P-1/3 fraction proteins, also serologl=-
cally active. The other fractions, with the exception of the
wesidual, also proved to bs serologlcally active, .

The subhor obtoined similar active protein fractions from
the. vater-goluble extracts of virwent plague bacilli, grown in
agrwr conbalining caseln hydrolysate at 37° for 72 hours, since
virvlent strains wswally grow poorly in ly/ agar media. Bub
ju bhe given instance the P-1/3 fraction represents 80-90% of all
the salted-out proteins, and it ylelded a precipitate with the
srtiplague serum in a dilubion of 1: 1,280,000, But this fraction

-12 -
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is actical],v; absentt in the avirulent and nonprotective strains
of g.: pestis and is wholly absent in all the tested strains of P.
pseudotuberculosis.

The chemical characteristics of the protein fractions are .
limited by the determination of the amount of nitrogen which varies
within the limits of 14,9-15.8%, and by the qualitetive reactions
toward sulfwr, phosphorous, tryptophan, tyrosine, and the Molish
and biwet tests. These reactions proved to be positve almost in
all irsteances, On the P-1/2 fraction, obtained from the protective
strain of P, pestis, grown on cesein hydrolysate~containing agar,
Yields 2 negative reaction toward tryptophan. Tryptophan has not
been discovered in the P-1/2 fraction from a single strain of P,
pseudotuberculosis. The water solubility of all the protein
fractions obtained was low and usually &ld not exceed 1:500. This
solubllity wes increassed at pH - 7.8-8,0 and was good in a N/80
solution of NaOH,

It is practically impossible to investigate the rotation of
polarized light using protein fraction solutions owing to the strong
opalescence of the solutions. In spectrophotometry of 0.0L% solu~
tions of protein fractions in N/80 NaOH, the absorption in the ultra-
violet region is observed within the limits of 230430 millimicrons.

The P-1/3 fraction from virulent and avirulent, but protec-
tive (inducing immmity) strains of P. pestis designated ss sntigen
A, is serologically distinct (does not yield overlapping percipita-
tion) from the P-1/2-1/3 fraction of the same origin., The latter
has been called antigen B, In addition, antigen A differs serclogli-
cally from the same fractions of P-1/3 obtained from nonprotective
avirulent strains of P. pestis and from strains of P, pseudotuber-
culogls, which are almost serologically identical to each other
and yield overlapping /Teactions/ with sntiserums sgainst antigen

B and against virulent cells « pestis inactivated through
heatinga

Consequently, antigen A is a specific antigen of wvirulent
plague bacilll and corresponds to the membrane antigen described
sarlier by Schutze (21), since amtigen B is a total somatic linking
the plague and the pseudotubercular bacilli, Both antigens A and
B can be isolated from the filtrates of broth cultures » but only
antigen A con be obtained from water-soluble extracts of agar culbures
of virwlent P, pestis, which antigen also must be considered as a
specific soluble antigen of virulent bacilli of the plague, An
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antiserun prepared to act against this antigen agglubin#tes only
vhe protective strains of P, pestis and absolutely does nob agglutina
the strains of P. preudotuberculosis. '

Later, Seal (19) established that the virulent strains of P,
pestis as a result of many passsges throvgh mitrient media graduslly
lose the antigen A until it disappesrs comletelye. To obtain the
latter, the cells muat be cultivated in a fully ususble mtrient
modium, enriched with casein hydrolysate, -

Amies (22) hes asserted that the widely accepted representa-
tion of the menbrane of the P, peatis incorrectly reflects the
essence of the problem, This membrans, in his oplmion, 15 only a
well developed capsule, visibls in the dark field in preparations
trested with Indla ink., The capsule substance, in the cpdmion of
Amies, separates from the surface of the cell through a definite
chemical reaction resulting from the use of a water solution of
potassium thiocyanates The substance cbtained as & result of this
extraction following purification and concentration, is a bacteria
exhibiting the propertles of the most important antigen of the P,
pestls cells, Jeveral milligrams of this antigen constitutes a
dose, sufficient to produce powerful immmity in experimental
animals. The chemlcal characteristics of this antigen are in- ‘
suffiently clear (there is no certainty that it comtains polymaccharida),
but the author by analogy proceeds from the fact that the capamles
of pnewmococcl and Klebsiella pneumoniae, consisting of polysaccha~
ridos, are not extracted by solutions of potassiwm thi s

since the polypeptide coapsule of B, mycoides is sluble wnder theee
conditions.

Englesberg and levy (23) have presented various evidencs,
iaciwding experimental, that refutes the point of view of Amies,
These authors wsed the A-1122 avirulent strain of P,pestis, in the
culidivation of which it was poseible under selected comditions to
ottnin yleld of fouwr billion to five billioen cells per ons ml of
mf}';c:'..vu with an gxoeg%iomlly high formation 02;; antigens. The
mding cralained: cagein hydrolysate, 0, lucose, O.

THN, 26 2 107U FeCly « 6H,0, 1 x 10"3% Caclgf 0417 ﬁﬂhg'ﬁo&l
Nagiay, and N/20 phosphate buffer at pH = 7,0, Under asration
condivion. the maximun mmber of cells was cbtained o the third
Aoy A geonth, afber which their messive lysis set in, terminating
on tiv. slxth day, During the cuurse of these six days not fewer




than three different antigens developed in the medium: fraction
1 (corresponding to antigen A of Sesl), somatic antigen (probably,
corresponding to antigen B), and a toxic fraction.

The largest appearence in the medium of fraction 1, relatively
free from the somati~ antigen, was noted in the three-day culbure.
The somatic antigen fraction appeared in the mediwm during the lysis
period, that is, by the fowrth to sixth day of culbivation. The
somatic antigen yield was determined from the difference between
the total amount of soluble amtigens in fractlon 1, based on
turbidity using a specific antiserum. Of course, the presence
of a plaguwe ‘toxin fraction, yielding a precipitate from the given
serum, altered the preciseness of these determinations, but the
quentity of this precipitate wes very substentiel and could not
strongly distort these reswlts, Small amounts of taxin, determined
by tests in vivo, appesred in the medium both dwring the course of
the growth phese as well as dwuring lysis.

These authorg showed that in a three-day culbture there is
contained about 50% of all the soluble antigens, hence, they
separate by themselves in the medium; the remaining 50% can be
obtaired by salt solution extraction of the cells, followed by
drying of the cells with acetone and an additional extraction., As.
far ag fraction 1 is concerned, it is distributed thusly: 663
appears in the medium, a salt solution extracts an additional 1%,
and the remaining 13% can be extracted by the same salt solutiom,
but from cells previously dried with acetones The quantity of
fraction 1, remaining combined with the cells, is a constent value,
Only the quantity of this fraction entering into the medium is
subjected to fluctuations.

The facility with which fraction 1 enters into the mediwm
dwring ‘the active growth phase from P. pestis cells is similar to
that which has been observed by Dochez and Avery (24) for pnewmococci
Jielding a soluble antigen in the mutrient mediwmn, This fact
testifies in favar of the proposition that fractica 1 in the baciliuvs
of the plague is a mycold substance not of a capsule but of & membrans,
The latter differs from a capsule in that it is an exudate,
enveloping the body.of the cell as a continuous mass of muecin
/814257, The membrane changes in outline and thickness and is not
sharply bownded off from the swrounding environment, Evidencs of
varlous kinds supports the proposition that fractional is a membranous
substance of the plague bacillus or at least is a constitusnt paxt
of the morbrons, Fraction 1 and the membranc are formed simritansonsly
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in a greater nurber of cells grown at 37° than those cultivated at

a lower temperature, All the virulent and protective (immmogenic)
strains of P, pestis exhibited a well developed membrane and form
corregpondingly substantial amounts of fraction 1; since all avirulent
gtrains of the menbrane have nome at all or exhibit mly very wesk-

1y developed membranes and, corresponding to tids, forn very little
fraction lo

The immunity of laboratory snimels to plagus is directly re=
lated to the amount of antimembrane or anti-fraction 1 antibody,
forming in the serum of these animals. Rzbbit or monkey antissrum, -
produced through lmmmization by fraction 1, is capable of changing
the mewbrane of the wirulent plague bacilli forming precipitates
in it. But these immme serums, after the antibodiss acting against
fractlon 1 are removed from the serume through specific absorption,
lose the ability to form precipitates in the cellular membranes.

Opposing the theory of Amies, testifying to the absence of
any mycoidal membrane and to the pressnce of an actual capsule in
the plague bacillug are also the following ocnsicarationa. To
rupture the capsule, yielding a powerful antigen, requires rapid
chemlcal or physical reactions. Amies "successfully" used a potassium
th.ocyanate solubion in this capacity. But this author in his
experinents did not consider the ready solubility of the membrane
gubstance swrrounding the P, pestls cells., Englesberg and levy
repeated the Amles experiment, bub the suspensions of cells in
distinction to the Amles expariment were extracted beforehand with
digtilled water. This experiment showed that 96% of fraction 1 and
8.9% of all the extracted soluble antigens were collected immediately
through use of distilled water even before the begiming of extrace
‘tion with the strong-acting potassium thiocyanate. Consequesntly,
only lif of fraction 1 was liberated additionally from the cells
from infuslon in water at pH 2 7.8, or in the potessium thiocyanats
golution. As far as the other antigens were concerned, the addi-
tional ivfusion of the cells in water at a pH = 7,8 additionally
Libesabed 118 of all the soluble antigens, since the additional
infuslon in the potasgium thiocyanate solution liberated additionally
gty 87 of tae soluble antigens.

Provavations of the cellular suspensions in the India ink
jolebio mevedled a clear corona swrounding the bacilli not
seabs’ vith wabers This corona distinctly decreased upon standing
oot o Dindlor preparatlons of cells, taken directly from the
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swrface of the agar, did not reveal clearly pronocunced capsules in
the presence of the mucin /811717 mass in the verious irvegularly
formed inclusions in many cells,

Thug, the P, pestis cells exhibited readily soluble Jelly-
like membranes swrromnding them. This fact has been confirmed by
electron-microsconine observations. The membrane dlssolves readily,
leaving behind a small amount of material which under microscople
investigation appears to be simllar to the typical bacterial capsuls.
The membrane residus enters solution with éifficulty, probably as
a consequence of its intimate bond with the. bacterial celluler wall,
In this instance the question arose as to whether or nob a difference
exists between the readily soluble jelly-like membrans substance
(fraction 1) and the "capsule" substance, strongly bound with the
cells. Inasmuch as fraction 1 readily enters imtoc solution, it
can be assumed that part of it remsining on the cells is an impurity
to the pwre capsule substence, The antigen, extracted by the
potassium thiocyanate solution, is most probably not capsule
material, since the solution of the capsule occcurs by another
mothod. Ths fact thab following solution of the wembrane a certain
amount of antigen is additionally extracted can be treated ag the
solution of only that portion of fraction 1 which is more stably
bound with the cells, However, here in addition to antigon 1 of
the fraction other antigens differing from this one sre extracted,

Consequently, the problem of the existencein sdditinn to
the menbrans of the capsule and special capsule anbtigens in the
P. pestis cells awaits further elucidation.

Supplementing the clesarly inadsquate chemical characteristics
known thus far of the plague bacillus antigens, Ye, M, Gubarev,
8, T. Zaplatina, A. M. Konnova (25) investigated several fractions
of these cells, In the present instance the avirulent vaccine
strain EV of the P, pestis and the No 177 virulent strain were
grown on golid agar medium, consisting of aminoacids obtained
through the complete hydrolysis of casein with the additlion of
glucose, mineral salts, and a very small amount of yeast autolysate,
The cells obtained after a three-day growth were destroyed by

rep}aaged chilling in liquid air and thawing out at a temperatwre
of ,;0 ®

The products of cell decomposition were fractionated by
maans of salting~out ammonium sulfate. In this way, the following
fractions were obtained:s A - at 33% saturation;, B - between 33
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and 50%, C = botween 50 and 5%, and D - at 1008,

The toxlelty of the fractions for whita xice 1s not idsmtionl.
The most toxic are fractioms C (et 1DIM/0,001 mg of nitrogen) and
B (at 1 DIM/0.005 mg of nitrogsn), since fractions A and D ave
congiderably less toxice The taxic properties of all fractions

disappear after & wimmte's heating up to 1009 or Lollowing & thres- -

day tmatmnt with 0.31 forsalin solution &t 37%

The most meranﬁ.ns regults wers obtained 1n a mat:ln
investigation of the minoscid constitution of the hpirolysates
of the thres first frastians by the paper chromitography method,
The identically obtained fractionz of ths virwlent and avirulent
strains exhibited a characteristic difference.

Thus, fraction A from the virulent strain No 177 contains
the following aminocacidss glutamic, aspartiec, aerl.ne, glycine,
alaning, norleucine, ﬁl:l.b, lysine, arginins, leuocins, £
aminobutyric, isoleucins, ormithine, methionine, proline, and one
unidentified aminoacid (16 in all) or the mmber of those identified
only the first of ten aminoacids were found in fraction A from the
avirulent EV strain, in addition, tryptophm and threonins were
found, hence, a total of 12 aminoacids

The B fractions from both straing also contain a growp of
ten aminoacids in common: glycine, alanine, nerleucine, aspartic,
glutamic, serins, tyrosine, arginine and valine, But fraction B
from b?imvirmoxét strain No 177 xdaggt::pgmm e otrm.thine )
phenyl ne, aginobutyric ) a total of
since the analgous fraction from the avirulesmt strain, in addition
to the 10 in common, comtaing two other aminoacida, leucine and
isoleucine (a total of 12),

There is also a difference in the C fractions, although the
total nurber of aminoacids here is the same. Nine aminoacids were
found in common here: glutamiec, glycine, serins, alanine,
arginine, tyrosine, leucine, isoleucine, and methionine. But
fraction C of strain No 177 coutains in addition: ornithine,
cysteine, and valine, whils ths same fraction from the EV strain,
in addition to the nine in common contains still other aminocacids:
sgpartic, histidins, and threonine,

Thus, the studies cited below of Chen and Meyer (31), in
vhich a link was shoun between the virulency of the strains and
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the amount of protein in the cell membrane, is supplenented by the
fact that the virulency of the plague bacillus sirains can depend
also on the aminoacid constitution of the proteins.

Seal (26) isolated a specific polysaccharide from specific
soluble and nonfractionated substances of the plague bacillus.
This polysaccharide was obtainsd also. from substunces contained
in the filtrates of P, pestis cultures, raised on casein hydrolysate
broth. In the hydrolysis products of the isolated polysaccharide
preparabtions arabinose was found, identified in the form of ths
erystalline osazone.

Up +ill the present an explanation has not been forthcoming
as to whether polysaccharides exist in the composition of P. pestis
cells in the free state, As a result of successes multiplying
fron year to year, it has become inereasingly clear in the study
of the chemical compogition of bacteria that all the constituents
of tha cells to a cartain extent are bound up with proteins forming
complex compounds. Bub the degree of attachment of these bonds for
various substances is dissimilar. Obtaining polysaccharids fractions
from the plague bacillus, as a rule, has been stimulated by inves-
tigations studying the total somatic antigen. For this purpose
the methods of Buavena-Mezroveansau (extraction of the antigen by
trichloroacetic acid) and of Raystricka-Topli (trysin hydrolysis -
of cells with subsequent precipitation of the antigen by alcohol),
in various modification, are usually applied.

Ye. I, Korobkova, V. Kuznetsova, Ye. Bakhraka, A, Shalayeve.
(27) obtained such a complex antigen in the unpuwrified form, using
the Raystricka~Topli method. The substance obtained yielded quali~
tative reactions for proteins and carbohydrates. Boiling & solulion
of the given substance in acetic acld permitted a separation of the
protein fraction, forming a precipitate, and from the solublc pmistion
of this hydrolysate most probably a polysacchawride was precipllated
by alcohol. The polysaccharide in the dry form is a white powder,
readily soluble in water, not pracipitsble by trichloroacetic acld
and yielding a strongly positive Podobedova-Molish test. Upon
hydrolysis of the polysaccharide with sulfuric acid, reducing
svbsbances were formede The polysaccharide was precipitated by
antibacterial antiplagwe serunm in a dilution of 1:10,000, and with
the sams dilution resulted in a precipitation with vabbit anbigerum,
obtained Glwough immwnization by the irypsin hydrolysate of the P.
restis cells. Based on the fact that the P, pestis cells growm on
an agar mediun produced a two-fold yield of polysacchavide in comporison
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with cells grown in broth, the authors proposed the existence of two
polysaccharides == one in the capsule substance, and the other in
the cell plasma. :

8. I. Zaplatina and A. M. Kemnova (28), using various methods,
obtalned polysaccharide preparations from two strains of P, pestiss
one virulent and anobher avirulent vaccine EV and, in additiom,
from a P. psoudobuberculosis strain. The polysaccharides obteined
by thess authors were water-goluble substeances, ylelded a stromgly
poutive Podobedova-Molish test, were not precipitated by tri-
chloroacetic and sulfosalicylic axids, and did not show a biwret
reactions Nobt cne of the polysaccharide preparations obtaeined '
revealed toxieity for guinea plgs and white mice, The polysaccherides
were precipitated by amtiplague serums in dilutions not excesding
131,000 "1:2,000. ) ’

Boyden (29) showed that sheep erythrooytes, treated with a
ddlwie tannin solubion (1:15,000, 1:20,000), a.o sensitivized upen
being treated with soluble protein antigens of P, pestis, after
which they are agglubinated by specific antiplague antiserum. Bub
the sams protein antigens do not react with normal. eryticocytes.
However, the polysacchar?de amtigen from P. pestis is adscrhed
normmal erythrocytes, :

Evicdently, a similar polysaccharide shtigen from the plagwe
bacillus was investigated by Chen (30), establishing the sbility
of his antigen to be adsorbed by normal erythrocytes of sheep,
chicks, and gulnea pigs, and to yleld hemagglutination in the presence
of a specific antiserums This antigen was found in old P. pestis
cultures, in extracts from acetone kllled dided plague bacilldi, and
in aleohol precipitated membrane sntigens. Bub this sntigen was
not found in the purified protein fraction, isolated through salting-
out with 30% satwrated amonium sulfate from the water-soluble extracts
of the plagus bacillus. The antigen tested contained 1ittle nitrogen
and was swygested to be inclwded among the polysaccharides, It did
not inctesse the resistance of mice to plagus infection, but proved
to b wcelvl ‘n the serological investigetion and identifdcation of
fractimn “solated fvom Po pestis cells.

“he atisupts Lo sensitivize normal erythrocyles with highly
suiailed protein Mractions 1-A from P, pestis proved to be me

suge. oo Normnl crytbroeytos, sensitivized by polywsaccheride
antier, (oonob yleld hemagglubination with rabbit antiserum
apada oo foaction 1-B (protein).  During additiopal tests of tha
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gserum eight rabbits, hyperimmumized by protein fraction 1-B from

P. pestis, with an agglutin titer of 1:32.11128, and with a comple-
mont fixing titer of 1:8-1:256 did not egglutinize erythrooytes

that had been sensitivized by the polysaccharide antigen of the

plague bacillus, In this way, hemagglutination of exrythrocytes .
sensitivized by the plagus bacillus polydaccharide could not be used
far diagnosis, since tne polysaccharide could not be msed for disgnosis,
since the polysaccharide antigen itself is not sulteble for protective
immmnization against plague infection.

Chen and Meyer (31) studied the hemagglutination of the tannin-
treated and protein antigen l-B-sensitivized sheep erythrocytes.
The antigen was prepared by sslting-out of the water extract from
the P. pestis cells with ammonium sulfate at 33% saturation of the
salt. Following frequent purification through reprecipitation
the antigen 1-B was obtained as a protein preparstion, completely
free of carbohydrates. The agglutinating serums were prepared by
imunization of rabbits with the antigen 1-B, Through comparative
studies the adventages of the given hemegglutination over the
reactions of complement fixation and the bacteria agglutinations
were established, Hemagglutination is extremely more sensitive
than the ebove-mentioned reactions and permits the detection of
high titres of antiplague antibodies both in animals which have
had the plegue as well as for people immunized by the antigen 1-B
in those cases when these antibodies have not been revealed at all
by the complement fixation reaction, Among the serums of animals
immnized by the various live and killed virulent vaccines, the
hemagglutination titer as a rule proved to be higher than the titer
of the complement fixation or the plague bacteria agglutination.
An additional advantage of the hemagglutination tests for diagnosis
consists in the possibility of dstermining the presence of plague
antibodies in the anticomplementry serums such as, the antiplague

Ha‘ﬁlod.dne horse, which camot be tested by the complement fixation
me .

Protein hemagglutination is especially useful in conjunction
with the polysaccharide hemagglutination reaction. Inasmuch as
both reactions are strictly specific either for the protein or the
polysaccharide component and the correpponding antibodies, the
varlious plague antigens can be subjected to direct or indirect
analysis by serological methods. Direct amalysis of the antigens
1g preferable in the determination of the relative pwrity of such
preparations as fraction 1-B or the polysaccharide fraction in-
soluble in carbolic acid, :
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The results of similar investigations have shown that the
amount of protein combained in the plague bacilli have a direct
relationship to the virulency and avirulency of & strain. These
bacllll are suwrrowded by a protein membrane having a different
thickness for different strains. It is suggested that the poly-
saccharides either form & layer located wnder the protein laysr
or that they are found within the cells and can he llberated éuring
lysis caused by natuwral or srtificial factors. Irmmological -
regearch of various P, pestis antigens has permitted a Judgment .
of the link belween the composition of these antigens and the

virulency of the cells. As a rule, the serum of rabbits immwdzed -

Ly Live avirulent vaceines contain a negligible amount or almost
no antibody against membrene protein fractions, while at the same
time sbound in antibodles acting sgainst the polysaccharides,

This fact indicetes thet in sviruwlent strains, the amowmnt of proe
tein antlgsens 1s reduced, and perhaps even the tobal amowmt of
protein, with a simlbanscus increase in the amount of polysaccha-
ride antigens, The serums of animale imminized by live virulent
straing of P, pestis contain, on the other hand, a large amount

of antibodies against proteins and react weakly or not at all
with the polysaccharide fraction of the plague bacillus. This
points %o an increase of protein antigens in virulent strains,
Finally, the serums of the rabbits immmized by boiled and dried
extracts of virulent plagus bacilli contain considersble amounts
both of anti-protein as well as of amti-polysaccharide antibodies,
The letter indicates that virulent miorobes, as a reswlt of the
extraction, yleld greater amounts both of protein as well as of
polysaccharide antigens,

The above indicated resulss of research on antigen properties
of verious sirains using serclogical methods have filled the gap in
chemical research on this problem. The conclusion can be drawn
that live avirulent plague cultures are readly distinguished from
polysacchoride cells because the protein membrane of these strains
is very lnslgnificant, thin, and is readily removed, In their turn,
virufeat olbures ylelding few polysaccharide and many protein
anbigers nat exhibit difficulty accessible polysaccharides, whiech

© 0 these ntrouns are swrounded by a massive protein membrane. It
can a o e nasumed that the quantitative content of polysaccharides
o nalely the game for virulent and avirulent strains, since

i doillod virulent colls yield considerable amounts of protein
aud prlysaccharide antigens due to the fact that here the massive
ot tnwihiranes have been substantially dameged and dissolved by
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boiling, and the polysaccharides are liberated without difficulty.
Consequently, the mostessential differemce between the P, pestis
avirulent and virulent strains, consists in that the latter have
greater quantities of protein in the membrane. '

The result of research into the various strains of P. pestis
using serological metnods, allows us to state important comclusions
on the different behavior of avirulent and virulent strains in
the infection of the animal organism, The difference in the membrane
composition for viruwlent and for avirulent strains, cammot be with-
out si cance for the phagocytosis at one or the other. Even _
Meyer (32) showed that phagocytosis of plagme bacilli is suppressed
by an unchanged membrane substance contaiming more than 108
fraction 1 protein, whereupon the addition to the cultuwre by tie
1-B protein fraction. Inasmuch as the avirulent and virulent
strains, as a rule, form toxin, in the wnlimited multiplication
of the cells, an identical tocxemia from infection by wirulent and
avirulent cultures must be anticipated, However, following infec-
tion by an avirulent strain cmtaining s quantity of fraction 1-B
that is inadequate to suppreas phagocytosis, cell multiplication
proves to be limited to such a degree that neither toxemia ner
affection sets in. In addition, following infection by a virulent
strain of the plague possessing a thick protein membrane containing
more than 108 of fraction 1-B protein, the latter sharply suppresses
phagocytosis, which produces favorable conditions for rapid multi-
plication of cells and rapid liberation of the toxine by the aging
cells. Here, consequently, infection has all the possibilities for
rapid propagation in the organism with all the resultant consequences.
Thus, the wirulency or avirulency of a given P, pestis stirain depends
carespondingly on the ability or inability to suppress phagocytosis,
which in ite twn depends on the amownt of faction l-B proteins in
ths cell membranss.

A pubstance located under the wper protein layer of the
merbrane, and immediately enveloping the P, pestis cells has been
identified as a polysaccharide antigen, incapsble of protecting
mice from infection. However, cells breed of the readily soluble
protein membrane substence exhibit protective properties for guinea
pigs. From these considerations a study of the immmological pro-
perties of the polysaccharide isolated from P, pestis was undertaken.
To obtain the latier, the cells were treated with carbolic acid,
used to remove the proteins, The carbolic acid-insoluble fraction
extracted with water contained a large amount of carbohydrates with
a negliglible nltrogen content, The polysaccharide obtained in the
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pure form after addition to normal erythrocytes provided a sharply
pronounced hemegglutination with anti-plague serum. However, immndi-
gation of guinea pigs with the polysaccharide dd not increase their
resistance to plague infection, the immmdized amimels perishing :
identically as the controlled. BHenoe, the protective effact of -
antigens of plague bacilli from which ths membrane protein har Bosm
removed must involva a certain amount of protein antigen remidnivg
aftar treatment of the cells, but not through the agenoy of the
pelynsccharlde. ; :

In a study by Ve G Akimenko (33) several general indicesa
of the chemlicel composition of ‘two P. pestisz strains were investi-
goted: a virxﬂenbmfﬂo 291) and an avirulent (EV). The author
chitivated the strains tested under wholly identicel conditions on .
agar containing Marten's broth for two days at 269, Following Uris,
the culture was washed.free of the agar swface with a physiologlesl
solution of sodium chloride, and the cells were repeatedly washed
by the same solution in centrifuging and were dried at S6°,

Several comparative indices of the chemlcal composition of
both strains were shown to be identical or similar (the amount of
ash, the total nitrogeh content, the nitrogen content in the pro-
teins extracted with diluted KOH,and the amount of tryptophan and
tyrosine in these proteins), However, very many composition indices
for the stroins studied proved to be different, Thus, 6.75%
lipolds (ether extract) were found in the BV strain, and 6.07¢ in
the No 291 strain. The carbohydrate fraction was found to be .

5.31% for the EV strain and 6.33% for the No 291. And even greater
difference was established for the total phosphorus content == 1,13%
(BV) and 0.62% (No 291) == and for the phosphorus of the lipld
fractions -~ 0,07¢ (EV) and 0,04% (No 291), In addition, it was
shown that the protein fractions obtained through precipitation

at the iscelectric point are acidic proteins, Thus, their content
of nitrogen of the dicarboxylic fraction of the aminoacids (in
terms of all the nitrogen of these proteins) was as follows: 31%
(No 291) and 26,87% (EV), since the nitrogen of the diaminoacid
fraction equalled 17.33% and 18,1%, respectively,

The difference in chemical composition found for both stpatns
docs not explain, of cowrss, their widely diverse virulency. Such
a difference, possibly, could be detected also for two strains of
the same virulency, however, the very fact of the clsar distinction
shovm by these two stralns in several basic chemical composition
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indices is of great interest as evidence of the essential mubability
of the given bacillus. It cannot be doubted that baslcally the
extensive mutability of the P. pestis in the formation of strains

of this bacillus having very diverse biological properties consists

in the wariebility both qualitatively and quantitabively of the
chemical composition of the cells,
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GENERAL CHARACTERISTICS (F THE METABOLISM
(f THE PLAGUE BACILLUS

Pages 27-33

‘fhe plagus bacillus is & typloal gramensgative cell with blo-
chemical properties inherent to this group of microorganisms,

Bsing not strictly aeroble, this baclillus, however, grows
considerebly move favorably wnder conditions of adequate access to
air oxygen than would appear, evidently, to explain the favorable
inflvence on the growth of the plagus culture when oxyhemoglobin
being present in the mutrient medium in quantities surpassing by
many times those which usually characterize it as a growth fastor,
And in general it has not been established that oxyhsmoglobin is a
necessary growth substance for these cells.

Under relatively anserobic conditions (under a paraffin oll
layer) the plague culture davelops poorly. Here it must be emphag~
ized that if under aerobic conditions the plague bacillus is some-
what capricious toward composition of the nutrient mediwm, then in
the absence of molecular oxygen satisfactory growth can be obtalned
ordy in nedia containing carbohydrate brewed in the media. It
1s widely kmown that carbohydrstes serve ag the basic substances
supplylog encrgy under conditions of an anaeroblosis,

The most favorable temperature for the growth of the plague
miecobo s 25-30°, the optimal reaction for the nutrient medium is
Lovnd ir. the interval of pH = 6.9-7.1.

ihe Jsoelectric point of the plague bacillus lies within the
limits of pH % l.0-ly, typical of gram-negative microbes (N. N.
Tvanovoldy, V. M. Tunanskdy, and V. A, Knyazeza, (34).

#3 45 widely lknown, one cf the species characteristics of
the pligua bacillus is its ability to grow from artificlal nutrient
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media only from a culture of & considerable number of microbe bodies
(not less than 10,000).

In the growth of the plague bacillus in ordinary solid or

liquid nutrient media (the broths of Chottinger and Marten) a
decreass in the oxidation-reduction potential of the medium occurs
a8 a consaquence of accumilation in the medium of reduction com-
pounds, The naturs of the these compounds is unknown. With an
electromstric method it has been established that the optimal
oxidation-reduction condition of the nutrient medium for the

owth of plague culture lies within the limits of 100-150 mv
g’a. E. Bakhrakh (35))., The artificial decrease in the oxidation-
reduction potential of the medium by means of addition of sodium
bisulfite makes possible the growth of the plague bacillus from
individual cells. Analogously, an extract of Sarcina and live
Sarcina (the phenomenen of "ktrmilka" /Small-scale culturing/).
Thus, the valus of the imitial culture number of the same strain
depends to a great extent on the properties of the medium in
which its cultivation is carried out.

The initial cultwe number of the plague bacillus varies
also as a function of the strain, In general strains oxidizing
glycerine ("continental"), have a smallerinitial culture mumber
than strains which do not cxidize it (Moceanic"),

The assertion that the initial cultwre mumber of the plague
bacillus is almost independent of the medium PH and the cultivation
temperature (Ye. I. Korobkova and Ye, A, Mitina (35)) has occasioned
great douwbt. The reliability of this suggestion appears doubtful
in comnaction with the fact that the functional tie betwesn the

value of the axidation-reduction potential and the medium reaction
is wsll known:

rxug-‘:‘.m # 2p

Also widely known is the effect that temperature has on the
value of the oxidationereduction potential, e

As a gram-negative microorganism the plague bacillus exhibits
many properties inherent in this group. It is repldly decompesed

by trypsine, alkalis, easily forms of mucil
action of Gilubed atkaris St aginous mass under the

The hydrolytic property of the plagus bacillus is manif
woakly and has been establishad only in regard to a few substaxelzzg?
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Thus, it has been shown that for the growth of the plague bacillus
products of the profound degradation of proteins are necessary -
aminoacids and peptones (A. I. Bysterenin et al (37)). The plague.
bacillus, evidently, does not decompose proteins, at least so far
as blood proteins are concerned (A, A. Trifonova (38)) and gelatine.
It in general does not display the abllity to hydrolyze wrea in
nutrient media (N. No Ivancvskiy and G. N. Ienskaya (39)).

The hydrolytic capacity of the plague bacillus is also wery
restricted in refard to carbohydrates The collaldal polysaccharides
== gharch, dexbrin, and imulin -~ are not utilized by the plagm :
bacillus. Evidently, this also is the case with glycogen, althovgh
several authors have staled the reverss; it doos not hydrolyze,
with the exception of several laboratory strailns, saccharose,
raffinosa, and lactose (very weakly). Trehalose and maltose ave
whilisdd by the plagws baclllus quite intensively,

Accepting the weak hydrolytic activity of the plague baaillww
is to a considerabls degree based on indirect data, Thisz reserva-
tlon must he made in commection with the fact that data stil) is
not avallable on the existence in the plague bacillus of phosphory-
lase. Therefore, in several cases it isdifficult to state along

which pathway the substrate is utilized -- through hydrolysis or
through the use of phopharylase. '

The plague bacillus exhibits sharply pronouncsd hyaluromidasic
activity, which in virulent strains is considerably higher than in
avirulent, The high invasion capacity of the plague bacillus is
related to its abllity to cleave the hyalwranic acid of the tissues
of the animal suffering from plague (Ye. I. Korobkova (40)).

The plague bacillus oxidizes a sizable number of organic
corq)omu':ts - monosaccharides, polyatomlc alcohols s fatty acids,
aminoacids, etec. utilizing these as ensrgy sowrces and as plastic
material, It oxidizes hexoses (gluccse, fructose, mannose s &and
others), 1ost pentoses, but also, ag might be expected, the decom-

pogition of the latter is accompanied by considerably more difficulty
chave oy bae obher instances.

_Ivi?,rm:bc. w.c alcohols (methyl, ethyl, propylene) and diatomlc
Lot Tothloneglycol) ave not oxidized by the plague bacillus;
sl e aleikols -~ glycerine -- are not oxidized by all strains;
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quadriatomic {erythriotol) and pentatomic alcohols (arsbite, xylite)
are not oxidized. Of the hexabtomic alcohols the plague bacillus
oxidizes mannlte, sarbite, and does not oxidize duleitol.

The products of plague bacillus oxidation of carbohydrates
and polyatomic aleohols have remained almost completely univemtigated,

The plague bacillus ferments glucose with the formation of
involatile (90%) and volatile (10%) acids. Of ths involatile acids
succinic, malic, and citric acids have been identified (N, N,
Ivenovsidy, V. 8, Bashev (41)) have been identified as well as
lactic acid.

Most of the aminoacids in the fatty series are intensively
oxidized by the plague bacillus, The well-lnown generalization that
gram-negative microorganisms do not utilize arginine is wholly con-
firmad also in regard to the plague bacillus ~= it does not oxidise
this acide. Of the aromatic amlnoacids the rwle of thwmb applied
only in regard to tyrosine, which is axidized by the plague bacil-

lus very weakly. Heterocyclic aminoacids (tryptophan and histidine)
are not oxidiged,

Of the enzynes associated with oxygen respiration, catalage

peroxidase (M. N. Dzhaparidze (42)), and cytochromumxidase have been
discovered in the plague bacillus,

The dehydrases of the plague bacillus have been studies most
inadequately. The existing material on this problem reletes only

to the ability of the enzyme to dehydrate verious substrates under
anaercbic conditions, in the presence of methylens blue.

Woodwerd (L2) showed that live plague bacilli and cells
kKilled with phenylmercurnitrate, and also noncellular preparations
deccmpose yeast ribonucleic acid (ribonuclessic ability).

Primarily, its action consists in depolymerizating the mucleie

acid, In the analysis of its decomposition products hydrochloric
acid precipitation apd wranil fractionating are employed. Based on
the date obteined it has been concluded that only part of the nmucleic
acid i3 hydrolized to mononucleotides, for the bulk the process is
limited in its depolymerization.

Even in studies of authors of some time ago it was noted
that the plague bacillus grows considerably better on a mutrient
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mediuwm which has had blood or hemin added to it. These.media were
suggested for isolating the plague bacillis from weekly infected
materisl, It was shown that hematin, cosimase, thieamine, and
nicotinic aclid was to be considered as weak plague bacillus growth
stimulators., Moreover, it must be noted that in the action of

e indicated substances there is no parallelism between growth
intensity end respiration intensity. The most stimlating action on
respiration is exhibited by nicotinic acid, the least -~ by hamstin,

"‘Rao (Ll) also undertoock an attempt to establish the aminoacid
requivements of the plague bacillus. This author showed that three
nminoacids are required for the growth of the plagus bacillus: pro-
line, phenylalanine, and cystine, However, the author introduced
into the composition of the synthstic mutrient medium for cultivating
the plague bacillus a considersbly larger mumber of aminocacids (L5).
Research dons in the 1953 period has shown that for the growth of
“ho plagee bacillus a small number of aminoacids are sufficient,
including the nonobligatory presence of most of thelr cyclic repre-
sentatives. Moreover, it is important to emphasize thet the amino~
acid requirements for the plague bacillus vary as a functlon of
the strain origin.

These data permit the conclusion that the aminoacid and growth
substance requirements for gram-negative cells are not large, since
they ean be synthesized by the cells themselves.

The plague bacillus dees not contain an essential muber of
free aminoacids in view of the fact that gram-negative cells do not
require them to be agccumilated in protoplasm.

Plague bacillus strains of various origins respond differently
to ammonia, nitrites, and nitrates, Some of these oxidize ammonia
to nitrous acid, others have the capacity to oxidize it to nitric
acid, but the capacity of many plague bacillus strains to reduce
nitrates to nitrites is also known (S. F. Konovaelova (L4), N. V.
Uryupina (h7)).

Somz data found only in the study of Ye. M. Qubarev and
T, I. Lipatovaya (48) deal with the mineral nutrition of the plague
bscillus. Special attention in this study is atiracted to the favorable
effect of ammonium and managanese ions for the growth of the plague
bacilluy, which ions when present at a concentration of 8.3 milli-
moles in the medium in the form of hydrochloric salts significantly
Increave bne development of the plegue bacillus (ammonium ion by
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47.7% and mangénese ion by 70.7%); a sharp suppressing action is
exerted on the process of bacillus multiplication by the icdide ion,
but sodiwm sulfate strengthens the growth of the plagye bacillusa

Several strains from the “conbtinental" group exhibit the
capacity to form hydrogen sulfide during growth in media contadning
cystine, cysteine, and methionmine. The division of microorganisms
into two different groups -- autotrophes and heterotrophes, as is
known, is not strict. The plague bacillus -- & "typical" hetero-
trophe -~ exhibits the capacity to form nltrites. from ammonia, and,
probably, uses carbon dioxide (see below for more detail).
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FLAGUE BACTILUS AS A GRAM-NEGATTVE GRLL
Pagas 33=36

The empirically discovered msthod of staining bacteria,
that was alslgpsuggesbed by H. Gram,.has over the comrse of the yemrs
after its discovery attracted the attention of numerows investigators
duw to the fact that it affords a convenisnt test in the classifi-
cation of microorgardsms.

The relationship of various bacteria to the Gram sbtaining
has at present acquired the sigmificance of an important systeme
atic feature of the bacteria, according to which all microorganisms
are divided into two groups: gram-negative and grem-positive. This
division reflerts profound differences in the gtructure of cells s
expressed in the most diverse ways. The properties of bacteria; -
tinctorial, reaction to acids and alkalis, renetrability of their
protoplasm, resistance to poisonous substances, antigenic structure,
character of toxins, etc, = ¢.ffer strongly for gram-negative and
for gram-positive microorgenisms. However, it must be kept in view
that the distinction between gram-negative and gram-positive bacteria
is not absolute. The indicated groups are related to each other
gram-unstable microorganisms occupylng an intermediate position,

To understand the essence of the structural difference
between gram-negative and gram-positive microbes it is necessary
to know the chemistry of staining that employs this method. Thusfar
there are not to be found adequately complete data explaining in
detail this complex steining process. It has been possible only
to establish that Gram staining of bacteria is agpoclated with
the structure of their nucleic acids, entering into the composition
of mucleoproteids or partially found in the cell in a free gtate,

As i3 widely known two types of nucleic acids are cont
in the composition of each bacterial ce: gty

oell: ribonucleic ( cyboplagmatic
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and desoxyribonucleic (nuclear). Bacteria stained according to Gram
are characterized by a high content of ribomucleic acid and a rela-
tively low content of desoxyribonucleic acids. The ratio of these
acids in gram-pogitive bacteria is approximately 8:1, and for gram-
negative the same ratio is 1.3:1. Thus, gram-negative bacteria .
contain both kinds of nucleic acids in quantities much closer to
each other than exists in gram-positive bacteria.

When stalining according to Gram, the chemical camposition
and condition of the surface layer of the bacteria is especially
important (and decisive)., For gram-negative microbes the surface
layer of the cell contains a protein-ribonucleic complex.

It has also become clear that the iscelectric points of gram-
negative bacteria are grouped around pH = 5 but the isocelectric
poeints of gram-positive bacteria-- about pH = 2, In other words,
the protoplasm of bacteria stained positively according to Gram
have 2 more acld reaction than for bacteris not stained according
to this methods The plague microbe is gram-negative. However,

cells from young cultwes are frequently weakly stained according
to the Gram method,

As is known, in the growth process of the bacterial cell
the value of its negative charge changes; young cells are more -
electronegative than adult, and the isoeleetric point of the proto-
plasm of young cells shifts towards the acid side in conparison with
old cells. The high content of nucleic acids characteristic of young
growing cells probably explains their high capacity ® fix with bagic
stains, that is, their increased basophilicity.

The often observed phenomenon that individual undamaged cells
of a plague culture are stained weakly positively according to the
Gram method wholly corresponds to the considerations presented
above. Staining of individual specimens to a certain extent charace
terizes the plegue microbe as & gram-positive cell, The relative
gram-instability of the plagus bacillus is confirmed also by the

determination of its isoelactric rval

i, t point which lie

gﬁt pﬂl- Lok, that ig » in a region adjoining the :rﬁsit.};n:?.t:om
closer to the group of gran-negative microbes, ’

The presence of mucleic actds of the protoplasmic type in

ths plague bacillus was discovered by ya:
_ y of the Peilgi,
by Ye, I, Korobkovaya (49), L. V. Lugovaya and Ye, Afglgb:g:::;ao?
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(50), V. G. Chernobayev (51), and others. Later, N, N, Ivanovskiy
52) carried out a quantitative determination of the nucleic acids
ébased on phosphorous) in the dried and defatted bacterial bodies,
According to his data, the plague bacillus contains approximately
11¥ nucleic acids on a dry weight basis of the bacterisl mass,

To establish the ratio of ribonucleic and desoxyribomuicleiec
acids in the plague bacillus composition N. N. Ivanovskiy used the
method suggested by Robineau. This method made possible a roughly
guantitative distinction in the protoplasm of two types of nuclaic
aclds, which is important in solving several physlological problamas
such as, for exampbs, the nature of the growth and the development
of the cells, the influence of the mutrient medium, composition and
other phenomens related.to the ration of both kinds of mucleic acids.
The Robinezau method applicable to the plague bacillus ylelded satis-
factory results. Ths plagus bacillus stains readily with various
basic aniline stalng, in which its preliminary tamin treatment
does not reflect on its sbdlity to receive the stain, a characteristic
for gramwegative bacilli,

In the specialized literature on the biochemistry of microbes
it is frequently noted that gram-negative bacteria differ in their
chemical. composition from gram-positive.

As has been noted above, gram-negative microbes contain
ribonucleic and desoxyribonucleic aclds in amounts closer to each
other than observed far gram-negative bacilll, Evidently, gram-
negative bacteria include lipids of wnsaturated fatiy acids in

lssser amount than those compounds are to be found in gram-positive
microbes.

Considerable interest lies in oxyethylamine (colamine) as
a constituent of lipids. It is absent in gram-positive and was
discovered in an ether extract of gram-negative bacteria,

The plague bacilli has been almost completely univestigated
in this area, but enough has been done to afford a basis for assert-
Ing its inclusion among gram-negative organmisms. Thus, the study
of A. L. Bystrenin (53) has shown that "crude! fat, taken from the

dried bacterial mass of the plague bacillus, contains fatty acids
with Jow icdine mmber,

“he different species of microorganisms exhibit dissimilar
roegistance to allkalis and proteolytic enzymes » Analysis of data
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relating to this problem shows that gram-positive mierobes are con-
siderebly more resistant to these agents than gram-negative. The
latter are easily and readily subjected to decomposition both by
alkalis as well as by protecleytic enzymes.

Even Lustig and Galeotti obssrved that a culbure. of plague
bacillus is easily decomposed by & 1% potessium hydroxide solution.
The decomposition at room temperature and is almost complete.
Actually, the alkall concentration can be gubstantially reduced to

0.2-0,1% and even when cold effect a very intensive lysis of ths
culiure,

Practice shows that digestion of plague bacillus by trypsin
to produce a complete antigen according to the Raistrik-~Topli method
speadily leads to the decomposition of the cells,
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VARTABILITY G THE METABOLISM OF THE PLAGUE BACILLUS
Pages 36~-13

The conditions for the existence of pathogenic microorganisms
can vary within wide limits, In the organism of an amimsl susceptible
%o a given infection the causative-microorganisms have conditions
of iife differing sharply from those which are created wpon cultwing
the organisms in artificiel nutrient media. In the latter bacteria
are subjected to the influsnce of everchanging external conditions.
The qualitative and quamtitative composition of the medium, the
temperature, the pressure of cxygen and of carbon dloxide change,
the active reaction of the medium varies, as well as the oxidation-
reduction status of the mitrient medimm, etc. Existing under the
contimwous influence of diverse altering physical and chemical factors
of the external environment, ths miorobial cell rapidly responds
with adaptation reactions, The adaptation of the miorobial cell
to the new conditiong of existence occurs primarily through the
rearvangement of its enzyme systems.

The flexibility and high mobility of the enzyms apparatus
of bacteria assured it of the possibility of living in medium which
is new to it.

Many published studies on various phases of plague micro-
biology testify to the capacity of the plagwe bacillus to alter its
metabolism within wide limits, However, discussion of these studies
has met with difficulties not.only those related to the widsly known
complexity of the plasticity problem of microorganisms but especially
due to the deficiency of experimental material which would yield

Yo gystemization and permit on this basis the drawing of generaliszing
conclusions.

Aecording to the concepts presented it would appear profite
ole hy oevise a first experiment of the blochemical analysis of
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Tus variability in terms of the broadest cell metabolism
giac%ofs?mnim, e:q:erimentgl data would chiefly be used which
sunmarily reflscts the reaction of the cell to be changing condi.tions
of life without a special analysis of the possible deviations in
individual processes of coll metabolism with which this reactioq
is agsociated, Included among the genmeral reactions toward the
external environment of the microorganism is primarily the change
in the character of its oxidation-reduction processes. The plague
bacillus, as a function of the conditions of its cultivation,
employs & sometimes more and sometimes less pronmmced anoxiblobic
type of metabolism.

As is lmown, anaerobiocslis in aerobic bacteria is a wide-
spread phenomenon, with which microbiologists (facultative aercbes
and anaserobes) have often dealt.

Aerobe-mierocrganisms obtein energy and construct thelir
protoplasm 2s 2 result of complex proceages of oxidizing carbo-
hydrates and various nitrogen-containing compownds with the
participation of molecular hydrogen. These substances can within
certain limlts substitute for each other in the processes indicated.

When oxygen is in short supply such a diversity of compounds
participating in the cell metabolism is not observed. In anoxybiosis,
as a general rule, carbohydrate metabolism prevails strongly over
all the other forms of metabolism. Nitrogen metabolism is reduced
considerably, and oxidation of fat is noted only as an exeeption,

The shift in aerobic metabolism toward the side of greater
anasroblosls in bacteria has been observed in those cases when the
oxygen employed duve to various reasons was reduced, but the energy
requirements for the metsbolism remained as before,. Most commonly
'.ohe factor for decreased uge of oxygen by the microorganisms is
its low concentration in the medium. However, even with a suffi-
ciently high oxygen content in the medium swrounding the cell,
hypoxia and even anaxya can.occwr in the cell owing to disturbance
of the aercbic oxidation mechanisms. This has been observed for
e le, in the action of poisons (carbon monoxide, cyanide ’salts
etc.), when the salt concentration in the medium is change ,,etc. ’

Intoresting data is available on the roblen of

: ¢

zesqrgen by bacteria during starvation and at garious cultti‘wera;kzgnﬁ
ﬁeratwea of the bacteria, It has bheen shown that well-nourished

cells require oxygen at a considerab1¥ higher level than do cells

experiencing difficiencies in nutrient, )
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Thus, Cshn and Brommer (54) indicated that the poorer the
medium is 1;1 nutrients, the more profound growth is noted for an
intestinal bacillus, that is, in other words, metebolism in the
intestinal bacillus becomes mote anssrobic. This regularity has
been observed for many microbes, including also pathpanic« :

Changing the partial presswe. df oxygen in the saom:::tm =

over the mutrient medimm can sharply alter the extent

growth of the microbe. Upcn reducing the partisl presswre of amm

growth bscomes more superficial and, on the othar hand;

wpon
increasing the partial pressure of cxygen growth bectmse more -
mrafoumnd. : ' :

.5 sensi.

The same auﬁwré_benm that an inevesse. in

RyeeD
in the source, In general the smaller amownt of carbon aonros

ths modiwe, the more vigorously does the inhibdting action of
oxygen on the growth of the microblal cell appesre '

Looation of the sone of mlorcbe growth in a liquid mutrient
madiuwn depends also on temparature,

Upon reducing temperature ths growth sons subsides (a more
anaercbic process), moreover, this zoms subsides also when the
temperature lies above the optimal level for the development of
the given microorganisme Attempts to explain the phenomsna dos-
cribed by a constant value for oxygen diffusion in the cell and,
consequently, to establish a relationship between the entrance of

en and the 6126 of the cell surface stravation the millt's
suriace is reduced) have proven to be unworksbie, .

The intensity of metabolism the medium pH, the carbon
doxide prosswe, and, finally, the tempersture &% vRich the
y axert an inf roce
we Lyt Srow lusnce on ths p sg of oxygen

The oxygen requirement is reduced to a mindmm if the csll
regides in a liquid medium containing & very low salt concentration,
that is, here partial anaerobiosis appears, This position, evli-
dently, is wholly substantiated. Finally, it has besn shown that
vitamins play an exceptionally great role in the life of bacteria.

By means of vitamines the metabolism of the cell can be
altered, regulating the synthesis and storage of fat by the ocells,
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as well as of glycogen, nucleic compounds, altering the development
of cellular structures, forming spacific enzymes, etc. Thus, for
example, an excess of By in the medium (in the absence of antag-
onistically acting vitamins) causes in the metabolism of yeast,
organisms even under asrobic conditions a sharp displacement toward
the side of intensified fermentation without & noticeabls decreage
in respiration. The rearrangement of the structure and chemistry
of the cell occwrring in this instance is very reminiscent of what
has been observed in its development under anasrobic conditions,

As evidence favoring the partial transition of the bacterisi

cell to anaerobic metabolism, we have the following:

1) accumilation in the medium of end products of the incom~
plete oxidation of orgamic substances, for exampls, orgemic aclds,

2) increase in the quantity of required carbohydrates; and
3) 1increase in the value of ths respiration coefficient.

The plague bacillus is not capricious towards the composi-
tion of the nutrient media in which it is cultivated, in that it
readlly and in gerat quantity yields morphologically altered forms,
The polymorphism of cells, as is known, is one of the typical feae
tures of plague culture.

The capacity of the plague bacillue to grow in nutrient
media of diverse chemical composition and its polymorphism evidence
the high adaptative activity of the plague causative to new condi~
tiona of life created for it.

The varisbility cf the plague bacillus motabolism appears in
the morphological features of its colonies (S, Re, O=forms, etc.)
and individually examined cells in biological (virulency) and bio-
chemical activity.

It is unquestioned that the presence of shifts in the
metabolism of the plague bacillus can be most easily perceived from

morphological changes, for example, from the phenomenon of culture
dissociation,

Dissocation of the cultwres of mlcroorganisms is an often-
observed effect., Tt frequently appears in bacteria when they have
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aged and as a result of wnfavorable conditions of existénce. Most
authors have relegated this phenomenon of bacteriocphagy to a specisl
position, : .

In distinction to almost all gram-negative lmcteria the ,
plague bacillus wnder naturel conditions exists in & rough form,
adapting itself to conditions of parasitism. This feature explains
many characteristics in the cowrse of plague infection. Only a fow
authors have noted that they have been succegsful. inisolating from
wild rodents the smooth variety of the plague bacillus,

The plagus bacillus is included among those species of bac-
teria which dissociate with diffioculty imto steble varieties.

The indicated ability explains its discovery wnder natural
conditions in the rough forms A long series of transitional forms
(0-forms) link the typlcal parasitic coarse form with the avirulent

relatively steble smooth frm, Various intermediary forms are extremely

diverse in their morphology and are very tmstable, This refers both
to the transitional ocomrss variety, as well as especially to the
transitional smooth,

Apparently, the stability of the smooth varisties increases
as they approach in blochemical properties the pseudo-tubercular
microbe, which under natural conditions 4s fownd in the smooth
form.

It must be emphasized that cultures of various strains of
plague bacillus undergo dissociation with ddsgsimilar facility.
In gensral the "continental® strains dissociate considerably more
readily than do the “oceanic',

The menbrane of the microbial cell which reflects changee
in the metabolism ocowrring in the cell plays an undoubtedly visible
rola in the question of plagus bacillus dissociation. The cellular
membrane in the rough and in the smooth forms differs, It develops
poorly in the smooth forms, but in the rough it is well pronounced,

Recently methods have been proposed with which the distinc=
tions between the rough and the smooth varieties of the plague
bacillus can be considerably more easily noted. levine and darber
(5 were uble to readily identify the coarse and smooth colonies
of P. pestis on tryptose (Difko) agar containing triphenyltetra-

zolchloride, For many other media such differentiation was very
difilculia
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A 1% aqueous solution of tetrazol was added to molten txyptose
agor, this resulting solution was sterilized by auto-claving up to
2 concentration of 0,005%. About 20 ml of this medium were placed
into & Petri dish and dried for 2l hours at 379 The dish was seeded
with the coarse and the smooth forms of wvirulent and avirulent
streins of P. pestis and incubated for four days at 30°, At the -
end of this period the typricaslly smooth colonies were circular
in form and two mm in diameter;

GENERAY, CHARACTERISTICS OF COARSE AND SMOOTH FORMS
CF PLAGUE BACILLUS

Coarse Fornm Smooth Form
1. Doea not cloud broth (sggluti- 1. Clouds broth.
native growth). 2. Avirulent.
2+ Virulent. 3. Exhiblts poor immunogenic
3+ Immunogenic, properties.
L, Colonies are colored. - ko Colonies more transparent,
5. Membranes are well defined achromogenic, with blue
(cellular membrane is thicker). shading when viewed
6. Serologically less specific. againgst light.
7. Biochemically more active. " 5. Mewbranes considersbly
8, Grow more vigorously. less defined.
9. Reduce dyes more vigorously. 6. Serologically more specific.
10, Stable form. 7. Biochemically less active
11, More sensitive to bacteriophage. (decomposition of carbohy-
drates).

8, Grow less vigorously.

9. Reduce dyes less vigorously.

10. As a rule, trandtory,

Y., Iess sensitive to bacterio-

phage.

they exhibited a sharply bounded carmine center, while the coerse
Yielded colonies irregular in form and were diffusely colored

pink. Differentiation was easily possible with the naked eye,
but. even somewhat better through the mlcroscope. The intermediate
forms of the colonies also were visible in this medium, bub they

were extremely rare, and developed into a subcultwre ag the smooth
or coarse forms,




Garber, Wolochow, and Smith (56) used a procedure described
by Brown in 1946 in studying the dissociation of brucelli cultwes
with a purpose analogous to that used for the plague bacilluse A
solid nutrient medium was prepared containing the follcwings trgp-
tone (Difko) --2?; 5lucoae ~= 0,243 yoast extract (Difko) -~ 0.0%;
and an agar -~ 2f. 20 ml of the medium was placed in a Fetyd dish
and implanted with infection. After 48 howrs of growth at 300 the
- cultures were cbserved by the Brown method using a blue light fil.
- ters The S-colomies were oreamy white, opalescent, with smooth
gleaming convex surface and regular edges. The R-colonies were .
Hght blue, translucent through a coarse wrinklsd even surface
and with irregular borders. The colonies differing one from the

other displayed their morphological character following subcultwring, .

For example, the R-colonmles obtained from the strongly virulemt
strain of P. pestis dlsplayed its stebility after reculturing,

hut the avirulency was confirmed by biostests (infection of mice).
Catisfactory differontiation of the colomies was obtained uwpen recul-
turing in a medium held forthe required 1 days in a refrigerator,

Devignaut (57) obtained data on the chramogenic dissocis-
tion of the plague bacillus, In preparing vacine from the EV
strain following the 10Lth pagsage on the third day of growth at
26° in Pu bottles he noted am unususlly retarded growth. The
cultwe was checked microscopically, and from it & subculture wos
obtalned in a glycerine-lactose and glucose agar. The isoclated
colonies were shown to be typically S- and R-forms in which the
one or the other form of the colonies had a yallowish coloration
with the subsequent preservation of ite chromogenic character,
Inspection of the morphological, cultural, biochemical, and
biological properties of this new strain led to the conclusion
of the presence of "chromogenic dissociation" and perhaps, also
mubation. The newly formed strain was obtained from P, pestis,
but since systematic classification of the strains of the plague
bacillus and of the P. pseudotuberculosis similar to it was dif-

ficult, the problem of the class membership of the strain obtained
has remained unclear,
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CHANGES IN THE METABOLISM OF THED FLAGUE RACTILUS
IN THE CRGANISM OF AN ANIMAL SUSCEPTIBIE TO THE FLAGUE

Pages 13-48

All forms of the mutability of the plague bacillus are
encountered very rarely under natural conditions, and, therefore,
in isolating from the organism, as a rule, typical cultures are
grown.

Here we can deal with only two distinct forme of the plague
bacillus sncountered wnder natural conditions -- the glycerine-
regative and glycerine-positive, since the smooth form, in the
opinion of most researchers, is not isolated from animals. Omly
a few authors have been successful in isclating it under natural
conditions from wild rodents.

As is generally kmown, under natwral conditions the glycer=-
ine=nsgative strains of the plague bacillus gemerally pass through
the organism of grey rats, while the glycerine-positive forms pass
through hibernating rodents, among which the marmots and Transbei-
kalian marmot (Arctomys sibircus) rank first in importance,

The different relationship of the plagus bacillus isolated
from the grey rat (the "oceanic! strain) and from the hibernating
rodent ("continantal® strain) toward glycerine must be explained
bagsed on the characteristics of not so much the chemical composi-
tion of the tigsues of the animals indicated, for example, the
fat comtent (V, M. Tumansidy (58)), as much as their metabolism

We regard the suggestion of V. M. Tumanskly es untenabls
because fat is a necessary constituent of the organism both of
the rat as well as of the mermot. The amowmt of fat in either
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instance is completely adequate for the nutrition of the bacterial
cells, if theyrequire fat,

It is reliably known that the synthetic nutrient media
asswring a full measure of growbh for the P, pestis do not contain
fatty acids. As far as glycerine is concerned, if ths P. pastis’
cells require it, then this substance is contained identically in
all fats, The difference in the quantitative amewnt of ylycerine
in variows ammals cannot be of significance., Therefors, the
assumption of V. M, Tumanskiy of the possible adapbtation of the P,
pestis cells toward glycerine specifically in the marmot organisms
oub not in the organism of the rat camnot be grounded on any con-
siderations of the bilochemical properties of these bacteria,

The grey rat is in ths blological sense a more active aniwal
which ducing the cowrse of its entire life remalns unchangeably
most acbive. The hibernating rodents ~-- the marmot and eapecially
the Transbaikelian marmot -- gpend a considerable portion of their
life in the sleeping state; dwring the course of the year the marmot

is found in a sleeping condition for around six monthe and the Transbale
kalian marmot -- for about nine months,

Without dealing with the entire complexity of the problem
of the metabolism of hibernating rodents, we note only that tha
hibernation of the animal leads to a shrrp decrease in its oxidae
tive processes occwrring with the participation of air oxygen. In
this connection, a considerable decrease in the oxygen content gets
in as well as an accumulation of carbon dioxide in its tissues.

All this represents a foundation to characterize the metabolism

of an animal found in the sleeping state as approaching anoxybiosis
{according %o respiration tYPeg).

In opposition to what has been said of the grey rat, leading
a very agile kind of life, according to its metabolism it can be
studied in comparison with the hibernating rodents as an amimal

with wronounced oxybiotic processes with intensive respiration of
the tingusga

“ho differing response of "oceanic! and "continental® strains
of vhe picpvz bhacillus toward glycerine must constitute a link with
Tha tyr s 07 meisbolism of the bagic carriers of the infection,

ar orought, forth on the problem of the genesis of
v and glycerine-negative strains lead us to the
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following single supposition. The differing response of "oceanlc!
and "econtinental! gtrains of the plague bacillus toward glycerins.

ig a consequence of their dissimilar capacity for glycolysis emerging
ag a result of prolonged sage in one instance through ths grey
rat (Yasrobic" metabolism), and in the other -- through the organism
of the hibernating rodent ("anserobic' metabolism),

Owr supposition is confirmed by experimemts carried out in
vitro, in whichthe possibility was demonstrated of transforming 'l;he
glycerine-negative strains into glycerins-positive and their reverse
transition. These experiments can serve as a model of what is
slowly accomplished under natural conditions in the organisms of
wild rodents. In practice these changes take place considerably
more rapldly owing to the rigid conditlons in which the plague cul-
twres exist,

The low oxygen content in the tissues that was obmserved in
hibernating rodents during the sleeping perlod with the simultanecus
considerable accumilation of carbon dioxide in the same tiasues is &
leading factor which determines basically the high leavening activity
of the plague bacillus strains isolated from them. Opposing pro-
casses occur upon the smergence. in nature of glycerine-negative
strains. The high cgygen content in the tissuss of the grey rat
suppreas the leavening capacity of the plagus bacillus which leads
to the formation of these strains,

Several foreign authors have esmphasized that the ability
of the plague bacillus. atrains isolated from wild rotents to oxidize
glycerine is not constant and varies strongly. In addition, it
has been shown experimentally that prolongad passage in a marmot
of a viruwlent strain of the plague bacillus of "oceanic" origin
leads to the emergence in its tissues of the, glycerins-positive
form, bubt upon passage of the virulent "comtinental® strain on
the noontide sandstons /polutenmaya peschania / leads to the forma-
tion of the glycerine-negative variety, These investigations
have undoubtedly demonstrated the possibility of transition of

one variety of the plague bacillus into another under natural
conditions.

The variability of the plabus bacillus metabolism, as has
been made clsar, depends on many factors of the external epviron-
ment, Of these factors those have been ‘studied basically which
affect the respiration of the plague bacillus. The rearrangement
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in the ensymatic respiratory system of the cell radically alters

its entire metabolism. Of course, all forms of the variability

of the plague bacillus can never be reduced only to changes in its
regpiration typs. HNonetheless, based on the point of view presented
concerning the natwral variability of the plague bacillus, the geo-
graphlcal distrmibtion of the different varleties of plagms causative
orgamisms can be easily carried out, The origin of the varieties

of plague bacillus is related to the specles of wild rodents, in
which their passage takes place,

Numerous studies confirmed the correctness of this point of
view., Thus, Matumoto (60), in studying the properties of 69 atrains
of P, pestis, obtained regulta confirming the former data that showed
an intimate relationship between the decompogition of glycerine by &
plague cawsative and its geographical distribution. All the strains
shemming fom the "third constant endemic focus" (Southeast Russia,
Central Asia, Mongolia, and Transbaykallye) were glycerine-positive,
and all the strains emanating from the first "endsmic focus® (the
Eastern Himalayag) ~- glycerine-negative. The author concluded
that in response of any freshly isolated strain toward glycerime
can serve as an indication of the geographical origin of the given
eplidemice ' ’

Devignaut and Boivin (61) summarized the results of 26 bio--
logical tests carried out on liquid cultures of L2 P. pastis strains
isolated from rats and from affected psrsons in the region of Lake
Alvert {Belgian Congo)s The most characteristic feature of the
gtrains was their inclusion in the glycerine-~positive group, vhich
was shown by a colorimetric test with bromthymol blus as an indi-
cator, The authors proposed that the deaignation of "ancient
vavriety of plague" may be given to glycerins-positive strains. The
aim of their research was to promote the undsrstanding of the pre-
valance in various parts of the earth of glycerine-negative and
glycerine-positive strains of plagus bacilli.

Devignaut, dealing with the relatlonship betwoen tha bio-
chemical veriability of the P, pestis stralns and their geograph-
jeal digtvibubion, classifies them according to a combination of
tao chavacteristics: +the ability to decompose glycerine and to
form niiroas acid in the uwsual broth culture (Table 1),
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TABLE 1

Decomposition Formation
of Glycerin of HNO 2

Variety I Ps postis orientalis - P4
Variety II P, pestis amtiqua e 4
Variety III P. pestis mediavalis £ -

The possible psrmutation is recognized, but mainly the hypo-
thesis is based on the assumption that each variely reserves its
special biochemical characteristic for hundreds and in one instance
for thousands of years, Variety I emanates from India, Burma, and
South China, Carried from Hong Kong by sea, it resulted in the
pandemic of 1894 and the following years, Varlety II exists in
Central Asia and wag carried toward the West by eastern congquerors,
The varisty has besn preserved and carried into Iybia, Egypt, and
Syria, vwhere it has caused epidemics in the last centuries before
Christ. During the subsequent period it was propagated by water
route into Central Africa, where it exlsts even at the present
time, It was the basis for the great "justinian" pandemic of the
Sixth Century. Variety III was formed by gradual transmtations
from the second, Supposedly it caused the "black death®, taking
25 million persons in Europe in the middle of the ljth Century.

It spread into the southeast area of Russia, Mongolia, and Manchuria,
vwhere it has existed up to the present.

Baltazar and Aslanl (62) have presented the biochemical
characteristics of strains of "wild" plague in Kurdistan. 73 strains
of P. pestis are described in their report, isolated in the course
of epidemic examinations carried out in Kurdistan over fourjyears.
Four strains were isolated from sick persons; three -- from the fleas
of rodents ; 61 ~-- from three species of marmotj three -- f£rom marmot
badgers; and the remaining two -- from other rodents. All the strains
revealed similar features: they ferment glycerine, do not decompose
ramose and do not reduce nitrates to nitrites. The strains possess-
ing these characteristics have up till the present been described
in the USSR, in North Caspian, where the marmots are also the chief
carrier of infection. The authors left open the question as to
whether related strains emanate from different regions than those
of several precursors of the microbes or whether this similarity
i explained by the special resgistance of marmots to the microbes,
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Golom and Zsan (63) dealt with the biocchemical distinctions
among fowr Turkish strains of P, pestis. Three strains derive from
the coastal towns of Turkey and yield biochemical reactions of the
first veriety of P. pestis orientalis according to the Dewvignaub
classification, The fourth strain is obtained from & village
located five km north ofthe Turkish-Syrian border, where there was
au outbresk, probably of the forest type, in March-April, 1947.
This strain is included according to the Devignaut classification
among the third variety of P. pestis mediavalis, whichforments
#iveerine and does not reduce nitrates to nitrites, The same
Fyre wuy isolaled Uy Baltazar and Aslani in Kurdistan close to ths
Turkish horder.

B




OXIDATION OF QGLYCERINE
Pages 1i8-53

A, A, Bezsonova (6Li) first pointed to the different response
of plague bacillus strains toward glycerime. A. L. Berlin and
A. X. Borzenkov (65), in analyzing the literature data and their
own observations on the response of various strains of the plague
bacillus toward glycerine, discovered an interasting regulerity,
which was later shoun also to be wvaluable in practice, The so-
called "continental! strains of the plague bacillus exidbit a
sharply pronounced capacitytc oxidize glycerine withthe formetion
of acids, while at tho same time the Yoceanic" strains do not oxidize
it,

The observation indicated later found confirmation by many
researchers, and at present the existence of an intimate relation-
ship between the decomposition of glycerine by the plague bacillus
and its geographicsl origin is wholly indisputable.

The dissimilar response toward glycerine of plague bacillus
strains from various geographical origing hes still not beengiven
an entirely accepteble explanation. The process of glycerine fer-
mentation 18 characteriszed by tho following important featwres
distinguishing it tom the fermentation of glucose:

1) ‘the process is arrested long before the complete decompo=-
sition of glycerine; and

2) eadding peptone to yeast water leads to & fuller wtiliza-
tion of the glycerine, howsver, not to its depletion -- instead of
peptones aspartic acid or methylene blue can be added, functioning
ag hydrogen acceptors.

It is olesr *+hat the Snitial phase of the oxidation of
glycerine ir o a carvonyl-containing compound is associated with the
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existence of an alien hydrogen acceptor. Subsequently, its functions
can be fulfillad by the intermediate products of the fermentation
of the glycerine itself. :

The products of the oxidation of glycerine are the same as
for glucose. However, the amount of oxidation products is less
uwhen compared with the amount of reduction products.

In regard to the elucidation of the question of the genesls
of glycerine~positive and glycerine-negative strains of the plague
hacllive, the experimental data of variouws authors is of consider-
able interest, indicating that the strains of Yoceamie® origin
following prolonged storage in a museum or by means of their adap-
tation to glycerine acquire the capacity to oxidize it in liquid
and solid mulrient media with the formation of volatile and invola-
tile fotty antds (Ye. I. Smirnove) (66). Through qualitative tests
it wes cstablished that citric acid is amond the involatile acids,
and that the involatile fatty acid fraction predominates considerw
ably over the volatile fatty acid fraction. In addition, it was
discovered that the musewm strain EV also forms volatile and
involatile fatty acids, but in insignificent amounts.

The studies referred to established the camommess of the
products of the plague bacillus-oxidation of glucose and glycerine,
Moreover it was noted that several M"ocsando" strains of the plague
bacillus duwring the process of their adaptationto glycerine acquire
the capacity to vigorously reduce litmus -~ decolorizing it, which
gpeaks in favor of the formation by these strains, using glycerine,
of gizable amounbs of reduction compounds.

With Lhe purpose of explaining the mechanism of the transi-
tion phenomenon fo the glycerine-negative strain into the glycerine-

positive, W M. fvanovskiy (67) made the suggestion that the ability
of the plague bacillus to oxidize glycerine is determined by the
inbensity of L3 carbohydrate metabolism. According to his reassone
A, Sa. vy o baclllue straing with a high fermenting activity
a1t the abillty of oxddizing glycerine.

Lopestion wag confirmed in the observations of N. V.

oo o o Dhe showed thet the BV gtrain following its culti-

o e b Ao of vageline oll on a liquild mediwm containing
aivane aeruic b Lhe capaeity to decompose glycerine,




Analogous experiments carried out with other muséum "oceanic®
strains of the plague bacillue showed that under the conditions
indicated these strains also acquired the activity of decomposing
glycerins in a liquid medium.

The acquisition by the plagus bacillus of the capacity to
decompose glycerine occwrs, apparently, more intensively if the
cultivation of the culture takes place in the presence of carbon
dioxide. This observation agrees well with the general rule that
211 heterotrophss employ carbon dioxide in some amount; and wholly
corresponds to the well-known theory of Wood and Workman on its
participation in carbohydrate metabolism (referred to in Stefenson
(68)). Moreover, Wood and Workman found that in the dissimilation
of glycerine by the bacteria of the Propionibacterium variety fixa-
tion of the carbon dicdde occurs,

Unquestionably, the opposing direction in the intraspecies
variability of the plague bacillus is also possible =~ the decreased
intensity of its carbohydrate metabolism. In other words, not
only can the “oceanic! strains of the plague bacillus make the
transition to the "conbtinental', but the reverse transition of
"continenbal®" strains into "oceanic® can also be realized.

Based on the gemneral considerations stated dealing with the.
uestion of the fermenting activity of microorganisms, N. V. Uryupina
c(1147) recorded obgervations on the intensity of glycerine decomposi-
tion by the No 476 strain during aeration in a liquid noncarbohydrate
medium. The experiments demonstreted that a small number of
passages under these conditions leads to a stable loss of the
indicated straints capacity to dscompose glycerine., In the same
way under laboratory conditions the transition of the "continental!
strain of the plague bacillus into the "oceanic! was carried out.
It must, however, be noted that the rearvangement of the enzymatic
apparatus of the glycerine-positive sgtrains in their transition into
glycerine~-negative, apparently, occurs with considerably more diffi-
culty than the restructuring in the opposing direction.

In thig way, from the metabolic point of view, the "conti
nental" strains must be characterized as intensively fermenting,
whereas the "oceamic" must be considered as strains with a reduced
fermenting activity.
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According to the data of V. I. Kuznetsova (69), glycerine
is oxidized by almost all smooth varieties of the plague bacillus,
but more slowly than by the coarse. In this connection attention
must be given to the fact that the growth of the smooth forms of
the plagus bacillus is substantially retarded in comparison with.
their coarse counterparts.

In view of the special significance of the assimllation of
glycerine by the Ps pestis cells, 4in conclusion we deem it useful
to present some data on the spiitting of this substance by other
forms of bacteris. Of the studles cited ln the monograph by Brask
{70), at least 20 various products are known which form from gly-
cerine wnder the influence of microbes: hydrogen, carbon dioxide,
ethyl, propyl, butyl, and hexyl alcchols, 2, 3-butyleneglycol,
trimethyleneglycol, acetaldehyds, acrolein, 1, 3-propanaldehyde,
formic, acebic, prpionic, butyric, caproic, lactic, succinlic, and
acrylic acids, In reality this list far from exhausts the products
formed by microbes oub of glycerine,

Braak established that B. aerogenes and B, coli yield quali-
tatively similar but quantitatively differing products of glycerine
fermentation, Table 2 pregents a plcture of the products forming,

whose quantity is expressed in percentages of the total amount '
asgimilated glycerine. '

The species of microorganisms which more remotely differ
from each other form the same products of glycerine fermentation
as those characterized by a sharper qualitsetive distinction,

Of the several species of bacteria various strains oxidize
glycerine Ly lissimilar routes. This was discovered for the strains
of Aercbac.er wevogenes Magasanik (71). For the capsule strain of
this specics oxidation of glycerime occwrs through glycerine alde-

hyde and ‘lic sicetone with the subsequent formation of pyruvie acid,
since th. © wule atrain in oxidizing glycerine forms as an inter-
nediate cobsiincn <KL ~glycerophosphate, which is also transformed
Pabe pymoo o acid,

: el wieroorganisms, for example Aerobacter suboxidans,
flyes 0o onn of o Jew subsbiuices capable of asswuring the growth




of the culture in the capacity of a sole carbon source (King et al

TABLE 2
Formic Acetic Lactic Suceinie
Species of bacteri C0y Hy acid dacid  acid acid
B. asrogenes 30,15 1.5 6,64  5.05 3,26 8,51
Bv COli 23031 1.00 11-76 5-12 1-0996 7919

1 Detected qualitatively.

Trime~ 2,3 =
Acetic thylene bubylene

Specles of bacteria Ethanol acid glycol glycol Total
B, asrogenes Whe79 0 /l traces 99.9
G. Coli 37 026 1.3)4 0 0 9709

Lpetectied qualitatively

(72))« 1In the given instance 1t has been established that even
dioxyacetone, as an intermediate proguct of glycerine oxidation,
cannot asswre the growth of the culbure as a sole carbon source.

Glycerine is the most important substance in the so-called
synbthetic media for cultivabing mycobacteria, Extracts of the
latter (Humber {73)), containing the dehydrase of glycerophosphate,
accumlabe pyruvic acid by way of glycerine in the presence of
arsenous acid. Consequently, the transition of glycerine occurs
here along the pathway of Embden-Meyerhoff reaction scheme through
triosec.

Asnis and Brodie (7h) obtained a partially purified gly-
cerine dehydrase from the Escherichia coll cells. The co-enzyme
of this enzyme is diphosphopyridinenucleotide, and the optimun
action of the enzyme is at pH = 10,0, The phosphorus is entirely
unnecesgary for catalyzing the reaction glycerine —> dioxyacetone.
Cultures of the 8y strain of B, subtilis grow well on a nutrient
medium containing only two organlc substances: aspartic acid and
glycerine, since the Mp strain of the samg species under these
conditiong grows slowly (Viame and Bourgeois (75)). Accarding to
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more recent data (76) the difference bstween My and the S; strains
reduces to the fact that only the latter contalns kinase, phosphory-
lating dloxyacetone. This enzyms is absent in the Mp strain.

The enzymes of the plague bacillus oxldizing glycerins have
not been objects of specisl research, But there is every reason
to assums for the glycerine-positive straing of P, pestis the exis-
tence of a dehydrase of liberated or phosphorylated glycerine,
forming tricses /See Nots/. This proposal is reenforced by the
capacity of ths P. pestis cells to agsimilete glucose and sugars
clese to 1t according to the reaction zchame of Embden-Meyerhoff,
in widch the tricses are cbligatoery intermediate products.

[NOTE7 We have found confirmation of this viewpoint in a
study by G. F, Shemanova and v, A, Blagoveshclwnsldy“?g

10
[Blochemistry/, 1956, 21, No 6, page 729), who have iaBEE%%—

ceroxynase from the Clostridiunm cedematiens cells. This enzyme

in the presencs of ATF phosphorylates glycerins and thus includes

it in the phosphotriosic pathway of carbohydrate transformation both
along the route of cbtaining the end products of fermentation, as
well a3 in the direction of symthesizing new carbohydrates. Analog=
ously, P. pestis in the Cl. oedematiens group also has two types:
A~ glycerine-positive and B- glycerine-negative, -- Ed,.)




CARBOHYDRATE METABOLISM
Pagaes Sh-6l

Carbohydrates in the metabolism of the bacterial cell play
the role of a chief energy source, expended for various purposes
«= t0 synthesize mew compounds (cell growth), for mobility, to
suwstain the temperature of the cell protoplasm, etc. The syntheses
proceed mainly by way of carbonyl-containing intermediate products
of decomposition, of various substances and primarily of carbohy-
drates (pyruvic acid, acetaldehyde, etc.). From the energetic
aspect carbohyurates are mest completely utilized under aerobic
conditions; under anaerobic conditions energy is liberated in
considerably legser amownts. The ratio of the liberated energy
dif ferg, approximately in the order of li7.

The plague bacilli utilize carbohydrates as bullding material
and as an energy sowrce, In addition to part of the carbohydrates
widch is involved in the formation of fatty aclds, aminoacids, and
other noncarbolhydrate compounds, the P, pestis cells synthssize from
carbohydrates their specific polysaccharides,

In studying the chemical composition of the plague bacilli
and its antigens, many authors discovered polysaccharides. As of
now only polysaccharides assoclated with proteins have been found
in the composition P. pestis cells, V. G. Aklmenko (33) obtained
a polysaccharide preparation by means of decomposing a cell with
trichloroacetic acid when heated and followed by the acetome pre-
cipitation of the polysaccharide. Using qualitative tests this
author established the presence in the polysaccharide of hexoees,
pentoges, amino-sugars, and phosphoric acid.

The synthetic pathways for complex carbolydrates used by
the P. pestis cells have not been uncovered, and we can only deal
here with the widespread bacterial synthesis of any complex carboe
hydrate involving participation of enzymes which carry whole frag-
ments of nonosaccharides and have been called transglucosidsses,
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An example of such is the synthetic activity of E., coli. Thease
bacilli, employing maltose as a substrate, are capable of synthe-
sizing maltotriose and maltotetrose (77). Tranglucosidases,
apparently, are capable of converting some polysaccharides into
others, as was shown for the cells of Acetobacter capsulatum (78).

Many authors have with the purpose of differential diagnosis
gtudied the response of the plague bacillns toward various carbo-
hydrates. Much factual material has been gathered on this problem,
indiecating that the capacity to decompose carbolydrates changes
within substantial limits in the plague bacillus. Thus, for example,
freshly isolated strains of the plague bacllius from wild rodents
do not oxidize ramoss. However, following thair prolonged storage
in a museum over hie course of many years without subcultwring they
acquire this capacity, some more readily than others.

For various strains of the plague bacillus, especially for
the museum strains, the capacity to decompose carbohydrates wndoubt-
edly differs sharply., This is first of all explained by the contra-
diction of several literature data dealing with the relationship
of the plague bacillus toward mono- and polysaccharides, the
suthors studying strains differing from each other in their fermenting
capacity. The capacity of different plague bacillus strains to
oxldize carbohydrates, varying within very broad limits, must be
explained by their dissimilar fermenting activity, which varies in

these strains as a result of being cultivated in media with differ=
ing amounts of oxygen.

To confirm the correctness of this thought observations on
the "oceanic" strain EV of the plague can be employed, which strain
wag previously partly adapted to anaerobic conditions by being cul-
tivated in a poptons medium with glucoss under a layer of vaseline
oil. Ixperiments indicated that the adapted strain acquired the
capacity to more intensity oxidize glucose than the original strain,

both under anerobic conditions, as well as when the culture was
asrated (Talle 3).
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TABIE 3

Inbsnsity of glucose
oxidation in arbitrary

wits
Strains
When culture under anasrobic
is aerated conditions
Original EV strain 18 23
EV strain, adapted to anaerobic
conditions 2l 38

The generaldirection in altered fermenting capacity of the
museun strains of the plague bacillus, preserved for a long period
in 1iquid and solid nutrient media in sealed test tubes, is deter-
mined primarily by the relative oxygen deficiency in the surround-
ing environment which sets in over the course of time. Prolonged
residence of the culture under these conditions leads to substantial
changes in their carbohydrate metabolism. The plague bacillus
evermore profoundly reorganizes its aerobic type of respiration into
a more anserchic type, in this way adapting to the new external
conditions which are unfayorable for its existence.

The intensity of carbohydrate fermentation depends not only |
on the oxygen content in the medium, but also on the geographical

origin of the strain and its existence in the coarse or the smooth
forme .

From numerous, but diversely oriented and nonsystematic,
observations the wnguestioned conclusion, however, must be drawn
that fcontinental" strains more cnervetically ferrmsnt carbohydrates
than do "oceanic"s Thus, ®or .. auple, A §. Krayno.: {76) noted
that she could not even once obtain from "oceanic" strains the gram-
positive form, whereas from the "continental! strains this could be
done relatively easily.

In regard to the intensity of decomposition of sugars by the
coarse and by tlie smooth forms of the plague baecillus the conviection
i3 widespread that the latter are less active in this regard. In addi-
tion, however, it is emphasized that the smooth form oxidizes rammose,
which the coarse wvariety does not oxidize. Considsring the differing
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intensity of the growth of the coarse and of the smooth forms of
the plague bacillus, and also the abgence of data directly defiming
its fermenting ability, such a conclusion would be premature.

In evaluating the biochemical activity of the smooth forms
of the plague bacillua it must always be kept in view that they
grow considerably more slowly than do the coarse. This circumgtance

easily explains many properties of the indicated varieties of the
plague bacillus,

In the overwhelming majority of instances two transformation
pathways for carbohydrates (80, 81) have been observed in the cell,
The first pathway -- anserobic degradation -« begins with the phos-
phorylation of the caxrbohydrate and concludes with the formation of
pyruvic acid, which ls subseqQuently either reduced to lactic acid
(T) or is decarboxylated into acetaldehyde with its subsequent reduc-
tion to ethyl alcohol (II).

The enzymes of the first phase of carbolydrate metabolism
in the P. pestis cells have not been subjected to systematic study,
bub the exiatence of several was shown with & certain degree of
probability. Thus, the phosphorylating enzymss as initiators of
fermentation undoubtedly are present in the plague bacillus, vhich
is demonstrated by the existence of a more or less rmenting capacity
in all these strains of this species, In addif)ion to the indicated
enzymes, the ensymes known as isomerases are of much significance
on the same pathway of carbohydrates metaboliems There is no
question that the plague baclillus possesses isomerases catalyzing
the transformetion of several phosphoric esters of the

CH3 CH
3
R |
co > CP‘IOH (1)
COCH COOH
Pyravic Acid Lactic Acid
CFHB CIH3 £ Hp ?HB
CO ~=COy ~——2 OCH .———> CHpOH (1I1)
)
GOOIH
monos e harides into others, without which fermentation would also
rreve daposgible,
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In the P. pestis cells of the avirulent strain All22 the
xyloso-isomerase (82) has beenibund. This enzyme catalyzes the
mubual transformation of three, unphosphorylated pentoses of xylose
(aldose) and of xylulose (ketose), Xylose-isomerasewss discovered
earlier in extracts from the cells of P. pseudomonas hydrophila
(83), but Mitsuhashi and Lampen (8L) discovered tils same enzyme in
- extracts from lactobacillus pentosus.

Xyloso-iscmerage has been obtained from the noncellular
extract of P, pestic, raised in the presence of oK -xylose. The
isomerase of the plague bacillus belongs ‘to the thiol enzymes, since
its activity is doubled or tripled in the presence of cystelne. Also
heving an activating effect on the enzyme are manganese ions at a
concentration of 10-2h M and magnesium ions at a concentration of
10-3 M. The optimm action is at pH » 8,0, Equilikriuwm in the re-
action catalyzed by this enzyme, in the sbsence of borate occuwrs
in the presence of 16% xyluwlose in the reacting mixture, but the
addition of borate shifts the equilibrium to 60-65% of the same
suger. Isomerase is suppressed by the addition of trioxymethyl- |
aminomethane. At a d-xylose concentration of 3 x 10~3 M at pH = 7.0 !
and 30° the enzyme exhibits half of its maximum activity. Unpwri-
fied extracts from P, pestis cells, grown in the presence of d-xylose,
were found to contain xylulaxinese, capable of phosphorylating
d-xylulose in the presence of adenosinetriphosphate but not capable
of phosphorylating d-xylose.

The mechanism of the transformation of the pentoses assimi-~
lated by the P. pestis cells has not been studied, nor has this
process been much examined for other bacteria, It has been shown
(Gest and Lampen (85)) that d-xylose tagged (CLL) at the first
carbon atom is converted by the nonmultiplying cells of Lacto-
bacillus pentosus into equimolecular guantities of acetic end
lactic acids. In this connection, ClL is detected only in the
methyl group of acetons. Hence, the methyl group of the acetic
acld is £n™med using the C) of xylose and splitting of the pen-
tose occurs through rupture of the bond betwsen co and C3.
Supplementing this fact by indirect evidence and by several

assumptions the authors (85) presented the following. scheme for
the splitting up of xylose:
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: Whather the mechanism of the assimilation of d-xylose by
the P. pestis cells is similar to the above presented scheme it is
difficult to say in view of the sbsence of experimental data, However,
the presence in the plagus bacillus of xyloso-isomerase, transforming
d-xylose into d-xylulose, can faver the hypothesis of the authors.

Another pathway for the transformation of carbohydrates — ’
the aerobic -- is related to the oxidation of pyruvic acid or of
acetaldehydes Acetaldehyde is oxidized into acetic acid, which

in its turn serves as a source for the formatlon of several other
aCidso

The approach of axidative degradation of pyruvic acid into
another proceeds along a tricarboxylic cycle, called the Krebs
cycle.

The existence of mechanlsms of the tricarboxylic cycle in
the Pepestis cells has been demonstrated by direct studies (86).
Yhe nonmultliplying bacilli of -the plague accumilate noticeable quanti-
ties of intermediate products of the tricarboxylic cycle. Such

cells oxidize any substance entering into the cycle of tricarboxylic
acids with the formation of end products -~- carbon
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dioxide and water. It hsa been shown that the acetate also is included
in the tricarboxylic cycle by these cells, Thus, the addition to a
suspension of cells of labelled (CLU) acetate makes possible the
subsequent detection of the isotope in the intermediste products of
axidation. Seversl enzymes of the tricarboxylic cycls have also been
found in the plagus bacilli -- isocitratedehydrase and aconitase.

The chein of biochemical reactions called the tricarboxylic
cycle is a most important source of energy in the eerobic oxidation
of the main blo-organic compowmds. It has been shown that such
substances as acetlc anl pyruvic acids can be included in the tri-
carboxylic cycle, consequently, the products of the degradation of
carbonydretes, glycerine, fatty acids, and several aminoacida are
used as energy sources through a chain of the cycls reactions,

The process of transforming pyrubic acid into acetic acid
and including the latter in the tricarboxylic cycle is very complex
and has as yot not been explainsd in several details. Pyruvic
acld with the participation of cocarbexylase, coenzyme A (Cod) and
diphosphoKyndinenucleotide forms through the agency of the acetyl-
coenzyme A sce

tic aclid which combines with oxalacetic acid and thus
is included in the tricarboxylic cycle,

Inasmuch as direct evidence has been presented of the exis-
tence in the P, pestis cells of the tricarboxylic cycle and the
inclusion of this cycle of acetic acid, the Presence in plague
bacilli of all the most important enzyme and coenzyme systems
supporting these reactions must be regarded as established,
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Intermediate and end products of the degradation of carbo«
hydrates occuring in the plague bacillus have been inadequately studied,
but they undoubtedly differ as a function of the conditions in which
the oxidation of the carbohydrates occurs, and especlially ua a function
of the molecular oxygen content in the swrowmding enviromment. In
this connection, evidently, there are no special characteristics in
the carbohydratemtabolism of the plague bacillus. Thus, for example,
N. V. Uryupina (47) has shown that sodium fluoride -~ & typical inhi-
bitor of the tissue metabolism of carbohydrates -~ exerts a suppreseing
effect both on the growth of the culture as well as on the intensity
of the glucosc use by the plague bacillus.

The nonmultiplying cells of P, pestis have revealed an energetic
internal metabolism. This intensive endogenic respiration exists
4in response to the high intracellular accumulation of intermediate
- puhbgtance of the tricarboxylic cycle. Using labelled cells, it
cén be shown that endogenic respiration is not agsociated with the
oxidation of exogenic substratea. Whole nonmiltiplying cells oxidize
any substance entering inmto the cycle of tricarboxylic acids. The
fraction of aclids utilized is oxidized to CO2 and water. Oxldation
of the acetate is included in the cycle of tiicarboxylic aclds, as
shown by the determination of the radiocactivity of i diate
intracellular substances in the oxidation of tagged (Cl4) acetate,
The plague bacillus contéins isociteratedehydrase and aconitase, .
widoh acting jointly conwert the citrate into the -keto- gluterate,
This reaction is reveraibls.

Englesberg, levy, and Gobor (87), working with the A1122 of
P. pestis, established that a profound difference exists between
angerobic and aerobic cells. Anserobic cells are capable of restrictedly
oxidiming glucose with the accumulating of large amounts of pyruvate
and other end products, which either are not oxidized further or are
oxidized very slightly, On the other hand, aercbic cells yield
Ycomplete" oxidation of glucose, There are other differences in
the metabclism: anaerobic cells do. not exhibit the capacity to
adequately oxidize pyruvate, acetete, and Cly~digarboxylic acids,
whereas all these substances are rapldly oxidized by aerobic cells.
Anaerobic cells can be transformed into aercbic by aerating the
culture in a caseinnydrolysate glucose medium for many hours with a
negligible increase in the number of cells. This transformation is
blocked by ultraviolet rays. Oxygen, consequently, acts here as an
excitant for the formation of respiratory enzymea, ag has been
obgerved in the Zast,
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Santer and AjL (88) showed that the growth of the plague
bacillus in the presence or obsence of oxygen profoundly affects
its physiology: anaerobic cells do not oxldize acetate, and the
oxidation of pyruvate, succinate, fumarate, and malonate proceeds
weakly, glucose is oxidized incompletely, with the accwmilation of
pyruvate and other organic end produchs; moreovar, aesrobic cells
oxidize acetate, pyruvate, and four-carbon components vigorously
and oxidate glucose rapidly and completely.

Anacrobic cells adapled to complete oxidation of glucose
are at the same time adapted also to complete oxidation of pyru-
vate, acetate, C)-components, Citrate and oL ~ketoglutarte are
oxidized by not a single type of plague bacillus cells. Based
on experiments with cell extracts it is possible to partially
oxplain this plienomenon, First of all, it must be assumed that
the cycle of the tricarboxylic acids functions in anasrobic cells
as a terminal mechanism. In spite of the fact that whole none
multiplying anaerobic cells are not capable of oxidizing /£ -keto-
glutarate and nitrate, these abstances are oxidized by cellular
extracts more rapidly than other components of the cycle of tri=-
carboxylic acids, This characteristic of cellular extracts to
oxidize substances not axldizable by whole cells is explained by
the difficulby experience by the tricarboxylic cycle substances
in penetrating the cells, This has been noted earlier by many
authors also for obher species of bacteria, The fact that many
species of microbes can oxidize compounds of the tricarboxylic
acid cycle independently of aerobic growth and the substrate employed
does not yet show that the enzymes participating in this process
are "constitutive", but suggest only that the cycle of tricarboxylic
acids is a general terminsl pathway of respiration.

For Po pestis the transition to anserobic existence consists
in the” loss of the ability to oxidize the substances of the tri-
carboxylic acid cycle. Enzyme analysis has shown that anaerobic
cells of the plague bacillus do not contain at least insocitrate-
dehydrase, aconitase, fumarase, and cytochrom. The weak activity
in regard to citrate supports particularly the position that the
- tricarboxylic acid cycle is not operative in anaerobic cells.
Aerstion of the cultwre in the cagein-hydrolysata glucose medium
promotes the synthesis of these enzymes. It is pogsible to assume
that other enzymes participating in this metabolic process also
respond to aerabilon in & similar manner.
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Cytochrom, present in aercbic cells, exhibits maximum absorp~
tion at 560 millimicrons, it is thermally labile, sensitive toward
HCL, and is clossly associated with the insoluble portion of cells.
The adaptive response in P. pestis to 0o is similar Yo that found
in Saccharomyces cerevisias. However, there is an sssential dif-
ferencs. For P. pestis the initial extent of glucose oxidation -
+o pyruvate is constitutive, which demonstrates the existence of
two mechanisms for glucose degradation. For S, cerevisias adapta-
t+ion to anasrobic conditions is expressed in the complete loss of
the ability to oxidize glucose, Both microorganisms adaptively .
form cytochromin regponse to the presence of Op, bub in S, cere=
vigias oytochramea a, b, and ¢, and cytochromoxidage, present in
aeroblc cells, disappear when the cells are grown under anaerobic
conditions and two new components appear =- the cytochromes a; and
by, whereas in the P, pestic only one cytochrom is found in asrobic
colls, but in cells growlng anserobically, there is no cylochrom at
all and only traces of htracellular hemstin,

The mpchamism of carbohydrate metabolism in ths P. pestis
cells should not be regarded as wholly explained, However, sewveral
of the most important aspects of lﬁhis problem have been studied
adequatelys Formentation of 1.ClYeglucose of a nonmltiplying
cellular suspension of P, pestis proceeds almost exclusively along
the glycolysis pathway. By determining the carbon dioxlde forme-
ing in the Warburg apparatus and by analyzing the fermentation
products, an almost complete absence of glucose transformation
through glucoso=6-mmophosphate and gluconic acid was shown: only
867% of the total radloactivity of the glucose was detected in

20

The same glycolytic pathway has been confirmed by a study
of the glucose degradation products, since the radicactivity was
found in succinate and other products. In the presence of the hexoe
somonophosphate pathway not a single product containing the isotope
would be formed from 1-Clleglucose. In reality all the products,
with the oxceptlon of formic acid, contained Cili, and the greater
part of the isotops 1s presemt inthem.

Quantitative analysis of the products of the brealdown of
wyvtyde acid has shown that this process proceeds along two path-
wiyse Curproportionation, in which two moles of pyruvie acid are
rawekeed drto Loahate, acetads, and CO2; and through Wphosphoro-
¢V stic gplivhing” in which ons mold of pyruvic acid forms acetic
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ond formic acids. Formation of carbon dioxide in glucose fermen-
tation proceedsg apparently, through the disproportionation of
pyruvic aclid. Since the P, pestis cells do not contain the hydro-
genlyase of formic acid, this in its tuwrn confirms the supposition
of the formation of the main amount of COp through the C3 and Cj,

of glucose. Still another poorly explained fact must be noted.
When COQ2 no longer 15 evolved, the glucose requirement continues.
The lactate forming here begins to be btroken down with the formation
of acetic and formic acids.

The abova-referred~to investigations characterize the
metabolism of glucose by nonmltiplying cells of F. pestis wnder
anaerobic conditlons., However, under aerobic conditions dried
cells of P. pestis assimilate gluconic acid, and noncellular extracts
are capable of comverting glucosophosphate into pentosophosphate.

Cohen (89) discovered a hexosomonophosphate pathway in
gorwing culbures of B, coli and suggested that tlds pathway is
the most important ags a mode of converting hexosomonophosphate inbto
pentosophosphate, ubtilized for synthetic reactions.

The studiea of Santer and AJL (90) were devoted to studying
the hexosomonophosphate approach in noncelliular extracts and
multiplying cells of P. pestis. These authors set up experiments
on growing cells inthe Warburg apparatus, wheve the multiplying
culture was placed together with the nutrient medium and radio-
active glucogse tagged at the Cj was added. As a result of these
studies enzymes were discovered which cabalyze bhe conversion of
hexosomonophosphate into pentosomonophosphete. Using 1-Clh~glucose
as a substrate, the authors showed that the carbon dioxide evolved
by growing cells had at least a 300% greater radicactivity than
in the experiment with nonmultiplying cells. This fact demonstrates
that during the period of growbh of the culture the (1 of the radio-
acbive glucose is converted primarily into carbon dloxide wilth the
formation of pentosophosphate. ITb must here be emphasized that
these determinations refer to bthe period of maximmm mulbiplication
of the P, pestis cells, Precizely durlng this period the radio~
activity of the evolved CQ» is the maxiwum. If the cbservations
of growing c21ls were conbinued further, then an imcrease in the
oxygen requiremsnt would not be recorded, and alonz with thia the
speciftic radicactiviby of the evolved carbon diosxide would fall off,
The lattor change in the weohabolicm of glucosc is an indicabor of &
shift occurring in connection with the transition of cells from a
gtate of milbtiplication to a resting state,




ADAPTIVE ENZYMES

Pages 6l=76

The basis for the extensive adaplibility of microorganisms
for changes in conditions of mutrition is the formation of new
enzynes in the cells. Such enzymes have been called adaptive.

The plague bacillus can mserve ag an especlally graphic example of
the formation of the various adaptive enzymes. Several conditions
of the brmation of glycerine-positive strains .of P. pestis have been
examined ahove, The appearance of adaptive enzymes in the process
of forming strains which oxidize ramose can also be noted, as well
as the multitude of * other similar examples of the same adapbation
of the plague bacillus, But, turning primarily to the adaptive
enzyms of the plagus bacillus we deem it peritinent to note the most
intensive studies of recent times illuminating this importent
biological problem, studied for many species of microcrganisme.

Several researchers believe that the appearance of adaptive
enzywes in microbes consist simply of an increase in the number of
enzymes already existing in cells. Thus, Iederberg (91) has es=
tablished that lactase, esasily detectable in the Escherichia coli
cells adapted toward lactose is not found by the usual methods in
cells that bave not been previously adapted to lactose. However,
using ovtho-nitrophencle A -d- galactoside as a substrate, this
suthor found lactase also in the cells of E. coli which had not
been adapted to lactose, The truth is that for this purpose the
hydrelysls yicoducts must be deternmined by an especially sensitive
volorvinctric rethod, since hydrolysis occurs to a very small extent.

The aubhes e conclusion, based on these invesbigations, reduces

to thin o dn adapuatdon no new enzymes are formed. This scarcely
el e o verliy, or for such a theory excludes the possibility
CEssoTo e o BiLiLy of the bacilli which has been observed so
G e e moat TiNNI3e specied.
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Ri.ckenberg, Yanofsky, and Bonner (92) investigated the mec-
hanism of the loss (disadeptation) of the same enzyms A -d-galactoside
(lactase) for two strains of E coli adapted over a long period to
lactose. In this conmnection, the strein W 1485 did not require
any growth faciors in a medium containing lactese, butthe strain.

W 253 required biotin and methionine. The author atudied the loss
of the lactose activity when these strains were cultivated in a
medium containing glucose and xylose. It was established that for
the W 1485 strain not only did the loss of galactosidase not occur
wnder these conditions, but not even its decrease either in whole
cells or in noncellular extracts has been noted. For the W 253
strain the synthesis of the same enzyme is wholly dependent on the
presence in the medium of l-methionine. Cultiveting the W 253 strain
in the abssnce of mpthionine even in a medium conteining galactose
did not assure the synthesis of & -galactosidase. Analogous results
were obtalned also with other strains of E. coll which required
histidine, threonine, or leucine, that is, these strains also proved
to be incapable of forming lactose in the absence of the amino acid
necessaxry for their growthe.

Based on the fact that the bacteriophage of BEsherichia coli
multiplies and exerts a lybic action only in those cells in which
intensive metabolism and formation of ensrgy do to an added sub-
strate occurs, Benzer (93) showed that the adaptive elaboration of

-galactosidase occurs with approximately the same velocity in
almost all cells of the culture., Thus, a S~-shaped cwrve characteriz-
ing the process of individual formation of the enzyme does not at
all reflect the selection of the corresponding cells. It was shown
that the S-shaped form of the curve depends upon the effect of several
factors limiting the synthesis of the adaptive enzymes (94), These
factors include, as has been shown above, the sources of nitrogen
nutrition,the concentration of the substance provolking the synthesis
of the enzyme, the duration of the assimilation phase s the amownt
of oxygen, and tho temperature. Upon removal of the factors restrict-
ing the adaptation, the process of induced formation of galactosidase
no longer is Feshaped but lincar.

Monod and Wollman (9L) indicated the complete suppression of
the synthesis of the ~»daptive lactose by a phage for those strains
of E. coli which are susceptible to the action of a bacteriophage.
However, Siwlnoviteh and Jacob (96) showed that Lor the lysogenic
strain of E. coli K 12 the adaptive formation of 4" ~galactosidase
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occurs with the usual velocity coineiding with the multiplication
of the bacteriophage. In precisely the same way Jacobs f97)

gshowed that for lysogeni¢ strains of Pseudomonas aeruginosa symthesis
of the adaptive enzymes ccowrs simultaneously with the multiplica~
tion of the bacteriophega. '

A smvey of studes completed in recent years dealing with
the mechanism of the farmation of adaptive enzymes (98) has shown
that the stwiy of this problem has proceeded in various diractioqa,,

Cohn and Torriani (99, 100) also investigated the induced
formation /A ~galactogidase in E.coli cells, These authors showed
that simdtenecusly with the appearance of the adaptive enzyme in
the tissues a synthesis of a new protein ocowrs which was detected
by immunologlcal methods. The new protein was identified by enzyme
a3 lactose., Extracts from cells not synthesizing andadaptive enzymes
also did not contain this protein, but they contained another which
ensrgetically reacted in a crosswise fashion with antilactase serum,
It was further shown that in the growing culture the synthesis of
lactase is accompanied by the simultaneous decrease of this second
probein. During nitrogen stervation of . coli cells in them the
synthesis of lactase was never induced, since the amount of the
second protein even dmrdng the cowrse of a twenty~four hour nitrogen
starvation remained constant, .

Consequently, synthetic reections using nitrogen substances
are necessary in order to convert the second protein into lactase
and this second protein, whose synthesis is not induced, must be
regarded as precursor of lactese, In addition, it was established
that those species of Entercbacterisoceas, which contained the sece
ond protein are capsble of forming lactase also, The species not
exhibiting the second protein do not have the capacity to synthesize
this enzyme.

Tt was established (101) that the formation of lactase by
the E. coll cells can cccwr only wndsr conditions ccowrring in the
synthesis of new proteins. The strains incapable of gynmthesizing
several amino acids, in their absence, cannot farm /5 -galactosidase,
but addition of these indispensible amino acids creates the condi-
tlons for synthesis of the adaptive enzymes. Consequently, for
the synthegis of lactase, in addition to the second protein, speci-
fic amino acids are necassary,
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It was shown that the adaptive formation of /£ -galactosidese
can be induced by substences containing whole galactoside radicals,
However, such svbstances as methyl-d-galactogide or alkyl- and aryl-
d-galactoside although not hydrolysed by /4 ~-galactosidase are capable
of indueing the formation of the enzyme. The capacity to induce,
genexrally speaking, has been shown to be independennt of the kinship
to the enzyme, Such substances as phenyl- /£ =thioglactosite, having
a strong affinity (relationship) to the enzyme, nonetheless does not
induce its formation,

The facts obtained ag a result of the gtudy of the mechanism
of the adaptive formation of 4 -galactosidase by the E. coli cells
conmpels us to assume that all svbstances inducing the synthesis of
this enzyme participate in the processes of the general metabolisn
in this cell. It can be asswumed thet the inducing substances form
intermediate products combining with several cellular components
which of themselves do not eonstitute the enzyme.

The investigations of Halvorson and Spiegelman, (102) showed
that analogues of amino acids obstructing the assimilation and in-
clugion in the protein of individual amino acide of their mixtures
suppress the induced synbhesis of maltase by yeast cells. Thus,
para-fluorphenylalanine almogt completely suspends the growth of
Saccharomyces cerevisiae, but the adaptive formation of maltase
under these conditions is decreased to approximately one-fouwrth
in comparison with the normal. This suppression is speecifically and
entlrely relieved upon the addition of the required gquantity of
homologous amine acide The results of these experiments have led
vo the conclusion that in the formation of adaptive enzymes in non-
multiplying cells free intracellular amino acids participate.

An analogous conclusion derives also from the observations
of Pimslky and Stoles (103) who found that for the adaptive formas
tion of hydrogenlyase in nonmultiplying B coli cells the presence
of arginine, aspartic and gluvtand.c aclds are necessery in the medium,

A gtrlet relationship between the ability to synthesize and
the enzyme and the suitability of the existing free amino acids with
in the cell for protein synthesis was discovered, consenuently,
three intracelluvlar amino acids arve o determining source of
nitrogen for the formation of the new enzyme molecules, HBalvorson
and Spiegelman believed (10L) thot there is no date supporbing the
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theory of the conversion of a previously existing protein complex,
which independently of amino acids would be transformed inbto an
active enzyme, The same authors (105), using ~methyleglucoside,
the. massimlated analogae of maltose, for the induction of maltase .
formation in the cells of Saccharomyces cerevisiae, found in these -
cells a quantity of free amino aclds expended in synthesizing the
given adaptive ferment. Table L presents the results of this in-

vestigation,
TABIE L4
M1limicrons per 100 mg of dry cells

Free Control cells Induced cells Percentage

Intracellular of consured
" aminoacids A B aminoacids
© Leucine 112 L2 0,90 0494 35
Tryptophan 0,088 0,036 0.041 0,048 L7
Qlutamic acid 19,7  2Ll.40 1.5 103 L7
Aspaxrtic acid 2,72 2032 1,23 1,27 50

Lysine Tdi0 6,75 Le90 3415 L2

Isoleucine 1017 l|08 0.118 00’48 56

Proline 1,00 1,09 067 0465 L2
Tyrosine Oui7 04l 0.2 0419 Sk
Mothionine 026 0426 0.18 0.6 35
Threonimn 1,87 1.86 147 1.50 21
Arginine 2,68 2430 160 1,59 35

1

Numbers in colums A and, also B and, pertain to parallel experiments,

In this way, a direct increase in the agsimilation of intra-
cellular free amino aclds was shown as a result of the synthesis of
the adaptive enzyme maltase by suspensions of nonmultiplying yeast
cells in a nonnltrogen medium, The amount of amino acids expended
in synthesizing maltase was dissimilar: from the existing reserve
of threonine only 21% was conswmed, whereas isoloucine camo o a
568 expenditure,

The mschanism also of the reduced synthesis of pencillinas i
' e
differs clearly from the above described maltase syn‘bhggis.
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The adaptive forwation of penlcillinase procesds at a
constant volocity in the presence of traces of penieillin. Such a
quantity of the latter, of course, is destroyed rapldly, on the basis
of which Pollock (106) drew the conclusion that penicillin reacte
with any component of the cell owing to which & complex in created,
still not vulnerable to penicillinase but capable of catalyzing the
further formation of this enzyme. The author considsred that if
each molgcule of fixed penicillin induces the formation of a conm=
plex through combination with ons molecule of the enzyme precwsor,
then the penicillinase forming must have an activity fifty times.
greater than catalase in order to asswre the degradation of the
amount of penicillin which exists in reality. Taking such an
activity of penicillinase as being of low probability, the author
suggested that the penicillin complex only catalyzes the synthesis
of the enzyms, but in itself is not an enzyme. Based on the results
of his investigations Pollock proposed the following soheme for the
formation of the adaptive ferment.

Peni.cillin (iﬁ«jucer) # receptor
organizer

aminoacids —> type I precursor —> type II precursor —>»
—= enzymer (penicillinase)

Cohn and Monod (107) suggested a scheme for the synthesis
of the adaptive ferment which was analogous in essence. Shayer (108)
discovered in several micrcbacteria the formation of adaptive enzymes
for oxidizing benzoic acida, Berheim (109) studied similar ferments
in the Mycobactoriwn tuberculosis (the BCG 8420 strain),

He showed that the ortho-isomers of amino~, nitro-, fiuero-,
chloro-, and bormobenzojc acid stimulate the formation of the adap-
tive enzymes oxidizlng benzole acid and pyrocatechine, However, the
ortho=oxybenzoic acid is not active in this regard, but cyclohexa=
necarboxylic acid also stimulates a synthesis of adaptive enzymes.
But the stiimlators themselves are not oxidizeds A stimulating
effect was discovered also in para=fluorbenzoic acid, but the para-
and meta-~isomers of amino-, chloro-, and bromobenzoic acid not only
do not stimulate, but suppressed the synthesis of adaptive enzymes.

The great jnterest shown the adapted enzymes is explained
not only by the fact that they are the basis for the changeability
of the micwobe and their adapbabilily to changiig conditions of
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existence; the problem of adsptation is also associated with the
acquigition by the bacilli of resistance to antibiotic and to
chemobherapsutic agents. Therefore, the problem of adaptive enzymes
will again retwn to focus on studying the treatment of the plagwe.

Study of the adaptive enzyme sgystem of the 41122 strain of
Po pestis cultivated wnder anserobic conditions, during the transie
tion of the cells to conditions of aerobiosis has ghown that in thig
trensition the adaptive symthesis of dehydrase by isocitric acld,
aconltase, fumarase, and cybochrom is carried out. :

Englesberg and levi (110), uging the same P. pestis strain,
also atudied other adaptive enzymes of the tricarboxylic cycle,
oxidizing acetate and the system providing the complete oxidation
of glucose both by whole cells as well as by noncellular extract.
The latter were produced both from sercbically growing cells (aero~
tic extract) as well as from ansercbically cultivated (anaerobic

-extract). In addition, the extract obtainsd from anserchically
growing cs1l3 following their adaptation to aerobiosis (esrobically
adapted extracts) were tested.

Suspensions of nonmultiplying cells of P. pestis, grown under
aerobiosis in a mineral=glucose mediun comtaining a casein hydroly=
sate oxidize at quite a high wvelocity pyruvic, acetic, and Cy=
dicarboxylic acids. Glucose in this instance is oxidized also
rapidly and completely. In opposition to this, anserobically grown
cells of P. pestis do not oxldize acetate, but glucose is oxidized
slowly and incompletely with the formation of pyruvic acid and other
end products of fermentation. Such anhcomplete oxidation of glucose
and the inability to oxidate acetate is accompanied by a large de=
crease in the oxidation rate of pyruvic and C),~dicarboxylic acids.
Aeration of acids anaerobically grown in a glucose~nineral medium
conbaining casein hydrolysate causes a transformation of the character
of the metobolism of these cells from an anaerobic to an serobic
type. As showm in the studies of Englesberg and his colleagues
referrsd to shove, the transition from anaerobiosis to aerobiosis
is accompanied by the adaptive formation of several enzymes: the
dehydrase is isocitric acid, aconitase, fumarase » cytochrom,
prospholiansacetylase, condensing enzyme, malonatedehydragse, and
enaymes participabing in the oxidative decarboxylation of Fyruvic

~ketoglutoiric acida.

Yan best mebheod of synthesizing the designated adaptive
enzymal. - logbratod in Teble 5, in which the enzyme properties
28 Caneocn ivow cella grown under aerobic and anaerobic conditions
&l renpe et edditdon, for comparison extract hos been talen

s baea VL cultivated anaeyrobically, bub subsequently aerated
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(serobic-adaptive extract)., The fermenting activity of extract is
presented in Tabls 5 in micromoles of the converted substrates or
in micromoles of gynthesized products per one howr per one mg of
nitrogen contained in the extract,

The fact that the appearance of enzymes in P, pestis is not
a result of the liberation of the aerobic culture from hypothetical
inhibitors forming previously in the anaercobically cultivated cells
points to the inability of extracts from anaercbically grown cells
Yo suppress the lsociiratedshydrase.

This is evidenced by the inability of anaerobic extract to
retard enzyme systems of aerobic extracts, catalyzing ths oxidation
of nitrate into acetate,

The result presented in Table 5 shows the genuinely adaptive
character of the transition from anaerobiosis to aerobiosis, since
in thisg trangition we are not limited only by the sherp iacrease in
the activity of the enzymes indicated in Table 5 from No 1 to No 9
inclusive, Al the same time a two-fold decrease in the activity
of the most important enzymes of glycolysis occwrs: phosphate-
fructose~kinase, the dehydrase of glycerinsldelydephosphate, whereas
acetolinage and decarboxylase of an oxalacstic culture remgins
without essential changes, The biosynthesis of adaptive enzymes
in P, pestig is in accord with the metabolic changes., Thus, in anaero-
biosig the capariby to oxidize acetate im absent, glucose is oxidized
incompletely, and pyruvate and C),-dicarboxylic acids are oxidized
slowly and wealdly, The transitlon to asrobiosis is marked by a
rapid oxidation of acetate, pyruvate, C)-dicarboxylic acids, and
also by the rapid and complete oxidation of glucose. In all of the
latter procegsses the designated (Nols 2w.9) adaptively synthesizing
enzymes particlpate, as well as the.enzymes of the tricarboxylic
cycle, assuring the complete oxidation of glucose and the assimilow
tion of acetale, Although in this comection a sharp adaptive
increage of succinatedohydrase is not observed, it is difficult
to question that it occwrs, since the succinatedehydrase activity
of P. pastis exbracte is exceptionally high.

The lagt fact represents additional evidence of the action
of the tricarboxylic cycle in the aerobiosis of P, pegtis. Bub
there are also obher indications of the presence of this cycle in
the plague bacillug «~ the necessity of the presence of precisely
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those identified products which participate in the tricarboxylic cycle.
Moreover, the synthesis of citrate from acetate and oxaloacetate,

and also from pyruvate and oxelacetate, and the rate of these processes
evidence the existence of the tricarboxylic cycle in the P. pestis.

The high phosphotransacetylase activity of aerobically grown
cells assimilating glucose as carbohydrate souwrce indicates that
the free acetate, most probably, is a normal product of the cxidae
tion of glucoses This is confirmed fwrther by the relatively high
actoldnase content in P. pestis.

Extracts from P pestis, strain A-1122, obtained both from
aerobically, as well as from anserobically grown cells, contained
a vory Jarge amount of the dehydrase of glycerinealdehydphosphate
and fructoso~phosphate-kinase, This evidence the essential signlie-
ficonce of the Embden<Meyerhoff series of reactions in the metabolism
of glucose in aercbiosis and anaerobiocsis. There is no grounds to
consider this pathway as the only means of comverting glucose in
angserobically growing cells, It has been stated ebove that ansero-
bically grown cells of P. pestis, talen in the form of a nonmiltiply-
ing suspension suppddied with glucose in the presence of oxygen,
oxidize this sugar incompletely, with profuse release of CO» and
the simulbaneovs formation of pyruvic acids The amount of carbon
dioxide forming from glucose falls off with time down to a low level,
characteristic for the splitting of the pyruvate by P. pestis cells,

The above described adaptive synthesis of several of the
most important enzymes is an example of a well-pronounced control
over this synthesis on the part of externel conditiong. Similar
situvations on the mechanism of controlling induced synthesis of
enzymes have been cxpressed by Stanier (111),

Hewever, the decisive factor in the change of enzyme systems
in the tricarboxylic cycle and other enzymes of the plague bacillus
is the precenco or absence of oxygen, nonethelegss the mechanism of
these changes is not clear, Oxygen, of course, can fulfill the

fanctdlon of & subobieato; indueing the formation of cytochrome,
particir g iu the final ocidation., This same cybochrome in

s burn ca e oabglrabte, indociog the synthegis of enzymes of

the chrr 4o wovdes for bhe transferral of electrons. Bub
hor.: o a iz ol explain the effoct of oxygen on the synlhesis
of o eonyme o en vhonphotranancatylage s condensing onzyme
fumare sey aaocileotod hydie 3¢, and other engymes of the tricare
berylic raln w7 n Giae




Inasmuch as anserobic cells accumlate acetate as a product
of giucose fermentation, here an adequate amoumt of acetylphosphate
is necessary to induce the synthesls of phosphotransacetylase, how-
ever the level of acstylphosphate remalns as low as in aerobic cells,

In the same way the content of fumarase can be evaluated,
Aeroblc and ansercbic cells form succinmic acid, these cells possess
approximately the identical amount of dehydrase of this acid, but
the amount of fumarase in aercbic extracts is 510 times higher than
anAETOHLc,

The results of research presented do not permit us to
indicate any speclal products of metabelism present even in low,
but adequate amounts to induce the synthesis of enzymes. It remains
to be assumed that the presence of oxyzen is an adequate factor in
order to form these substances, exciting the synthesis of adaptive
onzymes in the P, pestis cells. In its twn the absance of oxygen,
apperently, excludes the possibility of an adequate accumlation
of subgtances inducing the synthesis of adaptive enzymss in the zeroblic
tricarboxylic cycle.

TABIE 5

Comparative Enzymatic Activity of Aerobic, Ansercbic, and Aero- .
bically Adapted Noncellwlar Extracts of the A 1122 Strain of

P, peatis
Aerobically
Asrob. Anserob,. Ada.pb&d ,
No. Enmymatic Activity Extr, Extracts A  Ettracts C
— A B E c B
1L Oxidative decarboxyla- 21.9 3.7 649 2544 6.9
tlon of pyruvate
2  Thospholransacetylas  23.5 6.1 349 h2.h 740
3 Condensing enzyne 82.3 7.9 10.J5 90,3 L1l
I Isvciftrote-delydrase 7346 1.2 61e2
3.5 6641 189
5 Oridetive Jdecarboxyla=- 3.0 0.3 10
tiom of o =kehozlu- hs0 1.2 el Lo5 2.8
Larate
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AMINCACID REQUIREMENTS AND THEIR SIGNIFICANCE
IN THE METABOLIC PROCESSES (F THE PIAGUE BACILLUS

Pages 76-88

Cultivabing the plagus baclillus in complex and chemically
unknown cormpositions of mutrient media (meat-peptone roths), usually
ermployed in bacteriology, has satisfied and even now in most ine
stances satisfiss bacteriologistis. Such media affort good growth
under relabively small inoculation doees, but the main ¢ultwal and
biochemical properties in freshly lsolated strains vary only after
prolonged storage and many subculturings,

However, in studging several problems of the metabolism, and
in particular, to discover the nubtrition requirements, the cultlvation
of the bacilli on nonprotein media of a precisely kmown composition
assuring good growth and preservation of biological properties is of
a specially high significance. Such a varisty of "synthetic" medis,
of course, must not contain substances nonmwseful and wnnecessary in.
cultivating. The cerbohydrate and mineral substance requirements
are more or less the same for a considersble munber of pathogenlc
bacteria leadlng a parasitic form of life. Consequently, the study
of the nubtritive requirements of these bacteria reduces mainly to
discovering what aminoacids and vitamins they require,

Recently, several studies have been published devoted to study-
ing the requivements of P, pestis for various nutrients. Unfortumately .
in most of these studies the requirement of the microbe for a given
constituent of the medium was not adequately considered and the brond
adapbability of strains of this bacillus to unfavorable conditions
of nutrition was not always realized.

All amincacids and growth factors of microbes can be includad
Jamong the following groups: 1) indispenssble, in the absence of
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which growth of the species in question 1s completely impossible;
2) supplementary, whoge presence stimilates growth, but whose
abgsence does not suspend growth; 3) unnecessary vitamins and
aminoacids whose absence does not affect the growth of the culture.

In a study Rao (L) tested the growth of P. pestis on a
mixture of aminoacids obtained aftar hydrolysis of gelatine at a
concentration corresponding to 0.5% of the ariginal protein, and
upon addition of a selection of mineral salts, It was discovered
that such a mixture of amino acids does not asswe the growth of &hn
Plague bacillus, Upon the addition of cystine to the hydrolymate
satisfactory growth was obtained. The resultant medium was so fully
valuable that adding to 1t yeast extract or meat broth or rabbit
blood or horge wrine did not stimdate growthe Of the six virulent
and fowr avirulent of P, pestis tested, only one virulent strain
grew satisfactorily in the gelatine hydrolysate without cystine.
For the remaining nins strains one gelatine hydrolysate resulted
in barely perceptible growth, which was sharply intensified upon
the addition of cystine, In as much as the above named biological
liquids do not exert an effect on growth in the presence of the
hydrolysate conbalming cyst:!.ne » thls offers to the conclusion that
P. pestis does not require any of such growth factors, and that the
array of amino acids in the gelatine hydrolysate upon the addition
of cystine satisfies the basic requirwmssnt,

Tt must be admitbed that the avalleble quantity of cystine
in gelatine (0,2%) is clearly inadequate for successful growth,
However, on the basis of these data it camnot be lsarned which
amino acids ares necessary, which are supplementary, and which are
unnecessary. The authorts conclusion on the nonusefulneas of any
vitamins for the growth of P, pestis is interesting. However, it
must be kept in view that the hydrolysate may have conbained several
vitamins of the orlginal protein,

Morsover, Rao (15) demonstrated the possibility of cultivate
ing tha plague bacillus in a medium simpler than gelatine hydrolysate.
Thig modiwa, in additlon to glucoss and minoral salts, contained
dl=airino acidz: alanine, leucins, prolins, phenylanamine, cystine,
leargirnine, and Ll-lysine. The two last amino acids, as shown

~experimentally, can be removed from the medlum without affecting growbh,

In this way, it was establishod that a mediuwn con3isting only of five
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amino acids along with glucose and mineral salts aupports satisfactory
growth both of the virulent and the avirulent strains of P. pestis.
In addition, it was shown that removing one of the three amlno

acids e« proline, phenylalanine, or cystine == from this medium ex-
cludes the possibility of growth.

The author drew the conclusion that the last thres amino
aclds are indispensable, Of course, glycine in accordmmoe with those
studies, must be regerded as a supplementary amino acid, since its
addition to the medium markedly intensifies growbh,

A nutrient medium tested by Berkman (112) in cultivating many
specles of Pasteurella, contained as complete a gelatine hydrolysate
as did the mediwm of Rao. In addition, Berkman added glucoss,
mineral salts, and l=amino acids: tyrosine, tryptophan, histlidine
and threonine, dl-valine and dl-serine. Tryptophan, tyrosine, valine,
and methionins, as it is known, are absent in gelatine. The remain-
ing suppleamentary amino acids are found in gelatine in very smell
amounts.,

M. Doudoroff (113) tried to cultivate P, pestis on & medium
of the following composition: glucose == 0,27, NH%C?I - 0,18,
MgS0y, « THO - 0.05%, FeCly = 0,008%, CaCly = 0,002%, and & M/30
buffer mixtwe of KHyPO) £ NagHFO), at pH 8 7.0, But not ome of the
P, pestis strains d:l.splayed growth in this glucose«-pineral mediwn.
A very retarded growth was obtained upon adding to this medium cystine
and phenylalanine at 0,002%, Upon subculturing, a8 a result of
habituation a weak growth was obtained even without amino aclds.
Adding to the medium 0.,002% proline intensified the growth of two
gtraing, bat had no effect upon the growbh of the other strains of
P, pestis.

The addition to a glucose-mineral medium containing cystine
and phenylalanine of only ome of the following growth factors =
biotin, pantothenic acid, thiamine, or hematin == does not affect
growthe In the sams medium (without growth factors) the authora
demonatrated the possibility of replacing cystine with thiosulfate,
with sulfite, with thioglycolate, with homocystina, but not with
methionine. We note that in the animal organism it is possidle
to replace cystine and cysteine with methionins, but methionine
can never be substituted by cysteins or by cystine, Fhenylalanine,
ag ona of the two amino acids in the medium must be inecluded among
the supplsmentary substances, since it stimulates growth, which
mroceeds with the same intensity as it has without it, but after
revious adaptation. Trypbophan, tyrosine, or glycine, and also
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phenylacetic and indolacetic acids can never be included among the
supplementary emino acida, since these substances do not exert a
substantial effect on growth.

M. Dovdoroff concluded that 21l the amine aclds tested have
no greater importance for the growth of P, pestis than do ammonium
salts., It also was noted that several amino acids added to a medium
not containing any amino acids caused a certain suppression of growth.
Thug, strain adapted to a glucose-mineral medium revesled a retarda-
tion of growth in the presence of 0,002% of le or dleleucine when
added jointly with cystine or thiosulfate. Much of the data cited
above hes been subjected to complete or partial reexamination. Herbert
(1) also studied the growth of two avirulenmt and three virulent
strains of P, pestis in media of preclse chemieal composition. The
above described nubriemt medium of Berkmen, containing glucose,
mineral salts, and a collection of twenty different natwal amino
acids, in the opindon of Herbert, also cannot assure the growth
of all the strains tested. The last medium ls capable only of
providing for the growth of a small number of cells after adaptow-
tion.

The nutrient medium of Herbert contained glucose, mineral
salts, and the following amino acids: gl-glutamic acid at M/200,
M/500 glycine, and the following aclds at concentrations of M/1000:
l-arginine, l-histidine, l~oxyproline, dl-alanine, dl-valine, dl-
leucine, dl-isolencine, dl-norleuwcine, dl-aspartic acid, dl-lysine,
and dl-proline. The following were contained at concentrations of
M/2000: dleserine, dl-tyrosine, dl-histidine, and dl-methionine.
The racemate of tryptophan was added at a concentration of M/5000.
In addtion, a mixtwre of seventeen different growth factors parti-
cipated in this same medium, but since they did not affect growth,
we will nob list them here, The sole sffective growth factor of
these seventeen was shown to be hemin, which also was part of the
nubrient medium. Thus, this medium conbained glucose, mineral salts,
hemin, and a selection of elghteen natural amino acids, differing
from the Berkman media only by the presence of hemine and probsbly,
by a rational concentration of amino acids. Such a nutrient mediuwm
provides for the growth of all five tested strains wpon implanting
with only ten cells,

In order to explain the significance of each aminoacid, the
agthors exluded each of them separately {rom the composition of the
nubeient mediwn, In this woy it was possible to divide all the
aminoacids in to fouwr groups: 1) aminoacids whose exclusion does
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not effect the growth (glycine, alanine, narlsucine, aspartic,
glubemic acids, lysine, proline, oxypeoline, pyrosine, and iryptophan);
2) aminoscids, whose exclusion resulted in a slight inhibition of
growth (serine, methionine, and arginine); 3) aminoacids, whose ex-
clusion strongly reterds growth (threonine and histidine); L) aminoe
acids, in whose absence growth is impossible (valine, leucine,
isoleucine, cystine, and phemylalanine).

However a medium containing anly indispensable aminoacids -(the
fourth group), hemin, glucose, and mineral salt does not result in
growthe But growbth is abgent even upon the addition to the medium
of aminoacids of the third group. Further complication of the medium
by adding various aminoacids inproves growbth, which becomes optimsl
with the presence of all eig}'xteen aminoaclids,

Horbert established, morsover, the possibility of replacing
hemin by thicacetic acid and even by animal charcoal /zhivotnyy ugolt/.
The author concluded that hemin is necessary for P, pestis cells in .
the synthesis of catalagse, which protects the cells from the harmful
accumulation of hydrogen peroxide. Animal carbon, apparently, is
capable of replacing catalase owing to its capacity also to decompose
hydrogen carbides The action of thioacetic acid was explained by
the author as due either to the cepacity to split the peroxide or
to suppress the formation of this peroxide.

Englesberg (115) studied the effect of the sulfur-comtaining
amnoacids on the growth of an avirulent strsin of P. pestis, The
Englesberg medium contained glucose, mineral salts, hyposulfite,
rhenylalanine, valine, isoleucine, and methionine. It was esteb-
lished that removing any of the existing aminoacids and hyposulfites
prevents the growbh of ths culture. Hyposulfite cen be replaced
by cystine, sulfite, or sulfide, but in the presence of methionine.
When hyposulfite is present methionine can replaced cystothionine
or homocysteine. Consequently, the P. pestis cells are capable of
methylating if they synthesize methionine from such substances as
cystothdonine and homocysteine.

Rockenmacher and James (116), in verifying the nutrient
redia of Rao, Eoudoroff, Berkman, and Herbert, found that all of the
media in quegtion did not assure the maximum growth of the P, pestis
cells, representing 27 different straing, They nsed a mdiwm
called "gynthetic casein" and containing, in addition %o the
mineral salts and glucose, a mixture of pure aminoacids, qualitetively
and quantitatively corresponding to the cesein hydrolysate, Tn
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addition, these authors tested the addition to the mediim of fowrteen
different vitamins, but not one of these growth facters had an effect
on the growth of the plague baclllus,

The Rockenmacher-James medium made possible the cultivetion
of 8l 27 strains, just as well as in the meat broths, wnder the
conditiom that it wes wsed in the liquid form, but this medium con-
taining agar requires hemin for successful cultivetion.

Yo, M, Ouvbarev, S. I, Zaplatina, and A, . Konnova (25)
studted the aminoacid requiverents of P. pestis cells in a some-
what different mannex than had been used by the previous authors.
Twe strains of this specles == the avirulemt EV and the virulent
No 177 == were cultivated in a mineral-glucose mediume The medium
wag prepared in this way: the following salts were added to a phos-

. phate buffer containing /15 NaoHFO), and KHoPO), at pH = 7.3: cale

ciun chloride == 1 mgf; magnosium sulfite == L mgh; ammonium chloride
~= 100 mg#; iron oxide sulfate —=- 20 mg%; manganese sulfate = 2 mgk;
sodiun chloride = 2 3 glucose == 200 mg#; end the aminoacid
being tested = 160 mghs The following synthetic aminoacids were
tested: methionine, tryptophan, phenylalanine, valine, glutamic
acid, glycine, alanine, tyrosine, cysteine, cystine, norleucine,

and asparagine,

When a large amowrt of incuulation meterial (one billion washed
cells in five nl of medium) at 289, over a period of five days a
very week growth of both strains for all aminoacids was detected,
with the exception of tyrosine and tryptophans The growth was noted
from the twbldity of the transparent nutrient media., The vitality
of cells in such media lasted long: thus, implantations in agar
dishes containing the Chottinger medium after a seven-month residence
in gynthetic media ylelded normal growth for colonies typical of
P. pestis.

In all media conteining one aminoacid, an attemuation of the
vitality of the bacilll could be noted: wupon subcultuwring in the
same media not only was there no adaptation to it, but on the con-
trary, with each subculturing the growth became weaker and on an
average after fowr subculturings ceased entirely. The cause for
this lies, probably, in that a very high implantation number is
required for growths In solid glucose-mineral media {1,5% Difko
agar) growth ccased for one aminoacid in most of the cases. It
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was detected only to 2 woak extent on the seventh day in media con~
taining glutamic acid, glyeine, phenylalanine, norleucine, or cysteine.
An ager medium containing cysteine provided growth for two stralns

-~ the virulent No 177 and the avirulent No 15L == if the inoculation
amounted to 100 million cells. Here the growth was discovered in

the form of large coloniss after six days, and from 100 million cells
not more than L0 cclonies developed, Such an insignificant number

of cells was adopted quite well to this medium.

Upon prolonged storage of agar dishes (more than seven days)
containing media which had one aminoacid, their contamination by
air microflora was noteds A growth of typlcal coloniss of P. pestis
was discovered around some colonies contamineting the cultwring.
Foreign microcrganisms, proving to be "smalleascals feed" /Rormilki/
of the plagwe bacillus were not identified by the authors,
supposedly are among the Sarcina or actinomycetes. Individual tests
of these "smell-scele feedings" that is, their artificisl implanta-
tion in a Petry dish which had not displayed the growth of P. pestis,
stimulated the appearance of typical colonies of the plague bacilius,
However, the "smell-scale feeds" stimulated the growth of the plague
bacillus only in media oontaining one of the following aminoacids:
glycine, norleucine, phenylalanine, or glutamlc acld.

The authors did not investigate in more detail the nature
of the "small scale feed" and the P. pestis growth stimulator con-
tained therein, since such a stimulator obtained from Sarcins
had been studied by Karpuzidi and colleagwes in studies which will
be examined later,

Ye, M, G'ubarev, 8. I. Zaplatina, and As M. Konnova (25)
tested many agsr medis containing, in addition to glucose and
the above indicated mineral salts, the most diverse combinations
of two or mere (up to seven) amino acids, although in these com-
binations amino acids showing the most favorable effect on the
growth of plague bacilli in liquid media were used, in agarmedia
no growth was forthcoming,

Guided by the indications of Rockenmacher and James on the
positive effect on the growth of P, pestis that was shown by the
amino aclid accomodation approximately corresponds to the composgi-
tion of the casein hydrolysate, Ye., M. Gubarev and his colleaguwes
obtained an agar medium asswrring satisfactory growth for almost all
strains tested. The composition of this medium is as follows:
alaming, -= 23.87, asparagine 12 mgh, cysteine == 1. mg#, glutamic
acid ~- 0,2 mg®, mothionina - 15.6 mgZ, phorylalanine «- 6.6 me%,
glycine == 21 mgh, tryptophan - 23,2 mg? tyrosine -- 1L mgh, valine
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-~ 16 mg%, norleucine -~ 10 mg#, magnesium sulfate -= 4 mg#, iron
sulfate -- 2 mg¥, manganess sulfats -~ 2 mgh, sodium chloride e

2 mg#, and glucose == 100 mg%, in addition, the medium contained

a M/15 buffer of KHoPO), # NapHPOL at pH = 7.3 and. 1.5% Difko agar.
Glucoge, cysteine and the salts were added sterilely to the remain-
ing components of the aubtoclaved medium,. :

Of two strains of P, pestis =« EV and No 177 - only the
latter displayed satisfactory growth in this medium at 289, forming
a continuous deposit of blending colonles in 18=-2); hours for imple.
tation doses of from 100 to one million cells, However, an additional
testing of seven more strains, of which six were found in the R-form
and only AMP strain in the S-form revealsd in all cases growth
as sabisfactory as that observed for strain No 177. Thus, various
authors working with the most diversified strains of the plague
baclllus demonstrated the extensive adaptability of these cells
to the conditions of the nutrient medium. The cells P, pestis
do not require vitaming which are indispensible for their growth.

In the presence of the appropriate mineral salts and glucose,
several gtralns are capable of being cultivated on ons amino acid.
However, growth under such conditions can be obtained with a very
high cultwring mmber /See Note/. Hence, the indispensible amino
acids that are required for the growth of plague bacillus s wlthout
which growth is entirely impossible, can not be easily specified.
It i1s much easier to deslgniate the supplementary amino acids, '
stimulating growth, although to varying degrees. This category
inelndes, apparently, all the eighteen natwral amino acids. However,
among the supplementary amino aclds there are several, such as,
phenylalanine, cysteine, glubamic acid, and valine which are more
important then the others,

(/NOrE7 Experiments with higher inoculating numbers are not
convineing, since this makes estimate of nutrients difficult, -- Ed.)

Hills and Spurr (117) established the effect that tempera=-
ture has on the nutrition requirements of the plague bacillus, Study-
ing the nutritlon of three avirulent strains of P, pestis at tem-
peratures within the limits of 23-37 in a glucose-mineral medium
with the addition of amino acids, these authors found that for
temperatuwres in the limits of 32-239, the optimal medium must conw-
tain, in addition to glucose and mlineral substances » the following:
phenylalanine, valine, isoleucine, cysteine, methionine, and hemin,
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Five of the six strains tested used leucins instead of valine,
although here the growth attained was not equaled to the meccimume.
Growth at 360 was at an optimm for the case in which alanine,
leucine, serine, threonine, biotin, and pamtothenlc acid were

added to the above-mentioned five amino apld were added to the above-
mentioned five amino acids and hemin. The abgence of alanine or’
lsucine noticably retarded growthe In the absence of blotin and
pantothenic acid the strains tegted showed good growth only in a
mediun containing & selsction of twenty amino acids, .

Hemin must be included among the supplementary growth factors.
Although the latter does not result in a sharply pronounced stime
ulation, it does favorably affect growth.

Apparently alsu several vitamins have a notliceable stimula-
ting action on the growth of P. pestis, although their absence
in mitrient media does not exclude normal growths Thus, Sokhey
(118), pointing to ths nocessary requiremsnt of phenylalanine,
proline, and cystine for the growth of P, pegtis found that thia-
mine, nicotinic aclid, and other vitamins none the less do stimlate
the growth of this microbe.

A distinctive growth stimulator of the plague bacillus is
a substance (or substances) contained in many species of non- _
pathogenlce micro=~organisms, especially in Sarcinas. Most detalled
information dealing with this stimulator is avallable in the
reports of K, 5., Karpuzidi et al. K. S. Karpuzidi and A, M,
Khokhlova {119) showed that the lysate of the mlicrobe-"smalle
scals feed", added to the wsual liquid and solid nutrient media
(Martents broth or the same with agar), sharply reduced the im-
plantation dose, down to one cell of P, pastis, The rates of cul=-
ture growth are also accelerated, These results were obbained with
three strains, of which two == No 112 and No 291 ~= were virulent
and one -=- vaccine BV == avirulent. The stimilator tested both
during the cultivation process as well as upon long storage (up
to twelve months) in media did not change the main bilological
properties of the strains. Unchanged in the strains were the
following: vitality, virulency, response toward bacteriophage,
agglutinability, and biochemical activity. In a report by K. S.
Kerpuzidi and L. N, Makarovskaya (120) it was stated that this same
lysate from "small scale feed" essentially shortens the initial
stationary phase of growth and the phase of negative acceleration
of the multiplication of the strain EV cells of P. pestis.
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&« M, Krichevskaya and K. S. Karpuzidi (121) produced the
growbh stimulator from the lysates of the mlcrobe="small scale
fead" by means of salting-out the lysates with a saturated solution
of ammoniums suifate. It was established that all the proteins
of the lysate are salted-out only for 100% saturation of this |
salt, and the filtrate following removal of the salted-out proteins
no longer has the ability to stimulate the growth of P. pestis. Of
ths nunber of salted=out proteins the protein fraction in which
all the stimulator was contalned was disoclved in a phosphate buffer
at pH = 8.6-9,2, The remaining proteins were inactive. The sctive
fraction was soluble in water and in a nmeutral reaction was capable
o baing nrecipitated from solution by acotone without changling
itz stimlating properties.

In this way the scluble protein fraction obtained following
waghing and acetone drylng proved to be a powder, which stimulated
the growbh of P. pestis cells in & concentration of 1:1,000,000,
The P. pestis growth factor has been applied, in the form of the
preparation described without subsequent purification, inisola-
ting cultures from woekly infectsd material, from which growth is
difficult to induce with the usual nutrient media.

(rowing Pe. pestls cultures in gluccse-mineral media with
the addition of a given aminoacid mixture, as is clear from all that
has been said above, ig not free of certain difficulties, These
difficulties ocowr since researchers must deal, as a yule, with
strains already adapted to this or that mbrient mediwum. Bubt a
richer growth of any strailn without previous adaptation can probably
be oblained when all or almost all of the array of amino aclds are
pregent in the mediune. Howsver, in several cages a msdium proved
wholly satisfactrry although it was not "synthetic!, but rather
delihorately reduced in proteins. Thus, the hydrolymates referred
to above of neveral proteins yield aminoacid mixtures providing a
wlch growth of the most diverse gtrains of P. pestis. Of such hydroly-
solieg the mogl widospread in use is the casein hydrolysate con-
teilnag icoae and a mixture of mineral substances. Being non-
e e i pixtame in providing good growbh for all strains of
e o8t oo ceovondant for the study of the plagwe bacillue proteins
rece O oum e tsin dnpuerities of the mutedent medium.

bl adakeergie (122) have suggested that nutrient mediwm
porad 2w Do pestis from conmerical casein hydrolyzed for




seventy-two howrs by sulfuric acid with an admixtuwre of hydrochloric
acid, followed by the neubralization of the acids by sedium hydroxide
and barium carbonate, The barium sulfate forming is removed by filter-
ing. Several salts of magnesium and iron are added to the hydrolysate
in addition to the alcohol extract of the liver. The growth of P,
restis culbures in such a medium does not exceed the growth in meat
brotha. In filtrates of the culture an active and specific protein
antigen has been discovered. The vaccine obtained from such &

medium according to the Haffkine method proves to be ome«fourth as
toxic and fowr times more active than the original Haffkine waccine.
Finally, the suggested medium is cheaper than meat beoth,

For this purpose of reducing production costs of vaccines
and more easily standardizing them, Seal (123) proposed the above
described casein hydrolysate for a solid nutrient mediwm. 4 P,
pestls culture in a solid medium produces a call yleld that is
1507 greater than that from the same volume of liquid casein -
hydrolysate medium. In comparison with an agar medium in meat
broth the Seal produces a ten-fold cell yield.

Ye. M, Gubarev, S. I. Zaplatina, and A, M, Kennova (op. cit.)
can only confirm the advantages presented of the medium containming
cagsein hydrolysates But these authors join in finding it more
adivsabls to use in the hydrolysls of casein some sulfwric acid,
vhich would assure quite a complete removal in the form of the
barium salt.

The above-mentioned studies on the mtrition requirements
of P, pestis in terms of aminoacids show that for this cell species
several aminoacids have particular valus., Individual studies
conducted in this area are of great interest.

Thus, a series of investigations (123, 12L) has established
that lysis of several bacteria, including E, coli, occurs in
glycine solutions. levine et al (126) used glysine as an agent
lyzing P, pestis cells. A suspension of cells in a molar solution
of glycine was supjected to lysis. Whereas whole cells agsimilate
pyruvic and acetic acids, preparations made {rom cells lyzed by
glycine, have lost this sbility. It is probable that under such
conditions damage or degradation of enzymes of the tricarboxylic
cycle takes place. But if exposure of cells in a glycine solution
is reduced to the extent that only part of the cells are lyzed,
then the remaining whole bacilli retain the ability to oxidize
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pyruvic aclid along with the complete loss of the ability to oxidize
acetate, In the latter case the cells acquirs the property of
accumlating acetic acid through oxidetion of pyruvic acid which
is here subjected to cxddmtive decarboxylation,

In the study of Rockermacher and James referred to sbove (116)
it is shown that serine is among the essentiszl aminocacids for the
growth of P. pestis, This is shown in the cultivation of twenty-
seven different strains in media from which individual aminoacids
were excluded one at a time. However, in the studies of Rao (L,
h5) it was showm yet earlier that the strain No 120/H of P. pestis
oxldizes serine more rapidly than do fifteen other natwral amino-
aclids testeds The observations of Rao have been confirmed by levine
ot al (126) in experiments on the avirulent strein of P. pestis
A=1122,

In the lagt case the complete oxddation of serine with the
formation of pyruvic and acetic acids as intermediate products was
shown. These same authors established that the oxidation of serine
by nonmultiplying Pe pestls cells is specific for the l-isomer, since
for five moles of l-serine as much oxygen is consumed as for ten
moles of dl-serinse In this commection, d-serine does not have an
affact on the oxidation of the l-isomer. Oxidation occurs also
in the presence of the 2, L~dinitrophencl, which at guch concentra=-
tions is a powerful Iinhibitor of the oxidation of several smbstrated
for several gpacles of bacteria, The fact that the P, pestis cells
treated with glycens under the ebove-mentioned conditions is capable
of accumlating scetate by way of pyruvate, is used to explain the
intermediate stages of gerine oxidation. The results of the in-
vestigations permit the suggestion that serine oxidation occurs in
the following manner [See Note/:

CHp —m CH _COOH
DH?' /

on NH2
J, gerins
0

CHy . £O . COH £ NHj
Pyruvic Acid J,

CHy — COOH £ COp
AGETIC ACID
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: (/NOIE/ Chargef and Sprinson (1943) demonstrated an analogous
path for Escherichia coli in the conversion of serine into pyruvic
acid, an intermediate stage of which is the formation of an aminoacid
under the action of the enzyme serinedehydrase (Workman, Wilson,
Physiology of Bacteria, Moscow, 195k, pages 3l42)e = BEd,
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SULFUR METABOLISM
Pages 89-90

The nutritive requirements of P, pestis in regeard to amino
acids and other organic and mineral substances conteining sulfwr
ere of a speclal importance.

Hills aud Spwr (117), Rockenmacher (127) have esteblished
virulent and svirulemt strains of P. pestis requires cystine and
methionine. Thus, there exist a requirement for two souwrces of
sulfur in different strains of P, pestis. A more detailed study
of the sulfwr metabolism of the A 1122 strain of P. pestis given
in the stuly of Englesberg (115) has shown the following. The
growth of this strain in a glucose-mineral medium is satisfactory .
in the presence of dl-amino acids: phenylalenine, valine, isolesuine,
two necessary sowrces of sulfwr - methionine, and hyposulfite -- at
0.4 mg/1 of each of these compounds. Any of the amino acids cone
taining sulfur, or any of the mineral sources of sulfwr alone cannct
replace the mixture of hyposulfite with methionine, But in the presence
of hyposulfite dl=homocystine or l-cystathionine entirely replaces
methionine,

In the presence of dl-methionine hyposulfite can be replaced
only by sulfite, sulfide, or l-cysteine, whereas sulfate or di-
homocysteine in this instance entirely excludes the possibility of
growth, and l-cystathionine assures only a barely perceptible growth,

In addition, the author succeeded in obtaining a mutant of
P. pestis -~ a strain called M-1l, which sharply differs in its
sulfur source needs from the previous strain., The M~l mubtant shows
satisfactory growth in the same nutriant medium when one of the
following substances are used as the only sulfwr source: NapSp03
5Hp0, NapS 91120, NagS03, or l-cystcinc. But if the sole source .
is sulfate, dl-homocysteins, or dl-methionine, then the growth is
entirsly absent and is barely perceptible for the case of 1=
cystathjonine. Weak growbh in the last casc was cxplained by the .
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author as due to contamination of the prepayation by some other sulfr
compound., Methionine does not agsure the gruwth of the M-l strain,
nor of the A=1122,

Although Doudoroff (113) also found that the A-1122 strain
of P. pestis is capable of growing on & glucose-minsral mediwm
upon addition only of phenylalanine and cystime, but growth proceods
under such conditions as would never exclude the selection of the
corresponding cells, this pessibility being indicated by the author
himself: a large amount of implantation material, very slow growth
of the culture under a relatively repid subsequent growth in
subcultures, That selection or mutation in this instance is
possible has been shown by obtaining the above~dsscribed M-l
mrbant.

In as much as methionine and cysteine usually &re present
Jolntly in proteins or in natural mixtwes of amino acids, for
example in blood and other tissues, there is nothing surprising
in the fact that the requirement for both of these sulfwr sowrcos

has been elaborated in P, pestis cells wnder natuwral conditions
of habitatione.
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SYSTEMATICS CF PIAGUE BACILIUS STRAINS

E - Pages 90-92

Examination of the data cbtained in studying the properties
of.‘ musewn strains of the plague bacillus, stored over a long period
- in artifiocial nutrient media, and of strains recently isolated

. ifyom vartous natwral foouses of plague propagation demonstrete

" the existence of a wide range of their intraspecies variability.

The division of plague bacillus strains according to their
yeaction with glycerin into two groups has been given the widest
recognition in the USSR ~ oxidizing dlycerin (Yglycsrin-positive®,
tontinentall, fmaternal®) and rot oxidizing it ("oceanic", "glycex'ln-
Hegative"), The repregentatives of each of the indicated groups cam
Yo sharply dlstinguished from each other by their virulency, taxicity,
entigemielty, and by other properties. It is entirely obvious that
the systematics of the strains presented is artificial and to a
certain extent random in its selsction of featwres vhich cone
stitute its foundation, but it has proven comvenient in practical
use,

Politzek (128) presented a critical swrvey of the literature
dealing with the classification of varieties of P, pestis, include
ing also the clagsification of P. pestis proposed by Devignaut,

6 Three varieties are differentiated in the latter (Table

A rational systematics of strains can be caxried out only

on tho basis of data characterlzing in a sufficiently complete
mannex theretobolism of each of these.
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Special difficulties in the classification of strains are
presented by those which have been stored for a long peried in
artificial mutrient media, that ls, wnder conditions differing
sharply from the natwral., These strains, frequently avirulent,
are so decidedly remote from the "wild® strains of the plague
bacillus that they are not even always regarded as being of
plagus origin.

In regard to carbohydrates metabolism of the plague bacillus
more is known then of the other forms of metabolism. Therafore it
mast be used primarily for the systematics of the strains, Carbo-
hydrate metabolism differs sharply in its intensity for strains
of differing origins.

Strains isolated from Transbaykalian marmots and comon
marmots, more energetically oxidize carbohydrates with the formaw-
tion of acids then do strains obtained from rats and other non-
hibernating rodents. Among the museum strains ilsolated from hibernab~
ing rodents, one meets most often forms decomposing rammose then
among "rat¥ gtrains, although "wild" strains of the plague bacillus
de not decompose its All musoum strains of the plague bacillus
change contimially, acquiring a progressive capacity to oxidize
various carbohydrates with the formation of acidse. In addition to
this, the circle of carbohydrates that they utilize also expand
(rammose and saccharose).

Thus, the intensity of the formation of acids from carbo-
hydrates increases as one goes from freshly isolated "wrapped"
strains to strains of the "Transbaykalian marmot!, from "young"

museun strains to "old", stored for many years in liquid or solid
artificial nutrient media,.

In the mrocess of cultivating the plague bacillus in media
an increase in the intensity of carbohydrates metobolism occurs
more rapidly for Ycomtinental® strains then for "oceanic!", and in

each of these groups the old museum strains are more active then the
freshly isolated,

It mwst be kept in view that all the data presented characteriz.
ing "oceanic" and "continental" strains of the plague bacillus




pertain only to those of these groups which have past for a long
period through the same amdimal, for example in the Transbaykalian
marmot, the cormmon marmot, rat, etc, In those cases when passage
of the strains occurs imterruptedly, now in hibernating rodents,
and now in animals not sleeping through the winter, forms allies
with intermediate properties.

The imterrelationship batween virulency, antigenicity, mor-
phological and cultawral properties of the plague bacillus and 11'.3
carbohydrate metebolism iz unquestioneds As i3 gemerally lmoun
the most virulent strains cawsing primarily pneumonic plague,
isolated from the Transbaykalisn marmots, These strains are
typdeally "continental®, with a sharply pronounced capacity to
decompose carbohydrates, to form 8 well-defined capsuls, to easily
dissoclate, and to have a relatively small implantation mumber.
Their antigenic capacity is extremely wnstable. Upon loss of
virulancy the strain rapidly losses its immmogenicity.

The strains isolated from rats are considerably lesa vi!'uleut.
The "rat" strains are typical, foceaxdo", causing the bubonic form
of the plagwe, Their carbohydrate mtaboliem i less intensive then
for the "continental", Upon loss of virulency the antigemic pro-
pertles are preserved, In general "oceanic! stralns are stable
and have ahgh implantation number.

TABLE 6

Fermentation Formation of

Variety of glycerin nitrous acid
P, pestis var, orientalis - A
P, pestis var, antiqua ¢ 2

P. pestis var, rediavalis A -

Remarke = simifies absence, and £ signifies the presence of
fermentation,.
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METABOLISM OF THE PLAGUE AND PSEUDO-TUBERCULAR
BACILLI IN CONNECTTON WITH THE FROBLEMS (F THEIR
DIFFERENT IATION

Pages 92-98

The diagnosis of the plague (P. pestis) and the pseudo=-
tubercular (P. pseudotuberculosis) bacilli in artificial nutrient
media has not presented special difficulties. However, this refers
only to freshly isolated strains from focuses of their propagatlon.
The task of differentiating museum strains of the indicated species
of mieroorganisms sometimes is greatly complicated.

Numerous differential-diagnostic media, suggested to distinguish
the plagus bacillus from the pseudo-tubercular, have as their basia
the practical. use of the characteristlics of their metabolism.

For the great diversity of the media proposed in the differential
diagnosis of the plague and the psewdo-tubercular bacilli, they can
be combined inbto a relatively small number of groups. For this
swuning up the featwes of the metabolism of the microorganisms
which have found in each individual case diagnostic value are
used,

The 2bility of microorgamisms to adapt themselves to new
and sometimes wnfavorable conditions of the external environment
has found widespread use in diagnosis. In these cagses, the adaptive
capacity is deberiined visuvally - there is growbth or there is
not growth, and its intensity in the given mediun being tested,

Of this group of dlagnostic tests the use of a medium linlsing
in nubrients both in regard to their concenbration as woll as to the
diversity of organic and inorganic compounds has found amplication.

As Ao Vezponova (129) has proposed an acid-poor agar for the
differential diapgnosis of the plague and the pseudo-tubereariar
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bacilli, based on the fact that the pseudo~tubercular bacillus is less
exacting toward the composition of the nmutrient medium, then is the
plagus bacillus. Unfavorsble conditions for the growth of bacteria
in this medium were compensated by the author by reducing the

medium pH down to 5.9<6,1. In aclid-poor agar the plague bacillus

does not grow, and the pseudo-tubercular bacillus grows weakly,

It is apparent that under rigid conditions of cultivation
existing in the Bezsonova medium, only the microbe with a strongly
pronounced adaptative capacity can develop. Such a2 microbe is
the pseuwdo~tubercular.

The same reasoning lies at the bagses of the method uwsed
by Kurocha for differemtiating the plague from the pseudo-tubercular
bacilli. This author suggested cutivating both species of bacteria
in the Mayed medium, in with ssparagine and sodium lactate are used
ag sowces of nitrogen and carbon, respectively. The confirmatory
studies of the suitability of this medium showed that most plague
gtrains cen grow in it within the llmits of 7-2) days, and the
pseudo~tubercular strains, with rare exceptions, grow profusely
over a period of lel, days.

A. A, Bezsonova and A, Yegorova (130) suggested that the
growth intensity also of the plagus and the pseudo-tubercular bacilii
from different implantation amounts in an agar Jelly containing
meat broth at pH = 6,7-7.8 be employed for differential diagnosis.
This methos, based on the difference in the implantation number,
gives good diagnostic results, since the pseudo=tubercular microbe
grows from implantation dozes one million or ten million as much
ag do the plague bacilli,

In cultivating a given microbe in this medium over the
cowrse of the first several days a moderate acildification of the
latter occurs as a consequence of the complate fermentation of the
glucose present in the medium, but subsequently the acids formed
are subjected to neutralization by way of the nitrogen besic
products of the metabolism, including also ammonia, Since these
bases more rapidly and in large amount form in the culture of the
pseudo=tubercular bacillus, then the increase of pH in this
medium has a more pronounced character. Thus, according to the
form of the curve € the medium reaction in these cultures we can
differentiate both species of microbes,
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It is entirely obvious that in carrying out the research on
the msdium Ctten had to keep in view the buffer capacity of the pupe
tons water. The higher it was, the less "sensitive' was the medium
for the purpose described, This was explained by the “unclarity¥
of the resulis and by the '"noncoinciding data' in the studies of
various researches, :

According to the suggestion of A. A. Bezsonova (129), peptone
water containing ramose has found wide application. Frashly isolated
strains from focuses of plague propagation do not oxidize the
indicated methylpentose, but strains of pseudo~tuberculosis oxidigzes
readily with ths formation of acids., Nonetheless the oxidation of
ramose cannob serve as a reliable indicator for the distingulshing
of the psewdo-tubercular bacillus from the plague, since the latter
also oxidizes it with the formation of acids, but in considerably
lesser quantities,

In the differential diagnosis of the plague and pseudo=-
tubercular bacilli the use of their characteristics of carbohydrate
in the nitrogen metabolism have been widely employed, and preciseliy
the high capacity ofthe pseuwdo-tubercular bacillus to ferment cale
bohydrates and to form ammonia more intensively from the produchs
of protein degradation in comparison with the plague bacillus,

This is the basis for the use of the media by Otten and Himmelfarh 9
and others,

In 1926 Otten suggested that peptome water with a low glucose
content (0.5%) be used to dintinguish the plague bacillus from tho
twbercular., The initial pH of the medium was set at Te0=T62.

N. Ipanovsidy and G. N. lenskaya (39) in 19l), suggested
that the high urease activity of the psevdo-tubercular bacillus
be used for the purpose of distinguishing it from plague straing.
The "oceanic" strains of the plague baciilus do nob decomnose wren,
however the "continental" gstrains split it s L0 @ preater or lesser
e:'ctex'xt. Later, Fokorme (1950) also recommended the wee of wrea to
distingulsh the plague strain from the pyeuvdo-tubercular.

An expert comaittee on the Plapus wnder the Chairwanship of
Sokhey (Second Report, Bonbay) (31) expressed tha boliof that “Bh(;
P, pseudo«-'bpberculosis is easily distinguished from the P, Poglis.
The former is characterized by its mobility, by its nonpathogonicity
for rats, by the formation of weease, and the always present fermen-




tation of glycerine and ramose, In doubbful cases it is recommended
to use agglutination, precipitation, and the phage tests.

At the present, the abuve described basic features of dis-
tinction are most often employed in the differential diagnosis of
the caugatives of the plague and pseudotuberculosis of rodentse.
Thus, Givard (132) studied the properties of 98 P, pestis strains,
most of which were of the “oceanlc" type, 29 =— of the medlavalis
type, and mine - of the antiqua type. He also investigated L0
strains of P. pseudotuberculosis, of which three were isclated
from human beings; and the remainder -~ from various rodents and
birds, with the exception of one, which was isolated from a
young pig. The author presents a standard plan for differentiating
P, pestis from P, pseudotiberculosis, based on the following:

1) test of mobility; 2) test for wrease; 3) test for glycerin
Permenbation; 1) ramnose fermentation.

Al) the indicated tests are ususlly negative for P. pestis
(this refers to "oceanic! strains).

Devignaut and Boivin (133) described two complex media,
which they had dewveloped with the purpose of facilitating a rapid
orientational diagnosis of three varieties of P. pestis and to
differentiate these varieties from P. pseudotuberculosis. The
first wedium wes an agar type, containing glycerin, ramose,
and potassium nitrate, and proved in most cases to be adequate
for distinguishing between the above indicated types. In doubbtful
cases a second medium was also used, It is semiliquid medium,
covbalning urea and inulin, and is used for various cultures which
arc I'ound to exhibit a clear mobility. This medium makes possible
ol cifforendlation of all strains of the psendotuberculosis bacillus
from P, pestls, In it mobile cells develop oubside a limited
zone G bhe form of dispersed foci, wherease the immobile P, pestis

grow .» a zone bounded by a sharp line, but do not grow beyond this
i,

< Cifferentiate the plogue bacilliug gtrains from the

pacud’ Dereolozis bocillus strains a specific bacteriophage is
dlac aeleyed,  Gunisson, Larson, and Lazarus (132) described
adon e obtadning and uzing a bacteriovhage, which lyzed 35
VI G awirnlont sivains of Pe pestis at 209, while at the
58I »aob 2 ogingle one of )5 strains of P, pseudotuberculosis
vera e ooooander these same conditionsa
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., Devignaut and Boiven (135) tave presented biological and bio-
chemical characteristics of the plague and the pseudotubercular
baeilli for the purpose of differentiating between them. These
authors have described methods and results of o comparative study
of these strains of three varieties of P. pestis and P. pseudobuber-
culosis, They tested 1 straing of P. pestis orientalis (variety
0); three strains of P, pestis mediavalis (variety M); seven
gtrains of P, pestis antiqua (variety A); five strains of P.
pseudotuberculosis, and one strain of a doubtful origin, Two
straing of variety 0 and two strains of variety A were avirulent,
all the other strains of P. pestis were avirulent. Variety 0
did not ferment glycerin, but reduced nitrates to nitrites and
formed nitric acid in a broth not conteining nitric acid. Two
strains of this variety exhibited an exceptionally pronounced
property of fermenting rammose. Variety A differs from variety
0 by its ability to ferment glycerin, variety M from the others
(0 and A) by its inability to reduce nitrates or to form NO3 in a
medium fres of NO§'-

The pseudotubercwlar bacillus ferments glycerine, reduces NOF
into NO7; it facultatively forms NO3 in the ordinory broth, ferment
rammose, and forms wrease, more actively at room temperatwure.

Both varieties of P, pestis and P, pseudotuberculosis are
sensitive to a phage; the latter has been given the name of Fhagus
yersinianum (136).

The variety mediavalis, found in the southeast USSR, in
Kurdistan, and Turkey, differs from two other varieties of P, pestis
and from P, pscwdotuberculosis by more rapid propagation in cultures,
by ;J;Ssentivity to penleillin, and by a tendency to form pneumonic
in mice.

Matumoto (137) studied the strains of P. postis, carrying
out 8 special swrvey of enuymatic reactions of the plagus bacillug.
He investigated the biochemical reactions of 69 P, pestis strains
and showed that all of these do not form indole and IH,; they reduced
nitrates to nitrites; they do not alter or easily acj.g;lfy milk Lo
coagulation; they do not ferment amygdalin, duleite, ovylthvite,
inosite, inulin, raffinoge, saccharcse, and sorbite; thuy ferment
glucose, galactose, levulose, mannite, and mannose s and also in
most cases arabinose, maltose, xylose; glycerin and rammose are
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fermented by some straing, and not by others; lactose is not fermented
at all or very slightly.

Inconstant results were obtained with adonite, dextrin,
glycogen, salicin, sbarch, and trehalose.

The author believes that, since several strains of P. pestis
ferment glycerin, and others do not ferment it, the test for glycerin
fermentation to differentiate P, pestis from P, pseudotuberculosis
is unsuitable, The observations of the author confirm the earlier
discovered relationship between glycerin fermentation and the geo-
graphical distribution of the P. pestis strains.

Chen (138) in studying 53 P. pestis strains of a collection
of the University of Califormdia found that three of these form acid
in a culture mediwm containing glycerin,

Analysis of the literature date has established that glycerin-

negative and glycerin-positive strains are rarely encountered in

the same reglon. All strains without exception obtained from
Manchuria, Mongolia, Southeast Russia, Turkestan, and South Russia
proved to be glycerin-positive, wherease all strains obtained from
other parts of the world were glycerin-negative, The author also
notes that the several investigators have demonstrated the converw
sion of glycerin~-positive strains into glycerin-negative upon

thelr prolonged storage in a museum of live cultures or after
Sllbcultm‘ingc
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VIRULENCY OF THE PLAGUE BACILLUS
Pages 98-101

The virulency of the plague bacillus strains falls off when
they are stored in artificial nutrient medias, Not sll strains wnder
identical conditions of cultivation (temperatiure, composition of
rutrient medium, etc.) lose their virulency equally rapidly. In
general the glycerin=positive apparently lose it more slowly, than
the glycerin-nsgative straing - more readily, Among the glycerin-
negative strains there is & great diversity in the rate of decrease
in virulency. Thus, several strains retain it tenaclously in spite
of prolonged residence in & mussum.

Even N. N. Vesternrik (1) attracted attention to the fact
that growing the plague bacillus with restricted access to oxygen
lead to a decrease in its virulency. This observetion can be viewed
as a phenomenon related to 2 change in the type of respiratiocn of
the plagus bacillus. Alteration in the carbohydrate matabolism,
appearing as a result of oxygen daficiency is reflected, undoubtedly,
on the nitrogen metabolism of the plague bacilluse The natwe of
these changes has remained unknown, but they lead to a decrease
in the virulency of the strain,

Rockenmecher (139), based on determinations of the catalase
activity in 1L wirulent and 11 avirulent strains of P, pestis, indicated
that the catalase content is considerably higher in viruwlent strefng,
and concluded that thers is a possibility of using the catalage

activity index as a preliminary test in determining the wirulency
of plague bacillus strains,

8. I. Zaplatina and O, Borodina (1L0), although they did
not find differences in the catalase content in museum virulent
and awvirulent strains of P. pestis, noted however thal tha passaga
of virulent strains through an animal organism increases similtencously
the catalase content and the virulency.
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The authors believe that in addition to the ability of the
virulent strain to exhibit a consideradbly higher catalase activity
than the avirulent strain, tha criteria for differentiating them
in vifro as described by Otten do not exist, The authors repeatedly
purified the avirulent strain TJvidey by growing it. from a single
cell, and then cultivated it in a nutrient medium irradiated by X-
ray or ultraviolet rayse The testing of the culture was carried
out by intraperitoneal injection in groups of 20-50 mice with doses
of 1 x 107 cells. The mice were observed for a minimum of seven
days. Those animals which had perished by this time were dissected,
carefully examined, and when a P, pestis culture was obteined from
them it wss introduced at the same doses into groups of 20 mice.
The swrvival of the andmals was taken as evidence of the avirulency
of the mutant,

Anong 237 strains tested only one virulent strain was found,
The question remains unanswered: could not the strain in question
rapdomly change over from & virulent culture? However, such a
possibility is considered improbable, since not a single virulent
strailn was discovered among the remaining 1,0 indiwidual colonies
obtained from an implantation of the original suspension used in
the experiment for infecting 50 mice.

This ocbservation allows us to conclude that the ratio of viru-
lent to avirulent cells in the culture was less than 1:40, and from
other experiments described in the same study, it appears probable
that this ratio is of the order of 1:1000 - 1:10,000a

In view of the unsuccessfulness of efforts to discover the
mechamism determining virulency in P, pestis, Barrows and Bacon
(142) compared the behaviowr of wirulent and avirulent strains in
vivo and in particular dealt with the degree of resistance of the
microbes to phagocytosis by polymophonuclsar leucocytes in the abdominal
cavity of live mice. In setting up this exporiment, before injection
of the microbes under examination, leucocytes were mobilized before=-
hand by intraperitoneal injection of the mice by wheat starch.
Initially, the degree of phagocytosis of the virulent and the
avirulent strains was identical, but scon the virulent straing ex-
hibited a progressive resistance to phagocytosis and by the end of
the fifth how they ceasad entirely to be envelcped by the leucocytes,
gge m;icrobestmammsted here a rapid multiplication in exudate,
e avirulent cells continued to be enveloped the leucocyte
the number of these cells in the exudated xountby to a lgvcr lcgt'ei: md
It was noted that the enveloped bacilli, both virulemt and avirulent,
becamo turbid, were pale in color, and no longer could be identified
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as plague bacilli. The wvirulent bacilli, isolated from the mice

after a five~howr contact with the peritoneal exudate im vivo were
introduced again intrapeéritonsally into normal mice., In this instance
the bacteria immediately after their administration were not swallowed
up by the leucocytes, but, upon freeing the bacteria from peritoneal.
sxudate by centrifuging and again suspending them in buffer solution,
the authors did not discover differences in resistance to phagocytosis.
This circumstance can stem either from changes in the structure of

the bacteria or from the removal of the anti-opsonic or anti-phagocytic
factors during the period of the treatment in question: it was
phosphate buffer also reduced the force of their resistance to
phagocytosis, When the mice were given a second dose of wviruwlent
cells, isolated from agar four hours after injection of large doses

of these virulent bacilli, noticeable phagocytosis was absent. This
compelled the conclusion that the phagocytic strength of the leu-
cocytes becomes extinguished.

In this way, it has been possible only to establish that
‘the more virulent cells are more resistant to phagocytosis,
but the mechanism determining the virulency has remained unexplained.

A much greater clarity in understanding the mechanism of
virulency has been possible to achieve through serological and chemical
investigations of the composition of the membrane protein antigens
in virulent and avirulent strains of P. pestis (cf chapter "Chemical
Composition of the Plague Bacilli and the Characteristics of Their
Antigens"),
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TOXINS OF THE PLAGUE BACIILUS

Pages 101.-111

Plague infection is a bacteriemia with clearly pronounced in-
toxication, jncreasing simultaneously with the multiplication of
bacidlt in the organism,

The exdgtence of toxin in the plagus bacillus has baen confirmed
by clinical; pathologo=anatomical, and experimental data.

Tho resistence of laboratory animals to plague bacillus boxins
ig dissimilar, White mice and rats are most sensitive to it; guinea
pigs aiwl rebbits are slightly sensitive to these toxins., When
ceulbivivind the artificial nutrient media the virulency of the .
plagae i-acillue varies to a lesser extent than does its ability to
form teainse A plague culture which has been freed of its toxic
vroperties acquires them again upon passing through the organism of
a gwicebible andimal,

Silivates of young broth culturings of the plague bacillus
are lots tovic than olds The maximum toxin-formation occurs by the
shiin Lo ooupblia week of culbure growth, and then gslowly falls off,

ieloh o boxing of the plagus bacillus are thermally labile;
boiling; nod in sone cases warming wp to 379, reduces their activity,
The foroation of toxdins by the plague bacillus is sharply intensified
wkh the coliuce iz aerated. In this commection, the role of axy,
appreen L. o o cerbaln exbent consist of increasing the intensity
off mrtab . isw of the plagwe bacillus and to increasing its biomasses,

e me iy hag not been possible to obbain any plague bacillus
pod T by B endls in a mediunm In the form in which it was
i Bphtherial or the tetanus bacilli. In thig connec-
© st has often been made Uhat plague toxins are in
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stronger combinatlon with intracellular substances. The maln argieent
in favor of adopting this point of view consist of the observations
that toxic properties in-the culture appear only after destruction

of the cells.

We oppose the division of toxins into exo~ and endo-~toxing
in the previous sense of this word,

This does not mean that there is no difference in how strongly
various toxins are bound up with cellwlar substances, Such differcoce
exist in toxing as well as in varions snzymes.

At present enough facts have been gathered that support the
viewpoint that the strongest toxing of pathogenic bacteria must be
considered an enzymes catalyzing degradation reactions, not chare-
acteristic of the animal organism, with the formation of poisonous
substancess Only wunder this condition 48 it possible te explain
the high activity of bacterial toxing, exceeding by a thousand-
fold the texicity of the most powerful chomical poisons.

Of the bacterial toxins produced in a sufficiently pure form
the most active are crystalline preparations of the botulism toxin
(200 million fatal mouse doses per one mg of nitrogen) and tetamus
toxin (sbout 75 million fatal doses for mice per one mg of nitrogen)
(143). Only the catalytic action of these taxins can provide, in
owr opinion, for the formation of a sufficient amownt of the poisonwus
products of degradation at the expense of the animal organism,

However, it has not thus far been established what gpecific
processes catalyze these most powerful toxins, We find more frult.
ful results in the explanation of the catalytic action mechanism
of other bacterial toxins, although not available in pure foime
Thus, among the B. perfringes toxins, the most active hemolytic
polson is lecikinase C, energetically splitting lecitin with the
formation of phosphocholin and diglyceride. Ag a result of this
reaction intensive degtruction of the cellular membraneg of the
erybthrocytes and hemolysis occurg,

Watanabe (1)) in studyis; che appearance of 00 strains of
dysentery bacilli belonging to Schigella flexneri, established Lhai
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almost all strains contained the decarboxylase of the following l-
amino acids: histidine, arginine, lysine, ornithine, and glutamic
aclid, Using the paper chromatography method this aubhor demonstrated
the formation by the cells in question of the corresponding aidnss:
Ms:m.n, agmatine, cadaverine, putrescine, and K ~ amino=butyric
acid,

Consequently, the toxins of dysentery bacteria if not com-
plately, then to a substantial extent are amino acid decarboxylases,
catalysing in the organism the formation of such powerful poisons
ag histamin, putrescine, cadaverine, etc.

: Ag Par ag the natwre of the pathogenstic factors of the plague
_bacillug, it should be moted that along with the toxins (or toxin)
of complex structure, characteristic of enzymes, this bacillus also
forms sixply alien nonspecific poison substances. These include
many products of degradetion of the plagus bacillus,

The natwe of the nonspecific poisonous substences of the
plague bacillus evidently is varied, but they are all characterized
by the absence of the aw.li_:hy to be npatralized by a specific serum.

~ . During its growth the plague bacillus brings about a sharp
increase in the pH of the medium. The maximum eccumulation of alkali,
formed by the plagwe bacillus, lies within the sixth and eighth

week, This shift in the medium reaction is caused mainly by the
accumulation in 1t of ammonia and, probebly, amines, as established

by K. I. Cherkasova (15). Ammonis was detected not only in broth
media but also in such toxic products as the solution of both "membrane
antigen". Analysis of the latter showed that in individual cases up
to 30 of all the nitrogen is fownd in the ammonia portion.

Simultancously with an increase in the pH of the medium for
several strains of the plague bacillus the appearance of a nitrify-
ing abllity whose intensity depends apparently on the medium com=
position, on its oxygen content, and on several other factors.

Formation of ammonla by the plague bacillus takes place not
only in vitro, but also in vive., Indications to this effect are
found in the studies of N. N, Ivanovskiy, Ye. M, Gubarev, and D. A,
Golov (146). In their study of experimental plague in guinsa pigs
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they established that the residual nitrogen in the blood is increased,
occurring simultansously with the severity of the affaectlon and of
importance for the prognosis of the digease, This increase stems
from the wrea fraction, determined along with ammonia (1L47).

Ammonia, and also products genetically related to it e nitrin
acid and hydroxyls -- belong among the physiologically active sube
stances. Animal organisms are more sensitive to ammonia than ave
plant organisms. The nervous system is «specially sengitive; ammonin.
acts on it as a powerful exciting poison. Ammonia possesses hemoly-
sing propertics.

N. N. Ivanovskiy suggested that the main pathogenstic role
in plague belongs to ammonia which is formed by the cawusative agent
in the organisms of animals gusceptible to this affection. The
main source of ammonia is the fermentive decomposition of urea and
partly of glutamine and asparagine.

In the organisms of animals the plague bacillus is lyzed,
releasing into the swrounding environment, in addition to toxina
of unknown chemical nature, several enzymes including urease, which
in vitro is eagily detected in several strains of P. pestis, and in
others it is probably adaptively formed in vivo,

With the participation of the enzyme mentioned a large quan-
tity of ammonia is formed,

Ursase is a most powerful toxin for mammals, For rabbits o
toxic action has been recorded for injections of doses containing
0.03-0,05 mg of crystalline wrease, used for immunization aimed at
obtaining the anti-enzyme (118). Higher doses can cause fatal
poisoning of these animals. Tt is iatercsting thal after a A0-d7y
immmization rabbits con endure more than 1,000 fatal dosgs of
crystalline urease.

It is possible that there is a certain relationship betwmen
sensitivityto wrease in various amimal specics and their gsusceplbin
bility to the plague.

Actually, tests of wpurified wrease prepapabion (cxbrach
from soy beans) on andmals gsusceptlible to the plague showed that
the most sensitive to urease is the yellow marmob. Guinga pigo




are more resistant to urease. The small marmot and the bwrowing
sandwort /grebenshchikovaya peschanks/ is characterized by approxi-
mately the same sensitivity to wrease, but in general less than the
noontime sandwort.

The pathologo-snatomical picture of all rodents succumbing
from vegetative urease corresponds in the main featwres to plague
intoxications The common features include mumerous hemorrhages,
mucous discharge, swelling of liver and spleen, injections of sub-
cutaneous vessels, and the character of the dystrophic changes in
the internal organs. Necrotic nodules in the liver and the spleen

arqe ahsent.

In a histological invesbtigation of changes in the internal
organs of white mice poisoned by ammonia and by Yplagus toxin
(merbrans antigen), substantial featwres of similarity were dis-
covered., Timg, in the lungs a thickening of the interalveolar
partitions due ‘to the multiplication of cellular elements was
discovered, blood was contained in the clearances of the alveoles
(blocd discharge); in the liver == the parenchymatose elements were
greatly swollen, the boundaries between them could not be distin-
guished, and the cembers were pale, and frequently swollen. In
several instances a rough basophilic graininess was discovered.
Frequently binuclear liver cells were found. The immer-lobular
capillaries were filled with blood.

When animals are poisoned by amonia and by the plague
bacillus boxin sometirss in the myocardia and other times in the
kldneys dystrophic changes have been observed in the cellular
elements: graininess of the kidney epithelium protoplasm, dis=
appearance of the transverse striation in the muscular fibers of
the heart, presence of hemorrhages in the kidneys and in the
myocardia. Hyperplasia of the follicular apparatus has been

noted in the spleen with great constansy, manifested to differing
degrees,

To the action of the plague toxin in particuwlar instances
hemorrh.yring bags ghruck the follicules themgelves.

~gnonia and the toxins of the plague bacillus affect to vary-
ing degrees the parencliymatose elements of the internal organs,
cauging dystrophic chenges in them, and on the vascular wall, owing
to which hewmorrhares form in several organs.




The similarity of the toxin action of ammonle and of the plague
toxin has been confirmed also by the presence in both instances of
binuclear liver cells and the phenomenon of hyperplasia of the
follicular apparatrs of the spleen.

That urease of pathogenic microbes leading to the accumld-
tion of enormous quantities of ammonia in the blood and in the
tissuss is of essential importance during the course of the disease
is shown by the following facts, pertaining to another affection
~= brucellosis. ‘

In their experiments Bonaduce and Orlandella (1L9) esteblished
that all types of brucelli contain significant guantitles of urease,
degrading urea when these microbes are cultivated in nutrient media.

Ye, M, Gubarev, Grabenko, Gralayev, end Kobzaxr! (147) estab~
lished that for persons suffering from brucellosis a gsharp increszge
in the amount of ammonia in the blood corresponding to the severity
of the clinical manifestations of the disease has bee: observed.
But even in instances of the sluggish progress of the infection the
amount of ammonia in the blood is increased several times above the
normal level.

The authors, taking into account the data of N, N, Ivanovskiy
on the significance of ammonia intoxication for experimental plague
of guinea pigs, used subcutaneous injections of 5% aqueows solutions
of glutamic acidse (5-10 ml per day) with the simultaneous admine
istration of 1% ATP solution (1 ml per day, to bolster the synthesis
glutamine) aimed at treating brucellosis. As a result of a ten~
day treatment a decrsase, sometimes down to the normal, of the
amount of ammonla in the blood was observed in the patients with a
parallel decrease or disappearance of the clinjcal symptoms of the
affection; high temperature, painz, tendency to persplre, etc.

A. T. Zheltenkov {150) emphasized that the biological activilty
of "membrane antigen') decreases sharply under the influence of
high temperatues, calcium chloride, alums, alcohol, and formaldehyde.
Based on this he proposcd the protein character of the toxic sub-
stonce of "membrans antigen.® The chemical analysis of the antipen
confirmed the }aresence of protein in amounts not exceeding approx-
imately 0.3-0.l%. At the same time individual babches of “membrane
antigen® exhibited a clearly pronounced ability to decompose ureo
with the formation of armonia.

- 109 -




<

Investigations carried out on white mice showed that treating
‘the mombrane antigen with substances inactivating urease (iodine,

formaldehyde, protargol) was accompanied by the loss or a decrease
in toxie properties,

The jnvestigation of Englesberg and Ievy (151) wes devoted
to studying the formation of the plague bacillus toxin. They noted
that the growth of the EZ-~T76 strain in a glucose-mineral medium
conbaining casein hydrolysate at 300 is characterized by the moxi-
mum yield of cells (5.6 x 107 per 1 ml after two days of cultivaw
tion{t Then a massive lysis of the cells took place. The plague
toxin entered the medium during the lysis and subsequently, reaching
a maximum on the seventh day of culture growth. This entry of the
toxin into a nonprotein medium during its growth is the simplest
method, previously underestimated, for obtaining a relatively pure
toxine The latter was obtained from the centrifugate (in the cold)
of a seven~day cultwre precipitate at 1000 satwration of ammonium
sulfate, dialysis at 39, and by lyophilization. The toxin contains
one mouse DL=50 per l.l=1.8 g of substance with a yield of 0485
g per onc 1 of mcdium,

It withstands storage without loss of toxicity for many
months in the cold in a vacuum-desiceator. The powder is readily
soluble in a physiological solution, yielding a solution amber in
colors It contains 10.8-11.6% nitrogen, decomposing when heated,
and rendered harmless with formaldehyde, Of the two strains EV
76 and A-=1122 compared (both avirulent) the latter yielded the toxin
one-fourth and onc-eighth times as much, respectively, at 30 and 37°
when grown in the above indicated mediwm. The strain EV 76 initially
did not grow at 370, but a mutant of this strain was obtained, which
grew well 2t 379, using the same yields of cells and toxin as the
original stroin,.

Fillemer and Robbins (152) presented unpublished data of
teyer, Moyer, and Pillemer on obtaining from p. postis cells a
pwificd toxin ol exceptionally high activity. The toxin wag obw
taiaed in the Tolloving manner: a strongly toxigenic s avirulent
strain ol plapue becillus was grown in harimonal agar ot 280 for
seventy tro hoursta The cells, washed free of agor with a physio=
logical solubion, wwre precipitated from a suspension by two volumes
of wectes B Y00, umshed with acetone at low temperature 5 and dried
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vacum. This powder was twice extracted with a 2.5% neutral so=-
lution of sodium chloride at LO centrifuged, and from the resulting
extract the toxin was isolated by means of fractionation.

Purification of the toxin consisted in precipiteting it from
its water-salt exbtract with a LO° solution of methanol temperature
of 59, pH = 5,5, and an ion, concentration of 0.23., Impurities
contaminating the toxin were removed with a subsequent precipitation
at a temperature of OO, pH = 5,0, and ion concentration equal to
0.04e The toxin was reprecipitated at a temperature of 50, ion
concentration = 0.0l, and pH = 4.7 in 40° methanol. Theu the
inpurities were removed again at 0°, ion concentration = 0,04, and
pH = L.9. The last reprecipitation of the toxin was carried out
at 0°, ion concentratior = 0.21, pH = L.0. As a result of dlalywis
against distilled water the last precipitate was freed of about 30°
njtrogen substances,

The dialyzed solution of the toxin contained 0.5% protein
and 70,000 mouse DI5p per one ml or 86,000 Digg per one mg of
nitrogen, This is the most powerful toxin that has been obtained
anywhere from gram-negative bacteria. Analysis of the purified
toxin showed a 13.4% nitrogen content, 19% carbohydrates, 2.5%
phosphorus, l.5% sulfur, but the electrophoretic method establighed
that the toxin was not uniform.

It is poséible that the success in obtaining such an active
toxin depended on the selection of the appropriate avirulent P, pestis
strain with high toxigenicity.

The studies published by varlous authors on the P, pestis
toxin are characterized by a descripbion of extremely dissinilar
aspects of this poisonts action. Under such conditions we are
forced to conclude that the substances involved are not the same,
that is, the plague bacillus forms several toxins, in addition to
several toxic substances not exhibiting antipendc propertiss,

Goodner established the interesting fact (153) that the towicity
of filtrates of plague culture in a certain sensc diffor sharply
from the filtrates of other pathogenic bacteria, The action of
swface~active subsbances on bacterial toxins, as is known, ejther
cauges destruction of partial inactivation of the toxin. A8 exorples
we can cite the detoxifying action of alkali saltis of the higher
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fatty acids on the diphtheria toxin. Free bile acids (cholic, desoxy~
cholic, and lithocholic), but not their binary compounds with glycocol
and taurine, are powerful detoxinlzing agents. The effect of these
acids is increased upon the reduclng the number of hydroxyl groups

in the bile acid molscule, Thus, desoxycholic acid is fifteen times,
nore powerful in detoxifying diphtheria toxin than is cholic acid,

Completely contradictory, that is, not inactivating but
fortifying, action has been discovered for desoxycholic acid on
the toxic filtrate of plague culture, This fact is at present
the only example of the activating effect of bile acids on bacterisi
LOXins «

Pannel (15L) tested the action of several surface-active
substances on noncellular filtrates of the avirulemt P, pestis strain
BEP76, It was shown that of the substances tested all the anionic ==
for example, desoxycholate, laurylsulfate - intensify the toxicity
of the filtrates for white mice.

Of the catlonmic substances several -~ for example, cetyl-
trimethylammonium chloride ~- also increase the toxicity of f£fil-
trates, while others -~ for example, lquryldimethyl-benzyl-ammonium
chloride ~- did not have an effect on toxicity. Finally, none
ionizing substances, such as the oleate ester of polymerized
polyethyleneglycol, do not affect toxicity.

A more detalled study of the effects of desoxycholic acid
on the toxing of the avirulent P. pestis EV 76 strain has revealed
the following (155). Frequent of these microbes with sodium des-
oxycholate caused a lysis of the cells -with the release of high
toxicity substancess Toking as a umit the amount of toxin con-
tained in one billion cells, it was esteblished that after a
15=hour treatment at 4O and a desoxycholate concentration of 0.5 and
2.5% under the same conditions. Toxicity was increased by a, re=-
spectively, by 33 and by 70 times. But if the increase of toxicity
here con derive (rom the intensified lysis, which develops more
slowly in cells inlroduced inbo mice without the preliminary des-

Gxyeholnie lreatvent, then moreover analogous of the bile acid on
the filteote: of a culbure obbained throuwgh the Berkefeld candle

haz been =10 1+, Suech a filtrate, containing before the desoxycholate
treotzend, * o wpils of toxdn per one billion cells, following an
bouefs Lo o -t aith the equal. volwe of a 18 godium desoxycholate
solulion i ooor benperature was found to contain 16 unlts of
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Heating the filtrate of the P, pestis culbure for 30 mlnmutes
at a temperature of 670 leads to a complete destruction of two amtigon
specific toxins present in solution. Bub the same warmed filtrate
following the desoxycholate treatment is found to exhibit high
toxicity, Gunder, Panner, Bartel, and Rothstein, (155) suggested
that in addition to formed toxins, culture filtrates contain also
a firmly stable protoxin, activated by bile-acid salts,.

0f unquestioned interest is a comparison of geveral toxins
of P, pestis and P, pseudotuberculosis., Schar and Thal (156)
obtained plague toxin from the avirulent EV 76 strain following
seven~day cultivation in a glucose-mineral medium comtaining casein
hydrolysate at 20°, The euwlture liquid following this was salted
out at 100° saturation of &mmonium sulfate, the precipitate was
dissolved at 35% saturation by this salt and the texin was again
precipitated at 707 saturation, The preparation of plague toxin
as shown by electrophoresis, is a nonuniform protein,

Pgeudotubercular toxin was isolated from the toxin strain
105/3 and also from two nontaxic, but virulent strains 1L/l and
16/2, A1l three strains were grown for two days in the hormonal
agar of Hantwn at 37°, P. pseudotuberculosis cells, killed with
toluence, were washed with an 0,9% solution of sodium chloride and
extracted by a mixture of phosphate buffer, with a pH of 7.5 and 1%
bicarbonate of smoda.

Pseudotubercular and plagus toxins are inactiveted by a
60-minute heating at 600 and are readily converted into anatoxins
with formaldehyde. ALl the toxing tested exhibited high toxiecity
for mice and rats, bub only the pseudotubercular toxins proved
to be active for guinea pigs and rabbits. For the plague bacillus
toxin rabbits and guinea pigs exhibited high tolerance.

The nature of the action of tho toxins of the plague and
the pseuwdotubercular bacilli differs. Under the influence of
the P. pestis toxin clotbing of the blood and a drop in arterial
pregoure wag observed in rats. These symptoms are not produced
in rabs by the toxing of P, psoudotuberculosis. The specific anti-
toxic serwn in propowrtional amounts cormpletely neutralized the
pseudotubercular bacillus toxing in vitro and in vive. Bub the
P. pestis toxin only partially is neuvtralized by its specific
antitoxic serum. The overlapping ncutralizablon of the toxins of
P. pestis and P, pseudotubsrculosis by thelr antitoric serums has nob
been observed /See Note/,
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(MNOrE7 Adzhel, Ryudal, Darram, Warren, and Wally (J. Bacter-
iol., 1955, 70, No 2, 158-176) described in detail a method for
obtaining ond pwrifying the toxin of plagus bacteria, both virwlent
and avirulent. Starting with the salt extract of the acetone pre-
paration of the bacteria, the authors successively used the follow-
-ing methods for fractionating the protein mixtures: salting out
' 8t increaping stages of saturation by (NH},)280) repeated iscelectric
‘precipitation, removal of nucleoproteins by using MnCl2, precipita-
;- tion by increasing quantities of methanol adsorption on a calciwn

- phosphate gel with subsequent elution, precipitation by ammonium

" sulfate at tho lsopolnt and the preparative electrophoresis with
-~ uonvaction, “the resultant toxin was electrophorstically uniform,.
" The Dlloying were determined: solubility, electrophoretic mobility

<7 x 10" em?/sec) and the following constants: diffusion {3.143

% 10-7 em@/sec), sedimemtation (S¥y = 2.73 x 10~13), molecular
‘wpight about 70,000; N » 4 l@; P = 0428, S « 1.9%. Chromatographic
apalyslis revealed twelve known and thres wnlnown amino acids. Toxie-
city for mice is as follows: IDgg (vitro) — one millimicron, A
-good antigen, it is distinctive in its specificity both from the
capsule as well as from the somatic. - ED.)

- 11 -




HEMOLYSIN CF THE PLAGUS BACILLUS

Page 1ll-11l

The widely Jnown ability of the plague baclllus to cause
hemolysls is of considerable interest from the point of view of
the analysis of its pathogenetic factors, as shown by Ye. L.
Korobkova {(157) .

Hemolysing are very widespread among pathogenic mi.croorganisma.
Several animals also are capable of elaborating hemolytic toxins
with very high activity. Included among these animals are many
species of snakes, scorplons, beeg, and others, However, the study
of the character of animal and bacterial hemolysing has uncovercd
an essential difference between them.

The hemolytic polsons of animal origin possess the acbivity
of lecitinase A, cleaving only a group of an unsaturated fatty
acid from the molecules of the leciting and cephalins with the
formation of lysolecitins and lysocephaling. The latter are
essentially hemolysinsg.,

Bacterial hemolysins in several cases are included in the
lecitinase C pgrow. These enzymes cleave lecilting with the formatioo
of phosphocholin and diglycerides of fatty acids. Both the clooavng.
products mentioned do not exhibit homolytic acid. Ilemolysis hero
occurs due to the degradation of the lecitins of erythrocytes, in
which they are structuwrally important, Included among the leciltivares
C is alpha-touin B. perfringens hemolyzing only in the preseucc of
calciwn ionse  This homolysin attacks erybhrocytes of many ~oiuals,
with the excention of goats and hwrscs {188}, lowever, for most
hemolysins of bacteria not included among the lecitinase ¢ group,
the mechanicm of hemolyzing action has not been cobtablishod,  Thue,
the delba~boiin of the same cells of B, periringens is a hewolysin
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only for erythro s of artiodactyla animals, This enzyme is not
activated by Ca?F ion and the mechanism of its action has not been
explained, -

Also inadequately studied is the mechanism of the action
of pneumococcal, staphylococcal, and other bacterial hemolysins.

The plagus baciliug exhibits hemolytic properties, bubt
they are considerably wesker than in other bacteria species. Hemolysin
is discovered in the filtrats of a broth culture and in the aubolynoirs
of agar culburings.

Hemolysin forms slowly, dwring the growth of a P. pestis
culture and readily diffuses into the swrrounding enviromment. The
hemolysin of the plagus bacillus is comparatively resistant to heat
and is destroyed only at 1000,

It is probably that is is a low-molecular substance, rapidly
diffusing into a gel and losing its properties when heated to 1000,
Apparently, the hemolytic properties of the plague bacillus to a
considerable extent depend on volatile bases, which are formed
during the process of the lifs activity of the microorganism or
during its aubolysiss OFf the bases formed by the plague bacillus,
one must keep in mind first of all ammonia, whose presence in the
culture has been demonstrated by studies of various authors, and
volatile amlnes, which also, probably, are formed during the growth
of Ps pestis, Ammonia and amines exhibit sharply pronounced ability
to effect hemolysis, in which the intensity of their hemolybic action
depends on the extent of dissociation of the bases. The mascimum
hemolytic effect occwrs when the medium shows an alkaline reaction,
in which the bases are found to a large extent in an undissociated
state. The substances indicated, as a consequence of their ready
solubllity in lipoids, easily penetrate into erythrocytes, causing
by this aclion the destruction of the stromes and the transfer of
hemoglobin into the swrrownding enviromment. It must, however, be
noted that amonia and amines destroy not only red blood cells, but
arg also a poison for all cells and other tissues of the organism
including, of cowrse, also for the central nervous system. Apparently,
specifically in the attack on the central nervous system by the
volatile bases = products of the life activiiy of the plague bLacillus
-~ must be sought an e:mplanation for blindness and the rapid death
of rats, noted in the experiments of Ye. I, Korobkova (157) when
she tested the todicity of the filtrates of broth cultures cxhibiting
hemolyzing properties.
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These observations, favoring the nonspecific nature of the
hemolysin of the plague bacillus, must be supplemented by compara-
tive biochemical datas A4s is well lmown, the P, pseudotuberculosis
analogously with the plagus bacilli also exhlbits hemolytlc properties.
However, destruction of erythrocytes by products of the life activity
of the latter species of microorganism, at leagt when grown in &
liver agar of the Boyllye type, is noted aven by the second day,
whereas for the plague.baclllus the indtial phase of hemolysis can
be detected not sooner than the fowrth or fifth day of the culture
growth., This phenomenon becomes understandable if it is remerbered
that P. pseudotuberculosis alkalinizes the medium more rapidly than
does P, pestise Vacuum distillation of the volatile substances from
a broth cultwe of the plague bacillus that has been alkalimlzed by
sodium hydroxide can free it from "hemolysins", which are driven off
in the distillata, From the distillate aymonia can be geparated
and identified. A broth culture, concentrated wnder vacuum,
freed in this way of its hemolytic properties, partly loses its
toxicity for animalse. Thus, there is a certain parallelism between
the hemolytic abllity of the plague bacillus and the toxlcity exhibited.
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BACTERTOPHAGE CF THE PLAGUS BACILLUS
Pages 1111-120 '

In spite of the fact that the bacteriophage of the P, pestis,
described by diirell 25 years ago and subsequently by M, P. Pokwovska,
has been shown.to be a very powerful factor in the variability of
the plague bacillus, thus far sizable successes have not been
obtained in the study of this phage, Nonetheless the established
fact to the variability of several strains under the influence of
‘the phage has served as a foundation for a conclusion by N. N.
Zhukov-Verezhnikov et al (159) on the oonversion of the plague
bacillus into another spscies of bacteria,

The action of bacteriophage is often characterized by an
incomplets destruction of cells. Ivzed cultures after some time
yleld "seondary growbh", This situation destroyed to a considerable
degree the hopes of the first researchers on the bacteriophage of
using phages as powerful specific agents in the treatment of in-
fective diseasesa

The reaction of the plague bacteriophage causing profound
changes in the properties of the bacillus detected in the secondarily
groving cultures has also served as grounds for a lypothesis on
the conversion of P, pestis into another already existing species
that 15 gimilar Lo it -= P, pseudotuberculosis.

de wiil duell briefly on the investigations which have illu~
minated the main problems of the biochemistry of the bacteriophage.

Uis recorsiend the monograph (160) and the article (161) of

Bvias £ cwveys of the blochemistry of phages.
Jlectron-gricroscopic study of the coli-phases of the types

Ty - '1‘7 Teus rovealed differences in their form and size. At

pireconl o Toro g heen esbablished for all dhose types, sinilar
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to spermatozoids. The diameter of the head ranges within the limits

of from LS millimicrons (T3) to 90 millimicrons (Tg), and the tail
dimensions -- 120 x 10 millimicrons (T1) and 170 x 15 millimicrons
(T5). The molecular weight of the particles %s vo highé thus,

for the nucleoproteids is equal to: 246 x 10° « 58} = 10°,

Coliphages constitute fowr different immunological groups. For ths

To phage the presence of two different {head and tail} antigens

was shown, The chemical composition of crliphages are characterize
ing by & predominant nucleoproteid content with a small amount of .
lipids and carbolhydrates, Deosxyribomucleic acid (DNA), of the nucleic
acids, is chiefly in evidence == about 90% ~- but ribonucleic acid
(RNA) is also present in small quantities, although seversl ressarghers
have suggested that the latter is an impurity entering the prepara-
tions from bacterias. The aminoacid composition of the virus proteins
is pimilar to that of the bacterial cell-hoste. In bacteria RNA

clearly predorinates, representing around 50% of the mass of ‘the

entire cell, whereas DNA is conteined in cells in quantities equal
to 11-224,

Three phases are distinguished in the action of a phage
on bacteria:

1) adsorption of %he virus by the bacterisl cell; 2) its
introduction into the call; 3) 1lysis of the bacterial cell with
the liberation of newly formed virus particles.

In the first phase of the adsorptional union of the phage to
the cell, break down of the virus particles and liberation of DNA
occurs, proceeding evidently without the participation of the enzyme
systems of the cell, inasimuch as this process can occur in killed
cells,

A second phase of the action of the phape cormences s when,
according to the data of Hershay and Chase ¥162), DA liberated by
the phage particles is cnclosed in the bacterial cells s while the
protein membrane of the phage remains bownd outside the cell and
can be liberated by siiple agitation of the infeccted material withe-
out affecting its later stages of virus reproducticn.

Of the greatest interest for the characteristics of the
third phase of phage action (multiplication of the phage and is
of the cell) arc the investigations of Putnan and ozloff {163
on theBI'ZJ, coli cells, infected with the T4 bacteriovhage tagged
with P .
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They showed that the greater fraction of the isctope was detected
in the soluble fractions not containing the virus. Bubt only 1/3 of
all the isctope was found in the subsequent generations of the wirus.

In one of his studies Kozloff (164, 195) carried out a special
investigation of the mechanism with which MY and P32 of the original
tagged T4 bacteriophage are utilized for the synthesis of new phage
particles. . The greater fraction of the original virus material dis-
coverad in new generabtions was formed through the use of the degrada-
ticn products of the origimal virus for the synthesis of new viral
nucleoproteidse

A considerasble quantity of nucleic acid of the bacterial cell
is also used for the synthesis of the DNA of ghages s which was showm
primarily by the conversion of the cellular P32 into the viral P32,
detected in the DNA of the bacteriophage. This was confirmed by using
tagged purines and pyrimidinas, since the latter move from the cells
into the nucleic acld pheges.

In lysogonlce cultures the phage particles were converted along
with these the absorbed viral particles also were propagated, such
that each new generaticn of cells formed with phage particles adsorbed
on theme. In the given instance conversion of the prophage into the
rhage lyzing cells with the release of viral particles into the
medivm was often observed.

The action of wiral particles on cells is capable of inducing
profound changes in these cells, observable by objective methods.
A rare example of change in the biological properties of bacterial
cells under the influence of a phage can be seen in the conversion
of the nontoxigenic strain Corynabacterium diphtheriase into a
toxigenic. The reverse transformation has also proven to be possible,
regularly occurringin the loss by the cells of the lysogenic phage.
Thus, Ye. M, (wbarev, S. A. Kacherova, and G. M, Frenkel? (166)
obgerved the sudden loss of toxin-formation for the M-8 strain,
used in the production of diphtheria toxin, and established that in
the present instance formation of a new variety occurred with
geveral nlicred properties. The appearance of a lemon~yellow pigment
was nobeo in this variety, as well as small changes in the character
of prowtlh (morphology of f£ilms and colonies), and changes in the
enz;m. Lic activity and several characteristics of the chemical come
nogiliomn of the cella,

_ in the reports of Freemen (167), Ireemen and lores (168) a
relivianskip was established between the action of the bacterial
phige wne the toxigenielty of diphtheria bacteria., In his study

trossi (3 7] veported on resuibs ol exbendsd obscivabiong of this
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phenomenon. The author indicated that the conversion of the non-
toxigenic C-l Corynebacterium diphtheriae strain into the toxigesic
variety (C-li (P)) is caused by the action of the betaphage. The
reverse conversion of the lysogenic, toxin-forming variety DeL(P)
into the nonlysogenic state C-li is accompanied by the obligate loss
of taxin-formation. The author succeeded, in addition, inilsclating
a new phage capsble of converting the C-h strain into the lysogenic
without being converted simultaneously i..ho a toxigenic,

Inasmuch as phages are parasitizing nuclsoproteids in the
bacterial cells, they must be regarded as possessing the property
of ceusing a strongly pronounced variability of bacteria which is
passed on through heredity. The formation of varieties of bacteria
with sharp differences from the original strain under the influence
of phages has afforded several authors adequate grounds even to
asgert that the phages are capeble of converting one species of .
bacteria into another lmown species. Thus, G. N. Lensksya (170)
wrote: Y. o o the conversion of the plague bacillus into the pseudo-
tubercular takes place along the pathway of qualitative tramsfor-
mation in the absence of intermediate forms. Only one conclusion
is possible, that the addition of a bacterial phage undoubtedly
accelerates the process of species-formation; we are dealing hero
either with a restructwring of the noncellular living substance and
the type of metabolism by means of this factor, or we are dealing
with the acceleration of qualitative changes in the composition of
the nutrient medium « o »

"And thus, on the basis of the factual material presented
we assert that the plagus bacillus is capable of being converted
into the pseudotubercular.,'

Demonstrating that the plague bacillus before its conversion
into the psewdotubercular differs markedly from tho iabier in dlwerso
particulars, including also response to the hacherial phage, G, N.
lenskaya wrote: "To the extent that difference in metaboliam czlsts p
it also exists in response to the bacterial phage. It is enovgh to
state that the plague bacterial phage does not cauge lysie of the
pseudotubercular microbe. Unfortunately, in mony studies concorosd
with this question, the term 'pseudotubercular® bLacterial phago s
heen designated as being of a little studied nature s which lyzes
both the plague and the pseudotubercular bacilli.!

However, Gunnison and Lazarus (171) showed thab the strain
of the P. pestis phage tested by them caused lysis not only of it-
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host but also lyzed 19 of 27 strains of P. pseudotuberculosis selected
and six of 37 strains of Schigella dysenteriae, lore recently these
same authors (172) showed that the plague bacillus phage selected

by them for testing lyzed 31 of 4O P. pseudotuberculosis strains.

A1l the remaining nine strains also could be lyzed by the phage |
tested, but after its adaptation even to one of the nine ipitially
unlyzable strains. The phage adapted in this mamner following trans-
ferral into the Schigella dysenterise cultures reverted to its
original properties and ceased to lyze the above indicated nine
strains. A new transferral of the phage into the culture of the
already wtilized strain of the nine straine in question again activated
the phage, and it began anew to lyze all the 40 P. pseudotuberciiosis
gtrains.

With such a variability in the specific antiplague phages,
sometimes without oven adaptation, lyzing most of the pseudotuber-
cular bacillus strains, the suggestion of G. N. lanskaya to use a
related phage as a criterion for declding whether the P. pestis
has made a trapsition to the P, pseudotuberculosis can hardly be
regarded as well substentiated.

In 1955 N N. Zhykov-Verzmikov (159) turned to the prob-
1em of the conversion of the plague bacillus into the pseudotubercular.
He wrote: 'in this instance the modification ocours under the influence
of a bacterial phage introduced into the nutrient medium." As shown
by N. Ne Zhykov-Verzhnikov et al, in testing the S=form of one of
the P. pestis strains under the influsnce of high phage concentre-
tion was entirely lyzed, but the secondary growth appearing after
twio days yielded a cultwe containing not the plague, but the pseudo-
tubercular bacillus, In the above referred to article (159) the
following is stated: "detoiled imvestigation has shown that the
culture obbained in this way differs from the original by more than
twenty features, ost of these characteristics coincide with the
features of the pseudotubercular bacillus, which, as is know, is
close to the plaguc baeillus, bub is well defined independent
species,’

Aoy Lhat even twenty characteristics distinguishing
tho neo steais from the original. colncide with the properties of the
Po psci albercuiosis, this can never be considered as objective evidence
of the wow vsion of one grecles into another. With little trouble
oMy worg Binng omore than this can be shown as representing the
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characteristics in which this original P.psstis straln bafore ity
conversion was similar to P, pssudotuberculesis strain.

However, the method itself of obtaining new varietles of
the plague bacillus by the action of the bacterial phage dessrves
attention and wag thoroughly evaluated and used in practice both -
before, as well as after the investigations of N. B. Zhukov-Veresndlow
et al.

M. P, Pokrovska in 1931 obtained an avirulent mutant called
the AMP straln through the action of 2 specific bacterial phage from
one P. pestis gtrain, which mutant exiats primarily in the S-form,
More recently the same author (173, 17L) published the results of
many years of study of the AMP plagus bacillus strein. Through
‘these observations it was estsblished that the AMP veriety ratains
stability almost complete avirulency and other mewly acquired. Ita
avirulency was tested not only cn animsls, bub also on huwen balrgs
during the same period in which the effective agents for plague traat-—
ment now available to medicine did not existe Me D» Pokwovskys firsh
inoculated herself, and then several volunteers with a live cultves
of a AMP strain and suggested its use as a live vaccine agsinst
plague, However, she also did not deal with the problem of the
conversion of Pe pestis into another species under the action of a
bacterial phage.

Vo M. Tumanskiy in 1937 (2} ireating nineteen different P.
pestis strains with an antiplague bacterial phege, obtained from
one of these a stable mutation. The Tumanskly strain proved teo be
similar, in several cultural and immuncbiological properties, with
typical P. pseudotuberculosis strain. The author was more inclined
bo study here the conversion of one species into another, but mde
the ‘following reservation: "t nust be assumed that owr straip ng
a mutant of the plague bacillus must be distinquished from the prasdo..
Hubercular bacillus, bub we cannot yet explain this diffaceu.n.”




SHIFTS IN THE METABOLISM (F THE PLAGUE BACILLUS MAKING
IT SIMILAR WITH THE PSEUDOTUEBERCULAR BACILLUS

Fages 120-127

Conversion of the plague bactllus of pseudotuberculogis of
rodents, beginning in 1929, has been frequently noted by co-workers
of the Saratov Antiplague Institute. These transformations have
been described for old laberatory stralns of the plague bacillus
and have been related with substantial changes in their metabolism.

Several properties of newly formed varieties of continental

strains of the plaguo bacillus are identical with natural strains

of the causative of the pseudotuberculesis of rodents. The observae
tions referred to have also provided grounds for drawing a conclusion
of the conversion of the plagus bacillus into the bacillus of psewdo=
tuberculosis of rodents. However, the difficulties in distinguishing
old laboratory strains of the plague bacillus from pseudotubercular
nust always be kept in view. We are not at all inclined to evaluate
these changes as transformation of one species into another existing
species, but congsider it useful to examine the facts that are of

mach importance in the investigabion of widely distributed processes
of far-ranging variability characteristic of many microorganisms.

Shifts in Carbohydrate Metabolism

The general direction in altered carbohydrale metabolism of
plasiwe Hocillug strains found in live museun cultures amouabs to an
incroaa: Lo their fermenting ability. A typical freshly isolated
strain o {the plague bacillus has an ability of fermenting carbo-

Lydeatog that is many times legs pronounced than old laboratory
ghvainge

<)lsorencaccaers agres that the pseudotubsrenlar bacillus
ocddbo s, o osolyecabas more enorgelically then docs the plague
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bacillus, In this connection, the range of sugars fermentable by
the pseudotubercular bacillus is considerebly troader. Change in
the propertiss of the plague baclllus which lie in the direction of
meking it similar with the bacillus of pseudotuberculosis of r odents
is associated with an increase in fermenting activity of P. pestis.
This is clear from data in Table 7 and has been confirmed by quanti-
tative determinations carried out in a study of the imtensity of
ramose decomposition by strains of P. pr.itis and P, pseudotubercu
losis (N. N. Ivenovskiy and V. S, Basheva) (176),

TABLE 7
Response Toward Carbolydrates
Subatrate Plagus Pseundotubsrculogis
Bacillvs Bacillus
Arabinose 4 (=) A
Xylose - £
Ramnose - (A £
Sorbose - (A £

Symbols: £ ferments; - doss not ferment; £ (-) most
strains ferment, a minority do not; - &£)
most strains do not ferment, a minority do;
£ - some strains ferment, others do not,

Shifts in the Ability to Oxidize Polyatoric Alcohols

Shiftg in the ability to oxidize polyatomic alcohols in the
proceas of the variability of the plague bacillus are unquestionable
and consigt principaily in changes in its carbohydrate metabolisi.
Folyatomic alecohols are oxidized considerably more readily and in
greater nuwber by the pssudotuberculsr bacillus than by the plague
bacillus, This can be seen from data given in Tsble Ba

In this way, it is apparent that the wriability of the plagun
bacillus along the line of making it similar with the pseuwdotuberculer
ig caused by a considerable inmbengification of use ol polyatomic
alcohols by P, pestis cells, From this point of view it is completely
wnderstandable that all "ewly formed" cultures of the pgeudotubareular
hacillus are obtained only from one variety of the plague bacillna,
which intensively decomposes glycerine Tt 1s probeble that in the
future a mi.crobe similar to P, pseudotuberculosis will obtained also
from the "oceanigh straing, although it can be said in advance that
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this approach will be longer, than the path necessary for obteining
this variety from the "continental' strains. It will lie along .

a previous formation from a glycerin-negative strain of a glycerin-
positive, and only after this will there ba a possibility of its
further approaching the P. pseudotuberculosis,

In conclusion it must be emphasized that in general poly=-
atomic alcohols are oxidized with considerably more difficulty
Yhan are monosaccharides, by both species of bacilli.

TABLE 8
Response to Polyabtomic Alcohols
Svbatrate Plague Pseudotuberculosis
Yacilug bacillus
Glycerin £ #
Erythrite - - ((/)
Dulcite - - (A

Symbols: A ferments; - does not ferment; - (£) most
strains do not ferment, a minority ferment;
£ most trains ferment, others do not.

There is considerable contradictory data in the literature -
on the problem of the oxidation of alcohols by the plagus and by
the pseudotubercular bacilli, This is due to the fact that the
authors have dealt with cultures found in different stages of vari-
ability.

Shifts in the Nitrogen Metabolism

Several authors have presented information on the ability of
various strains of P. pestis and several strains of P. pseudoctuber-
culosis to form nitrites when they are cultivated in liquid nubrient
media. Tn attempts to analyze this ability from the aspect of geo-
graphical. origin of the stralns, it has not been possible to establish
relatdonahips analogous Lo thelr response to glycerin.

Aaonta wn o sowrcs of nltrites in the culiures of plague and
pseuiciuliceeulm bacllll. A8 is widely know, oxidabtion of ammonia
inbo o0 e st d g an nerobic process, The plague bacdillus is
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more aerobic than the pseudotubercwlar, and therefore the strains
of the plague bacillus form nltrites in greater amounts than the
strains of the causative of rodent pseudotuberculosis (Table 9).

In addition to this, it is important to emphasize also the
evolution of this process in the plague bacillus straine

The ability to oxidize ammonia into nitrous acid decreases
for plague bacillus cultures &s we procesd from strains of "oceamic
origin to strains of "continental® origin, and further to strains
of rodent pseudotuberculosis, where it is expressed either wealkly
or not at all, Urease activity in plague baclllus stralns appears
extremsly weakly, and with the usual methods employed in micro-
blology often is not detected. To thae extent of changes &ppearing
in the metsbolism of the plagwe bacillus in the general direction
of making it similar to the metabolism of the pseudotubercular microbs,
wease activity increases,

TABIE 9
Strain Intensity of Nitrite Formation

P. pestis ("oceanich)

P, peatis No 66 ("oceanich)

P, pestis No 708 ("Qcoamich)

P, pestis No 135 ("continental")
Pe pseudotuberculoais No 1

P. pseudotuberculosis No 6

P. pseudotuberculosis No 31

P. pseudotuberculosis No 65

P. pseudotuberculogis No 67

Symbols: # ferments; - does not ferment; 4 some straing ferment,
others do not,.

For the causative of rodent pseudotuberculosis wrease activity
is pronounced strongly (Table 10).

TABIE 10
Strain Activity of Urease in Arbitrary Units
P. pestis EV 0
P. pegtis No L76 0
P. pestis No Tl 20.5
P. pestis ZHWR 82
P. pseudotubercwlogsis No 3}, 17,
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In comtisction with the investigations refeorred to, the evolu-
tion of the plagus bacillus as it becomes similar to the pseudo-
tubercular 18 sketchied in the following way. "Oceanic" strains exhibit
a docreeged formenting abllity, they do not decompose glycerin and
contain neither weage nor the Pt antigen (cff chapter on P, pestis
antigens)s On the other hand, "continental® strains emerge from
Rocganic® strains, with higher fermenting ability, which appears
in the new sbrains as glycerin oxidation, "Conbinental® straing
o a greater or leugser extent are wreage=positive and possess an
additional antigens

These prepertios ave still more manifest in the strains of
the psendotubercular bacilluse.

In this -ay, increase ia ureage activity in the plagwe bacillus
gtrains represents a shift in thelr metabolism in the direction of

Pormdng a now steble variety similar in certain respects with P.
poeudotvbercwllosisg,

In the opinion of V. M. Tumanskiy (2) P, pestis cells and
P. poeudotuberculosls cells have genaral ahbigemic propertles, in
which the antigen of the psewdotubercular bacillus is more active
than the antigen of the plague bacillus. This position has been
wholly confirmed by experiments on urease obtained from the pseudo-
tubercular snd from the plague bacilli.

Urcage is a globulin with well-defined antigenic properties.
For geveral animals vrease 1s a powerful toxine At least ons of the
general, antigens of the plague and the pseudotubercular bacilll is
uwreage. The plague bacillus possesses low wrease activity and in
addition it iz a poor antigen. The pseudotubercular bacillus, on
Sha @bbher hand, exhibits high urease activity, maldng it in this
regpect one of the leading pathogenic microbes, and it also has
good apdipgsnic activity, The parellelism betwesn the anbigenic
activity of thosc microorganisms and theilr weage ability is apparent.

From bhin comparison we can draw the supposition that to the
e obo o inercaosed wrease coptent dn the plague baclllus strain,
Bhe an toon shared dn common with the pseudotubercular bacillus also
ineres: ¢ o quandity in the plague strains,

Coeanliy and B D Sasylana (077) recorded the obe
sease o st o 00 plague bacilles strains only three had aldehydrase
oo o Les s gzakly manifested. At the same time all of the
a1 G e prioudotuberculoais examined by them exhibiled a
sh.up colsecd Cldehydinage ackivity.
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Aldehydrase, included in the group of yellow oxidative ensywinn,
is of great interest in éomection with the variabllity of the plagwe

bacillus in the direction of maldng it similar with the pseudotubesa
cular, : :

A sharp increase in the aldehydrase activity when plagwe
bacillus strains are stored in the laboratory must be regarded as
8 process of radical rearrangemsnt of the plague bacillus respiraw
tion type into a more anmerchic type.

We can note the shifts in ths peroxidase and cebelese activily
from the data in Table 11,

Analysis of the observations described provides grounds for
supposing that the oxybiotic processes decrease in the plagus bacll-
Jus going from the "oceanic! strains to the "comtinentel® amd reach

TABIE 11

Enzymatic activity in
arbitrary wmits

Enzyme plague psewdetuberculogls
: bacillus bacillus
Peroxldase 52 242
Catalase 8 o0 6 3

the lowest value in the varieties skin to the pseudotubercular bacillumis

The plague bacillus durfng its existence under various con-
ditions of the external enviroument exhibits a proncunced capacity
for variability. The newly formed varieties of Pa pestia appear
related in their biochemical properties with several streins of
Ps pseudotuberculosis. Analysis of the availeble msterial on the
blochemical activity of this bacillus leads to the comclusion that
the plague bacillus 45 an aerobe to a greater extent than the pacudn -
tuberculare In favor of such a conclusion ig the evidence of an
inerease in the fermentative activity in the transition from pingun
to pseudotubercular hacilluvs, The latter shows a high Lermeotiag
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and aldehydrese ability and reduced levels of catalase and peroxd-
dase, The plague bacilius is characterized by contradictory indices
in its enzymatic activity.

In this way, the basic factar determiming shifts in the metabo-
lism of P, pestis in the formation of varieties similar to P pseudo-
tvberculosis is change in the metebolism type, which consists perimarily
in en increased fermenting activity of the plague bacilluse

It is probeble that in comnsction with change in the wata.
bolism type observable shifts in the inoculation nwmber of variovs
Pagstourella species exist, which has been indicated by Ye., I. Korobkova
(178) and by Yee Ee. Bakhrakh (179).
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DIFFERENTIAL DIAGNOSIS ¢ THE PLAGUE AND
THE PSEUDOTUBERCULAR BACILLI

Pages 127-130

The great variability in the plague bacillus has created a
considerable difficuliy in distinguishing it from the causative of
rodent psewdobuberculosis.

For typical cases conducting a differential diagnosis between
tho plague bacillus and the pseudotuberculosis bacillvs is not Leseh
with difficulties,.

Distinguishing the plague bacillus from the rodent pseudobue
bercular bacillus is most convincingly demenstrated not in various
artificlal nutrient media bub in animals susceptible to the causa-
tives of these diseases, whose tissus is a medium foxr the habitaiion
of the bacilli in question,

The plague and the pseudotubercular bacilll are two diffexent
species, They have no comuon circle of amimal-carxiers, Many obser-
vations of various authors have quite precisely egtablished the
clrcle of animals which suffer from plague and psevdotuberculosis
of rodents, Undoubtedly, the metebolism of the animals has an ciiues
on the vitality of the mdcroorganiom introduced; in some apecins f
animals microbes perish, in others they develop and multiply.

It 1s necassary to emphasize the leading rolo of protoin
(nitrogen) metaboliom and of one of its end products, The mout
diverse organisms =- single~celled and poly-celled ~- eglla of
plant origin and from the animal world form ammonia duwring the
process of thelr intracellular metabolism. Ammonium iu a proto-
plasmatic poison for all cells, ‘The differencce lics only in the
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fact that some are more resistant to it and others are more sensi-
tive. D. N. Pryanishnikov has established that ammonia in plant
organisms is deposited in the form of the amide of aminosuccinic
acid (asparagin). It has been shown that in animal organisms as
well this type of ammonia fixation (glutamine) (180) is widespread,

Other forms of fixation of ammonia in animels are represented
by wea and uric acide It is important to note that only those
animals in which the mein mass of ammonia is excreted in the form
of wrea suffer {rom plagwe. Animals excreting ammonia either as
such, or primarily in the form of uric acid; are nonsusceptible to
plague. However, not all animals of the indicated type suifer

from plague. For exampls, dogs and to a certain extent cats axe
not susceptible to ite

From the epldemiological point of view the ammonia response
of small animals included in the rodent group which are carriers of
plague infection in nature is of special interest. It has been
egtablished that the susceptibility of ardmals of this group to
plague and their reslstance to ammonisa to a certain extent proe
ceeds in parallel to each other - the animals least resistant to
plague are the least resistant to ammonia (Tebls 12),

TABIE 12

Smallest fatal
dose of ammonia
per 100 g of body

Animal, welght in mg
Small marmot 255
House mice 219
Noontime sandwort 140
Burroving sandwort 12l

Hero it must also be emphasized that the reslstance of animals
to am: i depends on their physioclogical condition: sleep, the
chariclor of nutrition, etc., and, therefore, several deviations
Irom the pgeneral rule ars know.

M ooole of glutamine in ammondum metaboliam in the organism
is wit:iy ‘now, whilch amounts to the removal of ammonia from the
Linse m. Yardations in the glulanmine in tissues constitutes one of
the 1ewonas ipects of mitrogen metebolism. As can be seen from
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the data of Ferdman (180), hibernation reflects sherply on the
glutamine comtent in tissuves.

The circle of animals suffering from pseudotuberculosis of
rodents 1s considerably broader than that affected by plagwe. Mosth
animals excreting ammonia primarily in the form of wrea are apparently
svbject to this infection, as well as representatives of animals
excreting ammonia chiefly in the form of uric acid (birds).

The intensity of their metebolism probably plays a large
role in the suscepbibility of animals to plague. In general it
can be sald that plague affects animals only with an intensive
metabolism,

Convincing evidence of the presence of a relationship between
metabolism intensity and plague susceptibility of the .

TABLE 13
Glutamine Content in the Cardiac Muscle of Marmots

Condition of marmots Glutamine content in Remarks
the muscles of ‘the

heart in mg-%
Hibernating 225 Artificially
Artificial excitation 180 excited marmots
Summer Awakening 130 perish iwmedi-

abely

organism 1s represented by the marmot ~- one of the main cerriers
of plague infection in naturc. The marmot is susceptible to playan
only dwring the period of its active life, In +its slecping poriod,
vhen its metabolism drops to a mirdmum and protein metebolism Dol ls
of f especially, the rodent becomss insusceptible Lo this infechtion,
Whon contaminated with plague dwring its slecp period Hhe rodent i:
not affected by it, but as soon as much an infected mormot awale:s.
its motabolism increases sharply and after several days following
incubation it bocomes diseaged by the plague. In every case it
must be emphasized thal the generalization of plague infeoction in
the sleeping marmot must be regarded as a rere exception, and nob
ag a rie,
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Thusfar there has not been avallable adequately complete
data on the relative susceptibility of various species of rodents
to the plagwe, butthis susceptibility varies among rodents and
changes as a function of the amimalls age and the time of yoar,
This has been esteblished for the small marmot, for the Transbaye
kalian, for the noontime sandwort, and for other animels. The
puints indicated wmdoubtedly serve to explain the divergence in
the data of the various researchers on the susceptibility of animals
to plague infection.
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TREATMENT F F.AQUE
Pages 130-L37

In the humen diseass of plague and of several specles of
animals they experience, over a course of thrse fouwr days a sharply
pronounced septicimia, thus, according to the data of British Anti-
plague Commission (1), for sixteen persons suffering with the plague
the content of the microbial cellsin one ml of blood hefore death
amounted to one million.

The organs of the human and animal cadavers, perishing fcom
plague infection, contain enormous quantities of the causative,
The amount is so profuse that frequently the liver, the lungs, the

spleen, and the marrow, under microgcopic examination congiat of Hiasue:

solidly packed with microblial bodies.

The shearply pronounced invasiwvness of the plague baclllus,
ite rapid ability to mlltiply in the tlssues of animals suscephible
to plague also leads to the formation of a great quantiity of micro-
bial bodies. Through the intensively increagsing mass of the plagua
bacillus alone does the death of the animal result,. This reliablo
and well known obzervabion ias extremsly lmporbtsnt Lin wodevatandine
the pathogenesis of plague.

It can be gaid with complete substantiabtion that the mosh
threatened part of the body on terms of the pathogeunesis of the
plague is the cardiovascular gystem (G. P. Rudnev {181)). Une
dovbtedly, a greab rcle is also played in the patbogenasig of
plegue by nonspecific products of wetaboligm, foruing dus o wicon.
and macro-organisms.

Being a poor antigen, the plague bacilluy does nn® dnduco
gtable and sustained immunity, and btherefore the provocil s pogaia
of the mocro organism need not be recapibulated since thiz hoas boex
dena by N. N. Zhukov-Verezhnikov and T. N. Mayskiy (182).

o
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From owr point of view, for plague the factors of immunity
do not constitute the primary significance, but only secondary, since
even the best antiplague vaccines reduce the fatality of persons re-
ceiving inoculations from S3.4 to 36.5%. In addition, of course we
can never negate the value of vaccinating population in plague focl,
since vaccination undovbtedly promotes a decrease in the susceptibility
of persons.

Vaccination of population is carried oubt again after seweral
monbhs. If the vaccine also creates comparative immunity in man
apgainst bubonic plague, it has been proven to be completely in-
effective in regard to its pulmonary form.

In plegue prevention various kinds of vaccings are used ~--
killed and live; the latter have been the preferred. The live anti
plague vaccine prepared from the EV gtrain has received much fame;
i the Soviet Union in addition to the latter the live divaccine
1-17 is employed.

Serotherapy hag found extensive use as a treatment and pre-
ventive agent against plague, although this form of therapy has always
and especially ab present aroused disagreement in the estimates of
its effectiveness. The basic cause of dlsagreement is that the plague
bacillwg ig a poor antigen, and therefore cannot be used successfully
in obtaining an antiserwm with a high titer. Tt is sufficient to
stabte that the antiplague serums produced are not titrated. In use
are antiplugue seruns from the blood of herses, and also of other
aniimals immunlzed by various means ~- by live wvirulent and avirulsat
strailns of the plague bacilluws and by various preparations obtained
from their cultures (mucleoproteids, polysaccharides, filtrates, etce).

Antiplague serum is administered to the patient repeatedly
and at high descs -~ single applications of 200 ml, and the total
amougt. of serwn administered to the plague victim often reaches 1,500
mle The mechanisu of the action of antiplague serum is wnclear and
the poinl of vicw of various authors on thls question diverges widely.
Tls, Solkhey and Jagle (183) even have said that sulfathiazol £ serum
v mo. - cffeckive than sulfathiazol alone, but they believe that
svifvitasin achs best withoubt serum,

Stoeeset offorts are wderway to wse pwrified and concen~
Wl oo o beeabing plagus. We are spealdng here of the use
Af e aefebnlio, inclated from antiplague serum.

i

cruesty el progent dn apite of the overwhelming successes of
shevt iy

e Gevard (18L) believes it necessary to conbinue
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using antiserum in treating plague in addition to the new ax:ztibi@hicus
especlally in the early stages of the diseage, when the tomp fac@;gr
often is prevalent over the bacterial. Awreorycin is the only antio
blotic which has revealed antitoxic action under experimental condi-
tions, other antibiotics have shown only antibacterial aection.
According to the data of Gerard, gama-glabulin was tested on monkeys
infected with plague, with encouraging results.

Also finding use in the treatment of plague is the specific
bacteriophage. However, the initially favorable and encouraging
regults obtained have not been confirmed,

It can be supposed that the authors have not always taken into
account the diversity of the bacteriophage strains, the decrease in
titer when it is stored, and the stage of the disease at which it
is administereds Nonetheless, G. P, Rudnev (181) noted that -
speclfic bacteriophagotherapy has in general shown a favorable
effect on the course of plague infection -- a distinct improvement
in the patient!s condition develops,

According to the data of M. P. Polwovskaya, the plague bacberio-
phage administered intravenously into the animal organism circulates
in the blood system for about twenty hours, while inJected intra-

x(nuggt):larly it can be detected in ‘the blood even alter seventy hours
165) .

M. P. Pokrovskaya has indicated that massive doses of
plague bacterlophage in vivo have shown the ability of completaly
lyzing the plagus bacillus. The latter cammot be detected neither
in the tissues of the animel organism nor in its blood smears, However,
the animal perlshes ag a result of the sharply pronounced inboxici-
tion by the plague bacillus toxin,

In this way, in treating plague with the bacteriophage the
phenomena of inboxication of the affected animal ig digtinetly
mandfest and frequently its death occurs even in tho complete abgenca
of live cells of the plague bacillus in the organism?s tissuvzg.

From what has been sald it follows that the specific treai—~
ment of plegue victims can be hroken down into two bagic stoges:
controlling the septicemia increasing ag the disense develops, and
controlling the simultansously ongoing intensive Ilntaxication of
the patient by the products of decay and of the life acbivity of
the plague bacillus,
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The first stage in the treatment of plague =-- eliminating
septicemia -- has been dealt with through the use of the most
diverse substances, For this purpose mmerous salves {gray mercury)
and injections of a large musber of mediclnal substances have been -
employsd: collargol, jodine, and corrosive sublimate; carbolic acid,
quinine, zinc chloride, Iyugol! solution, and many others, and even
sipgical intervention has bean.resorted to -~ lancing of the buboes. ,

G. P. Rudnev has especlally recommended grey mercwury salve
in treating the bubonic form of the plaguwe. This salve, according
to Mg assertion, provides quite good results. The comment of Q.
Py Rudney referred to on ths good therapeutic effect of mercury
salts deserves speclal attention, In addition to ths observations
of Ye, M. Gubarev and T. I. lipatova (18) on the high bactericidal
activity of potassium jodide and {odine, which appsars even at low
concentrationa in regard to the plague bacillus, this constitutes .
a confirmation of the view point that ascribes a substantial role
to wrease in the "continental® gtrains of the plague bacillus, the
widely recognized most virulent in the pathogenesis of plague.

As is knoun, uwrease is & catalytic active protein with a
large munber of sulfhydryl groups, which are combinsd with mercury
salts and are easily inactivated by iodime ions, Urease is extremely
sensitive to ions of mercury and lodine,of which the literature
contains many reports, The faverable effscts of ions of mercury and
iodine on the course of plague infection can bs attributed to their
inhibitor action on the urease of the plaguwe bacillus.

The substances indicated and the methods of treating plague
victims that involve these substances have proven to be in general
of low effectiveness and have been abandoned, For a long time the
efforts -of many researchers to obtain a medicinal preparation for
treating plague have bsen unsuccessful and only fairly recently
have very effective compounds been found among the antibiotics,
This approach involves the use of sulfanalamide preparations for
the purpogses indicated,

The synthesis of numerous derivities of the amide of para-
aminosulfonic acld and their extensive use in treating various
digeases has stimilated researchers to attempt to treat plague with
suifanalamide preparations., Sulfidino~therapy of human victims of
the plague has been employed abroad since 1938 (186). These efforts
have yielded encouraging results, but insufficient gains, in
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particular, in treating the primary pulmonary forme However, the
combined treatment of patlents suffering from the primarily pulmonaxy

form of plague with sulfidine and methylens blve has yielded therapeudic

effects. In this method of treating the patient a large quantity

of sodium salts of sulfidine is introduced intravenously or intra.
r(nuscw)ﬂarly, as well as considerable quantities of methylene blue-

187).

At prosent the use of antibiotics in the treatment of plague
has reached a high level. Of the known antibiotics the moal active
in this conmection is streptomycin, which has firmly been sstablished
in the treatment of the plague (188)., However, it has several shorbe
comings, These pertain primarily to its ability to induce in bacterila
streptonmycin-resistant forms, frequently preserving their virulent
properties in this transformation,

However, the studies of Garber, Nolle, and Caruso (189) have
not given reagson to fear the adaptation of the plague bacillus to
streptomyein in the organism of the infected animale The authors
reported on the frequency of the appearance of streplomycin-resistant
P, pestis cells, detected in cultures grown in media conbaining
streptomyecin from 2 to 128 ED/ml, The resistant forms are regarded
by the authors as mutants of normal cells., However, their number,
according to the authors! assertion, is so low that in the strep-
tomyein treatment of animals infected with virulent strains of P,
pestis only a few cells of reslstant mutants swrvived,

Prolonged streptomycin treatment of plague victims involv-
ing the use of large doses leads to side effects that are extremely
undesirable in view of ‘the toxic properties of this antibodic.
Streptomycin has a considersble antibacterial activity for the plague
bacillus, which appears at an antibiodic conmcentration of 1:1,420,000,

Streptomycin wag introduced into the practice of treating
the bubonic and especially the pulmonary forms of the plaguve in
1946 by Gerard. Systematic injection of streptomycin into the plagve
victim involving fractional doges every three hours initially at.
the rate of 4.3 g, and then 1 g per day has yielded very good thera.-
peudic effectss For the course of treatment lasting 16l hours,
about 25 g of streptomycin required. When this treatment is

commenced early enough it is possible to save almost all persons
suf fering from plague.

The mechanism of the antibacterial effect of streptomyein
and the formation of microbial cells reasistant to it capnot be ron-
gldered as sulliciently elucidated, but the existing fragmentary
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facts deserve attention and to some extent are capsble of illuminating
its curative action for plagm.

The resistance to antibiotics and chemotherapeutic agents has
been evaluated by many authors from the genetic point of wiew (190).
According to this theory, a certain nwber of cells (mants)
resistant to the medicinal are spontaneocusly formed in the popula
tions of mlcrobes.

Supporters of a second theory can be found in Sevag and Rosasof

(191) who were not able to demonstrate the existence of even & single
strepbomycin-registant call among enormous populations of sensitive
cells of Micrococcus pyogenis var aweus. These authors unsuccess-
fully tried to detect streptomycin-resistance in cells growing with-
out glucose with a complete array of amincaclds, and also when

cells cultivated in the presence of glucose, but with a deficlency.
of agpartic acld or phenylalamine, However, the formation of
streptomycin-resistant cells was observed in a medlum contalning a
complete array of aminoacids and glucose under aeroblc conditions
and in conbact with the antibiotic. After the cells acqulred re-~

sistance they were capable of multiplying in the deficient media
referred to above,

The antiplaguwe action of streptomycin is similar 4o the antie-
bacterial action of anbtibiotics for other bacteria, but in comnection
with the fact that in the battle of the animal organism with plague
infection phagocytosls of bacilli is of not small significance, the
stimdating action of streptomycin of the phagocytosis of several
pathogenic bacteria in vivo muwt be noted, thus, for guinea pigs
infected with Mycobacterium tuberculosis cultures, uider the influence
of streptomycin phagocytosis increeses strongly, most probebly due
to the action of the antibiotic on the bacilli {192).

In the treatment of plague other antibiotics are also wsed,
but they have been only slightly investigated. Blonycin was used
without sucess by L. N. Makarovskeaye (193). Awreomycin hss ylelded
a good therapeutic effect, but it apparently is less effective than
streptomyein (194) although it exhibits an unguestioned ability to

neutralize the action of the plague bacillus toxin in riments
on white wice -~ animals which are most sensitive to it 2195).

Chamroryecetin hag ylelded positive results in experiments on

white milce aud nonkeys. However, Mercier(196), in tresting humen
vieting o i primery pulmonary plague was compalled to abandon it
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rapidly and turn to streptomycin treatments, which led to the re-
covery of the victims. In a second study the same author (197)

and also Xram reparted on the faverable outcome chloromycetic treat-
ment used for pabientssuffering from the pulmonary form of the
plague,

According to the date of Quan, Che. and Meyer (198), chloro-
mycetin has the property of fixtating the plague bacillus toxln.
Biomycin, levomycetin, and sintomyein apparently are not of interast
as therapeutic agents either singly or in combination with streplto-
mycina.

The treatment of guinea pigs infected with plague by strepto.
mycin in combination elmolin has afforded a better effect than
treatment with streptomycin alone. However, the dosege of strepto-
mycin, the mode of its edimtnistration into the organism of the
patient, and also the time of comencement and dwration of the anti-
biotic treatment have a substantial effect on the outcoms of the
disease, It must be emphasized that there are a considersble number
of cases in which cultures could not be isolated from the cadavers
of the plagus victim who had been treated with antibiotics.

In addition, it must be noted that there is still not avail-
able the necessary clarity in the evaluation of the results of the
use of various antibioctics in plague treatment, It is enough to
recall that Gerard (199) evaluated as identical the therapeutic
effect of streptomycin, chloromycetin, and terramycin in plague
therapy. He reported results obtained from Madagascar in the
treatment of patients suffering from the primery pulmonsry plague
with streptomycin, chloromycetin (chloramphenicol), and tervamycin
in the gollowing form,

Of ton cages in which patients were treated with streptomyain
with a total dose of 12-20 g administered intrwomgcularly one case
of fatality a month after the beginning affection from secondary
infectlon, not ylelding to penicillin and other antibioties, wos
recordeds In all the other imstances rapid digoppearance of plagua
bacillus from the sputum ook place. Of eight cases in which another
treatment was used duxring the period of the same outbreak, three
patients perished, since the treatment was commenced only on the
third day of the discage and doath occurred afler a fow hours
followlng comencoment of the treatment.
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TRANSIATOR!S SUMMARY

This book presents a good deal of general informetion on .
the biology and evolution of the plagus causative, its pathogenesis,
and the clinical aspects of plaguwe infection., It opens with a swvey
of research done on the plague, emphesizing its unsystematic character
and its general neglect of the varisbility of the plague. This has
given rise to apparently contradictory data in the literature,

The data on the chemlcal composition of the plagwe bacillus is
stressed in the book as being fragmentary in not dealing with all

of the cell constituents, The memtwane and capsule origins of
antigens vere differentiated. Aminoacid composition was emphasised.
Differences in virulency were tentatively traced down to chemical
origins. p

The Gram properties of variouws plague strains were related:
with polysaccharide composition. Various nutrients employed by
the several plague strains were delinsateds The Gram straining
method was wsed to clagsify plague bacillus strains.

An oubtline of variability in plagus bacillus metabolism
was presentedes The plague host was described in relation to
metebolic changes of the plague bacillus, Glycerin oxidizing
ability ves wsed to further differemtiate between plague bacillus
strains. This ability was correlated with participation in
carbolydrawe metabolisme Various culture environments were asso-
clated with differences in carbohydrate metaboliam,

1: « Yasis for plague bacillus adaptebility wastraced to
the form: si-n of adaptive enzymes; these were briefly emumerated
and descril«d. The differing responses of plague strains to

anaerobic 2 < seroblc culture conditions were delineated.

Lo viredd requirements were correlated with the metabolic
procesiic ¢ Uhe plague bacillug. Lysls was associated with varying
aminoas: . oilge

= 150 =




Sulfw metabolism was briefly correlated with various
strains,

The different responses of old and fresh laboratory strain:
to various chemical reactions were coarrelated with viruwlency and
antigenicity.

Metebolic diffewences of the plague and “he pseudotuvbercular
bacilli were correlated with the problem of disbinguishing them,
Various culture environnents were further used in this differentistion
Flague bacillus viruwlency was associated with duration of storage.
Motabolic shifts in the plague bacillus meking it similar to the
pssudotubercular bacillus were described. The bacteriophages of
the plague bacillus and their possible use in therapy were snumerated,
Toxins and the hemolysin of the plagus bacillus were correlated with
various approaches toward therapy.

Differential diagnosis of the plague and the psevwdotuber~
cular bacillus was expounded upon briefly. Treatment of the plaguo
was held to imvolve treatment of intoxication of the orgenism as
well as antibacterial action of serums administereds The varying
success of antibiotic usewss briefly traced in time,
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