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THE "TOXIN-ENZYME" HYPOTHESIS AND THE ROLE OF
BACTERIAL ENZYMES IN THE PATHOGENESIS OF INFECTIONS

I. V. Domaradskly

In recent years many works have appeared in which the authors
attempted to identify bacterial toxins* with enzymes and toxicosis is
considered the consequence of the action of these enzymes on appro-
priate substrates. It 1s assumed that death of an organism ensues
elither as a result of the destruction of cell structures or under the
effect of toxic products which are formed secondarily (Konikov, 1950;
Gubarev, 1952, 1956; Galaev, 1956; Gubarev and Ivanovskly, 1958;
Matveyev, 1959; Zaplatina, 1959; Poverennyy, 1961 et al. ).

1.

As 18 known the "toxin-enzyme" hypothesis arose as a result of
studying gram-positive bacteria. It is precisely in these dacteria
that toxins having catalytic properties were found. And this is not
by chance.

All specles leading a parasitic mode of life are found vastly

more rarely among gram-positive bacteria than in the group of

# In this article we will deal mainly with the so-called exotoxins.
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»la. Manr ol them, especlally the sporilercus

(Bac. botulinus, Bac. tetani, Bac. anthracis, Bac. sordellll, Bac.
perfringens and other causitive agents of gas gangrene) are frequent
(or permanent) inhabitants of the externél environment, including the
soll (Mishustin and Pertsovskaya, 1954; Matveyev, 1959, 1960). 1In
view of this the collection of enzymes of pathogenic gram-positive
bacteria is distinguished by a great wealth and diversity. In partic-
ular they are widely represented by hydrolases, enzymes which accom-
plish the first steps in the breakdown of complex organic substances
which cannot be per se assimilzted by cells. These enzymes are ap-
parently excreted into the ambient medium. Other enzymes participat-
ing in intermediate metabolisms are usually not excreted to the exter-
nal environment or pass to it only after cell necrosis. Those that
are called toxins are also excreted to the external environment and
are among the gram-positive bacteria. Pathogenlc gram-negative bac-
teria, with the exception of Bact. dysenteriae Shiga, which by vir-
tue of thelr paracitic mode of 1life mainly have intracellular enzymes,
do not produce true toxins.

Finally, Judging by the data 1n the literature, all toxins or
factors of aggression having catalytic properties are hydrolases.#*

Therefore, there is nothing surprising that toxins-enzymes are
found only in representatives of gram-positive microbes and only in
those whose toxin production 1s directly associated with processes of
cell nutrition.

From our point of view i1t would be rash to apply the data on the
identity of enzymes with toxins obtalned in the study of this narrow

group of bacteria to all microorganisms.

# The exception 1s only the water-soluble oxidase of 1-amino
acid found in snake venom (Zeller, Maritz, 194%).
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A great similarity does exist between toxins and enzymes and this
is noted when there were still no clear concepts of the chemical na-
ture of the latter (Wells, 1929). One of the features of this similar-
ity is the toxiclty inherent to certain enzymes upon parenteral admin-
istration. A classical example confirming this 1s crystalline urease
which causes breakdown of blood urea and,as a consequence, of this
ammonia polsoning of the organism (Kirk, Sumner, 1931); birds whose
urea 1s not the flnal product of nitrogen metabolism, are resistant
to urease (Howell, 1932). Another example 1s the toxlcity of crystal-
line trypsin and chymotrypsin for rabblts, rats, gulnea pilgs, ca;s,
and dogs (Rocha e Silva, 1931a, b; 1940). Both these enzymes cause
myocardial damage to animals (Hendley et al., 1956). Cathepsin,
formed by streptococei of group A, has a simllar effect on rabbit myo-~
cardium (Kellner, Robertson, 1954a, b). It is possible to give other
examples indicating the toxiclty of enzymes.

The features of similarity between enzymes and toxins also in-
clude their ability to cause the formation of corresponding antibodies.
True, enzymes are rather weak antigens (Dormarabskiy, 1961).

Under the effect of formaldehyde and heating,certain enzymes can
be changed to anaenzymes. This is proved by the example of papain
and gelatinase of the tetanus bacillus (Ramon, 1957) which under the
indicated effects lose their enzymic activity but retain the antigen
properties. Serum of animals immunized with "anapapain" or “anaFela-
tinase" has the ability to suppress the activity of the corresponding
enzymes not treated with formalin and not subjected to heating. We
can conclude from this that the active centers of enzymes are apper-
ently not identical to the determinative groups causing antigen prop-
erties. The simllarity of enzymes with toxins is also manifested
in this. |
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Winally, enzymes like toxins are proteins; most of them are ther-

molablle, although in certain cases they can withstand the eftect of
high temperatures without a decrease in specific activities (Thompson
et al., 1958).

However, the similarities between toxins and enzymes 1is also in-

sufficient for their identity since there are no indisputable proofs
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of toxilns.

In splte of all thils there is a tendency to enlarge the frame-
works of the "toxin-enzyme" hypothesis and to convert it to a univer-
sal theory of the action of toxins. The presence of catalytic prop-
erties 1s even postulated for such toxins as diphtherla, botulinus
and tetanus (Gubarev, 1952). The facts testifying against this hy-
pothesis are not sufficiently taken into account.

The latent periocd in the action of toxins and thelr unusual ac-
tivity force us to assume that they act not like enzymes but like com-
pounds suppressing the transformation and synthesis of certain of the
most important cell components (Dubos, 1957). In particular, the avall-
able data indicate that diphtheria toxin in sensitive animals block
the synthesis of cytochrome b or one of the enzymes close to it
(Pappenheimer, Hendee, 1947; Pappenheimer, Williams, 1952; Pappenheimer,
1947a, b). Moreover diphtheria toxin noticeadbly inhibits the synthe-
sls of protein of human carcinoma. In this respect 1ts actlion differs
from the action of cyanide and dinitrophenol (Strauss, Hendee, 1959).
Another toxin produced by the fungus Fusarium lycopericl and causing
wilting and leafroll of tomatoes affects metabolism because by its
structure it is very similar to the growth factor streptogenin. In
this case between the toxin, which i1s a peptide derivative of aspara-

gin, glycine, and serine, and streptogenin whose composition includes
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glutamic acid and glycine, there is an antagonism of a noncompetitive
nature (for details see Wooley, 1954).

The so-called endotoxins of gram-negative bacteria, which in
most cases are lipo-polysacchride-protein complexes completely devoid
of an& catalytic properties, evidently act according to the type of
inhibitors. A characteristic feature of the action of endotoxins is
that regardless of thelr origin they cause a similar picture of intox-
ication and similar biochemical shifts in an organism (Zil'ber, 1958;
Dubos, 1957; Domaradskiy et al., 1961; Delaunay, Lebrun, 1947 et;al.).
According to the opinion of Heyningen (1950), this feature should un-
derlie the differentlation of toxins of gram-negative and gram-posi-
tive bacteria since each toxin of the latter has its own specificity
of actlon.

Unfortunately we still do not know the poilnts of application of
the action of most toxins. We can only say that in the case of the
toxins of the causative agents of tefanus and botulism, cholinester-
ase of the main ganglia of the central nervous system 18 not such a
point (Isibasi, 1959).%

The instability of the condition of the adherents of the "toxin-
enzyme" hypothesis, from our point of view, 1is easily demonstrated by
the followlng examples.

First, the investigators most frequently have tq deal with un-
purified toxic fractions of microbes in which other biologically.ac-

tive substances are present together with the toxins proper. Many of

# Buehler et al. (1947) considers that when explaining the high
toxicity of botulinus toxin it is necessary to take into account:
1) the polar nature of the compound, 2) the arrangement of amino acids
within the molecule and the geometric configuration of protein as a
whole, 3) the possibility of an atyplcal peptide bond between the
aspartic and glutamic acids, %) the possibility of the presence of
tgxic %rg:ps in unanalyzable amounts, 5) the high molecular weight
of protein.
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.z nave a catalytic activity. For example staphylococcal enterotoxin
vreparation contained apyrase wherein it is still impossible to deter-
mine where the action of enterotoxin ends and the action of apyrase
begins (Suglyama, Dack, 1955). The same can be said about o-strepto-
lysin whose leukotoxlcity and ability to inhibit respiration of mito-
chondria are assoclated with the presence of diphosphopyridine nucleo-
tide (Carlson et al., 1956, 1957), or about staphylocoagulases contain-
ing lipase (Drummond, Tager, 1959a, b), etec. An underestimation of
thls circumstance can lead to sericus errors.

Second, it 1s difficult to explain why one and the same enzymes
excreted by various microbes sharply differ in thelr toxicity. For
example, little understood is the reason for the approximately similar
toxlcity of the lecithinases of the pathogenlc microbe Bac. perfringens
and the nonpathogenlc microbe Bac. cereus in spite of their dissimilar-
ities as antigens (Chu, 1949) and the absence of toxicity for lecithin-
ase of the anthrax causative agent (Costlow, 1958). An explanation
of the relatively lesser toxicity of the lecithinase of Bac. cereus
in comparison with that of the lecithlnase of Bac. perfringens is that
the former 1s suppressed by normal serum which apparently 1s not ap-
plicable to lecithinase of any origin since the nontoxic lecithinase
of Bac. bifermentans is not suppressed by normal serum (Miles, Miles,
1950).

Third, since 1t was established that the participation of active
centers of an enzyme in the actions of an enzyme with an antibody 1is
not obligatory (Kirk, 1933; Kirk, Sumner, 1934; Haas, 1940; Campbell,
Fourt, 1939), we cannot yet give an answer to two questions: 1) does
the toxicity of enzymes depend only on their active group and 2) what
explains the mechanism of the therapeutic actions of corresponding

antiserums.




Fourth, acceptance that enzymes have a direct toxic action on tis-
sue,’cells, or metabolism does not explain (or does not always explain)
the cause of their over-all action on an organism. It is not precluded
that in addition to enzymic action, toxins-enzymes have other proper-
ties no less important for the origination of disease (Dubos, 1957;
Heyningen, 1958).

Finally, different enzymes and substances not having a catalytic
activity cannot cause similar symptoms of a disease or a simllar reac-
tion with respect to 1solated organs. For example, the permeability
of capillaries 1s increased not only by hyaluronidase, but also by
trypsin, chymotrypsin, plasmin and proteinase of the skin (Paskhina,
1955). Erythrocytes are dissolved by saponins and also by the a-
toxin of Bac. perfringins and the protelnase of staphylococcus
(Robinson et al., 1960). A picture of beri-beri can be caused by
By avitaminosis of an exogenous origin, by infection of the organ with
Bac. thyamlnolyticus and by protein deficlency. Common symptoms are
noted in tetanus and strychnism. )

In all these cases (as in many others) we deal with the same con-
sequence but with a different mechanism of action.

It follows from what has been stated that when solving the prob-
lem of the mode of action of toxins we must show extreme carg,and a
particular conclusion obtalned on the basis of studying the toxins of
individual specles of bacteria cannot unconditionally be applied to
other toxins. The method of analysis, no matter how attractive it

seems, is not applicable in this case.
2.

However, while we object to those who consider all toxins as en-

zymes we Ao not deny the role of enzymes of bacterla in the pathogenesis
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2orresponding disease in some cases. Conversely, we consider
(.:T too llttle attention has been devoted to this aspect of the prob-
lem.

The abilility to become adapted in a susceptible host, which is
an "external environment" for a pathogenic microbe, to a considerable
extent depends on the blochemical activity of the microbe. In con-
trast to microblologists who judge the blochemical activity only by
the behavior of bacteria on "variegated" series, we enclose a broader
meaning in this concept. Blological activity is the intensity of me-
tabolism, the intensity of all reactlons occurring in a cell and caus-
ing its vital activity. From the indicated position not a single path-
ogenic microbe can be considered as bilochemically inert. We will re-
call that the evolution of microbes mainly concern those processes
which pertain to energy metabolism (fermentation, oxidation) and to a
lesser extent affect anabolism. Anabollsm of various organlisms, in-
cluding biochemically "active" or "inert" (from the point of view of
microblologists) faces one problem, "the building of body substances-
protoplasts-, which in different representatives of life, according
to present-day concepts, differ only in a slight degree" (Shaposhnikov,
1960).

A disease can be caused only by that pathogenic microbe which,
all other things being equal (susceptibility of the macroorganism,
state of the histohematic barriers, etc.).has a high blochemical activ-
ity suffilcient to provide 1ts source requirements of nutrition and
energy. The declding role in the development and outcome of a disease
therefore belong to these bacterial enzymes.

There are many examples that bacterial enzymes can pldy the role
of the pathogenic agents. One of them isthe participation of thyamin-
ase of Bac. thyaminolyticus in the development of B, avitaminosis

»
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(Kleeberg, 1958). Another example is urease of Proteus mirabilis
which causes the development of experimental pyelonephritis. In con-
trast to Proteus, Escherichia coll, deprived of urease activity, does
not cause lesions of the renal epithelium either in vi§o or in vitro
(Braude, Siemienski, 1960).

The pathogenic significance of staphylococcal enzymes does not
evoke doubts. Among them a particular place belongs to coagulase
(Smith, Johnstone, 1958; Blobel, Berman, 1961), which, in the opinion
of most investigators, is an enzyme (Liedb, 1960; Fusillo, Jaffurs,
1955). Fusillo and Jaffurs, (1955) consider it an adaptive enzy&e.

Coagulase has antigen properties (Duthle, Lorenz, 1952; Blobel
et al., 1960); animals actively immunized with coagulase are more re-
sistant to infection by coagulase-positive strains of staphylococecl
(Boake, 1956). |

Less 18 known about the pathogenic role of other enzymes in
toxlic flltrates of staphylococcl. We can only note that lipase is 1n-
activated by human blood gamma-globulins (Richou et al., 1960, 1961)
and has no relation to blood clotting by coagulase (Drummond, Tager,
1959b) whereas protease, purified to a considerable extent of concom-
mitant substances, has propertles of a-hemolysin (Robinson et al.,
1960).

However, most typical 1s the example of the participation of the
enzymes of Bac. perfringins and other bacteria in the pathogenesis of
gas gangrene (for a detalled review see Kaplanskily, 1954 and
Chistovich, 1951). This was first proved by Macfarlane and Knight
(1944) who identify a-toxin of Bac. perfringins with the enzyme
lecithinase (lecithinase C). The result of the action of this enzyme
is the destruction of the protective layer of lecithin on particles

of protein and fat and the destruction of cell structures, in particular

-9-




L remposivion of the membranes of erythrocytes (Macfarlane, Oakley
Anderson, 1941).

Lecithlnase activity of a~toxin is very great. For example, a
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blood. The activity of lecithlnase C is paralyzed by a specific anti-
toxin wherein competition for lecithinase exists between the antitoxin
and lecithin (Zamecnik, Lipmann, 1947).

Macfarlane and MacLenan (1945), Oakley et al., (1946) and others
detected another enzyme, collagenase, which dissolves collagen of con-
nective tissue, in the composition of the toxin of Bac. perfringens.*
This enzyme, or kappa-toxin,is also neutrallzed by a specific anti-
toxin. In addition to collagenase, the filltrates of Bac. perfringens
cultures contain other proteolytic enzymes, in particular lambda-
enzyme. The latter was originally detected in a filltrate of a culture
of Bac. perfringens type B and, according to the data of Oakley (1948L
it can split proteins obtained from the skin of animals and also na-
tive collagen but does not act on animal muscles and denatured colla-
gen. The problem as to what proteins are decomposed by collagenase
and what ones by other proteolytic enzymes, including the lambda-
enzyme, 1s in need of further investigation.

Nothing 1s yet known about the role of deoxyribonuclease of Bac,
perfringens (Robb-Smith, 1945) in the pathogenesis of gas gangrene.

Among the bacterlial enzymes we can presently consider only the
lecithinase of certain clostridia and possibly the proteinase of
staphylococcus as toxins (Robinson et al., 1960). Other enzymes in |

the sense in which the word "toxin" is usually used, are not toxins

# It was recently established that collagenase of another caus-
ative agent of gas gangrene, Bac. histolyticus, has together with a
proteolytic activity a trans-cis-propyl (hydroxyproline)-iscmerase
activity (Shpikiter, 1961).
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because there 1s no specificity in thelr action on an organism, they
do not kill tissue cells on which they act, and many of them (e.g.,
hyaluronidase, collagenase, deoxyribonuclease, certain fibrinolysins)
decompose apparently exclusively extracellular substrates. These en-
zymes create only the necessary conditions for the development of mi-
croorganiems, the background, on which evolves the specific picture
of the corresponding infectious process. Once again we repeat: this
aspect of the activity of bacterial enzymes must not be underestimated.
In individual cases the changes in an organism caused by enzymes
can be expressed very vigorously and in themselves serve as a caLse
of disease or prolong 1ts course. It was established, for example,
that the bacterial enzymes of dysentery caused the formation of dif-
ferent amines which 1n turn promote the formation of fatty degenera-
tion of the liver in this infection (Takatori, 1955). The formation
of amines and ammonlia by intestinal bacterla also plays a role in the
development of hepatic coma (Phear, Ruebner, 1956). Glutamine accumu-
lates in brain tissue in pneumococcal infection of rats (Vyshepan and
Porfir'eva, 1958). 1In the pathogenesis of cholera an important role
is attributed to mucinase and lactic acid excreted by the cholera vib-
rion into the intestine. It 1s assumed that mucinase decomposes the
epithelium and lactic acld increases the permeability of the intes-
tines, thus fostering loss of liquids by the organism (Jenkin, Rowley,
1959). Enzymes of many bacteria decompose the group-specific sub-
stances of the blood (Iseki et al., 1959), cause intravascular cgagu-
lation (Smith, Johnstone, 1958; Blobel, Berman, 1961), intravital lysis
and agglutination of arithrocytes (Keppie et al., 1955), cause pulmon-
ary hemorrhages (Howes, Mandl, Zaffuto, 1960) and other phenomena.




3.

The questlon arlses 1in connection with the role of enzymes in
the pathogenesils of Infection: what speclal features of the chemical
composition or metabollsm distinguish a pathogenic microbe from a non-
pathogenlc microbe?

As far as we know no substantial differences have been established
in the chemical composition of pathogenlc and nonpathogenic microbes.*

The same amlno acids are found, for example, in the proteins of
pathogenic and nonpathogenic staphylococcl (Sasaki, 1958). Moreover,
the amino acld composition of the proteins of nonpathogenic cocci
mainly coincides with that of the cholera and choleralike vibrios,
differing from them only by the absence of an unidentiflied amino acid
and aminobutyric acid. However, the spots of these amino acids are
slightly demonstrated on certain chromatograms, which glves us grounds
to consider this difference as being only quantitative (Samarina et
al;, 1950). The data on the identity of the amino acid composition
of cholera and paracholera vibrics were confirmed by L. F. Pustovalova
(1961).

True, many pathogenlc and nonpathogenic mlcrobes differ from one
another with respect to the antigen structure, including with respect
to polysacchrides. However, this 1s usually established by immunolog-
1cal and, very rarely, chemical methods. Proof of the relative inef-
fectiveness of serological methods of differentiation of pathogenic

microbes from nonpathogenic is the fact of finding common antigens

* As Tracey indicates (1954), "the chemical composition of the
majorlty of organlsms that have been studied 1s approximately the same.
Glucose 1s the dominant sugar in potatoes and teredo, in the elephant
and in bacteria. Many other sugars and about twenty amino acids within
proteins are universal for all living organisms." A discussion of
this question is in the works of Lise (1958) and Shaposhnikov (1960).

12~




even in phylogenetically unrelated species of microorganisms, for ex-
ample in pneumococcus and Friedlander's bacillus (Avery et al., 1925),
in prieumococcus and various strains of yeasts (Neill, 1939).

It 1s even more difficult to establish the differences in the
chemical composition of virulent and avirulent strains of pathogenic
bacteria.

The Vi antigen 1s not an exclusive attribute of virulent strains
of the typhold bacillus, but is found in a number of other nonpatho-
genic species (Almon, 1943; Luippold, 1942, 1944; Stuart et al., 1943;
Petrosyan and Zvenigorodskaya, 1957 etc.). Similarly the presence of
M-protein in streptococecl of group A does not always serve as an index
of thelir virulence(Todd, Lancefield, 1928).

The virulent strains of Escherichia coli are similar to avirulent
strains with respect to chemlical composition, in particular the con-
tent of the toxic lipopolysacchrides (Harvey, Phillida, 1960).
According to the data of Bennett (1959), the virulent strains of Bac.
anthraclis contain appreclably more phosphorous of DNA than the
avirulent microorganism. The content of RNA was the same both for the
virulent and avirulent strains. However, for three avirulent strains
of the anthrax mlcrobe sensitive to penicillin, the ratio of RNA and
DNA was the same as for the virulent strains.

Apparently, a reliable difference in the chemical composition of
virulent and avirulent strains could be established only for mycobac-
teria. 1In contrast to the avirulent strains, the virulent strains of
mycobacteria contained a special lipoid on the cell surface which
causes thelr growth as colllike bands. A single injection of this
lipoid (cord-factor), which per se does not cause morbid symptoms,
accelerates the course of both acute and chronic tuberculous infection

(cited from Model', 1958).

-13-
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We can note further that not one of the autotrophic microorganisms,
i.e., microbes which do not use organic substances as a primary energy
source (Lise, 1958), has pathogenicity for man and animals. All path-
ogenic mlcrobes belong to the number of heterotrophic organisms. How-
ever, the degree of heterotrophy of pathogenic microbes varies within
wide 1imits. Some of them are parasites, do not grow at all or are
cultivated with difficulty on artificial nutrient media, others can
lead a saprophytic mode of 1ife and can be satisfied with a negligible
collectlon of organlic substances. The latter group enables us to dis-
tinguish, 1n addition to zoonoses, anthroponoses, and anthropozoonoses;
sti1ll another group of diseases, namely sapronoses (Terskikh, 1958).
0f the number of dlseases caused by microbes, botulism and also, prob-
ablx protelsm and melioidosi% can be referred to sapronoses (Fournier,
Chambon, 21958).

The genus Pasteurella 1s an interesting example of a gradual in-
crease in the demand for organic substances (Berkman, 1942).

The requirement for sources of energy (and nutrition) varied not
only in different species of pathogenic microbes but also in individ-
ual strains of one and the same species of microbe (Kuzin, 1946;
Stefenson, 1951; Domaradskiy, 1955, 1958; Domaradskiy, Ivanov, 1957).

Attempts to establish a relation between the pathogenicity or
virulence of a microbe and the characteristics of its metabolism
ylelds contradictory results. Posslbly this 1s because the concept of
"virulence" 1s still far from sufficiently refined.

We find the most distinct definition of virulence in the work of
L. A. Zil'per (1958) who considers that "virulence in contrast to
pathogenlcity 1s no? a specles characteristic. It is a quality in- .
herent to a given strain of microbes, it 1s‘an individual character-

istic and not a species characteristic. We could say that virulence

1l

B T T ORI



1s the quality or degree of pathogenlclty 1n a given strain of an in-
fectious agent."

From this position if we are concerned with microbes whose main
characteristic as pathogenic agents is their ability to cause toxemila
and not an infection proper (Bac. botulinus, Bac. tetani, Bac. per-
fringens etc. ), we can place an equallty between virulence and toxi-
geniclity. In addition, we percelve a difference between toxigenicity
and toxicity. Toxigenicity is the property of the pathogenicity of
a definite group of microbes producing toxins which are easily ex-
creted to the enviromment in a soluble form and have a characteristic
pharmacologic activity. Toxlclty 1s inherent to most bacterla and 1s
assoclated with decomposition products and cell metabolism. Even
cells of nonpathogenlc specles of microorganisms can have toxicity.
This explains in particular the absence of correlation between viru-
lence and "toxigenicity" of the plague microbe (Englesberg et al.,
1954) and the multiple rise of the toxlicity of 1ts decomposition prod-
ucts when treating a culture with glycocoll (Korobkova, 1957) or sur-
face-active substances (Pannell, 1955; Goodner et al., 1955).

The ineffectlveness or contradictions of the attempts to estab-
lish a relation between virulence and the characteristics of metabolism
can be demonstrated by the followlng examples.

As 1s known Huddleson (19%2) and Merz (1938) were the first to
show that virulent strains of brucellae has 2 higher catalase activity
than avirulent strains. Later these observations were confirmed by a
number of authors, including Schierholz and Jeder (1956). However,
according to the data of Guerra (1959), the catalase reaction carno%
be used either for differentiation of types of brucellae or for deter-
mining the degree of thelr pathogenicity. Gelssler (19592) zrri-zi -+

the sama2 conclusion.
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The determination of urease activity can serve only to distinguish
Srucella suls from Brucella abortus but 1s not suitable for determin-
-nz Zzgmee of pasihogenicity of brucellae (Gelssler, 1956b).

According to Rockenmacher (1949) a direct relationship exists be-
tween the activity of catalase and the virulence of the plague mic.obe.
However, M. N. Dzhaparidze (1953) denies this. It was also established
that the virulence of the plague microbe is not associated with fibrin-
olysin, hyaluroni&ase, the capacity to coagulate plasma of various
specles of animals, the oxidation under aerobic and anaerobic condl-
tions of a number of substrates, including amino acids purine and
pyrimidine bases, the activity of transaminase, aldolase, phosphatase
and a number of other enzymes (Sagar et al., 1956a, b; Saxena et_al.,
1957; Srikantan et al., 1957a, b; 1958; Misra et al., 1960).

The capaclty of strains of Salmonella typhl to oxldize glucose
tyrosine, and glutamic acid does not depend on the presence in them
of Vi—antigen (Baron, 1955; Costa, Villela, 1959). Judging by the
data of Galayev and team (1961) the correlation between pathogeniclty
and decarboxylase activity of Escherichia coll cannot be considered
as proved.

Edwards (1960) could not establish a relationship between toxin
formation and the activity of catalase for the use of mgltose in
cultures of Corynebaéterium diphtherlae.

Fleming and Foshay (1955, 1956) made an interesting attempt to
reveal the biochemical nature of the virulence of tularemia bacteria.
Judging by the data which can presently be considered only as prelim-
inary, virulent strains of tularemia microbes in contrast to avirulent
strains have the capacity to split citrullin and a higher activity
than enzymes oxidizihg glutamic acid. Conversely, the avirulent

strains are distinguished by high activity of the system
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aspartate-alanine-transaminase. The oxldation rate of serine or zmin-
ation of pyruvate is the same for both groups of strains.

On the other hand, in individual cases there 1s such an expressed
dependence between pathogeniclty and some aspect of microbial metabo-
lism that the degree of 1ts pathogenicity (1.e., virulence as meant
by Zil'ber or toxigenicity) can be judged only on the base of results
¢f in vitro experiments without resorting to experiments on animals.
Unfortunately, such a dependence 1s far from always the exclusive
cause of microblal pathogenlcity.

In recent years tltration methods for a-toxin of Bac. perfringens
(or antitoxin) have been widely introduced in practice; these methods
following Nagler's principle are based on the decomposlition by toxin
of the lecithin walls of serum fat particles or of egg leclithovitellin
(Nagler, 194%1; Heyningen, 1941; Tsekhnovitser et al., 1943; Anan'yeva,
1942; Dotsenko, 1948 and others). However, more accurate methods are
those methods in which the lecithin activity of the toxin 1s dependent
by the amount of phosphorus of the split-off phosphorylcholine or by
the amount of carbon dloxlide dilsplaced by the product of lecithin
splitting.

To distingulsh pathogenlc strains of mycobacteria from nonpatho-
genic, i1t 1s especlally important to determine'dehydrogenase and cat-
alase activity.

In the presence of glucose, nonpathogenic strains of mycobacteria
tleach methylene blue for 1-3 min, whereas strains of avirulent
(attenuated) Mycobacterium tuberculosis or BCG, for 3-15 min. In con-
trast to thils, suspensions of young virulent Mycobacterlium tube—rlincis

40 not bleach methylene blue during the course of an hour (Bloch,
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V..ulent strains of myccbacteria in comparison with avirulent
strains and saprophytic mycobacteria have a higher catalase activity.
Inactivation of the catalase of virulent strains occurs at 64-68° and
of avirulent strains at 58-60° (Schweiger et al., 1958).

Presently the determination of catalase activity is most frequentlf
used when studying the virulence of drug-resistant strains.

Vialller and Cayré’(1958), who established a dissimilar sensitiv-
ity to hydrogen peroxide of strains of mycobacteria having siﬁilar
catalase activity, propose to determine the degree of pathogenlcity
by the survival rate of cells of these strains in contact with 0.15%
hydrogen peroxide for one hour.

Other data on the relation between the enzymic activity of myco-
bacteria and their virulence can be found in the works of Model' (1958),
Segal and Bloch (1956), Kolsut (1959), and others.

A no less striking example is the relation between the character-
1stics of metabolism and the pathogenlicity of staphylococel.

The main criterion for distingulshing in vitro pathogenic strains
of staphylococci from nonpathogenic 1s coagulase (Vygodchikov, 1959;
Munch-Petersen, 1961).

In addition to coagulase, phosphatase 1s an lndex of staphylococ-
cal pathogenicity (Marinelli et al., 1958). Tests for phosphatase
and coagulase coincided in 98.7% of the cases when checking 209'stra1ns
of Staphylococcus aureus (170 coagulase-positive and 39 coagulase-
negative). However upon multiple subculturing the strains sometimes
lose phosphatase activity (Pérez-Miravete, Gallardo, 1959).

It was also established that the pathogenicity of staphylococecl
in the overwhelming majority 1s correlated with the presence of argin-
ase in 1t. For instance, out of 70 pathogenic stra1n§,69 contained

arginase, and out of 25 strains considered nonpathogenic only 4 had
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arginase (Soru et al., 1957). 1In addition, the ability only after
2-3 hr growth to form extracellular deoxyribonuclease 1s characteristic
of pathogenic strains of staphylococci; straiﬁs of nonpathogenic
specsles of staphylococcl also form thls enzyme but 1t can be detected
only at considerably later periods, after one or two days (Redaelli,
Rosaschino, 1958).

Another test with ammonium molybdenate was proposed for determin-

ing the degree of staphylococcal pathogenlcity (Myers, 1959).
L.

Each new work confirms the thought first expressed about 100
years ago by Roux: "Death in infectilous dlseases occurs as a result
of intoxication." Therefore 1t is Just for this reason that 1t is so
important to know why under certain conditions the products of the
vital activity of microbes are toxic for an organism and how the toxins
act. Dubo (1948) saild, "Unfortunately, our ignorance in these prob-
lems 1s truly frightening." Possibly Dubo somewhat exaggerated, but
there 1s unconditionally a portion of truth in hls words. Our data,
which in no way pretends to be complete, show how far we still are
from solving these problems.

The main task now 1s to study the factors causing the pathogenli-
city of bacteria. At the same time we must stop attempting to ident .fy

all toxins with enzymes and devote more attention to the "nonspecific"

pathogenetic role of the latter.

REFERENCES

B, V. hnan'yeva, Titrovaniye syvorotok antiperfringes metodcw.
heglera. 4h. wikrobioi., epidemiol., i iuuunol, ko. 10,
79, 1942.

G, V., Vyrodehikov, kikorbiclogiya i inmunologiya stafilo-
kokkovy:k zabeleveniy, l.edsiz, 195C,

BEST AVAILABLE COPY



e e S oTEny B fe o aoxfivlogva, Sodesrzhaniye saniaze i
slyutesina v xezge i bsketeriel'nykh intoksikatsiyakh,
Vepr. med. khim., 4, 365, 1958,

iu. 7, Galayev, Dekerpoksilazy aminokislot disenteriynykh
mikrobov. Xonf, fil, Yuge ROFsR Vses, cb-va fiziologov,
bickihimikov { farmekoLogov. Tez. dckl. P. 62, 1956.

Yu, V, Celoov, Ye, i, Gubsrev, V, P, Davydov, Dekarboksnazy
auwinokislet u razlichnykh stammov Bact., coli v svyazi s
ikh patogennost'yu., V mezhduner, biokhim. kongr. Referaty
sektsionnyxh soobshcheniy, 2, 19, 1948l

Ye. in. Gubarev, bameriokumya. Gosmedizdat UoSR, 1956.
:ern.enty baitteriy kek patogeueticheskiye fartory pri
infektsionnykh zabuleveniyakh., honf., fil. Yuga ROIOK Vses,
ob-va fiziologov, biokniuikov i farmakologov. Tez, dokl.
P, b1,

Yeo v, Gubarev, 1., ». Ivanovskiy, Biokhimiya chumnogo mikroba.
recgiz, 198,

g I, bzheporidze, iL.ateleznaye i percksidaznaya ektivnost'
chumnogo i psevdotuberkuleznogo mikrobov. Dissertatsiya.
bibloteka in-ta “~ikrodb.* saretcv, 1957.

Ls V. Doueradskiy, sminokisloinyy obmen mikrobov chumy &
pseviotuberiuleza, Disseratsiya. Biblioteka inst.
*rikrob." saretov, 195, Cbshchaya kharacteristika obmeua
veshchesgtva caumnc. ¢ mikrobe, Izv. Irkutskogo protive-
ciminnoy © inst. oibiri i Del'n Vost., 18, 155, 1961. Ob
altifermentzkn-antitelexh, Uspekhi sovrem, biol., Vol. 51,
Qe &Ge

L. V. Loueredsiziv, V., ., Ivenov, iekotoriye dainyye po
kul'tivircveniyu enumncego udkrobakh na sinteticueskikh
sredakh. <he mikrctiol., epidemiol.,, i immuncl., ho. 2,

5 " Ferevelova, Vliiyeniye
toksina cuumnc o mirrcva na fcsphcrmy obmen v pecheni,
Vopr. med. lh;mxl, T, 145, 196
V., yvomeredskiy .. Yarcm \.-' 1. I, Vas ve, & VOErosy
ob utnoshenii chwmnogo mixrcbe k gleluronovoy kislote i
naliezii v nego fektora pesprostranenia. <Jh. mikrobiol.,
vpidemiol. i immuncl., he. 7, 113, 1580,

Fe 5, lotscrly, srsvoitel'ny, metod titratsii syverot«i anti-
perfringes. ob. newehn. tr. Irkutsiiogo inst. epideuiol,,
4y l/b 1,1v.

ze de «0olETinE, o LiuC.vuiyu Leruwetiauy prircdy toksina
Clhuwiuliugo mikrobe, Trudy Rostovenfl n.-i protivechum, inst.,

15, 17, 1959.

-
S

by ny oil'her, usiovy imnunclogii, 1938.
wa 2, sioclauskiy, Khindchesxkaya ,r:.roda toksinov Bect. per-

fringens i ikh vliyeniye na protscssy obmena v organisme
zaivotnykh i cueloveiis, ULipekhi bicl. khimii, 2, 292, 1954.

&s Fo nonilh gv, Mekoteryye zadacni immunckhimiciaeskogo izucheniya
petclogil infektsionnouge protsessa. Tr. V sess, abdv 50k,
Medgiz. P. 120, 195C.

Ye, I, snoroblove, Leystviye glikckola na chumnoy mixrob. Soobslch.
III. G prirode chumnogo toxsine i yego znachenii v aktivnoy
immunizetsii. <h., wikrobicl., epidewiol., i immuncl., No, 11,

1‘13’ ‘/570

=20=




Ay g Buzin, nhiwdye i biokhirdya petogrunykh mikrobov. Medgiz.
1946,

& I, mateyev, Botuliazm, Medegiz, 1959. iLpidemiologiya i mrofil-
aitika stolbnyeka, Medgiz, 1960.

90 boe sdsbustip, Jue I, Pertsovskaya, idkroorgenizmy i samcochish-
cheniye pochvy, iedglz, 1954.

L ba ti0del', Biologiya tuberkuleznykh mikobakteriy i immuno-
biclugiye tuterkuleza, Medgiz, 1G58,

Ee g Faskhine, Vliyauiya protecliticueskikh fermentov i
nepoluykb (cuastichniykh; gidrolizetov fibrogena na pronit-
seyemoot' kepillyerove Vopr. med. khimii, 1, 44, 1935.

Y Syal, V veulgerodsieya, Izucheniye Vj-antigena
8., ccli i ». ballerup. oh. wmikrobiol., epiuemiol., i immuniol.,
1\0. 10, 114, 1937.

as sy Foverennyy, iwckoteriye predstavleniye o putogeneticheskom
znechenii bekteriesl'nykh proteinsz (K mekhanizmu bakterial'nogo
vozdeystviye na kollegeuovyye struktury), ob. tr., po biokhim,

i fiziol. wikrobov. Gor'kiy, 1961.

Lo b, Fustcvalova, aminckislotnyy sostev kholernykh i kholero-
podotuykh vibrionov. Vopr. med. khimii, T, 265, 196l.

Saperd koG, Nritscap, L, b, Yokobson, A, Konjkova,
aminckislotnyy sostsev bakteriy. bBickhiuiya, 15, <87, 1950,

¥, I, Tersikikh, wapronozy (¢ bcleznyaxh lyudey i zhivotnykh
vyzyvayemykh mikrobesi, sposcbnymi razzmnoat'sya vne organizma
vo voneshney srede, yavlyeyushcheysya clys nikh mestom obiteniya).

Zhe nikrobiol., epidemiol. i inmunol., lo. &, 118, 195E.

Iy Tsexhnovitser, 8, L, shtutine, T, I, Mi%el'man, O titratsii
in vitro protivogangrenozayxh syvorotcek., <Zi. mikrobiol.,
epiGeniol, i ianamnol., bo. 6, 48, 1G45.

G, N, Chistovich, C. mekhanizme deystviya bakterial'nykh toksinov,
Uspekhi sovrem, biol., Vcl. 31, 1ClL, 1951,

Yo 1y ohzooshnikov, Fiziologiya ovmena veshchesiv. mikroorgeniamov
v svyezi s evclyutsiyey funktsiy. Izd. an oooK, 1960,

Vo G ohivik G, sy Levdikova, V, N, © She b Solov'yev,
Cuelhanizme deystviya i nekctoryikh svoystvakh kollagenazy. V
wezhduner. bioxhim. kongr., Referaty sektsicnnykh scobshcheniy.
Vol. II, F. 83, 1901, _

Almon [. 1943, The significance of the Vi-antigen. Bacteriol. Rev,, 7, 43,

Avery O, Heidelberger M, Goebe!l W, 1925, The soluble specific substance of
Friedlinder's bacillus. [1. Chemical and immunological relationships of pneumococ-
cus tape 11 and of a strain of Fricdlinder’s bacillus. J. Expt Med., 42, 709,

Baron L. 1955 Enzvmic activities of Vi strains of Salmonelia typhi and their W varlants.
Experientia, 11, 268.

Bennett E, Pelerson G. Williams R. 1959. Penicillin sensitivity as compared
with nucleic acid phosphorus content of virulent and avirulent strains of Bacilius anth-
racis and Bacillus cercus. Antibiot. and Chemotherapy, 9, 115.

Berkman §. 1942, Accessory growth factor requirements of the members of the genus
Pasteurclla. J. Infect. Diseases, 71, 201, C

Biobei H. Berman D. 19G]. Further studies on the in vivo activity of staphylocoagu-
inse. J. Infect. Diseases. 108, 63,

Blobe! M. Berman D, Simon J. 1960. Purilication of staphylococcal coagulase.

J. Bacteriol., 79, 807,

Blogh ). 1950, Studies on the viruleézce of tubercule bacilli. J. Exptl Med,, 91, 2. €itcd
from L. 1. sode 1956, .

Reoake W, w.“éﬁ. S\mxu!nphy,ocongumo In experimental stephylocotcal Infections, J.
linmurnol., 706, 9. .

Braude A. Siconmiensii J. 1680, Role of taciorial trease in exjonmental pyelonddh-
r.lis. J. Bacteriol, 80, 171

G

-21-




RDuchter 1. Schantz E. Lamanna C. 1M7. The clemental and amine “acid com.
posiion of eryasiatline Clostridis botulinuin type A foxin. J. Biol, Cheui., 169, 205, .
Cited from K. I, Mateyov, 1959, "

Caiwspbel! D, Fourt L 1939, Immunochemislry of catalase. J. Binl. Chem., 129, 285,

Carlson A, Kellner A, Bernheamer A 1956, Seleclive Inhibition by proparati-
ons of streptococeal filtrates of the oxidalive metabolism of mitochondria procured .
from rablit wyocardium. J. Expll Med., 104, 377,

Garlson A, Keiltner Ay Bernhoimer A, Freoman I, 1957 A streplocnceal
cuzyme that acts specifically upon diphosphiopyeidine nucleotide: charactenzation of
the enzvme and its separation fram stroplolysin, O, J. Exptl Med., 108, 15,

Chu 1L #0359, The secithinase of Bacillus cereus and its comparison with Clostridium wele-
hii wtoain, ) Ges Microbiol, 3, 255, ;

Costa G, Viilela G, 1035, Oxidation of l-elutamic acid in relation o antigenic com.
position of Saitae oki. Proc. Soc, Eaptl Biol, and Med., 100, 714,

Caostiow R Jule Lecititinse froin Bacillus anthracis, J. Bacteriol., 76, 317,

Deiaunuy A, Lebrun J. IM7. Le made d'action des endotoxins bacicriennes, 1. In-
troduction & une duae pencrale. Ann, [nst, Pasteur, 73, 5354,

Drummond M, Tager M. 19392, Enzyinatic activity of staphylocoagulase. [ Charac-
weeization of &n esterase associated with purified preparations, J. Bactesiol,, 78, ils7.=
10506, Enzyimatie activity of staphyloceagulase. I, Dissociation of plasma cloiling
rom tpibutyninase setivaiy, Jo Bagleriol,, 78, 413,

~ubus, k. 1948, Bacterial Cell, IL,-1957. Biochemical Pactors in bactertal
diseases, IL. . ’

Duthie L., Lorenz L, 1952, Staphylococcal coagulase: mode of action and antigeni-
city, J. Gen. Mierhicl, 7, 320,

Edwards . 14 Tae growth and texin production of Coryicbicterua apnnbesiog in
steomergea enlture, L Gen, Microbiol., 22, 648, .

Cisler D o6l Conguiation of human plasma by Pasieurclla pestis. J. Bacteriol., 81,241,

Englesberyg B, Chen 7, Levy J, Foster L, Meyer K. 1954, Virulence in
Dasteurcila post s, Science, 119, 413,

Fleming D, Foshay L. 1955, Siudies on the physiology of virulence of Pasteurella
tuiarensis. I Citrulline ureidase and deamidase activity. J. Bacleriol,, 70, 345.— 1956,
Studies on the physiclogy of virulence of Pasteurcla tularenss, 1. Scrine deaminae
se and transam.nase acuvity. J. Bacteriol.. 71, 324.

Tournier J, Cuambon L. 1958 Le mélioidose et le bacille de Whitmore, Paris.

Fusillo M, Jaffurs W, 1655, Relationship of coagulase and urease in Micrococcus
myogenes, J. Bacteriol., 70. 481,

Geissler A 19592, Die Bezieiungen zwischen Katalascaktivitit und Virulenz der Bru.
ceilu-Bakicrien. 1. Fxperimentelle untersuchungen an weissen Miusen. Zbl. Vele-
rinarmed., 6. 429 -— 10704 D~ Bedeutung der Ureascaklivitit der Brucella-Bacte-
rien. Zbl. Velorindrmed, 6, 565.

Goodrer K, Panueit L, Bartell P, Rothstein E. 1953, Toxic end products .
from P. pestis. 1. A comparien of .ysafe toxin with tha! obtained from the action of
hiic saits. J. Infect. Discases, 93, 82,

Guerra M. 1659, Ulteriori 1ecerche sull’atiivita catalasica delle brucclle. Nota 11. Nuovi
ann. igiene ¢ microbiol., 10, 266. Cited from Biochem. Abs. J., No. 7, 9151, 1960, -

X-la.z};oR. 1940. Uber dic Antigencigenschaiien von Papainpriparaten. Biochem. Z., 303,

Harvey D. Carne Phillida. 1960. Studies on some chemical asnects of the patho-
logical activities of strairs of Escherichia coli of bovine origin. J. Compar.. Pathol.
and Therap., 70, 8i.Cited fromBiochem, Abs, Ju8C595, 1951,

Hendley Ch, Robbins K. Dectinger B, Clements G, Ercoli N. 1955’

" Studies on proteolytic enzymes. 1. Toxicology of crystaliine trypsin and chymotrypsin.
Arch, inlernat, pharmacodvn, 105, 164,

Heyningen W, van 1910 Tie biochemistry of the gas gangrene toxins. 1. Estimation
of the w-tox:n of CL weichii, type A, Biochem. J., 35, 1246,

Hevningen W, van 1675, Racieral toxins. Oxford,

oy wiugen, we Toxic proteins, In the Bocks “Proteins," edited by He Neurath

© and Ke ley, IL, 3, part I, P, 639,

Holim A n%i..?cxérs’ on W. 1952, Evidence of a staphylococcal neurotoxin, J. Bac.
teriol, 64, 800,

HO\’\_"%H S. 1932, Antiurcase formation in the hen. Proc. Soc. Exptl. Biol. and Med., 2y,
109, ‘

Howes B, Mandl 1, Zaffuto S. 1960. Toxicily of enzymes from Clostridium hise
folyticum J. Bacteriol,, 76, 191,

Huddleson I 1912, Univ_Mich. Agri. Exp. Station. Techn. Bull., 182, January.Cited

' fromRockenmacher M., 1949,

lscki Shoei, Furukawa Ken. 1959, On blood group specific decomposing enzymes
dgailvcd from bacteria. Proc. Japan Acad., 35, 620.C1ted fromBloohen, Absyde \e §, 533,
1

Isibasi K. 1950, Nipnon ika daigaku zassi. J. Nippon Med, School., 26, 195.Cited from
Blooham, Abse Je 0. 9512252, 1960, A .

FID-TT-63~162/1+4 -22-




Jawetz T, Mever K 1944, Studies on plague immunity in experimental animals, 11,
Saome factors of the immunily mechanism in bubonic plague, J. Inununol.. 49, 15,
Jenkin C, Rowley D. 1959, Puossible faclors in {1 pathogenesis of cholera, Brit. J.

Expil Pathol. 40, 474,

Keltner AL Robortson T. 12512, Sclective nercosis of cardiac and skeletal muscle
induced experimentally by means of proteoiytic enzyme solutions given intravenously,
J. BExpd Med, $9, 387219546, Cardiac lesions produced experimentaily in suimals
riven crystalline streplacoceal profeinase intrevenously, Amer, J, Puthol., 30, 636.

Keppicdo Smith il tarris.Smith P, 1935 The chemical basis of the virulence
of Baviltzs anthracis, 1L Tie role of the terminal bacleriaviiia in death of guinea-
pins from ambrax, Brit, J. Expt] Pathol., 36, 315,

Kirk ) 1933, The concentration of sov bean urcase. A new meihod for the purification

- of enzvies J. Biol. Chem.. 160, (7.

Kirk J. Sumner 11931, Antirease. 3. Riol, Chem., 94, 21.— 1934, The reaction bet-
ween cerystaiiine urease and cntoresnse, J Inuneno! o 26, 495,

Klcebhere S 105R diarciuadi, J. Med, Assor dsrael, 23, 201,

Kolsut 1 1959 Alvwnose enzymow i zjzdlivose prytkow gruzlicy oporaych na hydra-
zyd kwasu izoninoiynowego, Gruzliicn, 27, 277,

Lich‘.}".sl,ﬂﬁo. Uber gie Fermentnature der Staphylokoagulase. Arch, lygr, und Bakieriol.,
144, 32,

Lise, n., 1958. Biochemistry of mutotrophic bacteria. IL,

Luippold G. 1942. Typhoid vaccine studies. V. Studies on the relationship between the
anligenic content and {he immunogeuic properties of baclerial suspensions, Anior.
J. Hyg., 36, 354.— 1944, Antityphoid aclivity of Vi-antigen from exlrageneric sources.
Science, 99, 497,

Macfartane M., Knight J 1941, The biochemistry of bactesial toxins, I, The lecithi-
nase activity of Clowelehii toains, Biochem J., 35, 884,

Macfarlane R, MacLenanJ, 1945 The toxaemia of gas gangrene, Lancet, 11, 328.

Maclarlance R, Oakley C. Anderson € 141, HHaemolysis and the production
of opalescence in serum wnd lecithovilellin by the a-toxin of Clostridium welchii, J.
Pathol. Bact, 52. 49,

Marinelli M, Tonelli E, Venturi R 1938, Altivila fosiatasica e potere pato-
geno dello stafilococco. Giora. batteriol. virol, ed immunol., 81, 566,

Merz 12,1938, Cher d.c Katalasen der Brueellen. tnaugural Dissertation for the degree of
Doctor of Velerinary Medicine. Universitet of Zirich, Lur, no Rockenmacher M.,
1914, .

Miles . Miles A 1950, The relation of fox.cilv and enzyme activity in the lecithi-
nases of Clostridium bifermentans and Clostridium  welchii, J. Gen. Microbiol..

)

Misra J,. Agarwala S, Shrivastava D. 1960. Study in the Enzyme Make-Up
of Pasteurcila peatis. Part VIL Deartination of Purine and Pyrimidine compounds by
virulenl and avirulent strains. Ind. J. Med. Res, 48, 1.

Munch-Petersen E 1961, Staphyvlococcal coagulase. A. survey of contributions dur-
inf,é tgc7lasl two decades. Zbl, Bakleriol. Parasitenkunde, inf{cktionskrankh. und Hyg.,
178, 377.

Mycrs D, 1959, Observations on a chemical {est related to the virulence of Staphylo-
coccus aureus. Anier. J. Clin, Pathol,, 31, 128,

Nagler F 194l The estimation of the combining power of Cl. welchii (type A) toxoid.
J. Pathol. Bact., 52. 105.

NeillrJ. 1929, hamunological reiationships between pneumococei and various species
of fungi. 3rd. Internat. Congr, Microbiol., p. 807.

. Oakley C. Warrack G, Heyuingen W. i946. The collagenase {K-toxin) of CI
welchin, type A, J. Puthol. Bact, 58, 229,

Oakley C, Warrack G, Warren M. 1948. Kappa (x)- and lambda (A)-antigens of
Cl. weichii. J. Pathol. Baet.. 60. 495,

Pannecell L. 1955, The effeet of surlice aclive agents of the toxicity of P. pestis lysales.
J. Infect. Discascs, 96, 54. .
Pappenkeimer A, 19472, Diphtheria toxin. Effect of iron on toxin and porphyrin pro-
duction, J. Biol. Chem., 167, 251~ (0470, Bacterial toxins, Federal, Proc., 6, 479.
Pappenheimer A, Hendec E. 1017, Dipitheria toxin, IV, The iron enzymes of
Corynebacterium diphtheniae and their possible relation to diphtheria toxin. J. Biol.

Chem,, 171, 701,

Pappenheimer A, W illiams C. 1952, The cliects of diphthieria toxin on the Cec-
ropia silkwom, J. Gen, Physiol., 33, 727.

Pércez-Miravele A, Gallardo R. 1959, La prucba de la fosfatasa comparada con
oiras pruchas de patogenicidad de Staphyiococcus aureus, Ciencia (Mexico), 1Y, 29.
Citod from Biochems Abs, Jo, No. 5, 61C0, 1960,

Phear L., Ruchner B, 1956, The in vitro proaucllon of ammonium and amines by ins
{estinal bacteria in relation {o nitrogen toxicily as a {sctor In heputic coma, Brit. J.
Exptl Pathol. 37, 253.

Ramon G. 1957. Ferments, anaferments, antiferments $ude immunolegique. Rev, immu.
rol, ¢t de therapic antimicrobienne. 21, 2281,

FID-TT-63-162/1+4 -23-




Redaclli G, Rosaschino F. 1058, Recerche sulla desassiribonucleasi stalilacaceiea,
Nuovi ann ingiene o microbiol., 9. 5450ited fromBiochems Abs. JJNy 18, 230-40, 10170,

RichouR.Chirol C.Duricux R, Quinchon C. 1960. Sur le passage, i lravers
fe placenta, de principes capables de neutraliser cerlaines proprictés enzymatiques des
tonses staphylococciques, Compt. rend. Acad. sci., 2531, 3136,

Richou R, Quinchon C. Clhirol. 1961, Sur la présence. dans les y-glohnlines
dorigine humaine, de princines capables de neculraliser certaines propri¢its enzyma-
dques des toxines staphylococciques. Compt. rend. Acad. sci., 252, 220,

Robh-Smiih A, 1945, Tissues changes induced by Cl. welchii type A lilteatos, Laneet,
1, 1862, .

Robiusen ., Thatcher F, Montford J. 1960. Studies with Staphylococcal to-
s Vo Posslie identification of alpha hemolysin with a prateolyiic enzyme. Canad.
J o Micranvial, 6, 184,

Rocia v Silva Mo1ud%, Action of trypsin on the smooth muscle of isolated guinea.
oy intesiine, Comnt, rend. Snc. biol., 130, 181.—15396. Action of hypsin i the gineas
pie uterns, G, R Soc. siinl, 130, 184-=1940. Pharmvacology  of trypaun i Action  on
blood pressure in cat dor andg sabint Arch, Expil Pathel, Fharmikol, 104, 351,

Rockenmacher M. iv19, Relationulup of catalase activity o virulence in Pasteurclia
pestis. Proc. Soc. Exptl Biol, and Med, 71, 99.

SagarP.Agarwaia S, Shrivastava D. 1956a. Studies in the Enzyme Make-Up
of Pasteurclla pestis, Part 1. Deamination of amino acids by virulent and avirulent
strains, Ind. J. Mod. Res. 44, 383.— 19566. Sludies in the Enzyme Make-Up of Pas-
teurella pesiis. Dart, 1. Phosphatase activity of virulent and avirulent strains. Ind. J.
Med, Res, 1, No, 4,

Sasaki T, 1988, Japan J. Bacieriol., 13, 105.C1ted fromBiochem, Abse Jop No 23, 20153,
1938,

Saxena X, Sagar DL Agarwala S, Shrivastava D, 137, Siudies in the En-
zyme Make-Uip of Pas.eurella pestis. Part IV. Transamination reaciions of viruleat
and avirulent strains. Iad, J. Med. Res., 45, No, 2,

Schierhiolz il Jeder R. 1956, Kinelische untersuchungen dber den durch Bangbakte- .
rien verursichien peroavdzeriall, Zol Bakteriol, Parasitenkunde, Infcktionskraixi, u.
Hyg. Abt. 1. Orig., 167, 28;

Schweiger O. Romaun . Soos I 1958, Studies on the catalase enzyme of myco-
bacteria 1. Corrclutinn between catalase activily and virulence of mycobacteria under
certain experimental conditions, Amer Rev. Tuberc., 77, 146. -

Segal W, Bloch H, 1956, Biochemical difierentiation of Mycobasterium tuberculosis -
arown in vivo and in viiro. J. Dacteriol.. 72, 132. :

Smith D. Johnstone J. 1958. Brit. J. Exptl. Path., 34, 165, Cited from He Blobel

lnﬁ Do Berman, 1961.

Soru E., I‘chtofescu N, Popovici M, Tonescu M. 1957. Un non test de diffe-
rentiere a stafilococilor palogeni. testu! arginazic. Studii si cerceiari inframicrobiol.,
microbiol si parazitol. 8, 395Cited from Biocheme Abse JesNe 2, 1373, 1959.

Srikantan T, Agarwala S, Shrivastava D. 1957a. Studies in the Enzyme
Make-Up of P. pestis. Purl 11, Oxidative metabolism of virulent and avirulent strains.”
Ind. J. Med. Res. 45. No. 2.— 10570, Studies in the Enzyme Make-Up of P. pestis.
Part.ﬁ_)/. Dehydrogenuse activity of virulent and avirulent strains. Ind. J. Med. Res.
43, 467. . .

Srikantan T, Krishna Murti C.. Shrivastava D. 1958. Studics in the Enzy-
me Mane-Up of P, pestis. Part VI, Aldolase activity of virulent and avirulent-strains.
Ind. J. Mcd. Res., 46. 1.

Jtevenson, M. 1951. Metabolism of bacteria.

Strauss N, Herndee 1. 1999, The effect of diphtheria toxin on the metabolism of Hela
celis, J. Exptl Med., o, 115

StuartC, Wheeler K, RustigianR, Zimmermann A, 1943. Biochemical and
antigenic relationships of the paracolon bacteria. J. Bacteriol., 45, 101, N

Supivamall, Dack G. 1935. Apyrase in partially puriflied staphylococcal enterotoxin.
J. Infect., Discases, 95, 286. . .

Takxatori, 1955, Nikhon densem be gakiai dzassi, 29, 67, Cited from Biochoms
Abse Jes Noe 5, ‘723, 1957, '

Thempsen T, Militzer W, Gtorgi C. 1958. Partial denaturation of a bacterial
aldolasc witiiout lose of aciviiy. J. Bacteriol. 76, 337. : '

Todd E.Lasceficld R. 1928, Varinats of hemelytic streptococei; their relation to ty-
pe-specific substance, virulence and toxin. J. Exptl Med., 48, 751, .

Tracey M. 1954, Principles of Eiochemisiry. Pitman, London. Cited after Lise, 1958,

“uwliderd, Cayré R.1958. Activite cnzymatiques cf virulence de souches de Mycobac-
um tuberculosis isoniazidorésistantes, Compt, rend. Soc. biel, 152, 1136,

wel.., &i. G 1929, Chamistry of Immmitye IL.

wooley, ~. A study of antimetabolites. IL, 1954,

Lamecnix», Lipmann F, 1947, A study of the competlition of lecithin and antifoxin
for Cl. we. il lecithinase. J.:Expti Med., 85, 305.

Zecller E, M. itz A 1934, Helv. chim, acta, 27, 1888, Cited after D. Soemer and
G. Sommer. Chehistry of enzymes and methods of their investigation, IL, 1948,

PID-TT-63-162/1+4 -24-




DISTRIBUTION LIST

DEPARTMENT OF DEFENSE Nr. Copies MAJOR AIR COMMANDS Nr. Copies
AFSC
SCFDD 1
ASTIA 25
KEADQUARTERS USAF TDBTL 5
TDEDP 5
AFCIN-3D2 1 TDEZWA (Bullard) 1
ARL (ARB) 1 SSD (SSF) 2
APCIN-}M 1 AD (AMRF) 1
BSD (BEsY) 2
OTHER AGENCIES
CIA 1
NSA )
DIA 9
AID 2
0TS 2
AEC 2
PWS 1
NASA 1
ARMY 3
. NAVY 3
NAFEC 1,
PGE 12
RAND 1

FID-TT= 63-162/1+4 25




