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UBITED STATES MY Misc Tr
CHEMICAL CORPS BIOLOGICAL LABORATORIBS 503
Fort Dstrick, Maryland

An attespt to analyse xy own expoerimemtal work.
by J, Tomezik,

Trenslated from ths pamphlet (Bsoei, Bemno Scinmbe, 1960) by the
Technical Libtrary Bramch, Technical Information Divizi=a.

Introductio:

I was asked early in June, 1960, to review lw papers for an academy,
to esphasize those tat I conaider most important, and to include rsasons
fer wy choice.

I was forced Lo reflect Ky work may have illuminated some problema
with novel concepts in the prineipal fielde of my endeavor, the medical
domain and that of gsnsral bscteriology and immunity, but thsy usually
found spplication cnly among a small ¢ircle of specialists in these two
fields. Should I offer a concise, tedious summery of details in the
custoanry styls, whioh once again would be sddressed to a narrow group
of specialists, deponding on the subject? Have I not read enough of
theose correctly written, but boring compilations? Such summaries and
reviews lsft many & qusstion unresolved.

The pumbsr of scientific publications that constitute the world
literature has become immense, even within s certsain special area. Most
reference journals are poor. Only a few specialists are so well in-
formsd that they can competently review not only ths books, but also
individual articles of various authors working in their field of interest.
Other reviewers usually lack the time to study the literature profoundly
snough to enable tham to evaluate the entire work of even one single
colleagus with absolute competencs.

Would it not be better to request a self-analysis from the suthor,
in which he describes his results in & few chapters and with greater
brevity than is customary, placing them within the framework of
knowledge expected of a larger circle of readers? Every writer who has
worked for years or decades im a certain special area knows best which
observations and experisnces in the literature promptsd him to trest a
specific problem. Why ehould he not get {he opportunity to account for
his actions in his own words? The reviewsr would have an easier task;
his principsl duty would be to establish whether the author has assigned
too much significance to his own work.




I believe that overstatement hae bea avoided in my past experimental
wrk., Nevertheless, I am faced with goms difficult problems in this
compilation, Was it not my task t¢ emphaaise nmy most important papers? !
Is it permisaible to cite books by othsr authors, soms perhaps containing
exaggeratod evaluations? I tried to find a compromiee solution. The

customary printing technique was helpful in this connection: I had such h
& text printed in "petit.” Later I listed my own opinion of a possible
overstateaent.

I succeeded in placing on 19 printed pages about 100 of my experi-
mental papers in & chapters within the framework of current knowledge of
bacteria, erythroeytes and varicue serclogical reactions. The eritic
mst detormine whether such an snalysis wes worded objectively, or
wvhother 1 mads occasional overstatemsnis that require revigion.

I called this undertaking an "ettempt." I realise that every
sttempt can bs made with improved methods.

&lﬁl, 10 November 1950.

Amalyeis of seientific publications
by J. Tomesik 1923-1960.

0f 145 papers, 36 pertain to the fisld of *hygiene;” they will not
be discussed here. One hundred and nine papers, nearly sll dealing
with experinmts in the fie¢lds of bactsriology, hematology, and
imxinology-imsminochemistry, are, with few exceptions, claseified in one

category. Meny of thess sxperimental papers can be grouped under the
designation "immunocytology.”

I. MkKiscellansous papers not discussed in this report.

Experissntal medicine 3 papers (1, 2, 3)
Diagnostic resctions 2 papers (5, 6,
Microbdology 3 papers (&3, 66, 77)
Immnochemistry 1 paper (76
Various immunizaticne 9 papers (ik, 50, 67, 73, 81, 91,
92, 97, 101)

Bpidesiology b papers (13, 15, 54, 90)
Environmental hygisne 3 papers (55, 57, 725

F 61, 62, 63, 65, 69, 130)
Public health care L papers {37, 58, %9, 605
Reform of medical education 3 papers (45, 100, 139)

Medical bography 3 papers (56, 96a, 980, U2)
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II. Discussion of experimemtsl work.

1. Diphtheria: Toxin production, immnity, prophylactic
immunisation, epidemiology (1L papers).

The production of dipniberis toxin was improved by sddition
of glucose and sodium scetate 1.0 8 modified mediun of the Pasteur
Institute, Paris (22).

Tomcsik used such & toxin to produce diphtheria toxeid for prophylactic
immnisation of abeut 500,000 children; he organised immmnisations and
evaluated ths epidemiological results. Aside from Ramon's {loceunlation
reaction, & special ring precipitin reaction in gel wss used to evaluate
the antigen's effectiveness experimentally (25, 26). In addition, the
immunizing activity of ssveral toxoid preparations produced in varicus
Burapsan countries was svaluated at the reguest of the Leagus of Hations'
Hygianic Section through numerous antitoxin analyses in the bloed of
immunised persons (28, 29). Comparative morbidity statistics were
obtained with good results among about 100,000 imsunized and 100,000 non-
jimmnized childrsn (30). Comparative studies of changes in the epidemic
curve in {mmniged and non-immnized districts, the study of age distri-
tution among diphtheric patiemts in immunized districts, as well &s
several epidemiological investigations, contributed tcward clarification
of the problem (14, 20, 23, 24, 32, 33, 36).

These endeavors injected little novelty into our experimental
inowledge. The value of these studies is found in the epidemiological
area and may be cliaracterised by the following two circumstances:

1. Prophylactic immunisations mentioned here were carried out at s

time when the periodically fluctuating curve of diphtheria morbidity was
still rising.

: 2. The clear evidence of epidemiological results of this project
lod to the worlit's first law of mandatory immunisation with respect to
diphtheris prophylaxis,

The theoretical foundations of immmnity to diphtheriz and the results
of prcphylactic imminisation were discussed by the author in the "Results
of Internal Medicine and Pediatrics® in 1932 (31). :

2. The role of polysaccharides in the theory of imunity
(17 papers).

Until 1923 the genersl doctrine specified that culy protein
substancss or their high-molecular derivatives ars capable o’ -sacting
with antibodies. Zinsser (New York) was the first to produce protein-
free bacterial extracts which gave a specific precipitin reaction with
the homologous antibacterial immune serum; they did not, however, elicit




production of antibodies in experimental enimsls upon i.v, injection.
Zingsser called the unknown spescific substances of his bacterisl exiracte
"residual antigens;” they were latasr designated hepiens upon landsteiner's
recommendations. In 192 Maeller snd Tomcsik demonstrsted (4) that the
specific residual cntigen of the yeast coll consists of polysaccharide.
The same issue of the Journsl of Zuperimental Medicine (New York) con-
tained the wrld-famons paper by Avery snd Heidelberger, according to
vhich species~-specific polysacchisrides can be isclated from broth

cultures of pneumocosei.

The two papers listed sbove substaniiate the study of csllular
polysaccharides wicd the aid of specific antibodies.

8Soop the poesibility wae raisad that specific becterisl polyssccharides
origimate principally in the basterisl capsuls. It wep assumed as early as
1931 that all btacterisl capsulses sonsist of specific polyssccharides. The
work of Tomeglk subjected tiis “docirinal concept® to & certain modification.
A few examples will bs listsd here. In contrast to B. anthracis (7), Kl.
pueumonias and 4. serogmnes (7, 8) indsed contsin only polysaccharides as
specific capsular heptens. Polyseaccharides show optimal linkage with their
ho-oe%omz &;;tibdill both in the procipitin test and the complement fixation
reaction (10).

On the other band, ths polyssccharide slime substance of Rh. radici-
colae doss not ast as 2 specific substance, since it is not organically
tied to ths surface of the living csll, and no polysaccharide antibodies
are profuced upon "immmisation® with slime-containing cell suspansions
(7). Resent discoveries about the chemistry, structure and serclogical
reactions of the bacterial capsule are discussed in Chapters 3-5 of this
analysis.

Masller and Tomcaik (4) 1solated specifically reacting pelysaccharides
from yeast cells withount capsules. In studying numerous yeast cells with
dissimilar serclogical astivity, Tomcsik (21) found their polysaccharide's
specificity to be identical with the behavior of intact cells in the
agglutination resstion. Tomcsik's (7, 34, 132) assertion to ths effect
that the specific polysaccharide of B. anthrecis is not contained in the
capsiile, but in the call wll, ws questioned by Heidelbergoer at the
1I, International Congress in London, and was vindicated later by
seversl confirmtions.

Even today, these observations validate the comcluzion that those
po s that are incorporated organically in the capsule or the
cell wall of the living cell (probably as supportive groups of protein
substances) may ast as specific substances. They are designated complets
antigsns or haptens, depending on their isolation or "degree of purity.*
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In the early stagss of polysaccharide research the important medical
question was raised, whether pure polysaccharides as specific ha
could produce genuine anaphylactic shock er allergy. Tomesik (9) found
that the polysaccharide of A. aerogenes, which does not elicit toxic
symptoms upon intravenous injection of 1 mg, kills a specifically sensi-
tized guines pig with typical anaphylactic shock within 3-5 minutes in
amounts measured in %" Avery and his associates confirmed this observa-
tion, which was expanded by Tomcsik and others in seversl pspers (11,
16, 17, 18, 27, 93, 96). These experimental findings form the basis of
many a8 concept in current sllergic doctrine (Harksvi, Mew York, USA,
1st Intermational Congress of Allergy, Zurich, 1952).

Scon after the publication of the first {wo papers on polysaccharides
(9, 11), Prof, Dr. R. Dosrr commsnted on the discovery of polysaccharide
anaphylaxis in the Manual of Pathogenic Microorganisms by Kolle, Kraus
and Uhlentuth (1929), Vol. 1, pp. 951-953: ;

p. 951: “Recent experiments by Tomcsik and Kurotchkin (11) have
brought the problem of bacterial anaphylaxis into a new phase.

“Tomcsik and Xurotchkin immunized rabbits with Bacillus lactis
aerogenes, pnoumobscilli or yeast; 1l-i cc of the resultant immmine sera
were used to sensitise guines pigs passively and heterologously (intra-
peritonesl injection). However, the intravenous injection for effect
was not mede with extracts (with high primary toxicity) of the indicated
microbes, but with chemically prepared products which gave no protein
resctione ant contained not more than 0.2-0.9% N, associated with a high
concentration (66-83%) of carbohydrates. The animels reacted with
absolutely typical, acutely lsthal shock, even to 0.01-0.03 mg, while
untreated controls tolsrated the same or larger doses (up to 2 mg) without
reaction; only serogsnes derivatives had primsry toxicity at these high
levels; they did not produce shock symptoms, however, but csused chronic
intoxication leading to desth on the second or third day.

"Experiments on the uterus of sensitiszed guines pigs also geve clear
results; concentrations of protein-free microbe derivatives inducing
contraction were found to be 1:5-20 million by Dale; the uterus of
normal guinea pige was unaffected by concentrations 1000 times higher.
It must be noted that shock-inducing protein-free preparations at
remariably high dilutions (1:500,000 to 1:2,000,000) yielded specific
precipitations with pasaively prepared rebbit imsune ssra, which seems
to indicate the validity of close relations between the precipitin
resction and amphylaxis even in the area of bacterial antigens.*

I cannot agree with the last sentence. MNor do I endorse the
discussion on pags 953. I shall cite the following sentence from the
end of this chapter (p. 953): "It is impossible to assess the effect
of further work in the direction set by Tomcaik on the negative
evaluation of relationships between amphylaxis and infection.”




Thirty-one years have pessed since this sentence s written, but
no sdditiomal clarity has been brought into the role of anaphylaxis 4in
infectious disesses.

Polysaccharides 83 heterogsnetic antigens were discussed in & Swiss
paper (68), and imsmnopolyssccharides in general wers treated in 2
British paper (102).

3. Becillus sathracis: Bacteriology, cell structure, infection,
{mmnity (21 rapers).

Early in this century, Gruber as well as Preissz discovered an
absolutely close correlstion betwesn the ability of anthrax bacilli to
form capsules in the infected animal and the virulence of B. anthracis.
In the initisl era of polysaccharide ressarch, the Amsrican school of
Avery tried to clarify the role of capsular polysaccharides in pneumo-
coccal virulence in a3 number of world-famous papers. These studies
constituted the apex of microhielogical research im the world literaturs.
At that time pneumococei were most thoroughly explored with respect to
{ismnochemistry.

Tomesik's work with anthrax (17, 18, 19, 34, 35), began in 1530,
jndicated that schematisstion is not permissible even in this area of
bological research:

8. Anthracis strains sttesuated in virulence by Pasteur's method

mYy produce enormous capsiles on ordipary agar medium wader normal 0>
pressure.

b. The capsule of B, anthrecis consists not of a specific poly-
saccharide, but of a specific protein derivative (Pp).

c. Specific anthracie polysaccherides (Ps) may be extracted froa
nop~capsular anthrex bacilli without admixture of Pp.

J. Admixture of Pp apd Ps (axtrect of encapsulating bacilli) yields
the rtnt. ul)nmu upon precipitstion with CuSO, is chemically pure
fora yh 35 .

Tomcaik's pupil, Ivanovics, subjected Pp substance to thorongh '
chomical amiysis; togsther with the chemist Brusimer he obtained only
d(-) glutamic ceid building blocks wpom hydrolysis of this ssbetance.
Since, ascording to lster reports, s similar glutasgl-polypeptide was
isclated from cancerous tissue, the finer chemical structure of this
substance wmas studied by mumerous cosmists (in Nmmgary, Mugland, USA
and Isresl). The British blochemist Bovarmick modified the technique
of Ivanovics and Bruciner for isolstion of pure anthreeis polypeptide..
Apparently Bowrnick was unswere of Tomcsik's imitial paper, in which
purification of this substance was doscribed in detail (Zeit. f.
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Immnitaetsforschung 77, No. 1/2); his ®modification" with Cu30,-precipita-
tion of ths polypspiide is identical with the methord described in 1932 by
Tomesile sud Ssongott (35).

Anthracis polyssccharide and polypeptide wvare imitially (34, 35)
characterized chemically and with the aid of two aniibodies deveid of
cross reaction with the two anthrecis haptens. These mapers (34 and 35)
formed the begimning of immunochesical research in anthracis polysaccha-
ride and polypeptide.

The chemical nature of the polysaccharide, which reacted with
asthrecis polysaccharide antibodies prepared and defined by Tomcsik,
was soon clarified (Ivanovics). British biochemists assumed the existencs
of & second anthracis polysaccharide, which was described as mannan and
gave & completely different serological resetion. This obvious error
was resoved in paper (132). The "second anthracis polypeptide® corresponds
to the specific yesst gum (4, 21) originating with a yeast hydrolysate
added to the medium. Paper (133) demonstrated the conditions under whieh
Yoegelative cells as woll as bacterial spores may bind foreign antigenic
substances from the mutrient with practieally irreversible results, lsading
to false inferences from amlyses of bacterial antigens carried out with
immne sers produced in this ssnner. A singls specific polysaccharide
of anthrax bacilli is lmown; it mabows the sams serological specificity in
numerous anthracis strains (34, 112, 132) and is extracted in chemica
pure form from isolated and purified cell wmlls of anthrex bacilli (132).
This polysaccharide shows a certain serological relatiomship with the
polyssecharide in certain types of B. cereus (131). However, this poly-
saccharide 4s iacorporated in the cell wmll of B. anthracis in a manner
different from that of B. cereus. The bshavior of the cell mall of B.
apthrecis may be differentiated from that of B. cereus upon ismune
Sggivtination as well as by mssns of the peculiar forms of anthrex
baeilll in the presemos of penicillin (112, 131). Amthracis polysaccha-
ride antibodies do not confer {immunity to experimental anthrax infection.

Specific antibodies against the glutamylic acid polypeptide may be
produced in rabhits with 10 or more i.v, injections of killed, encapsu-
lated anthreax bacilli (35, 38, 39, 40, 41, 42, 45). Thess antibodies
asgglutinice only encapmulated anthrax bseilli (38). Omly they can
domonstrate the capsule of B. anthracis, which is invigible in native
preparstions (39). These antibodies were used to demcastrete that:

a. anthrecis polypeptide libersted in the blood of infected
animls is ideatical with anthrscis polypeptide produced "in vitro*(i0);

b. polypeiiide is produced most intensely st the plane of bactillary
division within the chain (112).




The greatest interest (rom the viewpoint of experimental pathology
was produced by the observation tbat mice, which in the past eould not
be protected against a single lethal dose, were protected against 100
fatal doses by polypeptide antibodies (42, 47). Ouinea pigs and rabbite
were not protected by poiypsptide antibodies (40, 47). At a later time,

very inteneive research on anthrax in ‘he USA (Camp Detrick) and England
(Porton) established that these animals can be effectively imsunised
wdth other (still imperfectly defined) antibodies. In his well-known
marual ("Immnity, Hypersensitivity, etc."), Raffel (Btanford) discusses
the roasons why it would be important for our knowledge of infection to
clarify the marked differences in the protection cenferred by polypeptide
antibodies on various amimal species. Curtain referemces to this matter
are made in papers (4l asd 47).

Guinsa pigs sensitised passively with homologous antibodies are
f.lllod l)vy T -quantities of both anthracis polyssccharide and polypeptide
17, 18).

A report by Maoninger and Nogredi om induced mmtation me
to study this phevemsnon. The pertinent papers (82, 83, 87) list remlts
that are difficult to interpret, altbough they led to isolation of a very
mnnmnmmwmmmmwtumfor
closer study of bacterial immmmocytology (cf. Chapter 5).

4. EKlecizestailie, pi-essociated protein camplexes on bacterial
limiting swisces (6 papers).

Based em a new principle (105), becterial espsules imvisible in
agquecus suspapsicns are distisctly visunlised under the phase contrast
microscons in dependence on pii and the type of proteins added. Optiml
pH is constangt for differeat strains of the sane species ar type, pro-
vided the same protcin is added. n the other hand, optimml pH varies:

a. according to the type of microorganiem (Cryptococcus, Strepto-
ooocus, Pasumocoscus, Klsbaiells and seversl species of genus Bacillus)

ad
b. acoording to ths iscelectric point of added proteins.
Tomcstk oalls this reactios “woa-gpecific capsular reaction.®

It develops dus to an electrostatic, salt-like complex linkage
betusen the Macterial cell surface apnd the added protein within & narrow
rangs of pli. Preteins with high isoelectric peints (e.g., protasines)
show & wider sffective sape in tiis reaction; at mufficiently high
ooncentretiens they destsoy the bacterial oell (105, 307, 117, 123).

The new principla led to development of & simple capsular stain
reaction Miich gives positive vismalisation of the capsule after
*sordanting” with ssrum proteins at a certain pl, even following Gram
staining {104).
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The non-specific capsular reaction may also serve as indicator in
the demonstration, in body fluids, of basic protein substances whose
significance in the course of infectious diseasss still awaits clarifi-
cation (107).

A "non-specific cell wall reaction" may be demonstrated in some
bacteria with the same principle, provided the cell wall is separated
engymetically from the cytoplasm, or the cytoplasm is destroyed electively
by engymatic or mechanical means (117, 125).

5. Immunocytology of bacteria (25 papers).

Boger and, several years later, Neufeld reportad that certain
crganisms or their capsules revealed "swelling" after addition of
homologous immune serum. This reaction was desmignsted as "capsular
swelling reaction" throughout the world. Tomcsik demonstrated at a
symposium of the Society of General Microbiology held at Lcndon (119)
that this designatiop is false, since the bacterial capsule simply
becames visible in this reaction, without charging its form and without
swelling. He recommended the name "specific capsular reaction" for this
phenomenon. This new term has alrsady been adopted in some recent
bacteriological papers (e.g., Wilkinson, Amer. Review of Bacteriology).

The pature of this reaction consists of the specific linkage of
antibody molecules with antigen molecules present on the cell surface,
It is evident that the following premises must be mst before a micro-
scopioally visible "gpecific" reaction can take plaoce:

4. Fermsabhility of bacterial limiting structures for antibedy
molecules.

b. Appropriate thickness of the antipgenic layer (adequate number
of antigen molecules reacting with antibodies).

c., Optical contrast of the propesr cellular .ayer vis-a-vis other
limdting layers of the cell after completed reaction.

Ad a. The permsability of the bacterial capsule, the sporangium
and the expsporium is very favorsble for antibody molecules, that of the
vegetative cell mll and the spore wll is lisdted or variablas.

Ad b, Thin layers of capsules, cell walls and exvsporia caryot
be visualised.

Ad c. In order to produce specific visalisstion of the barterial
cell wall or the spore wall, the lattsr smsi be separsted enzymatically
(lysosyme) from the cytoplasm, or the cytoplass {s partially removed.




A number of papers dealing with experimental immmnocytology pointed
out that isclated, chemically defined and purified antigens may be used
to identify antibodies chemically, snd that the latter may serve %o
establish topographical localisation of known antigermic substances in
the cell's structure. The following resctions leading to morphologically
distinct pictures were described:

a, Specific capsular reaction.

b. Specific cell wall reasction.

c. Specific sporang.ua reaction with apparent swelling of the
sporangiunm.

d. Specific exosporium reaction.

e. Specific spore wall reaction.

0f these reactions, a. and b. will be discussed briefly in this
chapter, based on published papers, while c., d. and e, are described in
Chapter 7.

In his book, "The Cytology and Life-History of Bacteria" (Livingstone
Ltd., Edinburgh/lLondon 1955, p. 17/18}, K. A. Bisset (Birmingham) writes
the following about this phase of Tomesik's work:

"A revolution in the use of the phase-contrast microcscope, comparadle
with the introduction of specific staining methods in classical microscopy,
has resulted from the brilliant work of Tomceilk, who, by the use of
ensymes, antibodies and other proteins has specifically deasonstrated a
variety of cheamic.lly definable materials and structures in the bacterial
cell, and has revealed an entirely unsuspected complexity of structural
details in the capsule. The most striking of Tomesik's methods, which is
possibly the greatest single advance in cytochemical technique in the last
half-century, and which has potential applicstion in all biological fields,
consists in the preparation of antibodies against chemically defined
fractions of the bacterial capsule. When thess antibodies are allowed to
react with bacteria which contain the appropriate chemical fraction, in
the field of the phase-contrast microscops, the antigen-antibody combina-
tion shows clearly in dark contrast, presumably because of the coagulation
Of th‘ ‘ntigenood"

The toxt quoted from Bisset cculd be criticized in the sense that,
according to Tomesik's papers, the hope for a "potential application in
all biological fields" is nct very great. There are many cells with
surface structures that camnot be visualized microscopically with this
technique.

On the other hand, the topography of chemically definable antigens
built into the limiting surfaces of "suitable" celils is demonstrated
with a clarity that exceeds that of preparations treated by Coons!'
(Boston) method with fluorescent antibodies. Numerous microphotographe
of this type made by Tomcsik have been reproduced in recent books on
bacterial cytology.

10
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The most remariable ricrophotogrephs were made with a bacterial strain
(Becillus M) fsolated during projects (82, 83 and 87). This bacterium
shows morphological reactions resembling those of B. megaterium, althouvgh
its cytochromic system is different, sccording to Weitull (Stockhols)
from that of "typicsl® B. megaterium strains which have been used mosi
ectonsively in recont studies of bacterial cytology. This strain, as a
rule, produces capsulez consisting of altermating layers of genus-specific
glutamyl polypeptide and a type-specific polysaccharide. The latter form
transverse capsular septa in direct continuation of the iransverse wll
and occur &8 polar caps st both ends of the chain (94, 95, 99). It is
most resarkable that strongly developed polysaccimrids transverse septa
of the capmle form a direct continmation of the transverss wall; there
are no analogous gbservations in botany which show growth of ths trans-
verse wall bayond the limits of the cell wll. The peculiar structure
of this bacterial capsuls, consisting of polypeptides and polysaccharides,
was terned "complex capsular structure® by Tomcsik,: who peinted out that
this bacterium's capasule incorporates polysaccharidss similar to those
contained in the cell wall, in contrast to otber bacterioclogicsl
observations. This claim hes been challenged by Ivanovics in several
pepsrs. Willdneon (Baet. Rev. USA, 78, 423, 1958) also assumed that
capsular polysaccharides of Becillus M are slime substances held by
electrostatic forcss of the polypeptide (105).

These authors apparently failsd to consider papers {108 and 109),
in which the geneais of the complex capsular structurs wes described in
great detail, ar. vhere the production phases of chemically definable
substances on & cellular mrface were identified by their characteristic
topography. Since modifications in the composition of nutrient made it
possible to equip several strains of B. megaterium with capsules con-
elsting solely of specific polysaccharides without polypeptide (134),
Wilkinson admitted his erroneous interpretation (personal communication).
Forty-five strains of B. megaterium were used to demonstrate variations
in the complex capsula: structure within this species {125). A special
technique allowed demonstration of the peculiar capsular structure of
Bacillus M under the slectron microscope, solely with the aid of anti-
bodies discussed above (127).

Usuilly no changes can Se expscted under the phase contrast
aicroscope; when homologous cell wall antibodies are added to an intact
bacterial suspension. At most, certain grampositive bacilli may seem
to gain in sise after such treatment.

The behavior of some grampositive bacteria is quite different when
their cell wall is partially depolymerized with ensymes and separated from
the cytoplasm by locosening of the rigid structure. At this stage the cell
wall is barely vieible under the phase contrast microscope. However, as
socn a8 homologous cell wall antitodies are added, it becomes distinctly
visible (99). Tomcsik called this new specific reaction "specific cell
wall reaction.® This reaction is seen even more readily when bacteria
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are shaken with tiny glass beads in Mickle's elestromagnetic wvibrator,
causing the removal of cytoplasm through barsly visible fiassures in the
cell wall (121). The wall of the evacuated bacterial cell is on the
margin of micrescopic viasibdlity. It ie showm distinctly by addition
of bomologous, tjpe~speeific polysaccharide antibdodies (106, 111, 115,
131, 134). Ultrasound cannot replace the Mickle vibrator satisfactoriiy
for this purpese (136).

Attempts were made to substituts ensymatic proteclysis for
mechanical removal of cytoplasm. Contrary to the general findings in the
pertinent literature, trypsin digested all intact strains of B, megaterium
quite distinetly, whersas anthracis strains were attacked moderstely.
None of the cereus strains were affected by this ferment (123). Extensive
expe;*inents revealed that the removal of a very thin lipoid layer from
the cell's surface is nscessary for rsapid and thorcugh digestion of cyto-
plasm by trypsin, even in the case of B. megaterium (135). Crystalline
trypsin acts only in the presance of the customary preservative, chloro-
form, or in conjunction with & mumber of other organic solvents. The
latter may be replaced by the enzyme lipase, which is &n impurity of
commercial trypsin preparations (135). The specificity and effectivensss
of another ferment, lysozyme, were studied quantitatively with mumercus
strains of the "bacillus" group (12%).

A combinetion of methods for the isolation of the cell wall waue
exployed in taxonomical work with numerous strains of the species cersus,
anthracis and megaterium; cross tests were based on the criterion of the
new specific cell wall reaction. Gemnerally spesking, the same classifi-
cation was established as had been secured with the agglutinstion reaction
of intact bacilli (131, 134). According to findings by Tomesik and his
asaociates, B, megaterium and B. cervus have the greatest number of types
(even on the basis of cell wall polysaccharides) of all known bacteria.
In contrast to btdochemically related strains of B. cersue, non-capsular
strains of B. anthracis are not agglutiniszed by their homologous imssine
sera (38), although they do give & distinct specifiec cell wall reaction
with anthracis polysaccharide antieserum (112, 131). Different
serological types of B. anthracis were not demonstrables, either with the
specific coll wall reaction or with serological analysis of anthracis
cell wall polysaccharides from various anthracis straine (131, 132).

Chexical (principally chromatographic) studiee charactertsed the
following purified specific substances in the course of investigstions
diecussed hare:

4. B. megaterium: polypeptide, capsular and cell wall poly-
saccharide, cell wall mucoprotein (103, 118);

b. B. anthracis, B. cereus: cell wall polysaccharide (132).
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A summstion of immnocytological papsrs discuceed here leads to the
conclusion that a syctem was developed which, with the aid of imswmo-
chenically defined entikodies, permitted investigatiom of the topographical
distribution of individual antigens on the limiting surface of intaet or
ensymatically/mechanically pre-treated bacterial cells (110). Reports om
this fiold were compiled in:

8. The stmcture of bacterial limiting surfaces (117} |

b. Antibodies as indicators for bacterial surface structures (122);
¢. Mne structurs of bacterial limiting surfeces (129).

6. Bacterial protoplasts (6 papers). |

Fleming discovered lysosyme, a ferment which can digest somw
grazpoeitive bacteria in their ontirety.

It vas soon digcovered that lysosyme is & polysaccharidase, The
action of lysosyme on the structure of the bacterial cell was described
by Tomcsik and Guex~Holser (99). When egg albumin at 1:200 or crystallins
lysosyms at 1:10,000 is added to a live suspension of Bacillus ¥ (or, in
appropriate concentrations, to any strain of B. megaterium), the phase
contrast microscops reveals, even at roca temperature, a chronological
sequence of changes that permits a profound insight into the fine
structure of hacterial cells. These changss include:

&, Dilatastion of the cell wall, which is rigld prior to treatasnt
and becomss progressively more depolymerised in the course of lysosymic
action. The dilated cell wall is invisible at a certain stage of de-
polymerisation; it mey be demonstrated under the phase contrast microscope
by addition ¢f homolegous, type-specific antibodies.

b. In parallel progress with cell wall dilatation, the cytoplasm
ssparates from the aell wall, first at the poles, then laterelly;
ultimtely it assumes an abasolutely uniform spherical form.

¢. Spherical units of cytoplasm are liberated as uniform, .vund
oloments after complate dissolution of the cell wmll.

d. Liberated cytoplasmic spheres appear black under the phase
contrast microscops; their luminosity is soon restored in physiologiocal
saline, with the exception of a peripheral layer that corresponds to the
long-suspected cytoplasmic membrene of bacteria. This membranous layer
also disintegrates after a few hours in physiclogical saline.




©. Spherical transformation of cytoplasm does not occur if bacteria
are heated prior to subjection to lysosyme. Bscilli irsated with heat
are changed to thin, coagnlated cytoplasmic rods without csll wali in the
presence of lysosrms.

These observations (99) are highly important with respect to our
knowledgs of the fine structure of the bacterial csll. They indicate that
lysosyme acts electively on the cell wall, that the dilated cell wall imy
be visualized microscopically with type-specific polysaccharide antibedies
up to a certain stage of lysozymic depolymeriszation, and that the cyto-
plasmic mass, surrounded by an elastic cytoplasmic membrane, assumes &
spherical shepe vhen freed of the rigid cell wall, dne to its extraordi-
narily high surface.tension and minute volume. The second part of this
observation (spherical transformation of eytoplasm due to the activity of
lysosyns) was confirmed & year later by Weibull in an important and
universally known paper. He called the spherical elements protoplasts,

& term already in use by botanists during the last century as a designa-
tion of components without cell walls present in plaat cells (gymnoplasts).
Welbull made the novel observation that lysosymic protoplasts of

B. msgaterium may be presarved in isotonic saccharose solution.

The two papers discussed here gave rapid impetus to intensive
research in protoplasts. Participating tdochemists demonstirated that
lysosymic protoplasts synthesisze protein and engyme, and even show signs
of growth and rudimentary cell division. A rapidly growing number of
papers soon revealed confusion of concepts. Are lysosymic protoplasts
identical with the spherical microorganisms that are formed in the presence
of penicillin? (Paper 112 showed that "string-of-pesrls" forms of anthrax
bacilli produced with penicillin possess a heavy csll wall layer and thet
these forms have nothing in common with protoplasts.) What are the
diffsrences between protoplasts and L-forme of microorganisms? ZTwelve
investigators collaborated in clarifying the concept of ®protcplasts® in
the journal "Nature* (126).

Tomesik and Guex-Holser (113) noted that lysosymic protoplasts posesess
an antigenic activity quite different from that of isolated and purified
cell walls. Antibodies produced with these cell fractions showed no trace
of ocross reaction with two different cell fractions. The paper caused a
few laborstories to review the production of bacterisl vaccines in this
sense.

Various serological reactions of protoplasts hoht.ed from numsrous
%m; of B. megateriuc were thoroughly developed and reported in paper
120).

Formation of protoplasts may be used in determining the active
mechanism of genuine disinfectants (116). Bacillus M was brought into
contact with different concentrations of tested disinfectant for 30
minutes at room tempersture. The disinfectant was subssquently removed
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by three-fold wshing, and the lyscayxe experiment was carried cut. In
these tests, Ringer solution was used with great miscess in place of
isotonic sacchaross svlation for preservation of protoplasts. Unider
gemuine disinfectants we includsd carbol, the quaternary ammonium bases
and several other mbstances that nsutralised spherical transformstion
at concentrations which inhibited culture. Another group included the
mercury salts which showed excellent inhibition of culture at high
dilutions, but did not neutralise spherical transformtion even at low
dilutions. 8Since mercury salts react with sulfhydril groups, and their
propagation-inhibiting offect is reversibdle, sre not genmuine dis-
infectants. Experimsnts published in peper (116) may be interpretod in
the senss that neutralisation of spherical transformation of bacilli
sensitive to lysozyme is suitable as a critsrion to establish whather a
chemical substance is & genuine disinfectant. The effect of a genuine
disinfectant consists of irreversible denmaturation of cytoplasm, pre-
venting spherical transformation due to surface tension after ensymautic
removal of the bacterial csll wall. Either the cytoplasam is coagulated
irreversidbly, or the elasticity of the cytoplammic membrane is lost
during denaturation.

7. Sporulation. Structure and serclogy of bacterial spores
(5 papers).

The ability to produce spores among both pathogenic and a-
pathogenic bacteria depends on the genetic factors of the species or on
individual bacterial strains. In the prenence of genetic factors,
sporulation is induced by environmental conditions. Recent observations
have clarified the rols of trace elsments and other inorganic and
organic substances, but Buchner's (1890) old concept remains valid,
according to wiich the physiological cause of sporulation is found
principally in the eritical shortage of nourishmsni. While Foster and
his school (USA) challenged this old view snergetically, it was reintro-
duced by Grelet in severel biochemically oriented papers with modern
formlation and precision. Paper (128) aralysas the individual factors
involved in the question why Gladstone-Fields medium, so rich in amino
acide, promotes vegetative growth of bacteria, but is wholly unsuited
for sporulaticn. We identified the constituents which inhibit or
promote gporulation in this highly complex medium. Orelet's data were
supplenmted (137).

These two papers (128, 137) remulted in & uew observation,
according to which the sporangium shows pronounced swelling at a certain
stage of sporulation after addition of homologous, vegetative poly-
ssccharide immne serum. It was established that this swelling is not
dus to an antigem-antidody reaction, but is caused by ensymes of
sporulation (128, 137, l4h). This reaction was used in establishing
the sporviation phase in which the most "sporangiolytic® ferments are
produoced. Thess feorments depolymerise the wll of the mother cell in
the course of the antigen-antibody reaction with such spesd that the




wall i3 loosensd and, since it is viscualized microscopically by the
reaction with antibodies, simulates & “swelling reaction.” 7This reaction :
was designated "specific sporangium reaction® and led to the study of i
"gporangiolytic" ferments (144). In the cytological study of these
ferments, a distinction was mede between "parietolysis® and "cytopias-
molysis.” The primary effect is parietolysis (1i4). When concentrated
sporulation ferment is added to non-sporulating chains of the same
bacteriua, the chain is soon divided into individual becilli due to
enzymatic cleavage of transverss walls. The latersl cell wmll is
attacked later, although addition of cell wall antibodies (but not poly-
peptide antibodies) protects the ce.l wvall for a fow hours against the
destructive effect of ensymes. Following destruction of the cell wall,
the cytoplasm, apparently unimpaired, goes into solution. Certain sera
(but not polyucchu-ido and polypeptide antibodies) are able to protect
the cytoplamm ol sporangia for long periods against sporangiolytic
ferments. In this case the cytoplasam of individusl cells assumes &
spherical shape after accomplished paristolysis. These spherical masses
of protoplasa show a certain similarity to protoplasts, tut are
fundamental ly difforent, sincs:

8. they can be preserved only in certain seras, but not in sacchaross
or in Ringer solution;

b. cpherical slemsnts of protoplasm have a tondin;:y to confluence
in moist preparetions, forming giant spheres about 20 microne in diasster.

Jumsrous strains of mesgaterium, cereus and anthracis were examined

for spore antigens in papers (137) and (138). Preparation of pure spore
sera ws based on following considerations:

a. - Vegetative cells of B. megaterium are completely dissolved dy
lysozsyme, whereas sporss of this hecterium possess a high resistance to
lysoxyms. Spores of B. megaterium may thersfore be freed ompletely
from vegetative cellular residues by treatment with lysogrme.

b. Although vegstative cells of B. cercus and B. anthracis are
resistant to lysoayme, vegetative cellnlar resmante may be removed from
their surface with the aid of sporangiolytic enzymes.

Ws succeeded in producing such spore sere uhieh gave no traces of
serological reaction with vegetative cells, even without differential
abeorption. Such spore sers served in specific agglutimation of spores
at high titers. Particularly distinct titers were achieved by means of
centrifugation introduced to spore agglutination. This technique
permitted detailed serological typing of spores in the species upm-m-.
cereus and anthracis. In contrest to the high nusber of vegetative cell
wall types, spores of megaterium and cereus showed but & few servlogioal

ysa which, however, almys deviate from thoss of the vegetative cell
w The spores of various anthrecis strains wers ideatical. Howewver,




their epecific polyssccharide wmas quite different from the cell wvall
polysaccharids of the vegetative form of B. anthracis.

A swrprising observation wvas made during phase contrast microseopy
of the effect exerted by spore antibodies on spores. Those sers that
agglutinizsed a certain gpore produced an unaxpected capsule-like layer
on tho spore's outer wmll, The most prominsnt experts in Amsrican
electron microscopy, who have besn studying the ultrastructure of
bacterial endospores for years, describe a socallsd “"exosporium” on the
surface of the cereus spore, but were unable to discern 8 similar
structure on the surface of B. megaterima. A much simpler examination
under ths phase ocontrast microscope revealed exosporium on B. megaterium
in utmost clarity in form of s ctpsule-liks layer after treatment with
spore immune serum (138). Tomceik callsd this reaction "specific exo-
sporium reaction.” Contrary to current opinion, this reaction proved
categorically that exvsporium is not a remmant of the vegetative cell,
but that its substance is aynthesised at the time of sporulation.

Treatment with the Mickle vibrator leads to lesions in the spore
mll and to evacuation of internal cell components. ihen spore immne
serun is added to a "spore well preparation” prepared in this manmer,
the result is a "specific spore wmil reaction® (138).

Since trestment of purified spores with ultresound separstes the

exosporium in about one hour without injuring the spore wall (136), the
bacterial exosporium and the spore wmll ars accessible to chemical and
serological studies.

8. Erythrocytes: The foundations of hemagglutimation. Isolation,

mature and topogrephy of membrane antigens. Serclogical diagnosis of
mononucleogis infectiosa (16 papers).

All serological and diagnostic laborstories of the world employ
ovine and, occasionally, bovine erythrocytes in hemagglutination or
hemolysis in commection with certain serologicsl reactions, although it
was not clear prior to 1945 which antigenic substances on the limiting
surface of these erythrocytes participste in the varicus reactions.
Conclusions were drewn indirectly, according to which both the "hetero~
gonstic® antibodies present in the serum of healthy persons or prodmoed
in serum disease or in infectious memonuclecsis, and isogenetic
antidodies resct with different antigens on the surface of erythrocytes.
The proposad auntigens were dosignated F, 3, N or I. Such conclasions
wers based an cross absorption rescticus ususlly familiar only te
specialists. Tomosik's work was aimed at the isolation of proposed
P, 8, MNand I antigmms, and at the definition of thelir nature sad
incorporetion in the erythrooytic membrene.
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In one paper (68) Tomesik diseussed polysaccharides as hetercgemetic
antigens and criticised & study by Reasux and Thomms, who claimed that
Forssman antigen from horse kidney has a chemical form different from
that derived from horse heert. Although the horse heart is & very poor
source of Forssman antigen, the substance was {solated in a form (70)
that exceeded the material procured by Eemaux and Thomas from bovine
heart several times ip degree of activity. Thir substance wms serelogi-
cally and chemically identical with purest and mest sctive Forssman
antigen previously isolated Ly Brunius from horse kidmey. Forssman .
antigen vith nearly similar properties was extracted with cold ethanol
from sheep erythrocyte stromsta, when serologicslly inactive ubomen
wers first removed from the stromate by extraction with acetone (71).

The same psper proposed methods suitahle for large-scals production of
erythrocytic stromata. A sensitive method for the evalmation of setologic
activity of stromata and their fractions was developed (71).

Extraction and separation of 8 and M fractions succeeded after many
fruitless efforts described in papsr (75). Stromats of bovine erythro-
cytes without F antigen are the best sourcs of & and ¥ antigen (78, 79).
The same extraction procedurs destroyed a considersble portion of M antigen
uﬁoumuormwéﬁ T™he chemical asture of P, S
and X antigens was discussed in paper (80). Extrected and purified N
sntigen of bovine erythrocytes absorbed 2 units of hemsggiutinin of mono-
oucleosis serum electivaly up to a dilution of 1:1,000,000, whereas it

vemined inactive during absorption with other hemagglutinins.

Separation of I (isophilic) antigen from other antigens of ovine
erytarocytic stromta failed. e established that this antigen is
extremely thermolabile and that its serologieal activity is completely
neutralised with trypein and pepsin (74). This bebavier of I antigem 45
funismentally different from that of F, 8 and N antigens which are still
thermostable at 100°C and resist the proteolytic effeet of trypsin and

pepein (74).

m-.um(u)pd&o-tmtmwhunordup
produced under the influssee of I serwa sy be differentia-

erythrocytes

ted morphologically from those obtained with monommeieosis serua. .
I-aggintipates are compact: they consist of flat, defermed, almost !
Sagglomerate® orythrogqrtes in clsee csmtact, while erythrocytes is ¥~
aggluiinates form largs, leces aggpregates, take a spherical form and are :
ia wlaal sortact only im one secter of the spherical surfuce. Tomesik '
considers haomgglintisation and baolysis identical in mature, chused ty
the same satibedy. ummmmmuvmmm
tien titer," wiich shanges in accordance with thé hamagglutinin system, :
to the variable tepegrephy of individesl antigsns om the cell surface .o
(71). If the antigen is located o the axtreme owter surfsce of the . i

srythrocytic msmbreane, bhemsgglistination is favored (monommcleosis antigemn
otdtupor)thrcquas ummn«wu&umw.
smbrane of the same call, agglutimation is impeded sterioally,




hemolysis smst be promoted, sinee the complement rescte with an antibody-
antigen complex snd the deeply incorporsted entigm is aa

component of the erythrocytic mssbrane (74, 1Al, 143, 145, 146). The
wm«rwmsmaamu-
specific, wwmm(lm)ﬁehumn&otmm
m(M)mwmmmmuuuw Carefully

Differences in the worphological aspect of agglutimetes acocording to
the topography of surface antigms indicate that Coca's concept of the
definition of gesuine agglutination and pseudosgglutination, although
widely accepted in the litersture, is incorrect.

The first stage in Tomesik's research in erythrocytes wms closed
with the following § papers: Clinmical diagnosis of monomucleosis infec-
tiosm (84), Antigemic structure of ovine smd bovine erythrocytes (85, &),
Significamce of the serum albumin-lipoid quotisnt in the dstarmination of
sorphological types of hemagglutination (88, 89).

. The papers discuseed above were mot almys interpreted correctly in
the literature. OContrary to the satire world literature, Blumeuthal

found no difference in the abeorptive powsrs of the guinea pig kidnsy and
humen ssoemmcleosis antibodies or other hamaggintinine. Iippelt and

“hnuportdththimcﬁntdluﬁpdﬁ&hmt»lﬂic

ferment papain, but was wmable to sccomplish the same in the case of 1
m.-adomum('n). It is obviouws that careful proteolytic
treatamnt o¢f the srythrooytic surface fails to resch ths more desply

pecaliar,

Although they confimm isolation and separeiion of ¥, 8 and N antigms
from erytirocytic mmbranss by the method of Tomcsik and Schwmrswed as,
they cite some of the above-smationsd pepers wWth erromecus sowrces and

data. They also claim to huve worked simitansously with
Tomcsik and Schwmrsweiss, despite the fact that their first psper s
published fonr yuare after the Amsrican relesse of papers (78, 79 aad 80).
™he wost disturiag factor comcerned complete insctivation of N substance
with trypala aad pespein on the part of 3immons aad Marioudts, contrary to
findings in paper (74).
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In view of the ciraumstances described above, Tomcsik and hies mew
..»mmw?muuxnmmmrum-t
10 years. Paspar (l40) gave solid comfirmstion of the effect of trypsin
_and pepsin on S and X antigen, as described in pegar {74). Noreower,
it ms demonstrated Wth kighly sctive, crystalline emsgme preparations
mttmammmaimlmmumamma
bovine and ovins erythrocytes or in purified M fractioms. Papaia
inactivates M antigsn in erythrocytic zambrenss of sheep, imt mot in
those of cattle. This constitutes the first repert of a substasce
derived from tw different cells, shich has an idemtical serological
reaction. tut shows a variable resistance to a certain protesiytic
(plant) emsyms. This remit was not altogeuher maexpected, simc~
earlier tests had showm (78) that the sams method of chemical extractiom
which permitted isclation of highly active N astigen from bovine stromsta,
destroyed M antigen from ovine stromata.

Paper (141) is the most timrough compilstion, sepplemsmted by recent
experimental data, of Tomcsik's ideas about bemsgglutination and
topographic distribution of heterophilic and isophilic amtigens in
srytirocytic nombranes. Obeervations made in this papsr led to the
asswmption of a looss, serologically imactive second protein layer em
the exivame outer surface of erythrocytes, which covers hapten micelies
exposed to variahle degrees either partially (ovime erytiwocytes) or
sompletely (bovine erythrocytes), mwmmuwutmw»

this ohwervation, a mew reaction was dewalaoped for the diagnosis of
monommcleosis imfectioss (Lh1, 143, lib), widch is considerably simplar
than absorpiion tests ourrently in use.

Experimsntal wrk mow in progress is aimed at additiemal clarification
of the structure of the erythrocytic msmbrans.




