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=CilAL CORPS BIOLOMCAL LMTORM 503
Fort Detrick, "2&lAn

An attIpt to amIM x ow m entl wrk.

byJ. osk

Transted frm thepmplt (B s Bmo Scwbp190 byt
Technicd~al libzvry bmwnh, Technical Informtion l

I was asked early in June, 1960, to rvie x paporo for an acadeqm,
to ew size those that I consider most important, and to include reasons
fer sy choice.

I wae forced to reflect Ky work way have sllminat me problem

with novel concepts in the principal fields of m endeavor, the medical
fdoin and that of general bacteriology and Immunity, but they usually
found application only among a mall circle of specialists in theee two
fields. NMuA I offer a concise, tedious somry of details in the
custowhi styles ch once aain would be addressed to a narrow group
of specialists, depening on the subject? Have I not read enough of
these correctly writtea, but boring c1pilations? Such sumnries and
reviews left am&V a question unresolved.

literature has become iemnse, even within a certain special area. Most
Treference journals ar poor. scly f fe speciaisti re so well in-

fored that they can copetentlyr eview not only the books, but also
individual articlee of various authors working in their field of interest.
Other reviewers usually lac the tim to study the literature profoundly

enough to enable them to evaluate the entire work of even one single
olleaguo with absolute competence.

Would it not be better to request a self-analysis from the author,
in which he describes his results in a few chapters and with greater
brevity than is cuetomry, plaeing then within the framework of
knowledge epected of a larger circle of readers? Zvery writer who has
worked for years or decades in a certain special area knows beat which
observations and experieneos in the literature prompted him to treat a
specific problem. Why should he not get the opportunity to account for
his actions in his own words? The reviewer would have an easier task;
his principal duty would be to establish whether the author has assigned
too iuch significance to his own work.



I believe that overstatement hos been avoided in or past eporimuntal
work. Nevertheless, I an faced with some difficult problem in this
compil~tion. Was it not mV task to emphasse m most iwortant papers?
Is it pamiusiblo to cite books by other authors, sow perhaps containing
ezaggerated evaluations? I tried to find a orommise solution. The
custoary printing technique was helpful in this connection: I had such
a text printeod in "petit.* Later I listed my mw opinion of a possible
oorstatement.

I succeeded in placing on 19 printed pages about 100 of x7 experi-
amtal papers in 8 cbepters within the framework of surrout kamledgo of
bacteria, orytbv o es and various srlogical reations. The critic
mast determine ubether such an analysis was worded objectively, or
whether I wade occasional overstatmwts that require revision.

I called this undertaking an NattWt." I realise that every
attempt can be ide with Imroved methods.

Easel, 10 November 1960.

AnQ7sis of scientific publications
by J. Tomesik 1923-1960.

Of 145 papers, 36 pertain to the field of "hygien;' they will not
be discussed ho. One hundred and nine papers, nesrly all dealing
with experiemts in the fields of bacteriology, homtoloi!, and
inmolog-ybno istry, are, with few exceptions, classified in one

category. )ks of these experimental papers can be grouped under the
designation "iimnocytolo1.0

I. Msillaneous papers not discussed in this report.

kperiestal medicine 3 papers (1, 2, 3)
Diagnostic reactions 2 papers S5, 6)
icrobiology 3 papers t4, 66, 77)
Imnoobmlstry 1 paper (76
Various innisatins 9 papers (44, 50, 67, 73t, 81, 91,

92, 97, 101)
Upid niol g ,papr. (13 ,15 54 90)

Snviroin tal hyasen 3 per 55, 57, 725
Public health ad nististion 12 papers 12, 48, 49, 51, 52# 53,

r61, 62, 63,65 69, 130)
Public healtb care 4 papers (37, 580 59, 605
Refom of mdioal. education 3 papers (5 1 4.19)
Medical biogaphy 3 papers (5, 96, 19) 14)



11. Discussion of experimental work.

1. Diphtheria: Toxin production, IMIn*tyD prophylactic
inaiinationt epidemiology (14 papers).

The production of dipotwnria, toxin was iwroved by addition
of glucose and sodium acetate to a modified medum of the, Pasteur
Institute, Pari~s (22).

Towlk ed ucha txinto roucediptheia owi fo pophylactic

the antigen's effectiveness experinmntally (25,p 26). Inaddition,, the
imunizing activity of several tozwid preparations produced in various
Buraoea countries was evaluated at the request of the league of Nations'
Hygienic Section through numeroms antitoxin a=alye* in the blood of
lemnized persons (28, 29). Coqwaative morbidity statistics were
obtained with good results among about 100,000 Iumnized and 100,000 non-
iinanised children (30). Coqiarative studies of clang.. in the epidemic
curve in imnised and non-isnizsd districts$ the study of age distri-
bution among diphtheric patluats in inmnised districts, as well as
several epidemiological investigations, contributed toward clarification
of the problem (14, 20# 23, 24P 32, 33, 36).

These endeavors Injected little novelty into our experimental
Inovledgs. ?he value of these studies is found in the opidmiological
area and my be otaracterised by the following two circumstances:

1. Prophylactic immisations mentioned here were carried out at a
time when the periodically fluctuating curve of diphtheria mrbidity was
still rising.

2. ?he clear evidence of epiiamiological results of this project
led to the world's first law of mandatory izaisation with respect to
diphtheria prophylaxis.

The theoretical foundations of inmity to diphtheria and the results
of prophylactic imonisation were discussed by the author in the "Results
of Internal Mepdicine and Pediatrics" in 1932 (31).

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

Until 1923 the general doctrine specified that marl protein
substances or their high-moleoular derivatives are capable ot' _ icting
with antibodies. Z4nseer (New York) was the first to produce protein-
free bacterial extracts which gave a specific precipitin reaction with
the homologous antibacterial imne serum; they did not,9 however,, elicit
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production of ainbodleu in experimental animals upon 1.v. injection.
Zinsser called the unkuou specific substances of his bacterial extracts
"residual antigens;" they wre later desipSted hmptomew upon Iauusteiner's
roomnndations. In 1924 *oller and Toueilk dmonstrated (4) that the
specific residual catigen of the yeact cell consists of polysaccharide.
The sam isme of the Joarnl oft mrntal Medicine (New rork) con-
tained the vic4-famus paper by kyery and HUidelberger, according to
which specias-s eciflc polyeaccharides -un be isolated from broth
cultures of Peumococci.

The two papers listed above iate the study of cellular
polyaccharides van ths aid of specific antibodies.

Boon the pos.ibility was raised that cific bacterial polymaccharides
originate principally in the bacterial capsulo. It was assumed as early as
1931 that all bacterial capsules consist of specific polysacchrides. The
work of Tomesik subjecte this Oetril, concept* to a certain modification.
A few exasples will be listed here. In contrast to B. anthracis (7), !l.
paeumniae and A. aerojeas (7, 8) indeed contain omy polyeswcharides as
specific capsur baptas. PolysachariAes show optimal linkage with their
homologous antibodies both in the procipitin test and the ospl.emmit fixation
reaction (10).

On the other band, the polysacc arido alime substance of Hh. radici-
colas does not act as a spefic substance, since it Is not orpnically
tied to the eurfa of the lUvig dlU, and no pols mbaiSde antibodies
are produced upo O'siai. t.' with slinm-cntainip cell suspmsions
(7). Ro.nat discoveries about the chmstry, structure and serological
reactions of the bacterial capsuls are discussed in Chapters 3-5 of this
analysis.

aellser and Tamcsik (4) isolated specifically reacting polysacoharides
from yeast cells without capsules. In studying nuamous yeast cells with
dissimilIr serological activity, omsik (21) found their polysacebaride's
specificity to be identical with the behavior of intact cells in the
alutination reaction. Tomosik's (7, 3, 132) assertion to the effect
that the specific polymeharide of B. anthrscis is not contained in the
capsulo, but in the call wallp wa questioned by Heildelbergr at the
II. Intwatioml Couars.. in London, ed wes vindieated later by
several oonfirmtions.

Iven today, thes observations validate the evoclusion that those
pol~yacabaridas that are incorporated orpnically in the capsule or the
cell wall of the living cell (probably as supportive roups of protein
mbstances) my "t as opeifi substam . They are desigated omplete
antipas or haptmns, depeading.o their isolation or "dope of purity'



In the early stages of polyuacoaride research tbu important medical
question is* raised, wbether pure polysaccharids as specific baptons
could produce genuine aaphylactic shock *r allera. Towsik (9 foud
that the polysacearids of A. aerogmses, which does not elicit toxic
symptoms upon intravenous injection of 1 I, kille a specifically sensi-
tized pines pig with typical anaphylactic shock within 3-5 minutes in
amounts measured in T. Avery and his associates confirmed this observa-
tion, which was expanded by Towsik and others in several papers (11,
16, 17, 18, 27, 930, 96). These experiental findings form the basis of
many a concept in current allergic doctrine (Harkavi, Ne rork, USA,
lot International Congress of Allorgf, Zurich, 1952).

Soon after the publication of the first two papers on polyusacharides
(9, n), Prof. Dr. . Doerr commted on the discovery of polysaccharide
anaphylaxiu in the anal of Pathopnic Microorgnisms by olle, Eras
and ULlenhuth (1929), Vol. 1, pp. 951-953:

p. 951: Recnt exprimnts ty Tomesik and Kurotcbkin (11) have
brought the problm of bacterial ansphylaxis into a nev phase.

"Toweik and Kurotchkid 4nsed rabbits with Bacillus lactis
aerogpnes, pneumbsill or yeast; 1-4 cc of the remltant imune sera
were used to seaeitise guini pigs passively and heterolopusly (intra-
peritoneal injection). However, the intravenous injection for effect
ws not made with extracts (with high primary toxicity) of the indicated
microbes, but with chemlally prepared products which give no protein
reactions anw contained not more than 0.2-0.9% N, associated with a high
concentration (66-8%) of carbohydrates. The animls rescted with
absolutely typical, acutely lethal shok, even to 0.01-0.03 ao, while
untreated controls tolerated the same or larger doses (up to 2 m) witbout
reaction; only aerogaes derivatives had primry toxicity at these high
levels; they did not produce shock symptom, however, but eused chronic
intoxication Ieading to death on the second or third day.

'xpaeriments on the uterus of sensitized guinea pigs also gave clear
results; concentrations of protein-free microbe derivatives inducing
contraction were found to be ls5-20 million by Dalie; the uterus of
normal gminea pigs was unaffected by concentrations 1000 times higher.
It mast be noted that shock-inducing protein-free preparations at
remrkably high dilutions (1:500,000 to 1:2,000,000) yielded specific
precipitations with passively prepared rabbit immn soya, which seems
to indicate the valadity of close relations between the precipitin
reaction and am phylaxis even in the are of bacterial antigens.'

I cannot agee with the last sentence. Nor do I sndorse the
discussion on pap 953. I shall cite the following sentence from the
end of this chapter (p. 953)s *It Is impossible to asoss the effect
of further wrk in the direction set by Tocsik oan the negative
evaluation of relationships between anaphlaxis and infection.*
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Thirty-one years have passed since this sentence ima written, but
no additional clarity has be= ron gt into the rol, of anaphylAzdu in
infectious disea.

Polyvatccirides as hetorogmestic antigens -sz discus sed in. Sad Mg
paper (68), and iwmapolysawhu'ides in general wa'e treated in a
British paper (102).

3., Bacillus aunrcis: Bacteriology,, tell structure,, infection,,
iinoanity (21 papers).

Barly in this centry,p Gruber as well as Preiss discovered an
absolutely close correlation between the ability of anthrax bacilli to
form capsules in the infected animl ad the virulence of B. anthracis.
In the initial er of po2ysscclaxrlA research, the American school, of
Avery tried to clarify the role of capsular polyuacbariodes in pnu-
coccal, virulence in a nusier of world-famous papers. These studies
constituted the apex of at. abhelogical research in the wrldliterature.
At that tin me ocmwci wr most thorou&4l e~laoed with respect to
immnoemidstry.

Tomemik's work with anthrox (17,P 8, 19# 34, 35), begun In 19.30,
indicated that ochmtisation is nt permissible even Is this area of
biological, reseiachs

a. Anthracis strains attemfat.d in virulence b7 Pa~teur's method
MY Prode. MwrMIs caIPsuls 06 ordiDX aW IMMIMI Under n-rma 102
pressure.

b. fte capsale of D. anthracis consists not of a specific poly-
sacchsriA*e, bat of a speciftc protein derivative (]Pp).

c. Specific asthiacis plyaccherides (ft) any be extracted from
mo-=s.%*ular anthrax bacilli withaqat admixture of Pp.

0~. Admixture of Pp and Ps (extract of encapsulating bacilli) yields
the fir,* substance upon precipitation ith SW4in abueially Pfre
form (Ykb, 35).

Tdowuai' pupil ITvwvics, subjected Pp substance to theremo'
chemical amalysial togother wit the dmis taknr he obtained only
4(-) slutawic cM bildiag blocks upon W~drlyeis of this substance.
Since, according to later reportas a similar g1.ta~1-gelypeptide me
isolated from canerous tissue, the finer cemiceal struture of this
substance us studied by somroms cansts (in Nway,p hglaai, ~i
amd Israel). aw artie bicbdst Scramck moified Uth ig
of Ivavics and Bruckner for LIsatica of pure asthreeis po1.ypeptis.
Apparently bonabnick we ummare of Twomk's initial paper, In AMh
purification of this substance we described in detail (Zeit. f.
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ILanitaetsforchung 77, No. 1/2); his mOwdification" with Cu804-precipita-
tio of the poslpeptide is identical with the inthod described in 1932 b7
Townu, and Ssmostt (35).

Anthracis polysaccharilM aid polypeptid.. vore initially (At. 35)
chamactrisod obemoal and with the aid of two abiibodel devoid of
cross reactin vits the two aethreis beptens. 2hoe Rpes (34 and 35)
fomed. the beginInn of inniochmical research in antbratis polysaccha-
rids and polypeptide.

Tbe. dwa1 nature of the polysacebarie, which reacted with
antrac s polysscchari& antibodieos prpared and defined by Toaesik,
was soon clarified (Ivanovics). British biocedsta asumed the exstence
of a second antbracis polysacoaride, which was described as mario and
gve a completely different serological reactim. This obvious error
was r*mwvd in paper (132). The "second anth ada polypeptide coresponds
to the specific yeast gum (4, 21) originating with a yeast bydrolymto
added to the mediv. Paper (133) demnstrated the conditions under which
vgegeativ* cells as well as bacterial s ea my hind foreign antigenic

bsebtances fra the nutrient with practically irreversible results, leading
to false inferences from amlyos of bacterial antigens carried out with

i so o prodwed ina this ma.'e. A alical- specific polyssobarilM
of anthrax bacilli is 1 -i it showe the sans serological specificity in
nmerous antwacis strains (34, 112, 132) and is extracted in cbmically
pure 1orn from iselatisi and purified cell walls of anthrax bacilli (132).
TMis polysscbaride shows a certain serologigal relatinm i with the
polyseckaride in certain types of B. cereas (131). Howver, this poly-
uecabrids is iorported in the cell wall ot 3. anthracis in a mnner
different fram th at 3. oensu. The bebavior of the cell well of B.
anthrscis say be differentiated fren that of B. oerms upon immune
a i~ustts as wel as by amans of the peculiar form of anthrax
buc.1ll in the preseme of penicillin (112, 131). Antbracis polysacea-
ride antibodies do not confer imunity to expwInntal anthrax infection.

Speciflc antibodies ainst the g1utaqlic acid polypeptide mr be
produced in radbits with 10 or more i.v. injections of killed, encapsu-
lated anthrax bacilli (3t, 38, 39, 40, 41,p 42, 46). Them antibodies
agglutinize only ecspumlatd anthrax bacilli (38). Only they can
deinstra the cspaU of 9, sa&V cisr , dode is invisible is native
peparations (39). fts antibodies were used to demonstrate that.

a. asntwei polypqrtide liberated in the bloo f infected
aimls is iWtical wit aatkraeis polypeptid. produosed win vita'os(10);

b, p e I is jWedine4 rest Iunene at the plane of bacillary
division within t c n (112).
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The greatest interest frre the viewpoint of &Ieimna pathology
was produced by the observation thit alo, vebich in the past could not
be protected against a single lethal dose, were protected against 100
fatal doses by polypeptide antibodies (4, 47). Wuines pigs and rabbits
were not protected by polypeptide antibodies (40, 47j). At a later time,
very intensive research on anthrax in -'.e VU (CaW Detrick) and Ugland
(Portou) established that these animals can be effectively Iinised
adtk other (still imperfectly defined) antibodies. In his usil-knoun
amnual ("Immwit7,0 iypersensitivity, stc."), Raffel (Stanford) discusses
the reasons why it would be important for our kniowledge of infection to
clarify the marked differences In the protection ouezr. ty polypeptide
antibodies on various nimal species. Cbnrtain, references to this matter
are made in papers (41 and 47).

galim pips sensitised passively with homologous antibodies are
-killed by T-qmntities of both anthracis polyssaccarl~e and polypeptide
(17.. 18).

A reps:t by N~umpa and ilogradl an induced imitation Mlpedu
to stud this Mw ~ pertinent papers (82, 83, 07) list results
that are difficult to interpret, although they led to isolation of a Very
peciar heciUns is thowwgh investi~ptioz produced the impatu for
closr stodr of becterial 1=m0cYto1.g (ef. -peRw 5).

4. mseeatatic, p5-sespciated protein -coples on bacteriLal

Ban& an a no principle (3D5)9 bactezlal eWsUpa invisibl, in
aqueos , m -I ia m distinctlr vimnlized, on" tpha se contrat
microeop. in 6pncee an pR and tb. tnjm of preoein ade. Optiil
pH is cotmOt for different strains of the aws species or type, pro-
vided t~w soe protocin is added. On tbe other bsod, optimal pH vari.

a. according to the type of siacroganm (Cryptocoomus, Strepto-
O&Oms# , w mcomsiPL* MZl 1Ua eeal .u species of Smes h1cilluw)

b. sooia to Ume isosleatutc point of ade proteins.

TIMICA *LIZ* thi~s rectio tm -4cif.e caoea rosecrtcm

It dwwelops Am* to as elsaostatic, salt-libe Go3as 1i-1ap
bst"Oft as hoer.dal *On1 sm.e me the added protein altumn & nVMar

ropof P11. Pistein ULUt M$o 0i~lcr points (eog.. ProtodAee)
idw a wie effectve o in this reci.; at mf ficiently high

I ut"amhMW 4etroy Wo bftAWIAI SOU (30, Unt 117, i2n).

20 ams P!LW1.pila le to Iee~~t of a sipecap"sa stains
reoU~M Mch gVes positive tIVAlifttiom of the capsule after
Onordntug' witb serms proteis at a certain pK, ovw follou~ng Gone

-LII1 (U%).



The non-specific capsular reaction my also serve as indicator in
the demonstration, in body fluzids, of basic protein subwtanceB whose
significance in the course of infectious diseassa still awaits clarifi-
cation (107).

A "non-specific cell wall reaction" my be donstrated in some
bacteria with the saw principle, provided the cell wall is separated
enzymatically from the cytoplam, or the cytoplasm is destroyed electively
by enzymatic or mechanical means (117, 125).

5. 1unocytology of bacteria (25 papers).

Bnger and,, several years later, Npufeld reported that certain
orgaisms or their capsules revealed "swelling"after addition of
homologous iJane serum. This reaction was designated an "capsular
swelling reaction" througbout the wo~rld. Tomcuik demonstrated at a
symposium of the Society of General icrobiologr held at Lcndon (119)
tbat this designatiov is false, s-ince the bacterial capsule simply
become visible in this reaction, without changin its form and without
swelling. Hie recommended the name 'specific capsular reaction" for this
phenomon. This new term has already been adopted in some recent
bacteriological papers (e.g., bblkineon, Amer. Review of Bacteriology).

The mature of this reaction consists of the specific linkage of
antibody mlecules with antigen molecules prevent on the cell surface.
It is .,idAot that the follaving proutses nost be mt before a micro-
ac ioLU4 visible "specific" reaction can take place:

a. Fermbility of bacterial limiting structures for antibody
mlecules.

b. Appropriate ttzickness of the antigenic layer (adequate nuaber
of antigen molecules reacting with antibodies).

c. Optical contrast of the proper cellular jAyer vis-a-vis othr
lixitL1ag iqers of the call after conploted raction.

Ad a. The permbility of the bacterial capsule,. the sporangium
and the emopoiu is very favorable for antibody molecules, that of the
vegetative o.3.l vall ad the spare wil is limited or variable.

Ad b. Tbinz layw-s of cpsulss, cell walls and ewwsporia carwt
be ism±sed.

Ad c. In order to proftce specific visaalisation of the bartetial
cell wL1 or the spere vull the latter meat be separated enxymtjcally
(1ymc.oin) from Un eptoplasm. or the cytoplam is partially removed.



A number of papers dealing with experimental iinwcytology pointed
out that isolated, chemically defined and purified antigens may be uW44
to identify antibodies chemically, and that the latter my serve to
establish topographical localisation of known antigenic substances in
the cell's structure. The following reactions leading to morphologically
distinct pictures were described:

a. Specific capsular reaction.
b. Specific cell wall reaction.
c. Specific sporang = reaction with apparent swelling of the

sporangium.
d. Specific exosporium reaction.
e. Specific spore wall reaction.

Of 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" (LAvingstone
Ltd., Edinburgh/London 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 microscope, comparable
with the introduction of specific staining methods in classical microscopy,
has resulted from the brilliant work of Tomcsik, who., by the use of
ensymes, antibodies and other proteins has specifically demonstrated a
variety of chemicly 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 Tomosik's methods, which is
possibly the greatest single advance in cytochemical technique in the last
half-century, and which has potential application in all biological fields,
consists in the preparation of antibodies against chemically defined
fractions of the bacterial capsule. When these antibodies are allowed to
reat with bacteria which contain the appropriate chemical fraction, in
the field of the phase-contrast microscope, the antigen-antibody combina-
tion shows clearly in dark contrast, presumably because of the coagulation
of the antigen..."

The text quoted from Bisset could be criticized in the sense that,
according to Tomcsik's papers, the hope for a "potential application in
all biological fields" is not very great. There are marq cells with
surface structures that cannot be visualised microscopically with this
technique.

On the other hand, the topography of chemically definable antigens
built into the limiting surfaces of "suitable" cells is demonstrated
with a clarity that exceeds that of preparations treated by Coons'
(Boston) method with fluorescent antibodies. Numerous micror'hotographe
of this type made by Tomcsik have been reproduced in recent books on
bacterial cytology.
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TheiLlsN ma eral icohtga weemde with abacterial strain
shows morphological reactions resembling those of D. megterium, although
its eytochrcmio system is differsat,, &ccording to WiWul (Stockholm)
from that of "typical' D. megaterium strains which have been used mo.t
extensively In recant studies of bacterial cytology. This strain, as a
rule, produces capsules consisting of alternating layers of genus-specific
glutamyl polypeptide and a type-specific polysaccharide. The latter form
transverse capsular spta, in direct continuation of the transverse wall
and occur as polar caps at both ends or the chain (94, 95, 99). It is
most remarkable that strongly developed polysaccharide transverse septa
of the capsule form a direct continuation of the transverse wall; thmaae
are so analogous observations ini botany which show growth of the trans-
verse wall beyond the limits of the cell wall. The peculiar structure
of this bacterial capsule, consisting of pollpeptides and polysaccbarides,
was termed "complex capsular structure* by Tomcsiksl who, pointed out that

thisbacerim'sasprle ncoportespolysaccharides civila" to those
contained in the cell wall, in contrast to other bacteriologicalI observations. This claim has been challenged by Ivaaovics in several
papers. Wilkinson (heat. How. USA, 78, 423, 19358) also assumed that
capsular polysacoharides of taillus N are slim substances held by
electrostatic forces of the polypeptide (105).

These authors apparently failed to consider papers (108 and 109),
in which the genesis of the complex capsular structure 'as described in
great detail, W.~ where the production phases of chemically definable
substances on a cellular surface were identified by their characteristic
topography. Since mdifi cations in the composition of nutrient made it
possible to equip several strains of B. megaterium with capoules con-
sisting solely of specific polysaccharides without polypeptide (134),
Wilkinson admitted his erroneous interpretation (personal comncation).
Forty-five strains of B. megaterium were used to demnstrate variations
in the complex capsular strutturs within this species (125). A special
tech~nique allowed demonstration of the peculiar capsular structure of
Bacillus )( under the electron microscope, solely with the aid of anti-
bodies discussed above (127).

Usually no changs can !as expected under the phase contrast
microscope, when honologous cell 'all antibodies are added to an intact
bacterial suspension. At sost, certain grampositive bacilli may seem
to gain in sise after much treatment.

The behavior of some grampositive bacteria is quite different when
their cell wall is partially depolynrizsd with enzymes and separated from
the cytoplasm by Jlooseoning of the rigid structure. At this stage the cell
wall is barely visible under the phase contrast microscope. However, as
soon as homologous cell wall antibodies are added, it becomes distinctly
visible (99). Tomcsiic called this new specific reaction "specific cell
wall reaction." This reaction is seen even more readily when bacteria



are shaken with tiny glass beads in Nickle 's electromagnetic vibrator,
causing the removal of cytoplasm through barely visible fissures in the
cell wall (121). The wall of the evacuated bacterial cell is on the
margin of microscopic visiblJity. It is shown distinctly by addition
of homologous, t~po-spocifie polysacoharide antibodies (106, 111, 15,
131, 134). Ultrasound cannot replace the Nickle vibrator satisfactorily
for this purpose (136).

Attempts were made to substitute ensymatic prateolysis for
mechanical removal of cytoplasm. Contrary to the general findings in the
pertinent literature, trypsin digested all intact strains of B. megaterium
quite distinctly., whereas anthracis strains were attacked moderately.
None of the cereus strains were affected by this ferment (123). Extensive
experime~nts revealed that the removal of a very thin lipoid layer from
the cell's surface is necessary for rapid and thoroiigh digestion of cyto-
plasm. by trypuin, even in the case of B. negaterium, (135). Crystalline
trypsin acts only in the presence of the customar7 preservative, chloro-
form, or in conjunction with a number of other organic solvents. The
latter =Wy be replaced by the enzyme lipase., which is an impurity of
camonrcial trypsin preparations (135). The apecificity and effectiveness
of another ferment, lymosyme, were studied quantitatively with numerous
strains of the "bacillus" group (124).

A combination of methods for the isolation of the cell wall wans
employed in taxonomlical work with numerous strains of the species cereus,
anthracis and me@Lterium; cross tests were based an the criterion of the
new specific cell well reaction. Generally speaking, the sawe classifi-
cation was estabisuhed as had been secured with the agglutination reaction
of intact bacilli (31U, 134). According to findlings by Tomosik and his
associates, B. megaterius and B. cereus have the greatest number of types
(even on the basis of cell uil! polysaccharides) of all known bacteria.
In contrast to biochemically related strains of B. cereus, non-capsular
strains of B. anthracis are not agglutinised by their homologous immne
sera (38), although they do give a distinct specific cell vall reaction
with anthracis polysaccharide antiserum. (112, 131). Different
serological types of B. anthracis were not demonstrable, either with the
specific cell wall reaction or with serological analysis of anthracis
cell wall polysaceharldes from various anthracis utraina (131, 132).

Chemical (principally chromatographic) studies charactert med the
following purified specific rubstances in the cource of investigations
discussed here:

a. B. megaterium: polypeptide, capsular and cell well poly-
saccharide, cell well nacoprotein (103, 118);

b. B. antbracis, B. cereus: cell well polysaccharide (132).

12



A sumution of iminmoytologicsl. papers discussed here lade to the
conclusion that a qvtm Ing developed whilob, with the aid of irmn.-
absoceal]4 defined antibodies, permitted Investiation, of the topographical
distribution of individual antigens an the iitng surflac. of intact or

eusmtiall/mohsicalypre-treated bacterial cells (LID). Beprts on
this field wore compiled lot

a. %he stractvur of bacterial limiting surfaces (1171;

b., Intibodie as indicators for bacterial surface structures (122);

a. Fine structure of bacterial limiting surfaces (2)

6. Bacterial protoplasts (6 papers).

-*Fleming discoered lyesymeu, a ferment which can digest es
grapoitive bacteria in their entirety.

It was soo= discovered that lysosyme is a polysacobaridase. The
action of lymosyme on the structure, of the bacteria cell was described
by Tomosik and Onez-Holser (99). When egg albumin at 1:200 or crystalline
lysosyu at 1.-10,000 is added to a live suspension of Bacillus N (or,. in
appropriate concentrations,, to any strain of B. megteriuu), the phase
contrast microscope reveals, even at room temperature, a chronological
sequence of changes that permits a profound insight into the fine
stracture of bacterial cells. Uhse changes includes

a., Dilatation of the cell =Ul, which is rigid prior to tresatet
and become progressively more depolymerised in the course of lysosymic

* action. The dilated cell wall is invisible at a certain stage of do-
polymeriuation; it my be demonstrated under the phase contrast microscope
by addition of hosolopus, type-specific antibodies.

b. In parallel progress with cell wall dilatation,, the cytoplasm,
separates fron the cell wall,, first at the poles, then laterally;
ultimately it a&ms an absolutely uniform spherical forst.

a. Spherical units of cytoplasm are liberated as uniform, wound
elements after complete dissolution of the cell wall.

d. Lberated cytoplasmic spheres appear black under the phase
contrast microscope; their luminosity is soon restored in physiological
saline, with the exeption of a peripheral layer that corresponds to the
long-suspected cytoplasmic membrane of bacteria. This membranous layer
also disintegrates after a few hours in physiological saline.
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e. Spherical transformation of cytoplasm does not oocr if bacteria
are heated prior to subjection to lyseqm. Bacilli treated with beat
are changed to thin, coagulated cytoplaude rods without cell wall in the
preseace of !ysoz.-w.

These observations (99) are highly important with respect to our
knowledge of the fine structure of the bacterial cell. %'1ey indicate that
lysosyme acts electively on the cell uall, that the dilated cell wall may
be vismlized microscopically with type-specific polyeaceharide antibodies
up to a certain stage of lybosysic depolyserisation, and that the cyto-
plasmic mass., surrounded by an elastic cytoplasmic membrane, asmumes a
spherical shape whin freed of the rigid col wall, &ae to its extraordi-
narily high surface tension and minute volume. The second part of this
observation (spherical transformtion of cytoplasm due to the activity of
lysosyme) was confirmed a year later by Weibull in an important and
universally known paper. He called the spherical elements protoplasts,
a term already in use by botanists during the last centur7 as a designa-
tion of components without cell valls present in plant cells (gymnoplasts).
Weibul made the novel observation that lysosymic protoplasts of
B. meagaterium my be preserved in isotonic saccharose solution.

The two papers discussed here gave rapid impetus to intensive
research in protoplasts. Participating biochests demonstrated that
lysosymic protoplasts synthesise protein and enzyms, and even show signs
of growth and rudimentary cell division. A rapidly growing number of
papers soon revealed confusion of concepts. Are lywaymic protoplasts
identical with the spherical microorganisms that are formed in the presence
of penicillin? (Paper 112 showed that "string-of-pearls" forms of anthrax
baeilli produced with penicillin possess & heavy cell vall layer and that
these forms have nothing in comon with protoplasts.) What are the
differences between protoplsats and L-forme of mioroorganism? Twelve
investigators collaborated in clarifying the concept of aprotoplastsm in
the journal "Naturew (126).

Tanceik and hex-4oler (113) noted that lysosymic protoplasts possess
an antigenic activity quite different from that of isolated and purified
cell walls. Antibodies produced with these cell fractions showed no trace
of aross reaction with two different cell fractions. The paper caused a
few laboratories to review the production of bacterial vaccines in this
sense.

Various serological reactions of protoplasts isolated from numerous
types of D. megatuim wore thoromitly developed and reported in paper

Fomtion of protoplasts may be used in determining the active
mechanim of genuine disinfectants (116). Bacillus X was brought into
contact with different concentrations of tested disinfectant for 30
minutes at room temperature. The disinfectant was subsequently removed
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by three-folid wabhing, and the lysoqm experiment ws carried out - In
these tests, Ringer solution use ued with great Maseess In place Of
isotoic saccharose solution for preservation of protoplasts. Under
genuine disinfectants we included carbol, the quaternary ammdim bases
ad several other substances that neutralised. spherical transformation

at concetrations which inhibited culture. Another group included the
mercury salts which showed excellent inhibition of culture at high
dilutions, but did not nsutraliz spherical transforation eve at lowpropagation-inhibiting effect is reversible,, they are not genuine dis-infectants. Diporinents published in paper (116) my be interpreted In
the sens that neutraliuation of spherical transformtion of bacilli
sensitive to lysozym is suitable as a criterion to establish wther a
chmcal subetance is a genuine disinfectant. The effect of a genuine
disinfectant consists of irreversible denaturation of cytoplasm, pre-
venting spherical transformation due to surface tension after ensmtic
removal of the bacterial cell wall. Either the cytoplas is coaplated.
irreversibly,, or the elasticity of the cytoplasmic membrane is lost
during denaturation.

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

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 prosienco of genetc factors,
sporalation Is indced by enviroinntal conditions.* Recent observations
have clzrified the role of trace elements and other inorganic and
organic substances,, but Buchner's (1M9) old concept remins valid,
according to which the physiological cause o.f sporulation is found
principally in the critical shortage of nouriohm= * While Foster and
his school (USA) challenged this old view energetically, it was reintro-
duced ty Orolet in several biochenically oriented papers with modern
formulation and precision. Paper (128) arilyzes the individual factors
involved in the question why Gladatone-Fieldosamdium, so rich in Aamin
acids, p~so vegetative growth of bacteria, but is wholly unsuited
for sporulatica. Ws identified the constituents which inhibit or
prote spom'lation In this hi"l omplex medium. Gr'elet 's data wer.
supplemented (137).

These tw papers (20, 137) resulted In a mowV observation,
according to which the sporangiu ohmse pronounced swelling at a certain
stae of sporulat~ma after addition of homologous, vegetative poly -
saccharide issue serum, It wae established that this swelling is not
due, to an ntg-tioyreaction, but Is caused by mg o of
sporultion (12., 337, VA4.). This reaction was used in establishing
the sporulation phase In which the meet eoporangiolytioN ferments are
prodaced. %so ferments depolyrlue the 1.31 of the mother cell in
the course of the antigon-antibodr reaction odth such speed that the



wall is loosened anv, since it is vius1ised microscopically by the
reaction with antibodiesp stulates a "mwllvg reacion." Tids retion
was designated "specific sporangLum resetiong and led to the study of
"sporangiolytic" ferments (144). In the cytologLcal study of these
ferments, a distinction was made between "paritolysis' and wcytoplas-
molis. The primary effect is parietolysis (14). When concentrated
sporulation fermnt is added to non-sporulating chains of the sam.
bacterium, the chain is soon divided into individual bacilli due to
enzymatic cleavage of transverse walls. The lateral cell wall is
attackic later, although addition of cell wall antibodies (but not poly-
peptide antibodies) protects the ce. wall for a few hours against the
detruoave effect of ensgms. Following destruction of the cell wall,
the cytoplasm, apparently unimpaired, ies into solution. Certain sera
(but not polyeaccharide and polypeptide antibodies) are able to protect
the cytoplasm o" sporangia for long periods against sporangiolytic
ferments. In this cas the cytoplasm of individual cells assume a
spherical shape after accomplished parietolysis. The@ spherical masses
of protoplasm shov a certain similarity to protoplasts, but are
fundamtally diffirent, since:

a. they can be preserved oWl7 in certain sera, but not in saccharos.
or in Ringer solution;

b. opherical alements of protoplasm have a tendency to confluence
in moeist preparations, forming giant spheres about 20 micron. in diameter.

Numerous strains of megt*rIum, cereus and anthanis wer xemned
for spore antigns in papers (1.37) and (138). Preparation of par spore
sere ws based on following conaideratious:

a. Vegetative cells of 3. -egaterim are completely dissolved by
1yuoTm., daerms spores of this bactwit poess a high resistance to
lysoaye. Spores of B. mesateriam therefore be freed aoplotely
from veetatve Cellu residues by treatment with lyote.

b. Although vegetative cells of B. coe and B. anthracis are
resistant to l, yms, vegetative, cellulr remnants may be renoved from
their surface with the aid of sporangiolytie enqas.

We succeeded in producing such spore ers which Save no traces of
serological reaction with voetative cells, even without differential!
abeorption. Saab spore sets served in specifie agglutination of spores
at bjg.tj tr'1. PartiUlarly distit titers ere achieved by m of
centrift Uga introftced to spore agglutination. Wi te, qns
permitted detailed seological typing at spores in the speies mpterim,,
ceeu and anthrasts. In oatrast to the hig mber of vegtative cell
wll typeop opores of matorim and cee" sbowmd but a few serologeal
tpes aich, h*wv, alws deviate from tbose of the ve*tti"e sell
wall. he pores of various anthris strains wme identi al. kver,
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their Vpocific polyuaecheride me quite differn from the cell all,
polysacharido of the vsegtve form of 5. aathrads.

A surprising observation ma o mw du4g phase contrast microaeop
of the effect ated by spore antibodies am spores. Tbmw am that
saglutAMized a certain spore produced an ufexIpected capsule-lie lawe
on the spore's outer mUa, The moat prominent ezperts in American
electron microscopy, ubo have been etudying the ultrastcture of
bacterial endospores for yeam# describe a ao&alod 0e =spnriuP on the
surface of the cereu -spore, but were unable to discern a similar
structure on the surface of B. mpterisa. A wmah simplar aiation
under the phase oontrast microscope revealed ezasporium on V. magaterium
in utmost clarity in for of a capsule-libe layer after treatment with
spore lmne &sum (138). Tamomik called this reaction Nspecific e-
sporius reaction." Contrary to current opimion, this reaction proved
catelprically that easporium is not a rewant of the vegetative cell,
but that Its substance is quthesised at the time of sporultion.

Treatment with the Ifickle vibrator leawds to lesions In the *por*
UaLl and to evacuation of Internal oel co pnaents. Nben spore ime
serum is added to a 'spore wall prepamation" prepared in this manner,
the result is a 'specific spore wUl reactionO (138).

Sine treatment of purified spores with ultrason separates the
exoporium in about oe hour without Injuring the spore wall (136). the
bacterial emowporius and the spore all are accessible to chemical ad
serological studies.

8. Bxthrocyteez Jb aundationa of anUI 4tton. Isolation,
nature and topog"rpby of membrane antigens. Senlogical diapsis of
momueo18 infectiosa (16 papers).

l serological and diagnostic laboratories of the world employ
ovine and, occasionally, bovine erythrocytes in hmgglutination or
hemolyss in cometion with certain serolagicel roactions, altbomih it
ma not clear prior to 1915 dich antigeai substances on the liUmting
surface of those erythroqte, pa rcipate in the varlos reactions.
Conclusiaes me" dreom iNWrectly, accor di to uich both the wbotoro-
gentic' antibodies present in the srm of bmatby persons or prodeed
in erm disease or in infectious samomcleoeie, and isagmetio
antibodes react ,ith different antiges oan the rflace of erythrocytee.
fte proposed aatgms wmr desigated F9 3, X or I. amb molsions
were basedem an ss absorption reactions mally fatlir rely to
spealists. U k's mOrk IS aim9d at theiseA tIom of POPM
F, 8, X &aW I atigeas, end at the definition at Utdr rtatre ead
inoorporatio in the .ryt'octeT mbesme.
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In ans paper (68) Timnik discuseed polysodbride. as beterogenetic
antigens and criticised a study by isearn end Thos Ao claimed tint
Foresmn antigen fron, horse kidney has a chmiicul form different from
that derived from horse bourt. £lthoub the Iorse heart ise a vety poor
source of Forsrn antigen, the substance was Is*lated in a fei't (70)
that exceeded the material procured by Men&= and Somas from bovine
heart several tim In degree of activity. bth substance me serologS.-
cally and chemcally identical with Purest and mt active Forsman
antigen previously isolated bay kmuus from hows ktmay. Veremma
antigen with nearly similar properties wse extracted with cold etbesi
from sheag erytrcyte stromsta, when serologSical1y Inactive sabetanes
were first remved from the streenta, by exraction with acetone, (71).
?he same pepe proposed methods suitable for large-scale production of
erythroytic stramta. A sensitive mthod for the evalmtiom of sefologic
activit of streta and their fractions was developed (71).

kiratiamand separation, of S and N fractions succeeded after meny
fruitless efforts described in paper (75). Stroests of bovine erythro-
cyto. withmout 7 autigsm are the best souce of 3 ad I antigemn (78, 79).
The sme, xUction prooesrwe destroyed a considerale, portion of N antigen
in the ftrmmt& Of ovine 017trot." (7) So chadma mtvar of To S
anM N antigens me discuseed In raper (O).Exracted and purified N
autigen of bovine erythrocytoes absorbed 2 units of humaggltoinn of mono-
muaeoeis soma electively up to a dilution of 1:1,000,000, whereas it
rmaied inactive during absorpiou with othwr bemgguin~idno.

Separation of I (isopilic) antigen from other atipges of ovine
erythrocytic stramata failed. We establishd that this antigen io

aumey trn~M~eandthatitsserlsgesiactivity Is Cmpletely
,~etrliedwith tqypoin and pepsin (74). ?Id bdmier of I astigem Is
tuamentally different from that of F, 8 snd N antigen which are stll

thersostable at 1000C ant resist the proteolytic efftet of trypal.. and
Pepsin (74).

The sam paper (74) paintsaot that the aalzia of sheep,
nqtbrocytes profteed wae the Influece of I semv w7y be differentia-
ted maphoe~ellsv fus these obtaimed with mememeoos te.
ZL4gltimate are ospaat; thy omAss *f flat, dem4 almet

aggltintesform largeo loseee aepptee, tehes a spherim a o and are
In qWl6 0stact enLy i. eme, setier at the ePha Ie"I sua*e. Tessik
*meiders hu-mgutitiee aM, bwlyese Idenical In mttes, causeid iy
the game siube*. Be "neib"es 4 "Uiit of Sh ys selaiw
ties titer,' web h,~ in aeeu"o lith im~aiimssa
to the Wulable topeuep~ of iawba antigpo a the cell Mies,
(71). If the autigsm is loa*mas * amtoe Ser fatee of the
U7throytic awbvn bouNMI)sUtiAtimm is favored (inmeeoeis autismn
of sheep orythbrouyteel. If the &aS=ie lis* deep within the sesip ASim1eble

mme of the sncell, anlutstc is impeded eteroalI, shil



bowlys" est be Fmtsdd sime the eosqlmt remote idth an antibody-
timf ONIMz sad the deeply - -- . -.- A~ted f is M9 jM*t6 M

~m t of the w.qumueoyt a o (74 4 WI 145. 146. h
.m ienuable - of orythrecytee soomdiss prism-r of a species-
specific, hela~la protuin (I satio) afch to sepaUsI fra the
~ase(streata) inly by maful extration it NIAN 1 . OuefvI1

.ztraoted I amtigm retain its serologicul activity,0 &t~ It icreates
FA 3 nd N antipme Ada coet be separated witbout dmnturstin of the
laKI* pretein. Tam .zprantal rewelt 1usd to the conmali that
the sonpweble~ aubra of erythocytes is a thsmilabile psmtaa with

supprtin prap NP 06000 SU g Of baMpteM-li substaes "ee vitin the
structure as veil as an the swrfrce (hAL MA6).

Differ.... In the intphoieala aspet of a1AUS &C*ordin to
the topography of swrface anti.. Indicate that Coca's concept of the
definition of V=4 a.W aut intion and- pseougInMtlonmi altheuv
widey &mAceed In the literature, Is increct.

Ine firet stags in ?mwslk's resmra in erythweytes we cloed
ith the f*ovftd~ 5 paperes Clinical dinponis of incles i ue-

* ties& (94), Adpmi stauctw*r of cvblan d bowlne el7throcyt~s (95, 6),
BILuofim..e of the em ami-lipoid qtinAt In the detewinatice of
norpholog~eil types of (ultm a 6, 69).-

Mw papers Aisesed above wns wt aiWs interpreted correctly in
the litee. Gnbsy to the entire vwl litezore, Mst~bl
rawmis dIforom In tAo absorptive psri of the guLma pig kiLuy and
ba oswloe an*4be~s or other hutiniaadu. LUppelt ad
Espleli stll quetion the dtintivmes of scalled F and 3 antigens.
Veh Ia apparently did wt u~wwanI the esewns, of T~mk'a work
*wu he reported that he inactivated X antigen wth the prtoolytic

ftpepsin, tat me unable to &aq4Jlis the moem In the case of I
antigen defined In paper (74). It is OhuIMs that Caeftl pMoteolytitc
trestsiot of the ezythreqtic ourtftc fails to reb the am deepll
poitimo I astligen of the eiytlwcytic nodace. Tm detailed reports
IW the Aicsaxf ieu~r -is ak9 X M Nhrbmitz are met pecahiar.
Alterna thw omfima Liasos~ and separation of FP, 8 and 9 aftie
fran erythrocyt~a mkbansa by the vothod of Towdik and Sebnmae,
thq cite -aw ot the aboreoitamod psrs ith *remis swoe aWl

n~looadi data. ?Mey a&I" cla to bAVe Nmw eileeo l %itb
Teek an&M a sia dete the fact that their first PUer me

p"Lhhiaed four loan after the Awslom rolease of popmers (700 79 ssid so).
The mot distatfag factor oomoermed ooqloto Inactivtion of 9 substance
with trypsiA aWl pepein on the part at 1a a m N~rkoits, cunm7 to
fnadins Is pope" (74).
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In view of tib. ciraAmptanoes described abowp ?maik and his am
associates ---msd aONpinual MA In tMSXso after as 10tral of
10 Yom . Pawe (140) Owe fault -m mI I Of the Offe"ct f tPOL2
and pepalm.an m and N Antiges as described is pinr (74). hwr ,
it was st~rated i4th W ll ctivep crystalln 14j co pe -p -ratim
that trypeAn does nt inactivate X N t asaetber In tUw 1 1 s
bovine and oldne .aythrocy7tes 4w in parified X frctI. Papsda
in-actiVats I antion in erytkrocytic am s of ,bw but nt in
those of cattle. big constitutes the first reper of a ~awbtw
deriyed -frog taw d.fferet cels, thick hats an iAdewiim -ma.a
react±ia bat sona variable resistance to a certain. pmteliyt.
(plant) im g his remit ma io altagai~ter ectedW eiwA
earlier tests bad ibas (78) tbat the same motbod of &beAlR extraction
thich permitted isolation of hi a' active X asgen fmoc bovize strwtaI
destroyed I antigga fron ouim stizeuta.

Pape (141) is the mast t~wlo000 supitm, inpled w recent
ezperimental data, of .1k'. I ideas about " -3 1 1imtio arid
topogpphc distrihation of betezeplailic and iSaPhLI" attigg in

srt~zetc mes. Oberw&an Me& in this -pope led to the
of~i a1 laes, semogo~m12j iuactiw e~ jaosprtein layer an

the eamme outer sarftm~ of eI7thazecytesv thickcaers bqpten msash.
equased to vauiab1.e@4 .eseither PitAUllj (oiview MAMt~scte) or
woqiletoly (bovine 0 ertzo e)p and wW partially IsuIdbit glt -
tims stericall or j ~ this psem sAlate&g, d an its
-ew. After caraetl wptc zrwm of tie ]AS" PRING&MA laVW,,

Ik7im U7tkZwtes awe metly gaited for b,-goUt4L. hued an
WbSe coeadt. a am resction me deumelapd fOw Owe diagsis of

ininlmes iWectoua (1h1 143, 14.6), *Leh is mlesysile
tb.. a400i tests OTMUmt in M.

' rimata wa* sa in ptepas is *aio at aditimia clarifl ction
of the skaucto of the erthoqtic saeo.
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