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As the subject of uy rémarks this evening 4 have borrowed the title
of a book called Man and licrobes, written by DUr. Stanhope bBayne-Jones
and publiished in 1938 by Wiliiams and ¥Wilkins as ore in a series in
connection with the celebration of the Century of Progress Exposition,.
This book admirably describes the thrilling story of our knowledge of
microbiology and the ways in whica this inowledge has influegced the life.
of man and changed the courses of civilization,

“icrobes are everywhere about us; in the air, in the soil and in the
waters that course through ana surround the earth, theve dwell myriads of
microorganisms of diverse kinus invisible to the»unaided eye of man,
Happily, the vast majority of them are beneficent in their action, indeed
indispensible to the life of higher plants, aniwmals anu man, For example,
microorganisms fulfill usefui ana i.iportant functions in agriculture and
in maintaning the fertility of the soil. Worrking together in cooperation,
each accoruing to its kind sne abilities they perform chemical tasks
essentisl in the econecmy of nature; decomposing glont wolecules of protein,
fermenting‘complex carbohydrates anc splitting fats into siapler forms

hey salvage from dead organic mutter wnd return into eirculation tnose
elemental substences upon which depend the continuity and renewal of 1life.
Indeed, as Bayne-Jones has pointcd out, microorgunisms are the original
chemical pioneers of the world., Far frow being the simplest and most
primitive form of life, they wer. orliginally thought to be, they arc now
known to possess structural complexity anu biochemical organizution
significant of the operation of coxmon principles everywhere in animate
nature amnd indicative of tne chesical unity of iife from microbes to man
hizself,

With increasinghkinowledge of tnhe biochemicel sctivities of micro-

organisuis, man now uses them as specific agents for the carrying out of
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important agricultural and industrial processeg in the accowplishment
of which they exceed the competence and technical skill of the most expert
biochemist. The harnessing of microbes in the service of incustry was
forecast by Pasteur when he said, WA cday will come, 1 an convianced, when
microorganisms will be utilized in industrial processes on account of‘
their ability to attack organic mutter®. That prophesy has long since
been fulfilled. Today microorganisms are used as biochemical tools in
solving intricate problems in human physiology and in comparative bilo- _
chemistry. They are employed &s sclective ageants in the bhioassay of
vitanins and amino acids. The isolation from soil bacilli of an enzyme
capable of attacking creatinine has provided biologiczl methods for the
study of protein metabolism. And nuch of the hnowledge of the intermediate
metabolism of carbohydrate and iis significance in the understanding of
muscle physiology received its initial impetus from the recognition of
the nature of slcoholiic ferment:ztion by yeast. If time permitted, one
might go on citing instance after instance of the ranifold ways in which
microorganisns have contributed to numan welfare and rewarded man in his
gsearch for truth,.
Although 1t is evident that microbes zve the loyol zllies of nmen, it
is also true th:t certain othér varieties are his ruthless foes. Just as
in the universe in which we live, not all huuen veings arc men of good will,
so in the microblal world there exists & willfull minority of microorganisms
that are harmful and destructive. Some of thesc are antisociul and antagonistic
to the growth and life of their fellow microbes, while othors are the
ceusitive sgents of highly infectious diseases of wan. :
The phenomenon of becterial sntagonism is rnot new. It has long been
knowvn that when two different species of wicroorganisms are grown together,
one of them may elaboru.te anc secrete into the wmedium of their environment

a substance which is antagonistic and often fatal to the life of the other
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‘species. In 1877 Pasteur observed in the coursc of his studles on anthrax
that "When a culiure of the antnrax bucillus is seezded at the saae tiae
with a common air microorganisa, the unthrax bacilli grow oanly poorly
and sconer or later die. It 1s 2 reaarkable thing, said he, taat Cthe same
phenomenon is secn in the body even of those &nimals .ost susceptible to
anthrax, leading to the astonishing result thal aanthrax bacilli can be
introduced in profuslon into an animel whiich does yet nob develop the
disease™.., He further stated, "These results perhaps Jjustify the
nighest hopes for therapeutics." But it is only in recent years vwiith further
advances in knowledge of the biochemical activities of wilcroorganisas
that this principle has been practically applied in the tiherupy of humén
infections. Irom soill bacillus Lubos icoloted the antimicrobisi substances,
CGramicidin and Thayrothridin; from & cosuson bread nold Fleaing ciscovered

Penicillin; from cnother species waksman derived Eirceplomycille 1hese are

H

amnong the zost beneficlent gifts of microbiclogical scicnce to the welfare
of aankind.

Jdow let us tura to the greup of microorganicus known &5 the pathogenic
bacteria. Azmong these 1 have chesen to speak of the pneunoccocci, ot
becaucse I regard them cs the most importunt or thnt our inowledge of them
is morc couplete, but rather beccause they happen (o be the group with
which 1 am most familar and the study of which has revesled cortzin facts
which serve to illustrate the intcrdepencence of mecicine end the other
cciences of nature.

You are &ll feaalliar with the fact thut the lorge majority of all
cases of bactcrizl pneumcnic are coused by the preuvmococcus, Although
all oneuamococcl grow alike in artificial aedisz, aru closely rezemble each
other under the microscope they have, nevertheless, been classified into

& number of sharply cefined and specific types. These type differences ere

not detectable by the ordinary iiethods of bacteriology, but require for
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their demonstration the aore subtle methods of serology and iamunology.

The blological classification, based on these methods, was worked out

3

and clinically applled before thnerc

-ty

vas any xnowledge of the chemical
nature of the substance upon which typs specificity is now lknown to depend,
The recogunition of the existence of pacumccoccal types mude it possible

to determine the relative frequency of thieir occuirence in pneumonia and

to recognizc differences in the scverity and wuortality of the infections
they produce. A stuay of the distribition of the various types in health
anc disease.has given a new lunterpretation of the enidemiology of pneumdnia;
provided bilologieal methods for ir;cing tiae origin sad spread of infection}
the mode of dissemination of the discuse grodqcing Lvpes in the south
secretions o convalescent anc normal individusls, @nce the detection

of the carrier state in poationts and heclthy persons. ihe i:ovledge of

the clascification and the principles involved reveszled the importsnce of
type-specific antibodies in ithe wmechanisu of rewovery {rom pneunonia and
lcad to the develeopument and clinicel use of anii-pncumccoccal serum, the
oaly effective and specific form of treatwent prior to the suvent of the
sulfcnanides cnd entitiotice.

In the course of those ctudies, the yuesticn naturslly crese, why

(¢

should pneumecoccl, which arc ctherwise so similav, exbibit such diverse
ana sharp cifferences in their serclogical reactivas? What 1s the chemical
basis of their biological specificity, and what counstitucnt or structure
of the bacterial cell is recponsible for thesc aifferences in behavior?
The answer to these guestions lics in the following facts:

Dering grewth in an cptimal wmeciwn and especially when growing in the
blood and tissues of a gusceptible host, Jnieumnceoccl elarorate a viscus,
gun-like material which surrounds the cell body, foruing & structure kKnown
as the cell capsule. This capsular substance diffusges into medium of thelr

environnent and in soluble form retains the type specificaity of the organisms
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from which it is derived. This soluble specific substance is found, not
only in the cell-free, cultured filtrates, but also in the blood and

urine of patients during the course of pneumococcal pneumonia. The capsular
substance has been isolated from various types of upneumococcus and in

all instances has proved to be a complex carbohydrate, a polysaccharide,
But interestingly enough, the capsular polysaccharide from each specifie
type is chemlcally different, possessing unique properties that serve

to distingulsh it from that of ell othier types. Indeed, the capsular
polysaccharides are as chemically distinct as they arvre serologically
specific for each type. Thus, type specificity is determined by the chemical
indivicuality of the particular polysaccharide present in the cell capsule,
This fact is 211 the more striking since nhitherto only proteins were
thought to participate in immunity reactions.

Whi;é there 1s no proodf that the capsular polysaccharides are primarily
toxic, there is evidence that they can interfere with tne natural processes
of recovery from pneumococcal pneumonia. Because of the avidity with which
they combine with antibodies in the patient's blood they tend to neutralize
these protective agents before they can reach tne focus of infection.
Moreover, the capsular polysaccharides are kxnown to inhibit phagocytosis,
an lmportant protective mechanism of the body wheruby the white blood
cells seek to remove and destroy the invauing bacteris.

Like other bacteria, pneuwococci, growing in an unfavorable environment,
can undergo variations, resulting in changes in cellular structure and
function. Under these conditions, fully encapsulated and virulent cells
give rise to variants which have lost the capacity to form capsules, and
with the loss of capsules the cells also lose tneir type specificity and
virulence., The variants are referred to as the rough or R forms, indicating

merely that the surface of the colonies they groduce on solid media are

rough in contrast to the smooth colonies of the encansulated cells which
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are called smooth or S forms. The changé from encapsulated S foraus to
non-~encapsulated R variants is often reversible. In many iastances

these variants cun be caused to regain their cavsules by animal passage

or by serial transfers in & medium containing anti - R serum. Vhen
reversion occurs, the varlant R cells always revert back to ihe szme
specific type as that of the znecupsulated parent culture from which

they originally arose. This reversible change within a single tyone 15.

guite different from that which invclves the actual transformation of

one specific type into znother and wholly different specific type., The
phenomenon of transformation of pneumococcal tynes has naver bheen observed
to occur spontaneously but can be experimentally produced at will in
predctermant ways depending upon the type speciflicity of the substance

used to induce the reaction. The phenomenon was first 6iscovered by
Griffith in 1928. A single example will illustr«tes the method ho

originally used and serve to indicate the variety of transformations
possible among the kxnown types. For instance, Griffith observed that

when & small number of living, unencepsulated R variante derived from

Type 1I are added to a suSpensign’of heat killed, encapsulited Type 11X
cells and this mixture is injccted ints wice, many of the aniuals so

treated died. From the blood of the mice that succumbed he recovered

living, encapsulated Type 111 pnesumococei in sure culture. This surprising
result is all the more startling since the Type 11I organisms originally
injected were dead cells znd the living R culture used was wholly incapsble,
by itself, of causing fatal inféction. These cxperisents were aueguately
controlled und the results have since been confirwed by other investigators,
These experiments were oringinzlly done in mice, and 211 attzmpts %o

induce the reection without the intervention of the anim2l were uasuccessful.

Subseguently, Dawson ana Sia succeeded in indueing transformation in vitro.

This they accomplished by growing the veriant (R) strain in e fluid medium
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containing entl - R serum anc kllled encapsulanted (8) cells. Jhus they
showed that transformation cen te inducec in the test tube as well as

in the animal bedy. Later, Alloway prepored active cxtracts of encapsulated
pnevinococcd from which 2ll formad eleczents and cellular fragments had

been removed by Rerkefeldt filtr;tiqn. fietive extructs conteining the
transforming agent in soluile form are &s effective as are the intact

cells from which they were prepared.

Pneumococcal extracts are crude mixtures of coaplex substsnces com-
prising th2 proteins, polysaccharides, lipids ainc¢ other compounds of
which the bacterial cell is composed. 1 will aot burden you witn details
of the technical procedures and chemiczl aethods used in attempts to
isolate the substence upon which the biclogicul activity of the extracts
is now imown to depend. 1t will suffice werely to meation that by chemical
fractionetion, by the use of specific onzynes and serologicul reactiorn,
it was possible fto eliminate inzrt and irrelevaat amsterial and {fianally
to isolate, in highly purified fora, 2 substance QJossessing tioe specific
transforminz activity of the original extracts.

The data obhtained by chemicel enelysic of the sctive substance,
together with determinations of its phyzical properties Oy eiecirophoresis,
ultracentrifugation snd ultraviolet cspectroscopy iundicate that 1t
contains no demonstrzdle protein, iipid or serclogically reactive
polysaccharide, and that it cousists chiefly, if not exXclusively, of a
nucleic acid of the desoxyribose type, Guantative titrations of the
blological activity of the substance isolated Ironm Iype 111 cells have
shown that &n wsxount &s small ss 0,008 sicrograu, representing & final
dilution in the reacting systeu of i part in 600 nmiilion, is capable of
inducing specific transformation of K celle into iype I1I pneumococci,

Further studies have revealed certain facts which contribute to the

understanding of the mechanism of the transformation reaction. ior example,
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it 1s known that not all non-encapsulated R cells are responsive to the
stimulus of the transforming supstance; somé fail to respond while others
react to minimal amounts. lhese differences in the physiological responsei

of R variants are réflectgd in corresponding difference in certain :
characteristics of the colonies they produce, This fact mukes i: possible??
to isolate "compdtdnt" or R strains in pure culture. However, even these !
culturas can undergo spontanecus dissocistion, pgiving rise to other bariaﬁﬁg

which are wholly incompetent and incapable of reacting with the transfqrm;é
substance. | ’ p““%

Furtheramore, 1t waz eurly discovered thst the addition of blood serum
or serous fuids to the nutrient nédium used in the test is essential, since
in ils absence transformation dozs not occur, it is evident then, that
serun provides certain accessory factors that play an imvortant part in thé
interaction of competent R cells and the ~ctive transforming principle. |
Iwo copoaents of serum have been identified, neither of which is ective
by itsell, but together they function as well as does the whole serum.

One of these serum components is the R antibody »rotein that agglutinates
the growing f organisms, forming large agzregates of agglutinated cells
%hich fall to the bottom of the culture tuhe where they create, presumably
due to theilr reducing action, environmental conditions necessary for transf
formation, The othur coaponent is the serum albumin which, in its native |
state or in crystalline form, appears to prepare the cells for the ready -
uptake of the transforuing subestance.

On the basis of the experimental evidence, 1t appears thst both the
physiological state of the R cells ahd the environmental factors I have
Just cited determine the biochemiczl events leading to the interaction
between the living bépteria and the transforming substance. Once this has
taken place the ultimate outcome suggests that the active principle

intervenes in the metabolism of the R cells, giving rise to a series of
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coordinated enzymatic reactions which culminate in the synthesis of &
new capsular structure.

Whatever the mechanism may be, the experimental findings clearly
demonstrate that the induced alterations in cellular structure and function
are not random changes, but are predictzable always corresponding in type
specificity to that of the encapsulated cells from which the transiormins
substance was 1solated. Once transformation has occurred, the newly-acquired
characteristics are thereafter transmitted in series through 1nnumerab»laM
transfers in artificial media without any further addition of the trans~g§
forming agent, And from the transformed cells themselves, a substance
of identical activity can &gain be recovered in amounts far in excess i
of that initially used to induce the transformation. These induced change#
are not temporary modifications but permanent alterations that persist, |
provided the cultural conditions are favorable for the continuence of
capsular development. 1t is evident that the induecing substance, which
evokes the synthesis and determines the specificity of the capsular
polysaccharide, is itself reduplicsted in the daughter cells. it is also .
significant that the substance inducing the reaction and in turn the
substance produced in response to it are chemically distinct, each belonging
to a wholly different class of chemical compounds.

The accumulated evidence justifies the'conclusion that the
fundamental chemical unit of the transforming substance is a nucleic
acid of the desoxyribose type. In view of this, nucleic acids of this
type must now be regarded, not merely as structurally important, but as
functional active substances determining the biochemical activities and
blologically specific characteristics of the cells of which they form a part,

in closing, 1 take pleasure in acknowledging, on this occasion, my

gratitude and thanks to those colleagues of mine whose expert knowledge

and loyal support has made possible the work in which 1 have been
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priviledged to share. lo them 1 am indebted for an assoclation which has :
meant much to me personally, and has contributed greatly to the research]j
problems I have brielly reviewazd this evening. And may 1 again express
to the Lirectors of the Foundation ay deep sense of &ppreciation of .

being enrolled as 8 recipient of the dlstinguisned Passano Award,
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