




As the subject of tiy rcmari;s this evening 1 have borruwed the title 

of a book called tian azld Microbes, written by k. Gtanhope UayneJones 

and published in 1932 by tiillizms a?d 'iiilkins as o:ie in a series in 

connection with the celebration of the Century of 2rogress Exposition, 

This book akairably describes the thrilling story of’ our lmowledgc of 

microbiology anti the ways An whLch this ~;~owle;ige 1~ influenced the U$@ 

of Wn a.& cha,g&l the courses of civilizaticm. ;i 
Yicrobes are eveqmhere about us; in cite air, in the sol1 anti in the 

waters that coilrse through any surround the earth, QIC~C dwell myriads of 

microorgt>alsms of diverse kintis invisible to the unaicled eye of i3a.n. 

Happiiy, the vast majority of theAm are beneficent in their action, indeed 

indispensible to the life of hig!ler plants, anii~~als ax man. For example, 

microorganisms fulfill usefui ant: i.~ort~ant functions in agriculture and 

in iTlaiXll&lblgthe fertility of the soii. WoriAng togctisor in cooperation, 

each accorciing to its kind SK u’uili ties they perform Chemical tasks 

essenti4, in the econoay of nature; tieco:~~~oslng @zni: ulolecules of >rote&, 

fermenting co:qlex carbohydrates cwu splitting fats into siqAcr forms 

they saivi!ge from iread organic n~~ttcr 2nd return lllto circulation th0Se 

elemental substances upon which-1 tie,, 9er~ti the continuity i;nG renewal of lifer 

Indeed, as Ba;ms-Jones -has poii2tcd out;, !:J.croor~~~sm are the original 

chemical pionet?rs of the world. Z&r Xrol;i being the sim,lpl5st ax 0loSt 

pririiitive for:3 oi‘ life, they WT.. origini&ly though-t to be, they arf; now 

known to possess structurai cxsplexity eni biochoarcal orgmizntion 

significant of the operation of comon pri:lciples everywhert! in aniaate 

nature arti indicative of' the chetiichl unity of life from microbes to man 

Klth increasini;gk;lowle#ge of the biochmicel c.ctivities of micro- 

organi s9s, man 2101 uses them as specific agents for the cnrrying out of 



important agriculturti bnd icdustrial processes in the accoi!iplisIment 

of whit!] they exceed the co:upetence aA te&nical skill of the xst expert 

biochemist. The harnessing of microbes In the service of. industry was 

forecast by Pasteur when he said, l A day xiii cox, 1 cu c,x.vincod, whdn 

microorganisms M.11 be utilized in industrial processes on account of 

their ability to attack organic mutter". That prolohesy has long since 

been fulfilled. Today microorganisms are used as biochemical tools in 

solving intricate problems in huplan physiology r;l~d in c:lmpnrative bio- 

chemistry. They are employed as selective agents in the bioassay of 

vitamins and amino acids. The isolation from soil bacilli of an enzyme 
capable of attacking creatinina has provided biological z&hods for the 

study of protein metabolis:n. A;ld :Izuch of the i:nowiedge of ',he inttirmediate 

metabolisix of carbohydrate ana ii;s significance in tie understanding of 

muscle physiology received its initial il!lijt?tUS from the rcc3gnition of 

the nature of 22coholic fernent:jtion b:; yeast. If tine perxi?;ted, one 

might go on citing ii-lstance after instance of the manifold v:a.ys in which 

;nicroorgaair:3s hzve corltributed to hu;raan vielfare anti rcwnrdeci man in his 

search for truth. 

is also true th::t certain ottier vsrieties are his ruthless foes. Just as 

in the uqivsrse 1x1 which ~je live, rut all huclan beings are men of good will, 

so in the inicrobial worlii there exists a w;llfull rdlnorfty of aicroorganisms 

that are harmful <and destructive. Some of these are antisocial and antagonistic 

to the growth end life of their fellow xicrobes, while othC:rs are the 

csusittve age:!& of highly infectious diseases of ~:an. . 

The phenomenon of bsctsriel antagonism is r,,ot ne\v. It hcs long been 

knovm that when two ciiff'erent sgecles of’ idCroorgGniS~S are gram together; 

one of them may elabor;&te anti stzcrete into the ;:ledium of their environment 

a substance which is a?tzgonistic and often fstal to the life of the other 



species. In 1877 Pasteur observed in the course of his stu.iies on anthrax 

that When a culture of the antnrtFx bacillus is seeded at the sme tiw 

with a cowon air niermrgznisi;i, the cilti?TLU bbcilii Q?o,r; wily soorly 

3nii sooner or later die. 1-L is 2 reA;iarkiable tfiirlg, said he, tliirt ‘218 sane 

introduced ii1 pr3fusiOh intO Z.Ji .%in&.i TtiilCh d0es jr& not CbVClO;, the 

disease”... he further rjtatod, “These results y8rhLys justify the 

highest hopes for therageL:tf.cs,n But it k only in recent yews with further 

advmce3 iu khowledge of the blochs~icz2 activities of :tiicroorganism 

other under the microscope they ham, nevertheless, been classified into ’ 

a number of sharply defined ad s;Jecilic types. These type differences are 

not detectable by the ordinary mt’hods of bacteriology, but rqulre for 



their derim~stration the .-;lorc sabtle tiethods of serology aild iimunology~ 

The biological classific&tio~~, b;ir;ed 011 thasi; methods, was warked out 

and clinically applied before t-;Lero yi'ts any k~~wlcd~e of the chemical 

nature of the substance upon ~~ki?.ch ty;so specificity L:s n0W knoWn $0 dogend. 

The rcco@itiolz of the era-+ +,xnce of ~nC~,~~ococczl types r;lado it 2ossib3.e 

to determine the relaf;ivc frcqucncy of their uccui-rence in yneurm~ia and 

to recognize d:ffcreilces in the szverit; aad mrtality of the infections 

they produce. x stuujl of til c dislrib%tim of thci Various tyixs irk health 
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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 sneumococcus and In 

a&l instances has proved to be a complex carbohydrate, a Golysaccharide. 

But interestingly enough, the cakJsuhr polysaccharide from each specific 

type is chemically different, possessing unique properties that serve 

to distinguish it from that of all other tyges. Indeed, the capsular 

polysaccharides are as chernic&lly distinct as they are serologically 

specific for each type. P~Is, type syecificlty is determined by the chemical 

individuality of the particular, polysaccharide present in the cell capsule. 

‘i’his fact is all the more striking since Utherto only proteins were 

thought to participate in immunity reactions. 
.‘. ; * WhilB there is no proof that the capsular golysaccharides are primarily 

toxic, there is evidence that they can interfere with t.he natural processes 

of recovery from pneumococcal pneumonia. Because. of the avidity with which 

they co:nbine with antibodies in the patient’s blood they tend to neutralize 

these protective agents before they can reach the focus of infection. 

Moreover, the caysular polysaccharides are known to inhibit phagocytosis, 

an important protective mechanism of the body wher;by the white blood . 
cells seek to remove and destroy the invauing bacteria. 

Like Otht?r bacteria, pneumococci , growing in an unfavorable environment, 

can undergo variations, resulting irk chalges in cellular structure and 

function. Under these conditions, fully encapsulated anti virulent cells 

give rise to variants which have lost the capacity to form capsules, and 

with the loss of caysules the cells- also lose their type syecificity and 

virulence, The variarits are referreri to as the row& or A forms, indicating 

merely that the surface of the colonies they ;jrociuce on solid media are 

rough in cantrest to the smooth colonies of the enca!>sulatecl cells which 



are called smooth br S forms. The chmge from encapsulated s form to 

non-encngsulated R varimts is often reversible. In rna,!~y ln~tmces 

these variants can be caused to regain their ca;~szles by ani:titl gassage 

or by serial transfers in 8 ~rmdiurc; containing anti - R serax. Y2-m~ 

reversion occurs, the vcriznt R cells always revel% biick to the szme 

specific type as thzt of the cncz,?s:liatet parent cz~lture f ro:n which 
they originally arose. This reversible change althin a single ty;je is 

quite different from that prhich i-l~volves the actual transformation of 

one specific type into :2nother ani; wholly different sgecif’ic tf’i)c. The 

phenomenon of transformation of ;;;nemococcal tyiles i-as n3wr hem observed 

to occur SpOntEn8OUSly but CEIL he Cx,geYIJtienttily ;>rOdI.tCec! at ~j.11 in 

predcterment frays deg,cndinL: u;,an the type specii’icity of the :;ubatsncc 

used to induce the reaction. The j)hcao;nen~n ~,as first discovered by 

Griffith in 1928. A sinf;le exsmple v;ill illustr;itc the method ho 

originally used ad serve to lndicnto the v.2riet.y of transforct3tions 

possible among the known types. For inst,ance, Griffith observcc? that 

when a mall number of living, uner!cc,>sulatsd H mrfants deri\:ed from 

Type II are added to a SusjJension of heat killed, enchpsulited Ty;~e III v _I 
cells and this mixture is injec-ted iilt:3- mice, many of the Lnl:in 1s so 
treated died. From the blood of the nice that. si.lcc’tlmbed !-A recovered 

living, encnilsulated Ty:>c III ?neumococcl in >urs culture. This sur,-,rising 

result is all the more startling since the, Tyge III orgr;n!.sms ori~inslly 

injected were dead cells ZLD~ the living R culture used ins wholly incqsble, 

by itself, of causing fetal inf’8ction. ‘These c.xperi :>ents Here ececjuztely 
controlled rnd the results heave since been conf’ir;,ed by other investigators. 

These experiments kserc oringii?tily &one in mice, 8~2 211 z.ttr;mgts tyo 

induce the rcrction without the iztervetition of the mix~zl pier0 unsuccessful, 

Subsequently, Dawson~ anti Sia succeeded in indccing trrmsfomation & vitro. 

This they accomplished by groviing the variant (R) strain in e. flui medium 



contliining anti - R serum znc krllled encngsulilted (S) ~011s~ 21~~s they 

showed th&:it trzwsforaiition CXI tie indL;cec: in the test; tube :IS wall as 

in the animl boC.y. Later, kllo~q- gre>,~rsd active cxtr&cts of encagzulated 

p.~e\linOcoCC?. from which a11 foxed elczents an2 cellular f’rqmezts had 

been removed by 3erkefeldt filtrx.ti?n. Active extrixts containing tie 

transforming agent ir: solulle form are 2s cffectivc as are the intact 

cells frm w?-&ch they RCTC preT?red. 

The riatn obtained by ch?mic:!i m~lysis of t;:le sctive substarirlce, 

together with dctarni!3at.lons of Lts ;:hyzicA Gwperties ‘a; Ccctropaoresis, 

ultracentrifucatlon and ultraviolet spectroscopy Iiidictitt; thclt it 

contains no demnstr2ble protcln, lipid or serclocizsl3.y reactive 

polysaccharlde, A17d thht it C,?iiSiStS chi eflyl if not Cxci~GSiVSly, of a 
nucleic acid of the desoxyribose type, C;-patat-JvaL titrations of the 
biological activity of the substzxc Isolated i’riiti Ty2e 111 cells have 

shown tk_ot c’:n ur;ount %s saall L;S 0.002 :tiicrogr;::~I rzgrf:sellting 2. final 
dilution in the reacting system of 1 part j.u 603 nilliorl, is capabie of 

Inducing specific transformation of fi cells into ‘i’yge III pneknococci, 

Further studies have revealed certnin facts ~hic’n contribute to the 

undcrstwding of the mec;;lmien of tke trasfor,wtion retiction. i”or example, 
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it is k~om that not all non-encapsulated R cells a’ce responsive to the ‘: 

stiairlus of the transforning su’Dstance; some fail to resdond while others 

react to minim3 mounts. 'f'ho.c;e differexces In the physiological response I 

of R variants are reflected in c,orrcspon(?l.ng d.ifference in certain 

characteristics of the colonic,s they pro:hlce, This fact rntlkes i: possible !* 
to lsolata %os;F&~t” . . 

or R strains in sure culture. uoacver, even these ’ 

cultures can undergo syontnneous dissociation , giving rise ,to other karlazits 

which are wholly inconpetent and Inca;~aSle of rsscting with the transfomu&g ..; 
subs’;mco. 

. ‘. .:.v,. .: 

Furthermore, It waz e-::rly d,iscovered thc’)t ths addition of blood serum .' 

or s*erouo &Ids to the nutrient nddium. used in the test is essential, slnae . 
In its absence trasformation dc7-3~ not occur. it is evident then, thrlt : 
serull provides certai.2 accessory factors that inlay an important part in ‘the 
interaction of co3~etant R cells and the ;tctive transforming principle. 

Two CO’ rpononts of soru51 hive been identified, neither of which is active ., 

by itseX, but togot’ner they functim 8s ~011 as does the whole serum. 

One of Z?oso seru.m co.?;>onents is fhe R antibody protein that agglutinate8 

the growing R organisms, forming large ugzregatos of agglutinated cells. 

Y2hiCh .fall + .-o the botton of the culture t.ube where they create, presumably 

due to their rcduci:?g action, environmental conditions necessary for tram- 

foraation. T2u.z other co.:,po!lent is tha scruff albumin which, in its native 

state or in crystidlinc fwx, a2gears to preps-x the cells for the ready. 

uptake of the trmsforzin~ substance. 

‘on the bevis of t;he experi~zzntal evidence, it :xppears that both the 
physlalogical state of the R cells ah8 the environmental factors 1 have 

just cited dstsrzine the biochemiczi events leading to the interaction 

betaem th5 li*.rin& bacterSa A!I~ the transforming substance. Once this has 

taken place the ultimate outcome suggests that the active principle 

intervenes in the metabollsm.of the R cells, giving rise to a series of 



coordinated enzymatic reactions which culminate in the synthesis of' a 

new capsular structure. I .’ 

Whatever the mechanism may be, the experimental findings clearly 

demonstrate thaft.the induced alterations In cellular structure and fuaotion 

are not random changes, but are predictable always corresponding in type;;. 
, 

specificity to that of the encapsulated C83.3.S from Which the tr&ISfOrming 

substance was Isolated, Once transformatien has occurred, the newly-acqtired 

characteristics are thereafter transmitted in series through lnnumerable*~ 
: ;,;. , 

transfers in artificial media without any further addition of the tra&-~~~. 

forming agent. And from the transformed cells themselves, a substance ’ 

of identical activity can bgain be recovered in amounts far in excess 2 
2 

of that Initially used to Induce the trcansformntlon. These induced changes 

are not temporary modifications but permanent alterations that; persist, 

provided the cultural conditions are faVorab18 for the continuence of 

capsultir d8V8lOpm8nt. It is evident that the inducing substance, which 

evokes the synthesis end determines the specificity of the capsular 

polysaccharide, Is Itself reduplicated in the daughter cells. it Is alSo 

si&!ificant 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 accimUt8d evidence justifies th8 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 determinbg the biolrhemical activities anrf 

biolo#ically specific characteristics of the cells of which they form a part, 

In closing, I take pleasure in ackrlowledging, on this occasion, my 

gratitude and thanks to those colleagues of mine whose expert knowledge 

and loyal support has mad8 possible the work ln which 1 have been 
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privilsdged to share. 10 thctl 3. aizl indebted for an association which has f 

meant much to me persmally, and has c:>ntributed greatly to the research,: 

problem X have briefly revlewd t’nis wenfng, And may 1. again express 

to the Cirectors of t!ie Fouxi~tlo:~ my teap sense Sf appracistim of -pt 
beirrg elzrolleti 8~ D rec:i;iant ~6 tha distfnguished ?assiirlo Award. .; 


