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Report of Dr. Avery {assisted by Drs. Adams, Curnen, Goebel,

Horsfell, McCarty, Macleod, itirick and Stillman)

A study of bacteriel virulence as manifested in infections pro-

ducec by pneumccocci (Avery, MuciLeod, Horsfall and McCarty). The intro-

duction of @ given microorgunism into the tissues of a particular wnimal
species initiates a series of interreactions which mey progress in differ-
ent weys. The parusite may fail to survive or rultiply ir the host; it
mey survive and multiply for o vurying period of time; or it muy survive and
persist throughout the life of the host. 7The result is dependent upon
the presence or cbscnce of two interrelated churacteristics; one possessed
by the parasite and termed virulence, the other possessed by the host and
designuted as resistuince. The degree of virulence of the parasite is necces-
sarily defined in terms of a particular host and similarly resistance or
its abscnce on the part of the host is referible to a particular perasite.
Individuczl enimels of & single species ciffer somewhut among thom~
selves us to susceptibility to infection by & bucterial pathogen «lthough
as geecter genetic homogeneity is achievod individuzl differcences become less
obwvious. That there may be murked genetic differonces in susceptibility
has been demonstrated by the selective breeding of offspring from common
pzrents and the eventual establishment of races which show wide voriations
in their responses to standard test infections.
liore marked, however, are the differences in virulence between
strains of & single bacterizl species when tested in & host species, the
individual members of which are of closely similar susceptibility. IMore-
over, the morphological variants which «rise from an individual strain of
bactefia whether they develop 28 u result of unknown conditions or in

response to experimental alterations in environment usually possess verying
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degrees of virulence comionly lower then that of the purent struin. Further-
more, in the case of muny speciecs of pathogenic becteris, the property of
virulence seecins to be depenuent upon o delicate balence betwecn certain
functions oi the cell since in soie instences it mnay ve Lost or hecone
inuctive without demonstr: ble morphiclogicnl change or observable wltori-

tiun in blochwmicel activities,

Certuin biologicul chorncteristics of the pneumoccccus offer
acventapes in the use of this microcrgunism «s & teocl in the stucy of
bcterisl virulence. In the case of pneumccocel, virulence boecomes mnosni-
fest only when the cells wre encepsule ted, thinl is in the su-called snoolh
(s) pnuse. Fmeunwcoeci which wre deveid of copsules, thut is in the so-
celled rough (n) phase sre avirulent even in the moest susceptivle snimil
species. 1t secems cbvious thut the presence of the cupsule is intlontely
cssocinted with the manifestation of the property of virulence. However,
there is reason to think thet the copsule is not lone the besie factor
responsible for this property.

The pneunococcus cxpsule is composed largely of polyscecharide,
which in each type hes a distinct chemicil siructure. Were the type specific
cupsulur pulysaccheride wholly responsiple for the property of virulence,
&1l strains of the same type should pussess icentical virulence if the
quuntities of polysaccharide eluburated were equel. It has been ropertedly
denmunstrated that this is not the case. Numerous grudztions in virulencs
zre found ameng different strains of w single type zlthough, so fur uzs is
known, their capsuler constituents wre identical. Even more strikling are
the cifferences in virulence between siruins of o singlé type when testeu
in more thoen one host species. For cxomple, two strains of Type 111 pneu-

RGCUCOUS ey pogsess wpproximetely eque.l virulence when tested in mice but
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when tested in rabbits one muzy be highly viruient und the other whelly
wvirulent. Similerly, Type AIV pnewmococcus ulthough it is often wssociwzted
with severe pneumoniz in huwaan beings, wund mey therefore be thought of &s
virulent for mzn, is almost wholly without virulence when tested in nice

una rudbits.,

In o number of instences it 1s possible by repeated rapid pas-
siges through o susceptible host to enhance merkudly the viruience of cn-
cupsuléted pneumococci for this particuler species. There zppear to be
three possible explanstious for this phenomenon. (1) The incrcuse in
viruicnce mzy de the result of the progressive cdaptation of the bucteria
to the onvirenwent proviced by the host. (Z) The increwse in vizulence
wiy be the result of the selection of individunl bucterizl cells which
possess lniticlly the groeustest virulence. (3) the increasc in virulcnce
mey be the result of mutution of the ouwcteria followed by the selection of
calls possessing the greater viruiince. Whichever of these explenations
may prove correct, in the case of pneumococci it shouid be pointed out that
virulence can be enhinced without uny demonstreble rlteration in the cap-
sule or in the cheuicil constitution of the cepsulur polysccchurice.

The con;iderations stuted above suggsst thut the property of
virulence possesse@ by pneumococci, ulthough only manifest in the presence
of the intuct cupsule, is also dependent upon some other celluluer function.
As & hypothesis, subject to experimental trial, it wes considered possible
that this second basic factor for virulence might be prcsent, although
inappurent, in the non-encupsulated or so-called K cell.

It is possible to cCerive non-encapsuluted (k) pneumocecei from
cncupsuluted (8) cells by means of w varicty of experimental procedures.

Cne of the most regulirly cffective techrniques depends upon the fuet thot
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encupsuluted (S) pneumococci grown in the presence of homologous type spec-—
ific untiserum eventually become non-encapsuleted (k) and subsequently re-
mzin in this phase even though grown in the ubsence of antiserum. As has
been stated, the induced K variunts are wholly devoid of manif'est virulence
irrespective of the virulence of the o cells from which they were uerived.

It is e¢lso possible to derive encapsuluted () pneumococeci from
non-encapsulated (K) varients by means of one or unothur of severul experi-
mentel techniques. One of the least complicated procedurcs is uependent
upon the observation that when grown in the presence of «nti f serum induced
K variunts revert to the cncapsulated (8) forms of the sumc type as thav
of the purent cells. Encapsulated celils derived from n varlunts in this
manner subsequently remein type specific even though grown in the absence
of antiserum. Iiore importent, however, is the finding that on reversion
from R to S the latter cells manifest virulence in & degree comperuble to
that of the parent S cells. Thus, when encapsuluted Type III pneumococci
viruient both for mice and for rubbits ure converted to the avirulent non-
encapsuluted (R) forms the latter cells still possess the virulence factor
in & latent form since upon reversion to encapsulcted (S) cells unaltered
virulence for both these animal spociés recppeers.

Another and more critical approach to the problem of virulence
is provided by means of the phenomenon of controlled transformation of
pneumococcus types. It will be recalled thut non-encapsulated (R) variants
derived from one type of encupsulated (S) pneumococci can be caused to
revert to § cells of the original type. Of much greater significence is
the fact that under certain special conditions non-encapsulated (K) variunts
cun be selectively transformed into cncupsuleted (8) cells of any desired

type. This cun be accompiished in vitro during the 24 hour growth of a
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singic culture of R cells by meuns of the dircctionzl influence of & puri-
fied cell-free cxtract obtained from encipsulcted (o) cells of wny sclected
type. Thus, in the presence of appropriute extructs, non-encupsuluted (K)
cells cerived from Type I pneunococci can be caused to produce encapsul: ted
(L) pneumococel of Types LI, II1, ote.

It the l'wctor tor virulevnce were wetunlly present thiough letent
in the non-éncepsuiated (i) varisnts, virulence should egnin vecome mani-
est when these cells wre truensformed to cncepsulated (&) pneumococel of &
heterologeus type. This his been found to be the cuse. Thus, twe struins
of Type IIl pneumccoccus were chesen onc of which wes virulent ond the uther
aviruwient for rebbits. Nen-encepsulited (R) vuricnns were obtained from
cuch of these twyu strains. Then both R voriints werce transformed by mewns
of & sterile and specific extruct prepured rfruw cncopsuluted Type II gncu-
wococci. The two strains of Type II pnewiococci thus derived viere then
tcsted for virulence in rabbits. The sirein ¢f Type II trensformed from
the rebbit avirulent Type III strain was found te be cvirulent for rabbits.
Conversely, the strain of Type I1 sinilurly obtuined by trunsformution from
the rabbit virulent Type III strzin was equully us virulent for rabbits us
was the parent culture_ from which it was werived. These results lend
support tu the view that the basic attribute responsible for virulence in @
particular host species is present though lutent in the non-encupsuluted
(R) cell and that if this fuctor is present in the purent stroin it can be
curried through the intermediute & form end will reappear when these cells
ure trunsformed to encepsuwlatec furms of « wholiy cifferent type. The
results of these experiments cre gruphiczlly presented in Toxt figures
1 «nu 2.

although the covicence suggests thet Lhe fuctor for virulence
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resides in the K cell there is additionil evidence which indicates that the
chemwical nuture of the cupsular polysacctirice of 5 cells mey be of con-
sidercble importance in deteruining the extsnt to which potential virulence
mey oe menitest. Type XIV pneusococel are notubly evirulent for both
r«bbits and wmice.

As wiready mentioned, Type XIV pneumococci, zltihough frequently
encounterca in human infection and therefore evidentiy virulent for men, sre
without virulence for mice. An attempt was made by the use of trensforming
nethods to determine whether the itck of virulcence for mice is duc to @
peculiarity of the cupsular polysuccharice rether thon to the wbsence of
the cellular fuctor s in the example illustrated in Text fipgure 1. To
determine this point, ¢ stirwin of Type 11 unewsococcus highly virulont for
mice wus chosen for study. (See vext figure 2). H cells aerived from thas
strain were trunsformed into Type III, Type XIV cna 1lype I.  ‘that the fuc-
tor for mouse¢ virulence wag present in the R cell is evident from the fuct
that the encupsulited strains of Type I ana Type 1II cerived therefroﬁ were
equelly «s virulent for mice as the purent struin of Type II from which
they were derived. However, when thuse sume busic R cells were caused to
proauce the ‘type LIV capsular meterial, the 5 cells thus derived were no
longer manifestly virulent. This fect shows that even though the factor
for virulence is presaﬁt in the cell body, the nuture 6f the capsule it
self is the limiting fector in this particulur instence. To prove thut
under these conditions the cellular fzctor is retained within the cell body,
un R strain wus derived from these sume Type XIV cells und trunsformed into
Type III encapsulated cells with the rezppeurance of virulence.

Finslly, it hos been possible in & single step to derive from

Type I pneumccocci of meximum virulence cells which although still encop-
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suluted nevertheless huve lost completely their virulence for both animel
specles. This wes cconmplished by growing Type I cells in o solid medium
in the prosence of smull quntities of sulfuthizzole. Cells cerived in
this menner cre fully encapsulatied, worphologicelly snd inmunologically
indistinguishable frou the parent cells, uand depending upon ihe experimentel
conditions used miy or mwy not possess the property of "fusunuss" te this
drug. Despite the posscssion of cepsules these Type I sirains may be en-
tirely avirwlent. OSince the capsuler synthesizing functicn und therefore
the procuction of type specific cupsulsr polysacchuride appeurs to be un-
altered in struins derived in this manner it sceus probuble that the loss
of virulence is the result of cliterations in meti. bolic systemws within the
cell budy not rueluted to the cupsular synthesizing system. Serial sub-
curture of these struins has not resultec in eny augmentution in virulence,
nor sov fur as the experipents have progressed, hus rapla sericl pussuge in
nurizlly susceptibie hosts increcsed their virulence. It should be men-
tioned thut the repeated cultivetion of encupsulated (o) pneumococei in
liquid medie containing gruduslly increesing cencentrations of sulfonami&é
hus resulted in the development of so-called sulfonaulde "fastness". Cells
adupted in this manner to growth in the presence of sulfcnamides have re-
tuineé both their type specificity and their virulence in unultered degree.

The results of these experimonts afford additionul evidencg in
favor of the hypothesis that some ¢f the. busic fzctors responsible for
virulence reside in the cell body =nd are unreluted to the capsulur system
or.the chemical structure of the polysacchuride procuced.

The availudble evidence appears to indicuate that the manitfest
virulence of encapsulcted pneumccoccl for w purticular hest species is

cependent upon at lewst two aistinct wnd scpurute prupertics of the
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bacterizl cell. OUne factor seems to reside in the cell body and its in-
fluence is not demonstrable in the absence of a cupsuie. The other factor
appears to be intimztely associated witn the capsule, if indeed it is not
uctually the cupsule itsell, and its influence is without effect in the
sbsence of the celiulur ructor. With two intercependent f:ctors responsible
for either of the two extremes of virulence, thit is [full virulence and
total wosence of virulence, it should be possible thoorcetically to obtuin
four distinctly ciffcerent variunts trom «ny type of prcumococcus of known
virulence for & given species. There is evidence indiciting that this con
be wccompiished. If the cupsuler fouctor is dosignoted s s, the celiuler
fucteor s B wna the presence or wosence of cither indicatee by + und - signs
rospectively, & tuble illustruting thie theoretlcal possabitities cun be con-
structed.  In cach instunce the cxistence of the precicted varicnts shown

in Tuble I heas been confirvmed exXp-rimenteily. Of the four verients only

#1, the cell in which both fictors werc dewonsiruble wis found to v viru-
lent. Variants #2 ond #3, though cuch was shown to posscss only one or the
other of the two fuctors, were avirulunt.

Presence of tapsular end Cellulor Virutence Feetors in

Vuri:nts Perived from Type I Pnewaccoccus

¢ Viruwlence Fuctors ! munifest

Varient & B ! viruience | Experimcatui Confirumation
i | H
1 + + ; + Type I, S cells
| !
< + - ! - ‘ Type I, S cells cderived from
' ' 1 #1 in sulfsthieszole
!
i b . . . .
3 : - + ; - i R cells derived from #1 in
; | wnti 5 serum
: b )
4 - - - i i cclls Gerived from #2 by ‘
! spentinacus dissociation |
; !

A = capsular fuctor for virwlence; B = cellular {fector tor virulence
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It is hoped that azdditional investigation may be helpful in the
probiem of elucidating the nature of the factcrs concerned with bacterial

virulence.

The heterophile antigen of pnewnococcus (Goebel and hdams).

Heterophile antigens derived Irom Gram negative microorganisms have been
aegeribed by several investigutors, but the isolation and icdentificution of
such substances trom (Grawm positive bacteria has hitherto not wveen achieved.
During the past two ana & half ycui's we have conducted an extensive in-
vestigation on mecthods of isolation, th: chemical nature, and immunological
properties ol thec heterophile antigen of pneumococcus. Ve arc now able to
report that the nature of this substance has been fully revealed.

The heterophile antigen of pneuniococcus has veen isolated and
characlerized as u lipo-curbohycrate intimately related to the intracellu-
lar "C" poiysaccharide. 1t ciff'ers from the latter in that it contains a
lipid bound in firm checmical union to the carbohydiatc moicty. The complex
has been isolated in its cntirety from autolyscd pneumococci by an intricate
series of chemicul fructionations. The substance comprises about one per
cent by weight of the bacterial cells snd from 0.5 to 0.7 gn. are obtained
from the microorganisms from 500 liters of bacterial culture.

The heterophile antigen is & weater- soluble non~diffusable macro-
nolecule constituted {rom un ccetyluted emino hexose, a second hexose, phos-
phoric acid and z lipid. Solutions of the heterophile antigen foam on
shaking. The antigen is not precipiteted from solution by the salis of
heavy metals, nor do such solutions give uny of the usual protein tosts.
Spectruscupic examinaticn reveels no gross cuntemination of the hotercphile
antigen with nuclicic wcid or protein, indecd, when excmined by clectro-

phoresis the lipu-carbohydrate cppears to be quite homogenevus. The heteru-
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fhile anligen is not aesiroyed by digestion witih vibvorucieczse, pupain, pep-
sin, trypsin, chymolrypsin, or by phosphabaves cerived I'rom various sources.
ftor is the antigen uestroyed by iipases or by the cutolytic ferment of the
pneumococcus. The suvstance shows u remurhazovle stubllity Lo the zction of
H and Ot ions at 100UC vetweel pH «.8 wnc 9.5. Uutsice these iimits the
biologicul uctivity of the wuntigen is siowly aestroyed and this destruction
is accompenied by an hydrolysis of the carbohydrate component and the
tiverution of the lipic comstituent. 7Thus, it 1s not possibic to sever the
union between lipid und carbohydruate by ony siwple chemicai procedure. The
union remuins firm end the bilologlcul wetivity intact when the wntigen is
subjectea to anything but drastic chemical treatment.

The intimate chemicul relationship between the pneumococcus
heterophile entigen (F) and the cclluler cerbohycrate (MC") wes cescrived in
the report of last ycar. Further chemicul studics hove furnished sadditional
cvidence of this close relutionship. oJtudies on the kinestics of hydrolysis
of the Lwo substunces as wcasurcd by the increase of ¢) reducing sugurs,

b) amino (glucosumine) nitrogen, und c) phosphoric wcid give prootf of the
icentity oif the common czroohydrute molety. Hydrolysis of the heterophile
curbohydrate with minerul ucid results in « destruction of the c#rbohydrate
constituent accompunied by a liberaution of the lipid component. The lutter
has been isolsted znd found to contain neither nitrogen nor phosphorus wnd
is probably a fatty acid of high molecular weight.

The iwmunologicul propertics of the heterophile untigen (F) of
pneumococcus hwuve been cxtensively studied and compured with those of the
cellulur (C) carbohydrite. The hsterophile substance hus been found to be
fuily sntigenic when injocted into rabbits. The purified F lipo-curbohydr:ite

gives rise to cntibodies which not only precipitate the homologous entigen
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vut hemolysge red bleocod cells in the presence of complement. The C curbo-
hyarete, on the other lLand, foils to function antigenically in rubbivs.
Thus 1t hus teen shown thet the incorporation of o simple 1ipid within the
curoohydrite molecule endows ihe couplex thus formed with new immurolcogicel
propuerties. Antibodies c¢voked by the heterophile (F) wntigen likewise
precipitate the C crrboliydraie, but to & lesser cdegrec.

The intimate chewicul end immunologicul relotionship between the
C «nd r curbohydretes hes buen further denonstreticd by o stuqy of the quinti-
Letive preceipitin recctlions in wntipneumococcel rubbit scera conteining both
C tnd F antibocies. It has been founa thet the © corbohycrate, when uscd os
the precipitinogen vemoves rrow these sers both Lne Lomologous precipitins
and heiaolytic antivodics slaultincously. un the other lieng, when Lhe
heterophite (F) entigen is used os thoe precipitsting sgent, the hemolytic
untibodics wre neutrulized by smelil wancunts of the F oontigen but far larger
gquentities ere required to remove completely the C precipitating euntibodics.

Variqus streins of pneumococcel have beon investigated for their
content of the C wnd F polyswcchurides. One R struin cerived from Type III
pneunococcus containg a C pulysaccharice sssentially identicel with that
obtained from the R veriant of Type I. However, the heterophile antigens of
the two R strains have been found to be quite different; that of the R
strain from pnewococcus Type I evckes hewovlysins which wure not neutrulized
by the F antigen ¢f the III R variunt. The latter antigen, cn the uther
hend, gives rise tc hemolysins which éro neutralized by the F antigen of
cither strain. Thus it has been demunsirated thut cirferent sirains of
veriunts irrcspective of type derivation wey cenlein cntigens, which ure
chemicnlly reluted yet imuaunclcogicelly distinct.

In cunclusion, it mey be puinted out thit the lipe-corbehydrite
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(F) irom pneumococcus shows no toxic eifects when injected into mice or
rabbits. In this irespecl Lhe substunce is quite unlike the analogous sub-
stances obtained from the Gram negative group of microorganisms which show
w very high order of toxicity in both these species of anim:ls.

The capswiar synthesizing enzymes of pncumococcus (Goebel and

Auuiis). During the past three yeers several outstanding contributions to
our knowledge of the biocheuistry of carbohydrates have been mude. The
in vitro synthesis of giycogen and starch by cuzymes cerived {rom mamnzlizn
anua pluni tissue bas oeen descrived.  In sadition, thoero hes rucently
appearcd an account of the in vitro synthesis of scrologically mctive
uextrins by cnzymes derived from microorginisus.

In the report of Last year evidence wius prescnted for the chem-
icul structure of the cupsular polysuccheride of Type II1 pneumococcus.
In the light of this knowledge we (r¢ now in « position to investigite Lhc
enzymi:tic wechunism which brings o«bout its chemicel synthesis. During the
course of this year preliminary studies hive beun mede with this end in
vicw. The problem has becn approached from two wngles. The chemicel
synthesis of certuin sugar aerivitives which are considered us possible
substrates in the enzymutic system hus been undertaken énd the behevior
of thuse derivutives in the presence of the buctoeriul cnzymes studied.
Diffcrences in the mnetobolism of various streins of pneunococci of the
saume end different types os well cs the metebolism of different R verioints
derived therefrom zre elso being investigated. This study has alrezdy
7iclued ceta on curbehycrate metebolisw of pnceumococcei which it is hoped
Lty prove velusbls in guining ¢n insight into the mochenism of thé enzy-

netic synthesis of the cupsular polysuccharidss.
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Immune response of humun beings trected parenterally with the

enzyme tvrosinase (Adams). An wccount of the production in rabbits of pre-

cipitating antibodies to the enzyme tyrosinase was included in the report
of last year. The sera of rabbits actively immunized with tyrosinase were
found to precipitute tyrosinase quuntitatively from solution. The immune

] precipitates were found, however, to possess :11 the catalytic ectivity of
the tyrosinzse contained therein, thus demonstrating thit the antibody to
the enzyme could precipitutc the lutter without ncutralizing its physiolog-
icel wetivity.

The purenterzl wsdisinistration of tyrosinase to putients (Lchroe-
der, report 194x) with cssenticl hypertansion has made it possiblc to study
the imrune response of hwian beings to the injcction of tyrosincse.

Hzru obtained from treuwted patients veried widely in their szntibody content
some having no precipitins for tyrosinasce. The precipitin titers of the
hum~n immune sersz did not correlate with the dosage of tyrosinase, or the
duration of treatment. However, the precipitating sntibodies when present
reacted with the enzyme tyrosinuse in a manner analogous tc the reaction of
antityrosinase rabbit sera. The enzyme activity was completcly precipitated
from solution by active immune humean sera, but these sera hzd no neutralizing
effect upon the catclytic activity of the enzyme. This observétion was of
importance in assaying the results of tyrosinase treztment in hypertension.
Although patients did develop antibodies to tyrosinase during treatuent

,@. | these antibodies did not alter the catalytic zctivity of the enzyme in vitro
and hence should not «ffect the physiological «ctivity of the same enzyme

The sulfuncnide resistonce of strains of pneumococei isoclated

from patients (Mirick). It has becn repectedly demonsted thut pneuno-

cocel, following prolunged expusure te the suifonamide drugs, uway acquire
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increuased resistance to the bucteriostatic action of these zgents. A tech-
nigue has been previcusly described for the study in vitro of the suscep-
tibility of pneumococci to the sulfonamides. This technique employs fresh
liver infusion medium which, unlike ordinary peptone broth, contains no
substunce inhibitory to the bacteriostutic rction of the sulfonamide derivi-
tives. This technique has been applicd to & study of strcins of pneumo-
coceli freshly isclated from puticnts.

It was considered quite possible that zny variztions in the
sulfounuuide resistunce of different struins of pneumccecci might teke pluce
through processes of netural sclection rother thun «s the result of adap-
tetion. For this reuson it scumed importint to perform the bacteriostutic
tests on the largest pussible sumple of the bacterial population in a
culture freshly isoluted from the patient. Atlcntion was paid to this
principle both in the isolation of strains from puticnts and in carrying out
the in vitro bacteriostatic tests, where reletively large inucule of
5,000 to 20,000 cells were cmployed.

Eighty-seven strains of pneunococcl have been obtained from 57
patients with pneumococcul infections, &nd tested in the liver infusion
medium for sensitivity to the bacteriostatic effect.uf sulfapyridine.
Thirty-cight of the strains were isolated from patients beforc the adminis-~
tration ¢” any sulfonamide drug. Furty-nine of the strains were obtained
after the patient had received sulfoncmide therapy. The bacteriostatic
tests showed that there is cunsideruble variation in the resistance to
sulfapyridine of different freshly isvluted strains of pneuniococci. On the
whole, however, it was clear that the strains isclated after sdequate sul-
fonumide therwupy were more resistant to sulfopyridine than were theose iso-

lated befoure the patient hed received any drug treatment. Only one of the
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38 strains collected before treutment grew 1readily in the special liver
medium contalning concentraiicns as great «s 10 to 20 mgs. per cent of
suifapsricine whercas 13 out of 49, or 206 per cent of the cuitures isoiatled
arfter treatment, grew readlly in these concentrations of the drug.

In 2 incuances, iwo sirazing isolsiled r'rom the sume patient have
peen coumpsred. In << cases the filrst culture was obtained bel'ore any
suifonumige drug had been given wnd the other seven cuescs hud recsived only
a l'ew aoses. The second strein from those 29 paticents was isolateo af'ter
the course ol suifonemice therapy had becn compleobia.  In {ifteen of the 2
cuses the sceond struin showed preater resistuance to sulfupyridine thun
dia the original culture. In tweive instunces, there wes no demonstreble
ditference in the twe stroins.  In the renulning two instances, the second
strain wus welually morc susceptible to suifupyriaine than was the original
struin. Both of thes: were bucteremic pitivnts, one evventwe.lly dying of
bucterii:l endoczrditis.,

It has often been suggested thut the occasionul unsatisfuctory
response of w puvient with & pnsumococcul infuction to proper sulfonumide
thercpy is duc to resistance of the infecting struin (o the sulfonumide
drugs.

An attempt hus been made in 20 uppropriunte cuscs to correlute
the patient's cliniccl response to chemotherapy with the sulfonumide resis-
tznce of the infecting pneumococcus. The initial struins of pneumococci
isoluted before trewztment from six putients who later showed o poor chemo-
therupeutic response, were no more resistont to suifupyridine thun were the
initicl struins frum 14 patients who subsequently responded well to drug
therupy. . Un the cother hind, the struins of pneumoccccei isvicleu after

sulfunwaide therapy from putients whe showed & poer respense Lo the treut-
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pent were, on the whole, definitely more resisisnt to sulfapyridine than
were sirains obtuined «fter therapy from patients who showed &« gcod therc-
peutic response. It shoulud be noted, however, thot the patient who showea
« poor response received wuch wore of the sulfoncmide prepurstion wnd for «
longer period of time. A5 & result, these striins of pneumococci haed «
greater opportunity to develop sulfonamide resistunce thin those streins
isolutsa from putients who received the shorter course of treatment.

It is well xnown that mice infected wilh "drug fist" strains of
pneunococcel respond poorly to sulfoncmide treatment. Up to this time no
tfdrug fast" strain of pneumococcus has been isoleted ifrom o cuse of hunun
infection prior to sulfonumide trectment. The occurrence of inilially
resiswunt strains of pneumcococci or of struins capable of rupidly develouping
"faustness" have not so f:r been isolated frow cuses of gnewmunic. Con-
sequently, it has not been possible tu relute the vecosiovnul poor response
to therepy cither to initizl resistance or ccquired fasiness of the invading
micrcorgenism. Huwever, the cupacity of the infecting sirvin of pneumcicccus
tv Gevelop swlfonumide resistunce during the course of treutument may have
sone influence upon the ultinute effectiveness of drug therapy.

Further studics ocn & soil bacilius cupuble of destroying psra-

aminobenzuic wcid (uirick). A soil bucillus hxs been previcvusly aeseribed

which ce&n produce adaptive enzymes cupible of s¢ modifying pera-aminobenzuic
ecid (hereinafter refcerred to as PAB) thuat it no longer ¢ ves 2 diezo ro-
actiun and is nc longer active &s an inhibitor of the sulfounanide drugs.
wunometrice determinations have shown that when one mulecule of PAB is de-
stroyed by the wetive bacterial cells, about 13.4 atoms of uxygen are abd-

sorbed. This is a quantity sufficicnt to account fur neurly complete oxi-

dation of the cuupound to carbun dioxide, woter ond ammonic.
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A4 technique huas been developed to meusure the specific enzymatic
activivy of a suspension i resting becterial cells. The number of cells as
determined by nephelometric methods, is plotted against the amount of PiB
oxidized in 30 minutes at 37°C. Within the limits studied, there is a
lineur relutionship between the number of bacterial cells, whatever their
activity, and the quantity of substrute oxidized. This technique huas been
used to investigate the phenomenon of specific activation. The bucterial
cells, even when grown on a synthetic medium contuining no PiB, possecss a
certein small basal capacity to oxidize PAB. ‘The enzyme uctivity mey be
greatly incressed if PAB is present in the medium during growth. This
specific activity of the cells is a function of the concentration of sub-
strute présent during their growth. A concentration of 10 mg. per cent
causes the bacterisl cells to be about fifty times more active than the
basel cells. . However, sn sppreciable degree of specific activation ofbthg
oxidizing enzymes can be demonstrazted in bacilli tested aftcr they had

grovn for 10 howrs in a medium containing as little as 0.1 mg. per cent of

auspension ofabhe bacillivforionly 30 minutes w;th & solution of PAB’ results
in definite activation of the cells.

The speci£1c1ty of the enzymatic activity on a number of sub—
stences chemically reluted to PAB has been tested both with respect to the

ubility of the bacteriazl cells to attack these compounds during growth and
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us to lhe siuuitineous and specific wactlvation of these sume cells to exi-
Gize PaB.

The wmino grocup in the pir: poaiti;n on Lhe bLenzene ring seems to
be the purtliculur structure which stimulites gpecific uctivation of the
enzyme sysiem. Both the busul und waupted cells wre equally sctive in
attacking suvbstances such «s benzoic ucid, puru-hyaroxybenzoic and pura-—
toluic aclilds, which do not possess an uwino group. HHorecover, none of these
three substunces activate the spucific enzymes capuble of oxidizing PAB.
fniline, which possesses an wmino group, but not in the pura position, is
not «ttacked und does not activate tho specific system. Both the bastl and
setivated cells equully ana rupidly split acotylated PeB wnd glycyl PAB to
the froe form of PuB.

some other related substunces ire slowly desiroyed oy the bucil-
lus when incorporatea in the medaiwa, wnd they all probably pazss, during the
process, through the form of pPaAB itself. They are «ll found to cctivate
specificelly the PAB system. 'These compounds sre: purc-nitrooenzoic wcid,
which other bucteriz have been shown to rcduce to PAB, the methyl ester of
PAB und novocaine, which probubly undergo initial hydrolysis, and puru-
aminophenyl acetic acid.

The ortho-isomer of PAB is rcudily destroyed by the growing
bucilli but, unlike the other amino compounds studied, does not uctivate
the para ¢nzyme systems. Un the other hund, bacilli so grown were found to
possess cnzymcs directed specificully aguinst the ortho cumpound while
mainteining only their basal cctivity apguinst PAB itself. These two sys-
tews are quite independent end muy oe either sepurately or simulivneously
activated.

Some substences, aithough closcly releted to PAB are not wttocked
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wt ¢ll by the bucillus. These sre: The mete iscmer snd the ethyl ester off

PAD, benzoylioled PiB, & ccupgound in which the zulne group s been covered;

pera-aminchippuric weia, @ compound in which the cerboxyl group hos been
coverud; wnd two compounds in which the cirboxyl group his ceen < ltered,
nimely pera-cninobenzyl aleohol tne pure-andnephenyl ¢loenineg,

vulianilic weid «nd the suifencnlde drugs cre bectericototic but v

¥
the sell Locllli will grew in high cilutions of incge cumpounas it the cul- o
B
v : o s L C A . , v{
ture 1s scedeu with o osuificiently large incculun.  allhougn grovth can e g |
3

vblidlned under these conuitions, there is no uestruction of these (genis
thewscaves.  The bucterisd colls that have been grown in their presence
shew, not cetivation, bul marked suppressicn, below the usw l bosel jevel of
vuth the pern wand ortho cxiw.tive enzynes. On the theorsticil busis of
enzyme competition, it wes wnticipited thet conly the purda ecnzyuwes vwould be
innibited under these conaiticns.  This suppressicn con be vesily reversced
by shaxing these celis vilth elther pure or ortho-wiincvenzoic weid. Under
these concitions the corresponding enzyme is readily vetivited and the

iscneric enzyre returns from a suppressed to o nerael basal level.

Other workers have shown thot iryptophane nay be metabolized by
suome bacteria tu ortho-aminobenzeic scid. For this reusun tryptophzne has
been included in the present studies. As was cnticipoted, it was found thut
this substance is actively destruyed by the suvil beeillus und selectively
wctivates the orthou engymes. Indele is slowly cestroyed by the bucillus but
his no effect un either enzywe system. Skutul, un the cther hend, which is
somewh.t bhcﬁeriustutic, wes founu tu activate the purs enzymes. The siy-
nifticince of this latter observaticn is not yet understoeod but none of these
suvstunces arce inhibiters of the sulfonumice drugs.

The naturel occurrence wnc biclogical simificunce of PaAB has
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never veen udeguately explored. Use cun be mcue of the soil bacillus snd
¢l the technlguss described Lo dluentily the very sweil guantities of
Giuwzotizeable coupounds encounterea in nature.

By applicaticn of these tecnriigues 1L has been possible to wc-
yuire souwe unuerstancing of the nuture of induced resistance to the sulfon-
amice urugs, acquired by « strain of pneumococcus. The soil baciili, grown
in the liver intusion which is frce of sulfonamide inhibitor show no acti-

1%

vition of ihe PAB oxidative enuywe system. If &« strain of Type 1 pneuno-
coccus is grown in this medium, a sulfonamide inhibitor appeurs which has
the solumiliitics of PAB und also gives the dlazo reaction. wnorcover, the
sulfupyridine-fast derivetive of this struin of vneumococcus produces about
ten times as much swifornwnide inhibitor and dimzotizewble materizl s the
perent strain or ebout one gaame per 25 ygriwms of liver. Finully, this
substunce is thought actuully to be PAB becuuse it is rupidly destroyed by
the soil becilli which huve been specifically wdepted to oxicize PAB wnd is
only very slowly uttecked by cells which have not been so activited. Further-
more, the sulfonamide inhibiting substunce produced in tiver infusion by
prneunococci will itself specificaily activate the pura enzyme system of

the so0il bacillus. in extreet of pneumococcal cells yields none of this
substunce. Therefore, the PAB must be either synthesized by the pneunococci
or enzymaticully relesnsed from a bound form initiwlly present in the liver
medium.

The discovery of PAB in animul tissues is suggestive evidence
thet this compoﬁnd may huve a wide biclogical significence. Nutritional
studies ure conteuplated in ruts, freeirng the diet from all PAB by use of
the soll buciilus in wmuch the sraae minner thut avidin hes wede possible the

study ¢f the syndrome in rots cdue to o deficiency of bictin in thelr diet.

o
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The presence of a pclysacchuride in the bloed during acute infec-

ticns (Curiien and mirick). Barly in ihls century severul observers reported

that growth of pnewsococci in the sers of patients with pneumonia resultis
in the formation of & heavy white precipitete, wherezs growth in normul sera
preduces only o siight cloudiness. In 1904 Rosenow ceuonstrazted that the
heavy precipitute is uue, not Lo an excessive ucpoeit of orgunisms os the
curtier ovscrvers boliuved, bul te the formation of =acid during growth of
pnewsiococci in sere obtained from paticnts with pneumonia. The formstion
ol sxeess weid end conssaucnt scéimeniction of wola precipiieble protuin
dgoes not occur when pgneuwococcl wre grown in normel surs nor when streplo-
coccel or staphylococci are Jrown in seru obtained from pneusonic patients.
In iv¥05 Lr. Longcope confirmea wnd extended these obscrvations. He ob-
scrved ccid formation «nd sedimentation following grewth of gnousococci in
the sera of petients with a varicty of infectious diseuses ¢s well us in
sura from cuses of acute rheunztic fever, nephritis enc uremia. He con-
ciuded thet "there is......some substance which mukes 1ts appeurunce in the
blood scrum under certcin conditions and trom which the pneumococcus is
capable of forming lurge quuantities of wcid." He indicated thut the sub-
stance is not glucose, but implied that it might be carbohydrate ih nature.
In 1939, Friedemann and Sutliff demonstrated quantitatively that the in-
creased acid formution is more than can be accounted for on the busis of
the free glucose present end concluded that “the phenouwenon is due to the
presence of abnormal quzntities of @ polystccharide which supports rupid
growth and which is reudily tersiecnted by the pneumococcus.™

These observations suggested that pneuwaococcl possess an onzyne
cupianle of attucking the purticulsr polysicchiride present in bleood during

infection. deyer, Dubos, &né osmyth huve isolated from pneunccoccl an enzyme
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which specifically cecomposes hyeluronide, ¢ polysaccharide found in the
b4 o

tivsues of nmen, enineis @ndé in certain buctoericl celils. Consequently, a
purified preparstion of hyzluwroniduse wus iscluted from pneumococci by the
nethod of Meyer und ite action tested in normnl and 'prneumonic' serum. The
enzyme preserved in dry state as the protein flavianute was found to be
highly active in depolymerizing suthentic samples of hyaluronide of both
human and streptococcal origin. The specificity of the enzyme prepuration
used in the present study is shown by the frct thut it does not attuck any
other of the polysaccharides thus for tested including those of pneumococcal
origin.

The enzyme wus used experimentaily in the following mznner. The
reducing vzlues of deproteinized serum filtrates were determined by the
method of Hagndorn ana Jensen. The results werce expressed @8 mg. per cent
of reducing substance culculated as glucose. Any increase in the reducing
velue as coupared with thzt of the control wes comnsidered ae due to
activity of the hyaluroniduse upon the serum polysccchariae. A similar
method was employed for the detection of the pelysuccheride in chest fluid
and in urine.

The results obtained thus far indicate thut o polysazccharide
éusceptible tc hydrolysis by pneumococcazl hyaluronidase is present in the
sera of patients with pneumonia. The reducing value af'ter cnzymatic
hydrolysis of seras obtained from pneumonia ccses tended to reach a maximum
during the zcute stage of illness and to decline to lower levels thereafter.
The serum of individual patients, however, showed considereble differences
in polysaccharide content. Too few ncormel serc heve been tested thus far to
esteblish the normal range and limiting values in heslthy individuals.

The polysaccharicde has been detected by o similar method in the
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urine of about one-third of the pneumonic patients tested. Correlation of
the polycaceluride values in serum and urine obleined from patients on the
sunie oy indicate that when the serum velues are high, the urine vulues

ure low, whereus when the urine values are high little or no polysacchuride
ciil be detected in the scrun.

A fow preliminary investigotions in animals have revewled high
levels of polysaccharide in the serz of normal rubbits. In this connection
it is of interest to recall the original observation cf Dr. Longcope that
the substance from which pneumococeci produce acid during growth was not
dctecteble in horsc and beef scerum but was present in culf and rabbit serum.

The chemical nature of the serwa polysaccharide is indicated by
the following cvidence. In the present study, it has been found that when
& highly specific preparation of pncumococcel hyaluronidasc is allowed to
«ct on serum contuining the polysuccharide reducing substances ure liberated.
Meyer and his ussociates have shown thot thia enzyme hydrolyzes hyaluronic
aci¢ into its components, glucuronic scic and acetyl glucosamine, both of
which arc reducing substances. In the present study the color rcaction for
acctyl glucosamine is invariably positive in sera treated with active enzyme
and negative in the corresponding controls. Finally, it has been shown that
yecst which specifically destroys any free glucose present in the serunm hzs
no effect upon pure acetyl glucosamine or glucuronic acid nor upon the split
products of the serum polysaccharide after hydrolysis by pneumococcel
hyaluronidase. These findings strongly support the view that polysuccharide
present in abnormal quantitics during acute diseuse is either hyaluronic
acid or a closely related chemical substance. The ecidity noted by earlier
investigutors in serum during growth of pneumococci probably arises from

the primary hydrolysis of the polysuccharice by the bacterial hyeluronidase
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and the subsequent formation of lactic acid by the bacleria from the glu-

cosuawine thus liveraied.

Factors effecting reversion of R to 8 pneumococci in mice (Still-

man). It has been suggested that pneumococcus infection may be initiated by
the degraded R forms of pneumococcci changing in the beody into virulent
smooth organisms which are ascociated with pneumonia. As alcohol is known
to render mice wmore susceptible to invasion by pneumococci, the effect of
injecting the wvirulent K pneumococci into intoxicated wice was iried.
In the case of the R variants derived from Types I and I1 pneumococci no
evidence of reversion to the corrcsponding cncapsulated cells was observed
to occur under these experimental conditions. But in the casc of an R
strain derived from Type III pneumococci, virulent cultures of the homolo-
gous type were recovered following the injection of degraded avirulent R
forms into intoxicated mice. The smooth {orms were recovercd from mice
2 - 5 days after inoculation.

In view of the incidence of rcspiratory infections associated

with the presence of H. influenzae as a primary or secondary invader, an

intensive study of this organism has been undertaken. OSerum is being pre-
pared for the 6 specific types so far differentiated so as to be able to
classify the various strains for epidemiologicazl studies immediately after

recovery.
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