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1. The production and treatment of Tyne III wneumococcus
pneumonia in monkeys. (Drs. Francis and_ Terrell.)

In their first parers, describing the action of an enzyme
of brcterial origin upon the cansular nolysaccharide of Type
II1 Pneumococcue, Avery and Dubos also presented convincing
evidence tnat this enzyme is capable of decomposing the same
substance when encountered in the animal body. Mice were
infected with many lethal doses of Type III pneumococci. It
Waswfound that as iate as 12 to 18 hours after the infection
was estaSlishéd-intrap;ritonéaliy, the administratién of thé
enzyme brought about recovery in most 1nstances. Fﬁrthermbre
when the enzyme was given 24 to 48 hours nreceding the 1nJection

3

of many 1etha1 doses of Type III organisms into mice. 1t waa

found to have a marked protective action resulting in recovery

of most of thne animals. The mechanisw of the theraneutic

effect was shown to bDc due to its action on the capsular poly-
saccharide, decomposing it, and thereby rendering the bacterial
cells vulnerable to attaclk oy the phagocytic cells of the

animal body. This study was limited to effect of tihae enzyme




on Ty»ne III Pneumococcus in an experimental infection vrimarily
septicemic in nature.

Later, Goodner, Dubos and Avery studied the action of the
enzyire upon the localized infection of the s“in of rabbdbits
(termed by Goodner "dermal pneumonia") pnroduced by a virulent
strain of Tyve III Pneumococcus, In this form of infection, the
lesion is primarily localized and is accorpanied “»y seoticemia
of varying degree in different animals. Here again, a definite
therapeutic effect of tane enz me was demnonstrable as shown by
pronpt subsidence of the cutaneous lesion, and sterllization of
the blooc. However, with the a-ounts of enzyrme used in the
studies, tnere was found t» He a degree of septicemla above
which tne enzyws was unable to control the infection, altaough
the duration of lire of the rabbits might be prolonged over that
of control animals. Since excellent results had bYeen o»tained
in the treatment Qf septicemic and local infections of the
smaller animals, it seemed advisable to study the effect of the
enzyme under conditions in which the 6isease process more close-
iy.resembled that in tﬁe human pétieht suffering frdm pneumo -
coccus lobar pneunonia. In this disease, the organ involved
is hizhly vital; the coﬁrse is comparatively constant, the
pathology t&pical éﬁd récovery nfdbiematic. Conéequently, aﬁ
atte pt was made to nroduce in monkeys a disease resembling
lobar pneumonia in man, which could then be subjected to treat-
ment with the specific ehzyme under conditions more closely
approaching those encountered with vatients in the hospital warcds.

The Java monkey (*. cynomolgas) was selected for the

purpose, and tails cnoice has proved to be a fortunate one, since
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the M., rhesus 1s much more resistant to the strain of Type III
Pneumococcus émployed. In the first part of the study the
animals were given morvhine and then under ether anesthesia a
small catheter was inserted into the trachea; the inoculum,
consisting of organisms centrifuged from a given amount of
culture and resusnended in 0.5 cc. of soluble starch was

allowed to flow into the lungs. During the procedure the animal
was tipped to tne rigat with the hope of localizing tre material
in the right lower lobde. Tais technic was, in the majority of
instances, successful. Wowever, the location of the infection
was not always predictable, since the exact site of the catheter

at the time of injection was not known. At times, too, during

the recovery from ether anesthesia, the monkey often went through

a stage of excitement, with hyperventilation and exaggerated
physical activity, or the reverse condition with cessation of
breatning which required artificial respiration. Such incidents
apparently resulted in pneumonia scattered diffusely through the
lungs and accompanied by a high septiceria. In gspite of these
variable facfors,\localized lobaf pneumonia was vproduced in a
high nroportion of the animals,

- In the latter part of the studv,ua morevaccurate method has
been employed using the technic described by Terrell and
Fobertson, With this method, the animal is z2iven a dose of
mornhine sufficient to make it aoulet. The animal is vlaced in
the supine position, and a s~ 11 radio-opaque catheter is,
inserted into the trachea. With the aid of the fluoroscope the

catheter is tnen guided with direct visual control into the
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bronchioles of the lobe or lodules, in winich the infection is
desired. Vhen thé catheter is so placed, the organisms sus-
pended in 0.5 cc. of 5 per cent cornstarch emulsion are injected.
The metiod has several advantages: First, 1t eliminates general
ancsthesia; second, the site of injection is known accura.el;;
tnird, with better localization the number of organisms reguirec
for infection is somewha®: smaller and the septicemia conseocuent-
ly tends to increase wore gradually.

Throu.hout the study, témperatures were recorded 3 or 4

times daily and the course of the pneutonia was followed by .

daily roentgenograms. Dally dlood counts and blood cultures
were made. In general, within 18 hours after infection, =a
definite well localized pnecumonic consnlida®ion can be seen in
the X-ray. Concomitantly, a gradually rising fever is noted.
The white blood cells may be increased in number, or, if
septicemia is present, ther may have docrecaseé¢. The lesion
continues to spread so as to involve the entire lobe and may
extend to other lobes. Tae temperature remains elevated, the
senticemia increases, and the leukocyte count tends to fall
frogressively. ‘Death may follow in 4 to 7 days in the typical
case, On the other nhand, in a certain numbder of instancesi'f
assoclated at times'W1th either a diffuse infection of the lungs
or with the well localized lesion, there is an immediate fall’
in leuocytes, a heavy septicemis and a tendency to subnormal
temperature with a ranidly snreading-lesion and an early fatal
termination.

There is alse a grounm of monkeys in which recovery takes

nlace spontaneously after 3 to 7 days. In these, sevtice=la
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nay be absent or slight in aegree, although in two instances the ;;;
sacteremia hes bYeen comparatively hizh. There is a tendency of
t..is group to res»wond with cefinite fever, leukocytosis and a
211 locnlized lesion, but with relatively less spread of the
sneumonic process. The spontaneous recoveries occurring in this
sToup make it difficult to specak of contral ani~als in the usual
sense, since the factor of individual variation, so far as we
have been able to discover, cannot be eliminated or allowed for.
This is especially true when tae purvose of the experiment makes
a cowparatively long, but gradually progressive and fatal course f,Q:
the most desirable. From the point of view of the production of
pneumonia, of course, 1t does not matter, but when an atterpt to
evaluate a therapeutic agent 1s made, the ideal is to apmroach
absnlute comparisons of treated and untreated animals. This has
not been possible.

The studies to date include the results in 82 monkeys with
definite pneumonic lobar consolidation of various degrees. Of
these, 20 animals, or 24.4 per cent, had no septicemia and all
recovered. _4venty-three animals, 28 per cent, had rapidly
mounting'septicemia;gfeater than 5,000 colonies per 1 cc. of
blood in the first‘threeéaayé. 'Aii~of-these animals died. The
remaining animals were subdivided into two groups on the basis
of the deg}oe of Bepiicémiaibresbnfzv (1) those in which senticemio
was present but not greater than 250 colonies ver 1 cc. of dlood
in the first 3 days; (2) those in which the septicemis ranged
between 250 and 2,000 colonies in the first 3 days. The first
of these two groups comwprises 23 animals, orT 31.9 per cent, and

the second includes 12 animels, or 14.5 per cent, It is in these
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two grouns that the condlitions secw most favorakle to study the

nossible etfect of tne enzywe upon the course of the exm-rivent-

al Gisessc. The results obtained by trentment ~re tndulated

bclov, co-Pdaring tne wortality rate in a serics of untreated
1) - 5 &

animals with that of siilrr ani<als receilving treatment with

the Tyme III mnolysrccanrride-splitting enzyrme. The reason for

dividing tha: srouns on tae basls of the first 3 dnys is tanrt

all of the a-iunls treatcd, received tae onz e in the first

3 days alter infection.

Animals with pneutoni» and senticenia less
tnan 250 col./cc. in first 3 dnyrs.

No. of aniwrals - Yortrlity
Untrented | 7  ented | Recovered| Died | ner cent
15 7 _9 55,3
e 10 10 0 0

aninls with vneu-onin »na senticemin fronm
250 to 20600 col./cc. in first 3 days.

No. of Anizals trortality
Untreated | “reated | Recovered | Died | per cent
8 2 6 75

4 4 0 0
Su-mar: of both groups.
No. of aninals . , ortality
Untreated | "reated | Recovered ) Died | per_cent
24 . 9 15 53,1
- 14 14 0 0

Y

The results on tne basis of COﬂpnratixe mortalit" figures

arc striking. In the aninals of these groups wnicn received

treatment tnere have bYeen no fatalities, whereae, wrll over

50 per cent of the untrented animrls hnve succuvbed. Five more

animals were trcated on the first day and one on the second day

after infection. In a definite consolidation was

all of t:resc

noted, in several tu¢ fever had reached 105° to 106°, and they
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seemed on a clinical basis to be suitable cases for the thera-
peutic test; however, at the time of trenstment tiaelr bloond
cultures were sterile and remained so. They all recovered. Six
others with very hi.h initial septicemias were treate¢ and al-
though they all died, one treated on the first das with a septi-
cemia of 18,000 colonies per cc. at that time did not ocie wuntil
the fifth day, and then vith 2,000 colonies of Type III Pneumo-
coccus per cc. Another with 25,000 colonies per cc. on the
second day of disease lived until the fourth da;y, ~and at the
time of death the septicemia had been reducec to 3,700 colonies
per c¢, This marzed reduction of the numher of organisms in

the circulating blood has been noted in others of the treated
group in which deatu occurred e~rl:.

In addition to the efiect of the enz me on the sentice~ir,
there is usually seen in the X-rays a definite nrompt effect
unon the pulmonic consolidation. The spread of the lesion is
limited and the advancing margin begins tn clear. At the same
time, the fever tends to subeide and the animal 1s alert and
active, and takes interest in his fonod and surroﬁndings. The
immediate constitutionalveffect of the enzyre nas varied with
different preparations and with the severity of the disease,
Some~preparationé have caused a fall in ternmerature and white
blood count and have made the animals appear sicker. This is
especially noticed when the monXey 1is already extremely sick.

In animals moderately sick there is a tendency to a fedbrile rise
following treatment. It mey be that the fall of the blood count
is partially due tn an increased wobilization of te leukocytes

at the site of iniection.
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The treatinent has usually consisted in the intravenous
administration of 10 cc. of enz'we, var ing frem 2.5 to 20
units per cc. PFollowing tihe original treatment, blood cultures
and wnite counts are made ard further treatment has been bnsed

on the results of these studles in conjunction with the general

clinical aospearante and tne X-ray cvidence. In some instances
thiree treataents heve been given in a period of 24 hours. In
tine later treatments the intraperiton-al route has sometimes
been employec with satisfactory results, and perhans some re-
duction in the amount of general recaction.

Altnougs the studr must be carried further, the results so
far appear nromising. Recently, 1t nas Meen our privilege to
move tae monkey clinic to ouarters whicn com®ine many features
that tend to exvweaite tne actual wor'-. It 1s honed that wilth

moro exnerimental ani-ials, and with further imnrovement in

technical procedures of concentration ard purification of the
enzyne, more potent and highly purified prenarations may be
available and that unequivocal results of its theraneutic
effect mary be odtained,

Pathologr: As a side-product of the primwary clinical study of

%
{

experimentél pneumohia in ronkeys, an excellent opportunityvhas
béeniﬁroﬁénted,fof the'study'of the pathblogy-of the expériﬁenfé’
al disease in aniﬂalé dying at different times with various
degrees and stages of involvement. The microscopic preparations
have been wmade with the kind cooperation of Jr. Rhoads and Mrs.
Whitehousc. Tiae Gescrintion of the microsconic lesions is
limited t~» sections obtained fro~ the lunzgs of monke s infected

by allowing tue inoculuz to flow b7 gravity to a given site.
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In the animals dying early in the disease there has been an

acco~panying heavy septicemia. As early as 24 hours an entire

lobe way be inv-lved. 1Its color at tnis time is a dark bluish- $4yf

red, It is larze, firm and airless, except, psrhavs, at the

extreme margins. There is usuaslly a roderate degree of fibrinous
pleurisy, sometimes a small amount of serous fluid. The septur
between it and adjacent lodes is obliterated »y adhesions. On
cut section, the involved lobe is comparntively dry, bdut a
viscous fluid, tynical of Tyne III pneumococcus pncumonia, may

be scraped off. WKicroscopically, the most advanced nrocess may
be seen in tae portion nearest the root of the lobe, while
extending peripherally different strnges may »e encountered. In
the region of tae main vessels ~nd bronchi ‘there may already be

seen a marked cellular exudate primarily composed of leukocytes.

Fibrin has anpeared in different parts. The alveolar walls are

moderately swollen and their canillaries are engorged. Ordirar-

ily, the number of red bdlood cells in the alveolar exudate is

not striking. The lymphatics of tle larger bronchi and
brohchibles, although dilated, show 1ittle evidence of 1nfection.
Twe walls of tie bronciioles show little infiltration, hlthdugh
much éxudateliﬁ"preSént in their lumina. Thé walls of thejbioba
vessels do not apbear to be involved. In this areazzdmgarﬁfiQEEy
few organisns are seen.

Extending'béripherally iﬁ'd gradual transition from the
preceding phase, there is seen marked engorgeﬁent of the
alveolar canillaries with swellingband desgunmation of the
alveolar epithelium. The alveoll are filled with exudate com-
posed of edema fluid, moderate numbers of polymorphonuclear

leukocytes and erythrocytes usually in small numbers. There way




be a few deposites of fibdrin spicules and organisms are numerous

in the exudate, but not notahle in the walls of tne alveoli. At
the margins of tae lesion tne predominant features are the
filling ot the r-spiratory lobdules with edem»r fluid contesining
great numhers of brcteria and cornaratively few cells. There
may be extreme congestion of tihe alveolar canillaries so that
tne walls are outlined dy erj;throcytes filling the canillaries.
The alveolar walls are swollen, but the outstanding feature

is tnat, in snite of thne number of organisms in the material
filling tine alveoli, they are infrequent in the walls of the
blood vessels, the bronchioles and alveoll.

In animals dying on the fourth to seventh days, one may
find several lobes completely involved, snd the waole lung
covered with fibrous pleurisy and adherent to the tnoracic
wall. The lobe which was the site of the original mneumonic
consolidation is a slate grey in appearance, or blulsh grey.

It is large, firm and airless. At times a local area, red in
appearance, may be seen, Tre lung on cross section is reddish
grey and ver. ary with rough, granular surface. MicrosCopicélly,
most of the lobe will be seen to dbe in an advanced stage of the
pneumonic mrocess. The alveolar walls are poorly distinguished
because of the dense character of the exudate and the large
amounts of fidrin. The alveolar canillaries contain erythrocytes
but are not prominent. In many phases there is a shrinkage of
the exudate away from the walls of the alveoli, but strands of
fibrin can be seen extending from one alveolus to another. 1In
the terminal bronchioles the nrocess is aguite marked. 1In the

areas of dense involvexent, esnecially where fidrin is abundant,
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few organisms are seen ~nd tae number of leutocytes 1is 1l~7es.
Tae fibrin 2npears to be wost maried in sAreas adjrcent to the
blooc vesscls, There is practically no evidence to su:.gest
vascular throwhi, =snd the malls of tae vessels are surnrisingly
free of evidences of infection. 1In ta2e larger %ronchi, much
exudate mny be secen in tae lumwer, dSut there is little infiltra-
tion of the valls even adjacent to areas of mared pneuronin,
The lymphatics do not a»npear to be infected. In certain areas,
peraaps most fregquently in the merivheral portions of the lobde
so involved, ornc notes the apnearance of large yellowishk cells
in the alveoli. Where tzey arc p;esent the fi»rin is disanpenr-
ing and tne polymorphonuclear leulkocytes are =uch dirinisaned.
These cells are tac tynical forus seen in resolution, and esre
apparently actively phagocrtic.

In the other lobes, depending upon the duration of involve-
ment, the type of lesion apncars to vary with the age. In some
instances there seems to be an area of direct extension fromw
lobe to lobe, but usually the oldest lesion is seen about the
hilus, waile in tae 1obe 1n waich tne process 1is most recent
the peripherél portions may show engorgement of the alveolaf

capillaries with much edena fluid and many organlisms in the

alveolil typifying the auvanc1n~ rargin of tne spreading 1nfection.

In animals sacrificed after spontaneous recovery has begun,
thére is.frequeﬁtly a perﬁistencé of fidbrous pleural adhesions.
The involved 1obé is smaller taan normal, has a rub%very consist-
ency, and its color is a ratiner pale greenish jellow. The

surface may be wrinled. On cutting the lung, it is rather firnm,
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dry, but flabby. Very little air is present,. In the micro-
scoplc section the striking feature is trne predominance of the
large yellowish phagocytic cells. Certaln alveolil contain large
numbers of the  with few polymorrhonuclear leukocytes and less
fibrin.

Elsewnere the alveoll are clear but for ~ small number of
these cells; the alveolar walls are becoming less swollen; the
epithelial cells are bYeing replerced. The capillaries are per-
haps more dilated than in the stage of dense consolidation.’
Scattered throughout the section are portions in which fibrous
tissue is ma%ing 1its anpearance and beginning organization. At
times tne plugs of exudate are coated with a layer of epithelium

and almost sugzest the organization of a thrombus with small new

vascular channels maXing tuneir anpearance. The complete clearing

of tce infection is comparatively ranid, although Just as the
laying down of fibrin is mar¥ked in the acute »nrocess, so is the
anount of fibrous tissue in tiae reparative process,

~=-000---

II. Nature of Lysis of Pneumococcus by Autolysis, Bacteriolytic

Enzyme and Bile. (Dr. Dubos.)

Among the interesting properties of the Pneumococcus cell
i1s the ease with which it undergzoes autolysis and the readiness
with which it is dissolved by dile and bile salts. These two
properties serve to differentiate pneumocbcci from other Gran-
positive coccl; tney are also of sonme interest in the study of
bacterial variation in the Pneurococcus groun, since the R

variants are more rcsistant both to autolysis and bile lysis




than the § forms. Finally, these two processes result in the

loss of tﬁe ch rocteristic antigenic property of the S cell,
i.e., its nower to stimulate the production of the tyve-smecific
capsular antlbodies.

What 1is the nature of the phenomena wanlch cause such strilki-
modifications of the cell? It has long been reallized that auto-
lysis is the result of the breakaown of some cell constituents
by tne so-called autolytic enzymes. Cell-free preparations of
these enzymes have the propert: - of changing heat-killed pneumo-
cocci into a mass of Gram-negative dedbris; this action is fairly
limited to tre Pneumococcus group, but, within this group, both
R and S forms, irrespective of type, are egually affected.

A very satisfactory method of preparation of the bacterio-
lytic enzyme is as follows: A chilled suspension of pneumo-
coccus cells is thrown into 15 volumes of ciiilled acetone, the
precipitate separated by centrifugation and dried as a grey
powder. When resuspended in a medium in which the cellular
enzymes cannot function, this material may be shown to consist
of a»nparently normal Gram-positive cells. 1If, however, the

cells are resuspended in saline they undergo lysis instantan-

eously, leaving only a.mass of Gram-negative debris. Outside
of the interest attached tn tiis @henomenon of flash lysis,
the technique provides a rapid method of obtaining a solution
which in turn 1s very active in causing lysis of heat—killed
Pneumococci.

Although autolysis was soon recognized as an enzymatilc
phenomenon, most investigators have felt that bile lysis was of

a more physical nature, particularly because of its amazing
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rapidity, even at ice box temperature. It was also felt that

the property of undergoinz lysis in bile was in some way
associated with tae 1life and death of the cell, since any
procedure which killed tne organism would also rcnder it bile in-
soluble. However, the following experiments, very briefly out-
lined, seem to indicate that bile lysis 1s only an activation

of the autolytic enzymes, and that it does not occur when these
enzymes are inhibited or destroyed.

When pneumococcus cclls are suspendcd in citric acid, for
instance, they slowly die but remsain Gram-positive and retain
their morohology. If thesc dead cells are then suspended in a
buffer solution at pH 7.0, they undergo lysis at a normal rate,
they are found to be bile soludle, and when subjected to
freezing and thawing ;ivo an active preparntion of bacteriolytic
enzymne. This experiment shows that dead cells remain bile
soluble when their enzymes have not been destr~ycd, but have
been only placed under conditions where they cannot function.
When, however, the cells are killed "y agent§ such as henat,
minecral acids,salts of heavy metals, which not only inhibit but
also destroy the brncteriolytic enzymes, they are no longer bile
soluble.

A direct evidence of the activating effect of bile-on
lysis by the bacteriolytic onzyme is supplied by the fact that
the rate of breakdown of hecat-%Xilled cells by the enzrme is very
much accelerated in the presence of bile or bile salts.

The enzymatic nature of bile lysis is also indicated by the
influence of temperature on tae panenomenon. The rate of bile

lysis was measured at 0° C., 5° C., 20° C., 37¢ C., 45° C.,
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53° C. and 60° C, Betweon O0° C. and 45° C. tac phcnomenon was

found to have a temperature coefficient of 2 to 3. At 53° C.

lysis began very rapidly but soon stopped and never wans com-

pleted, suggesting that the enzyme itself had become inactivated.

At 60° C., no lytic action could be detected.

All these fancts seexn to indicate the enzrmatic nanture of
bile 1ysis. The following observations also tend t»~ prove that
autolysis, bhile lysis and lysis nf heat-killed cells by sterile
preparations of brcteriolrtic enzymes are fundamentnlly the same
phenomenon; all 3 processes have a temperature optimum at 45° C.
and are inhiblted at tenperatures greater than 52¢ (.; the range
of pH lies bectween 5.5 and 8.2 with an optimum near the neutral
point; the rate of all three processes becomes exceedingly slow
in distilled water, but increases with salt concentration, at

least up tn 5 per cent NaCl; finnlly, in all three cases, lysis

does not occur in the presence of agents Xnown to inhidit enzymes

It seems that the foundat ions have now been placed on which
to build a study of the mechanism of lysis. TFour observations
are being studied as possidle leads towards an unders*anding
of this mechanism. 1, The fact already referred to that. cells
precipltated ﬁith acetone exhibit flash lysis. 2. Activation
of lyeis by bile and bile salts. 3. The rate of autolysis and
of lysis of heat-killed cells by b;cteriolytic enzymes is very
much activated by small amounts of 1odine. This activation,
howvever, can be recognized only within a narrow range of iodine
concentration. Above a certain concentration the enzymes are
completely inhibited by Lodine, the cells remain permanently

Gram-positive and are no longer soludle in bdile. It may be




mentioned here that cells thus trented with an excess =2nd then
washed free of iodine are still susceptible to 1lysis by the
bneteriolytic enzvmes.

It nas been mentioned early in tals discussion that all
neat-killed pneumococci, irrecsnective of tymners, nre suscentinle
to 1lysis by the bacteriolytic cnzyme., It should he ndded here,
however, that from tnis point of view the Tyne I cells are by far
the most resistant, and the Tyne III the least resistant. It 1s
perhaps more than a coincidence that the Tyne I contalns also
the most stabdle typve-snmecific antigeric corpnlex, and Tive III

the least stabdble.
--~-000-~~

I1I. Study of the Antigenic Cowplex of Tyne-specific Pneuro-

cocci. (Dr. Avery and Dr. Du%os.)

When virulent, encapsulated pneunococci are subjected to any
form of lysis, tney lose thelr property of stinmulating tyve-
specific antigenic response in rabbits. Such prevarations of
lysed cells, however, are still capable of immunizing mice agains!
infection with virulent pneumococci of the horologous type, |
This observation suggests the existence in tane intact virulent
Pneumococcus cell of two distinct anfigenic functions, both of

which are type-~specific.

1, Oapsular polysaccharide antizen, This antigen is con-

cerned with the production in the immunized animal of a type-
specific antibody directed against the polysaccharide constit-
uent of the Pneumococcus capsule. Practicall; all rabbits
immunized with suspensions of intact heat-killed Type I pneuno-

cocci respond with the production of type-specific precipitins,




H 99

agglutinins and protective antibodies. If, however, these sanc
cells are first allowed to undergo autolysis, or are dissolved
by bile, or their hesast-killed bodics are digestcd by the addi-
tion of bacteriol:'tic enzy-es, and these preparations are in-
Jected into rabbits, tuae animals fail to exhibit trme-specific
response. As shovn earlicr in tihils remort, thcse three forms
of lysis are only different expres=ions of the activity of the
same lytic enzywes. We may say, thercfore, that the capaular
pdlysaccharide antigen is rcndered ineffective by the action of
the cells' own enzymes.

When rabvite are inmunized with a suspension of heat-killed
Type III organisrcs, only a few animals respond with the produc-
tion of type-specific antibodies. 1hen, however, iodized cells
ére used for irmunization, practically all animels exhibit the
formnation of type-specific precipitins, azglutinins anéd »nrotect-
ive antibodies. As has been stated earller, 1odized cells are.
easily attacked by thre bacteriolytic enzymes and thus changed to
a mass of Gram-negative dedris. Now it has been found that
treatment wifh tie bactdriolytic enzyme does ﬁbﬁ“séem*téimadify
the ‘type-spbelffc antizen of thé todizéd'cells. -"t'ﬁ‘-‘faét',"-'-‘-"‘?-'
fabbits immunT#ed ‘with the "Graninégative”débris’obtained by
digeating lodized cells with 'the ‘bacterfolytic ‘enzyre gave as
zood type-specific precipitins and protective antibodies as '
animals treated with undizested iodized cells. It is hoped that
this observation may be naace use of in the study of the chemistry
of the capsular polysaccharide antigen.

2, Secondary type-spccific antigzen. As stated bYefore, mice

i ~munized with the Gram-negative material obtalned by digesting
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hcated Type I cells with the bacteriolytic enzyme exhlibit mnr¥ed
resistanco against infection with the homologous organism, dut
no resistance against Type II. The same degree of active
immunity can be induced in ~ice with nutolyzed cells or cclls
dissolved in bile., Besides belng resistant to the Pneumococcus
enzymes, this antigen exhidits cert~,in re—~arkable properties
which have nnde possidle sorme progress in its purificetion; it
is insoludblec in 95 per cent alcohol, but soluble in 70 per cent
alcohol; it is soluble in acetic acid; it is not inanctivated by
crystalline trypsin; it gocs through Berkefeld filters. Anti-
genic material thus purified reacts svecifically in scra which
have been freed of antibodies ngainst the tyve-specific poly-

sacchrride.
~=-000~~~

IV. Methods of Preparation of the Enzyme Deco-posing the

Capsular Polysnccharide of Tyve III Pneumococcus., (Dr. Dubas.)

The methods of preparntion, concentration and purification
of the bacterial enzyme capadle of decorposing the cansular
polysaccharide of Tyvpe III Pnecurococcus hnve been described in
previous reports. These nmethods have been sinplified in some
details. In particular, the amount of yeast extract in the
culture medium used for growing the SIII bacillus has been
reduced to .005 per cent; this has somewhat decreased the yield
of enzyme, bdut has also reduced the toxicity of the prevara-
tions. (It vill be recalled thet the toxicity hms been found
to be due partly to the nction of the SIII b-cillus on yeast
extract.) As a result, it h=s been found possidle to eliminate

one step in the purification process, i.e., the adsorption on




aluninunm gel. We have also modified the composition of the
ultrafilters used for concentration, employing for the membrane
a solution of 3.5 per cent cellulose acetate instead of 5% per
cent as previously used. This has resulted in the eli~ination
by filtration of a greater part of irrelevant substances, and
also in a more ranid concentration.

At tae present time, the main difficulty seems to he in
the great losses which occur at the time of concentration,
probably by adsorption on the ultrafilter membranes. Precipita-
tion of the enzyme with acetone or alcohol has given some
successful hut irreguler results. It is obvious that the
handling of the enzyme at this stage of concentration and pur-
ification will require much more study before the methods can
be completely standardized.

~——obo-~-

V. Isolation of Pure Cultures of Orgzanisms Decomnosing the

Capsular Polysaccéharide of Tyne I1 Pneumococcus. (Dr. Dubos and

Dr. Goodner.,)

The work on cultures capable of decomposing tho capsular
polysaccharide of Type II Pneumocoécus'was continued during the
spring and the summer. Several cultures have been obtained pure,
some of them in é very active form and soluble enzymes extracted'
from them in a few cases. Unfortunately, during the fall, the’
cultures bégan to lose taeir activity'and'at the present time
we have only two left which are capable of decomnosing the
Type II polysaccharide. Furthermore, the activity of these
two cultures has becomo so attenuated that 1t 1is now imnpossibdle

to obtain from them active enzyme prevarations. Time permitting

it 1s planned to resune tne work this snring.
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VI. Pneumococcus Dermal Infection in Rabdbits. (Dr. Goodner.)

In tne symptom-complex which follows the intradermal in- h
Joction of pneumococcl in rabbits, the numdber of organisms in '
the blood stream at a glven time seems to be an accurate index
of the relative severity of the disease. The data which have

accumulated during the past seven years are being annlysed to

learn if this index may be correlated with any determinable

constitutional factors. So far, this has not been possible, dhut

it is apparent that the white cell count ~at tie time of infective
inoculation is significant. In those instances 1n which the
initial white counts dcvinte most greatly from the average, the
intensity of the bactoeriemin 24 hours after infective inocula-
tion is the greatcst., This is especinlly true in radbits which
have high initinl white counts, for these invariadly show a
massive blood invasion-~-a rather paracoxical finding.

When so-called "sub-effective" amounts of specific anti-
serum are injected intravenously 24 hours after infective inocu-
1atioﬁ with Tyée I vneumococci, some snimals survive while others
dle. If a definite "sub-effective" nmount of the same serum is
used in a iarge series of rabbits there is abparently no'single
indicator of what result may be'expgcted. “Some animals with a
very high grade of'bncteriemia survive, vhile others with a low
degreec of bactecriemin die. However, if the brcteriemia at the
time of trertment is plotted against the white cell count at
that time with respect to the end result it is foﬁnd that animalsg
which survive occupy onec section of the figure while those which
die are oppositely plnced. With n constant amount of serum the

number of white cells must be greater in promortion to the dezre:
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of bacteriemia if the animnal is to survive. Increasing amounts
of antiserum appear somewhat to compensate for a lack of white

blood cells.

The Determinntion of Active Immunity by Dermal Infection,

A project is being carried out (with Dr. Stillman) to

ascertain tae duration of ~ctive immunity as determined by
intracutaneous infection of rabbits which have previously been
immunized by intravenous injections of heat-killed pneumococci,

Types I, Il r~nd IiI. Each succeeding month animnls, not

previously tested, are given intrandermal injections of living

virulent pneumococcl of the varlous types, and the reesctlons to

these injections studied.

At the time of infection,

determina-

tions are also mnde of the'
This study hns now reached
cluded shortly. It may be

to be no close correlation

presence of circulating antibodies.
the tenth month, and will be con-
tentatively stated that there appears

between the degree of active immunity

and the presence and titer of circulating specific antibdodies,
An analysis of an extensive series of dermal infections

carried out to deter:ine 1f rabbite possess active immunity, has

made»it possible to devise a significant scale by which the

degree of active immunity may be Jjudged. It is believed that:

the commonly accented end-point of immunity, viz., survival and

denth, does not give a very accurate picture of immunity, for

careful study reveals that there are differences in the rate
with which animals die, and certainly even greater differences
in response to infection among those which survive. For example,
an animal's immunity may be of such a character as to bring

about recovery, but the animal may nevertheless suffer from a
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severe and protracted infection differing in no essential
respect from that occurring in one wiaich may succumb. On the

other hand, tne degree of resistance may be such that the animal
may develop only a slight locnlized area of infection and show no
temperature elevation. Thus, while it is possible arbitrarily to
state that animals which die are non-immune, and those which
survive are immune, it would seem more reasonavle to hold that
survival and death merely divide the gradient of response to
infection into two phases, in each of which considerable
differences may be encountered.

The Effect of Pneumococcus_Autolysates unon Pnecumococcus

Dermal Infection in the Rabbit. It has previously been reported

that the edema fluid removed from the lesion during the earlief
phases of the dermal infection in rabbits possesses the properéy
of inhibiting the coagulation of normal rabbit dlood, Pneumo-
coccus autolysates possess the same property. It has been

suggested that, in tae course of tae infective process, some of

the less resistant microorganisms may autolyse and thus, through

the action of their end-products, pave the way for the invasilon
of the few which survive. Experiments have been undertaken to

det;rmine if bacterial autolysates might .enhance the virulence

‘of Pneumococcus. , ,

Sterile autolysates of virulent or non;vlrulent strains dd
enhance the invasiveness of pneumococci, Thus, n strain of
Type III Pneumococcus (PH) which is capable of bringing about
the death of a rabbit when given intraderrally in certain
amounts becomes capable, when autolysate ls added, of producing

the sawe result in much smaller amounts. On the other hand,
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another Type III Pneumococcus (A 65) which does not inherently
possess a lethal capacity does not acquire tals property from
the autolysate, but does seem capable of greater invasiveness.

---000---

VII. Study of Pneumococcus_ Infection and Itmunity in Rabbits

by the Inhalation Method. (Dr. Still=an.)

Pulmonary lesions produced by inhalatlon method. The

problem of the production of experimental Pneumococcus lobar
pneuuonia in small laboratory animals is still under study. All
of the "successful results" of the experimental production of
the disease reported in radbbits have been obtained by the intra-
thoracic or intratracheal inoculation. As lodbar nneumonia may
frequently be produced in mice by the arfificia? inhnlation
method, this method has been adplied to partially immunized
rabbits. Unfortunately, however, rabbits failed to show any
evidence of pulmonary localization of the infection. This
failure may be due to the arrangement of tie lymphatics in the
rabbit's lung. The infection early reaches the pleura and the
pericardium and as a result the animals succumb before lesions
develov in the lungs. A study has also been made of the
pulmonary reactions of rabbits following intranasal instilla-
tion of pneumococci. It was found that the mortality of radbbits
so infected varied 1in direct proportion to the number of pneumo-
cocci instilled into the nose. Although no lesions of mneumonin
were produced, characteristic vascular and lymphatic inflammatory
changes were found in the lungs of rabblts infected by the

nasel route,
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Duration of dermonstrable antihodies in serum of rnobkits

following inhalation of pneumocacci. The duration of typve- ok

specific agzlutinins and nrotective antibodies in the serum of

rabbits followingz inhalation of 1living hneumococci has heen
studied. Tyve-specific m.zlutinins could be demonstrated only
for a snort period after the course of exnosures wmg terminnted.
However. Tyne I protective antidbodies were still detectable in
the sera of these animals years after their final exposure to |
nneumococci. pae protective antibodles dcvelonirg after expos-
ure to inhalations of Tyne II pneumococclil, on the other hand,
remainec demonstra™le in their serum for only a relatively

snort period.

Active and passive im7unity in rabtits. The duration of

type-snecific antibodies in raddits following inoculation of
suspensions of hent-killed pneumococci 1s 5t 111 under investiga-
tion. 1In conjunction witi Dr. Goodner, the active immunity of
these rabbits as deteraincd “y dermal infection and the correla-
tion of this with tiue prosence of tynme-specific antidodies in
the serum is bdein; studiled.

| | ~=~=000-~--

VIII, Intercohvertibility of Specific Tynes of Pneumococcus,

{Dr. Rogers.)

It is an estahlished although poorly understood fact that
rough (R) pneumococci may be experimentally restored to smooth

forms of the same type as that from which they were derived, and

thiat they may be “"transforwmed" into smooth pneumococci of a
serological type different from tlaat of their origin. Since

the initial work of Griffith subseguent studies by Neufeld and
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Levinthal, Dawson and Sia, and more reccently by Alloway have
not only confirmed tne occurrence of tiais plhenomenon, but have
added much to our knowledge and technical control of 1it.

Tne transformation of pneurococcl from one type to anothcr,
wnicih at first could only be accomnlishecd by an irn vive
technioue employing pneumococcus "vacclnes" as the transforming
agent, can now be carricd out in vitro using sterile, cell-frec
pneumococcus extracts in the nlace of vaccines. It has, further-
morc, becn shown that tie organisms phus converted from one
Type into another undergo a rcal ané pcrmanent change, acauiring
all the bilanlozical characteristics of the new type, i.c.,
virulence, type-specificity, tyne-stadbility unon repcatcd sub-
culture, and snrecific antigenicity.

Alloway’was the first to succeed in using filtered cell-
free extracts of pneumococcl as the trarsforming agent. These
extracts were obterined by dissolving virulent cultures with
sodium deaox&cholate, precinitating the dbacterial solutions in
absolute alcohol, extracting the precipitate with salt solution
and further purifying by charcoal adsorption and Berkefeld fil-

tration. (J._Exp. Med., 1932, 55, 91; 1933, 57, 265.) The .

extract of type-specific pnoumococci so prepared, containing
the .so-called "tfghsforming factor," was added to small quan-
tities of‘ﬁroth énriched by the addition of 25 per cent ascitic
or chest fluid, and to tae whole w=s addéd a very small inocuium
of living "R" cells to be transformed. Transformation usually
occurred after from.one to four subculturcs had been made.
Alloway found that although these extracts are rich in

specific soluble substance the degree of transforming activity
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of an extract is not necessarily correlated with the amount of
tiie specific capsular polysaccharide nresent., VMoreover, the
cnemically isolnted and purified specific soluble sudbstance
possessed no transforming qualities. It has also becen shown
tiiat tae transforming factor lncks the thermostability wnsscased
by the purified cardbonydrate. So far, it anncars that the
transforming factor romains closely annsocliated with the specific
soluble substance, thougn tsner nre nnt identicsl in their phys-
icnl proporties in so far ns we hrve beon able to test them.

The work of Alloway nas been confirmed in our recent studies,
and further efforts at nurification of the t ransforming factor
are being mnde at the precent tisze.

It has bYecn found that by careful adjustment of the final
pH of the mcdia employed in obtalning transformations, sufficient
growth occurred to permit os many as three transfers within a
twenty-four hour period. Tiais not only aids greatly to the
rapidity with which transformations may be obtained, but also
seems to produce more constant results. A few experiments unon
the so-called "serum factor," which is an essentlial adjunct in
the cultural technique, would seem to indicnte that the import-
ance of this‘substance is dopendent unon a certain minimal
content of anti-R pneumococcus antidodies, perhaps even more
than upon its nutrient value. Active extracts, 1in addition to
being thermolabile, lose thelr activity umon ageing for even so
short a time as three or four weeks in the ice box. The nature
of this degradation 1is beingz investigated.

St1ll further purification 1s being attempted employing

various enzymes, adsorbents, imwunological and chemical methods,
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but as yet the data are insufficient to warrant conclusions.

It 1is desired.‘by t 1e methods outlined, to reduce the
transforming factor to its simnlest and most active form in
order to acquire knowledge of its bdinlogical and chemical nrop-
erties, and so to arrive at a better understanding of this most
unusual and significant phenomenon.

--~080---

IX. Study of the Chemical Nature of Antlbodies in Antipneumo-

coccus Serum. (Drs. Goebel and Avery.)

The investigations of Northrup concerning the nature of
pepesin and trypsin have led to the 1isolation of crystalllne
proteins possessing unique chemical properties and biological
activity. The success of these investigations, and the fact
that these crystalline proteins have properties which differen-
tiate them sharply from other biologically inert proteins, have
led us to believe that the immune proteln of antipneumococcus
horse serum might, by means of some unusual property, likewise
be separated and differantiatqdrirom.tha accompanying 1ner§
serum proteins. A4s a starting material_fqr this 1nvegtigaﬁion’
we chose that fraction of antipneumococcus serum (Type I)_which
precivitates from whole serum on the addition;of 1arge'quan-:{
tities of water, This fraction,twhiéh is 1nsoluble.1n water,
contains practically all of the antibodles present in the
original serum, It was found that this matsrial could be
further separated,into an inert water insoludble englodulin, an
inart water snluble pseudo-glodulin, and a second water soluble
pseudo-glodulin which contained all of the antipneumococcus

antibodies. This biological specific protein possesses certain
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unusual chemical properties which permit its separation, as %ell
as its differentiation, from the other inert serum proteins.
This substance has a lower total nitrogen content, and a much
higher amino nitrogen content than the proteins of normal serum
A chemical analysis by tae Van Slyke method reveals that the
distribution of basic amino acids is different from that of
normal horse serum proteins. An electrometric titration of
this unusual protein has srown that its isnelectric voint lies
at pH 7.6. The protein 1s soluble in distilled water on either
side of 1its isoelectric point, but is precinitated from water
at pH 7.8. The protein is extremely active biologically; a
solution containing as 1little nitrogen as 0.007 mgs. per cc.
causes specific agglutination of pneumococci. The protein
contains all of the various antivpneumococcus antibodies, i.e.,
it contains the type-specific and species-specific antidodies.
Attempts have been made to separate these antibodies, but
their chemical properties are so closely related, despite the
fact that their immunological properties are sharply differenti-
ated, that iéthaﬁé,noﬁ as yetlsuéééeded in accomplishing this.
We have also(aété%ﬁied’tg'éfyétgflihd'thdiﬁioiogicélli?aétive
protein, but ‘thus far without success. Studies on the nrotective
power of thisrﬂréféin‘ééﬁihst pdéumdcdccﬁé 1hfect{on"ére“§€
present being carried out.

-~=000~~~

X, Derivatives of Glucuronic Acid and Glucuron, (Drs. Goedel

and Babers.)

The presence of glucuronic acid in the specific cardho-

hydrates of Types II and IIl Pneumococcus, in those of Tyves
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A, B and C Friedlander bacillus, =2nd in the specifically react-
ing carbohydrate derived from gum acacia, has led to the belilef
that this sugar acid has an lmportant function in directing the
specific immunological properties of the polysacchsrides of
which it forms a part. A study of the chemistry of glucuronic
acid, and its lactone, glucuron, is in progress. The ultimate
oblective of these studles 1s to prepare a glycoslde of
glucuronic acid which may be chemically combined with protein.
The immunological behavior of the resulting complex may then be
directly cbmpared with the responses elicited by the hexose and
disaccharide antigens which have already bee~ studled.

An excellent source of glucuronic acid is t:e urine of
dogs fed on a diet of d-borneol. Glucuronic acid is 1isolated
directly and easily fromr the urine as the zinc salt of bornyl
glucuronide. The latter compound yieldé g mixture of glucuron

and glucuronic acid on hydrolysis. It is not possidhle to

separate glucuron from glucuronic acid by fractional crystallliz-

ation. It hae, howefef; been found possible to convert this
mixture quantitatively 1ﬁt§‘glﬁénrbn} as well as to reconvert
glucuron quantitatively 1ntd pﬁre glucuronic acid gy mild
hydrolysis yith barium hydroxide. SR

The comparative reducing values of glucuronic acid and
glucufbn have for the first time been ouaﬁtitatively:detérmihed.
A report of this study 1s now 1n press. i

In a previous report (1931) there was described the
prel:;aration' ofO( and # triacetyl glucuron. These derivativ’ea

have now been secured in optically pure forms. They show a

difference in molecular rotation of 36,400, a value which is
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in excellent agreement with tne knovndifferences in molecular
rotations of tuae pentacétyl hexoses. A crystallogranhic study
of these two derivatives is being made by Dr. Ralph Wykoff.

When either C(.or~ﬁ'triacety1 glucuron is treated with
acetyl chloride and hydrogen caloride, an aceto chloro derivative
1{s formed which is probdably a mixture of O( and ﬁ . 1l-chlor
2, 4 diacetyl glucuron. This compound serves as the source
material for the syntnesis of glucuronides. Vhen aceto chloro
glucuron is dissolved in moist ether and shaken with silver
carbonate, tne chlorine atom is replaced by hydroxyl yielding
a crystalline derivative which avpears to be 1 hydroxyl, 2,

4 diacetyl glucuron. We have prepared a non-crystalliﬁe methyl
diacetyl glucuronide from diacetyl chloro glucuron, and we have
succeeded in synthesizing a small quantity of a crystalline
diacetyl p-nitrobemzyl glucuronide. The condensation of
diacetyl chloro glucuron with phenolic derivatives is very
difficult to gffect. It 1s necessary to overcome the difficult-
ijes before the synthesis of glucuronides can be profitably
attempted, and we are still making serious efforts to do so.

. =000~~~

XI. The synthesis of p-amihbphenol glucosides of lactose and
i

gentioblose.,

The result of the studies of the immunological behavior
of synthetic carbohydrate protein antigens has proven to be so
jnstructive that we have extended this investigation to the
disaccharides. The factors which control the immunological
specificity of carbohydrates anpear to be the position of

intermolecular linkages and differences in intra-molecular
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stereochemical arrangements. The disaccherides, whose chemical
constitutions have been well established, are ideal substances
for investigating the effect of such changes on imrunological
response. The four disacch-rides which are bYeing studied are
represented graphically below. The differences in svatinl
constitution and inter-moleculer linkage are readily discernabdle

from these granhic formulae.
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In ofder to combine chemically a sugar with a protein 1t 13;
necessary to synﬁhesize the p-aminophenol glucoside. These
derivatives are then combined by diazotization of the amino grnun,
and coupling the diazonium glycoside with protéin in alkaline |
medium. We have synthesized the heptacetyl A -p-nitrophenol, the
f’-p-nitrophenol>and the ﬁ“-p—aminophenol glycosides of maltose,
lactose, cellobiose, and gentiobiose. These glycosides have
been combined with protein and a study of their antigenic

properties is nearing comnletion,
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