Reggiratogx Dineascs.
I. Chemical eand Immunological Relationships of Cell Constituents

of Pneumococei.

(Dr. Avery, Dr. Heidelberger, Dr. Tillott, Dr. Goocbel and Dr. Julie
anelle.)

(a) Chemical Studics on tho Soluble Spceific Substance of
Pneumococcus -

With the rosumption in Soptembor of active work on the
soluble specific substance of Pnoumococcus, a study of Typo I was
begun and at the same timo the further purification and characterizae
tion of tho soluble specific substances of Typos II and II1 wore ate
tempted.

In the first placc it was found possible to removo all
of tho nitrogen from the Typoc II and III spocific substances. The
Type 1I substance was dissolved in strong hydrochloric acid and prccipi~
tated fractionally with alcohol. ™ he lattor fractions contained an
impurity of lower optical rotation, while tho enalytical figures ob~
tginodﬂon the nitrogen-froo main portions are glvon under Nos. 254,

264, asni end 40 in Tablo I. Those products woro also free from all
but unweighable traces of ash. ‘

4 portion of proparation 28A wés ozidizo;tby means of
nitric acid, ylclding saccharic acid. Siace Glucooa.zohe had proviously
been isolated frcm the hydrolysis producta, thc prosonce of saccharic
acid under thesec eonditions shows glucoso to be tho sugar unit frorn
which tho specific Type 1I polysaccharide is built vp. The molecule,
if we may considor it a single substance, appears also to contain an un~

1dentified weak acid with an optical rotation about that of glucosc.
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A molecular weight determination gave a valuc of about

2000, but this was subject to a large error owing to the small obw
served freezing-point depression.

By the action of pyridine and acetic anhydride the Type
II substance was converted in 80 por cent yicld into an acetatc giving
almost theoretical carbon and hydrogen values for a polysaccharide
triacotate. (Found C, 50. 4 per cont; H, 5.6 per cont. Calculatod:
€, 50.0 per contj H, 5.6 por cont). Unfortunately the acetatc was

80 insoluble that any attempt at crystallization was impossible, ase

. was also a doclsion as to whethor or not it reacted specifically. -

However, on hydrolysis with diluto alkali, it was rcconvertcd into
the solubllle specific substanco.

Tho Typo 11 spccific substance had previously becn pre-
cipitated by its antisorum and recovered in part from the procipitats.
Howcver, dissoclation of thc specific precipitate wes difficult and the
recovered product contained 1 por cent of nitrogen and gave the biuret
tost. In & repotition of this experimcnt tho immmno procipltate was
firet dissolvod by digestion with trypsin, but the specific substance
remaincd firmly bound to the protein dogradation products, and it was
only aftor a long and involvod purification that tho specific substance
was recovered, thie timo in a degroec of purlty in which it did not
give tho blurct tost, and with only 0.12 por cent of nitrogon. (See
25°Q).

The Type III soluble' specific substance, alsc, wazs Ottained
freec from nitrogen by rcﬁeated reprccipitation as the insolublo iree

acid. Dilutions of the purified substance as high as 1:3,000,000

roacted with homologous immune serum, giving a final concentration of

1:6,000,000. The other analytical constants wcre unchanged, as will
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be seen by comparing the previously submitted figures 71th thocs of
Prgparations 30 I. and 33II. in Table I. Attompts at further eliminae

tion of possible impurities were made (1) by adsorption on alumiium

* hydroxide, and (2) by precipitation as thc insoluble barium salt,

in the formation of which thc Typc III substanco differs from that

of Type II. 1In both cases, however, the product recovered agreed

in all its propertics rwith the starting matcerial (see 30 A end 33 II B,
Table I.) Since the .two purificatio_n processes differ widely from
sach other aﬁd from tho usual ,meti'zod of pi'epération, it would seom
that the Type III substance has beon obtained as a fairly definite
chomical indlvidual. .

When ho insoluble form bf the Pype III specific acid is
boiled for several hours with a large volume of water it gradually.
passes into solutidn, behaving as if an anhydride, or pogsible lac-
tone, grouping had been opencd. That tho chanze is of somo such nature,
and that it is reversibdle, is showa by tho fact that when the insoluble
substance is dissolved in an cxccss of alkali the initial rotation
of «34% gradually drops to ~17¢,. slowly roturning again to almost
tho or{ginal valuo aftcr tho solution is again écidifiod. .

Hegarding thoe constitution of the Type 111 spocific. sube

stanco, it has boen found possiblec to idontify ghicoso as onc of tho

products of hydrolysis. This has bocn isolatod both as the phonyloe

sazonc and tho p- bromophenylosazonc.  Another product of hydrolrsis,
obtained in largor ammmt than the glucoso, is a stroug acid showing
the propertios of glucuronic acid, but 1t has not yot been positively
l1dentificd.

Just as the Tyoc I and Typc III spocific substancos differ
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markedly from cach othor in chcmical propertics, so tho Typc I sub.
stance differs from tho other two.. It appcers to be a highljr doxctrow
rotatory, nitrogon--containing, non~rcduczing, amphotoric polysaccharide,
insolublo at its isocloctric point. It forms soluble salts with both
acide and bascs but the acid salts dissociated very rcadily, showing
the substance t5 bo a weak base. So far it has nct beon possiblo to
find a rocord of the natural occurrcnce of any othor substanco with

theso romarkable propeftics.

In the isolation of the Typo I substance it was found noce

cssary to modify tho mcthod of purification uscd in tho othcr two

cascs. In soparating the substance from the accompanying glycogon
and othor impuritiocs advantage was takon of its insolubility in diluto

acotic acid and of tho formation dy it of an insoluble barium salt.

. Aftor romoval of thc barium tho wdrOQ.MOrido of tho spocific substanco

was roepoatodly precipitated from alcohol and finally convorted into
tho insolublo, isdolectric form by dialysis.
Tho p'ro'duct obtainod in this wa'y. (39, Tablo I) agroos

in ita pz‘b;gor‘tiob “w.izth preparations in which the purification by barium
was omittod (298, %6, 37) and with a proparation purifiod by adsorption
on alumimnn hydréxido (37B), indicating that it has boon obtainod in
fairly puro condition. ¥rom Tablc I it will also 'bé scon that its
spoeific ackivity is manifostod at as high dilutions as that of the
othor two btyp-c sﬁbetanc‘os.

Rogarding tho constitution of tho Type I spoeific substandd,
littlo can as yot bo said. Of the 4.4 per eont of nitrogon in tho
substeance in its prosont statc of purity, 2.5 por cent appears ay anino

nitrogon by tho Van Slyke method, but at the same timo tho molccule A
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(1f thc matorial available bc assumed a single substance) is split

by the nitrous acid uscd, reducing sugars arc fommed, and the specific

reaction vanishcs. When the Type I substance is oxidized by nitric

acid, mucic acid is formecd. The substancc also gives the color

‘,Q tosts of glucuronic acid, which would, howcver, glve saccharic
acid on oxidation, so that it is possible that in its galac’uronic
acid (which would yicld mucic acid on oxidation) is combincd through
the reducing group with the amino group of an amino sugar acid or
acid amido. ‘
Attempts at tho morc rigorous purification of thc sub-
stancoe and the olucidation of its constitution arc under way.
A summary of thc knowledge at present available of the
three type specific substancos of the Pnoumococcus is given in Table
ITa-
Tablec II.
\Type | Optical | © H 'N JAcd. | heducing Sug- | Mol. | Highost
Rotation, ! i ars on Hydroly-| Wt. Diln.giv- |
i sis. ing ppp- !
, | with spce.
. irmmane !
sorum. |
I L
1 +300°  43.3* 15.8 4.4 [(270) i27¢/ofGlactur-
: ' onic Ac- s
1a) | ;
[Amino Su 1 116,000,000
gar Zcri- ; o
: - |vative.) 3 : ‘
é II +730 45.8 6.4 | 0.0 340 {70/, Glucosc ot A ;
: ‘ _ 1950 i1:5,000,000 '
IIT | -330 142.6 | 5.6 |0.0]1250 {756/ Glucosc ¥
B (Glucu- 1
ronic A .
Acid - :6,000,000
—d i ! ——

*Theory for (céﬁloos)x t 0 =44.4 por cent; H =. 6.2 por'cont
danino ¥ 2.5 per cent
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(b) Immunological Siemifizance of the Varicus Joll Consti-
tucnts_of Fasumococcus.

The facts acquircd by these joint studiecs have brought
to light new, and significant facts concerning the rclacionship
botweon tho chemical constitution and biological speceificty of the
bacterial eccll. A svmmary of thi: work as it relates to the problem
as a whole is preesented at this time instecad of the usual individual
rcports of tho scveral mombors of tho Staff who have participeted in
some particular phasc of the work.

In an invéstigation of the Immunological rolationships
of the cellular substancos of pncumococcus, two constitucnts of tho
coll have %hus far beon studied. Ono of thoso, is thc substance pre-
cipitatcd from solutions of pncumococcus by dilut: acctic aeid, which,
although comprising a mixturc of othor proteins and mucoid may, for
the purposcs of thae pro;scnt discussior'x, bo woferred to as bacterial
nuclecoprotzin. The other constituiont, non protein iﬁ charactcr, is
the so~callcd solublc spocific substance, walcn is now xnown to bo
a carbohydrato ofltho polysaccharide typo. Whilec it is realized that
these two substances, important as thoy arc, do not comprise the whole
antigenic moﬁaic of tho coll, thcy arc cmphasized at this timo dbecauso
they happon to be the first chosen for investigation, end tho only
oncs thus far studied. |

Studics of tho antigenic and sorological propcrtiocs of

thesc two chemically divorso substances as they cxist togother in the

-

iatact cdell and free in a dissociatcd state, have yioclded ccrtaln facts

concorning tho diffcercatiation of the specific types of pncumecacci,

and recgarding the rolationship bctween shomical constitution and bio-
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logical specificity of tho ccll as a wholc. For not only do thesc
ccllular compounds belong to two wholly diffcrent classos of chemical
substances, namcly protcin and carbohydrato, but the carbohydrato
constitubats of the threo fixed types of pncumococei have beon found
in cach instancc to consist of polysaccharidcs of corrcspondingly
difforent structurc. Thosc latter substances possess in addition the
uniquo distinction of rcacting spccifically with entibactorial sorum
of th: homologous typo, although in the freo etato dissociatcd from
the ccll thoy arc d-void of the power of inciting thoe formation of
antibodics won injcction into animals. That is, thoy ars spocifically
rcactive substances but arc not truc antigons. The protoin on tho
othor hand, is antigenic; the sorum of an animal immunized with this
substance rcacts with protcin derived from any type of pncumococcus.

1t is at oncc oblous that as thoso two compononts oxist in the coll

they form an antigenic compleox which is differcnt from that cxhibitod

by cithor substance alonc. Tho scrological diffcrontiation of the
verious typcs of pncumococci is rolatcd thercfore not only to chemical
and aatigeaie differcneos in these component substances, bub is ase
societod with the structural charactcr and morphologicel intogrity

of thc bactoriel coll.

Structurc of tho Ccll. Boforc considering in dotail the ime

munological characters of thosc two eollular constituonts, it may

add to tho t;loa.rncs-s:bf the discussion to picturc tho form or pattcrn
of the coll as it rolates 4o thc disposition of thosc substances. For
undoubtodly ccll configuration roflocts in somc moesuro the casc with
which this organism perticipatcs in immnity roactions emd the avidity

with which 1t intoracts with antibody. Many of thesc rcactions arc
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surface phenomena, and the nature of the reactive material at the peri-
Phery of the cell determines the readiness of response and even the
speciricity of reaction. Pneumococcus is an encapsulated organism,
and there are grounds for the belief that the ectoplasmic layer of
’ | the cell is composed of carbohydrate material which is identical in
all its biologleal characters with the type specific substance of
pneuhococcus. On the other hand, the endoplasm or somatic substance
consists largely of protein which, as previously pointed out, is
specles and not type specific. This protein is possessed in common by
all pneumococcl while the carbohydrate is chemically distinct and sero-
logically specific for each of the three fixed types. 1In design, there=
fore, the cell may be conceived of as so constituted that there is
disposed at iis periphery a substance which is highly reactive and

upon which type specifiecity "ennwds.the structure and, as will be

pointed out later, the morphologicel integrity of the cell are deter-
minative factors in bacterial specificity. .

Chemistry of Specific Substance. Study of the chemistry of

the soluble specific substance derived from the three fixed types of

paeumococcus has shown that in each instance a distinctly different
aubstané?, polysaccharide in nature, is involved. TWhile it is still
premature to consider.ﬁha producté obtainéd as pure chemical compounds,
the following data briefly summarize the present state of our knowledgs
concerning them: the soluble specific substance of Type II pneumococcus
appears to be a weakly acidic nitrogen~free polysaccharide made up
chibfly of glucosc units. Its specific optical rotation is about

+74°. and its molceular wecight is not less than 2000. In the prescat

 statc of purlty it rcacts in d4lution of 1:5,000,000 with antibactcrial

\
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serum of Type II pneumococcus and does not react with Type I or
Type III antisera. The soluble specific substance of Typec III pneu~
mococcus is also a nitrogen-frec polysaccharide, but differs from the
Type II compound 4in that it rotates the planc of polarized light
about 33¢ to the left and appears to bec made up of glucosc and glu=
curonic acid units. It is a strong acid, and seperates in insoluble
form from solutions strongly acidified vith hydrochloric acid. 1In
as high a dilution as 1:6,000,000 1t still reacts with antipneumo-
coccus serum of the homologaqs type. The Type I solublo specific
substance differs from the other two in containing nitrogen as an
apparently essential componcnt. In its present state of purity the
nitrogen content is 4.4 per cent and tho specific rotation +300°.
Since the carbon and hydrogen content arc close to the theoretical
values for polysaccharides, and sinco raducing sugars appcar vhen the
substance is trcatod with nitrous acid in the dotermination of the
amino nitrogon proscnt, it appeers 1ikely that a nitrogonous sugar
derivative is involved. The substanco is both an acid and a base, and
is very 'sp'aringly solublc in water at the isoclectric point. In the
Bpéciﬁc'ptocipit:in ‘rc.;actidn with homologous a_ritipnemococcue serum
i1t can be detoctod in dilutions as great as 1:6,000,000.

| Although the 8pcc1£1c polysaccharldc by itself evokes

” . no antibodies upon 1njoction into ra'bbits. it is specificallv reactivew
with antibody induced by immnization with intact cells. The fact
that this specifically reactive carbohydrate 1s non-antigenic vhen

disgociated from the other cellular constﬁ.tuents eand is capable of

inciting antibody formation only in the form in which it is present in
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~ the intact cell, forces the conclusion that in the latter instance

it exists not as free carbohydratc but in. combination with some other
substance which confers upon it specific antigenic propertics. ¥For,
{mmnization with intact bactoria containing this carbohydratc com=
plox elicits antibodics which not only agglutinate the formed cells
but precipitate solut';ions of the carbohydratc isolated from pneumo-
coccl of the homologous t},rpo; How tho specific polysaccharide is
combined in the cell,vhether with protein or some other constituent
is not yot clear, but it is cvident that the compound thus formed .
1s tho dominant and esscatial antigen of the cell, and tho onoc res-
ponsible for type spocificity.

The immunological rclationghipas of the protein and carbo-
hydrate fraction of the cell arc shown in Table I and e graphic pro-
scntation of tho facts is presented in Tig.I. in which "g¥ represents
tho specific soluble substance (ecarbohydrate) and UP® the protein of
the pnoumococeus. ‘ The symbols used are in no sense interprctative
of the mechanism involved, but serve simply to visualize the inter-
action betwoon theso ccll constituents and their respective antibodies,
The reaction illustratod may be briefly swammerized as follows;

A. (Pig, 1,4) . Immnization with intact colls of virulent type-

specific pncumococci givo rise to the presence in serum of antibodies .

"which are type specific; such sera specifically agzlutinate the homolo=

gous tyoe of pnoumocoleus, protect mice against virulent organisms
of same type, and precipitato solutiouns of the corresponding purified
carbohydrate substance. T hese sova are distinctly type specific.

They do not precinitate solutions of pneumpescceug protein - (Table I).

e g e i+ 2 e~ e
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B. (Fig 1,B). The spocific polysaccharide (S) when isolated

from tho cocll is incapable of inciting antibody formation upon in-
joction into animals. Tho- isolated protein (P), on the other hand,

is antigenic and gives risc to an immunc scrum vwhich rcacts with pncu-
g}) mococcus protein rogardless of the typc from which it is dc;rivod.
Antiprotein scra do not agglutinate typce specific strains of pncumococel
and do not procipitatc solutions of the soluble specific substance (S)
(Tablo I).

. (Fig. 1,0). Solutions and cxtracts of pncvmococcl bohave
antigonically procisoly as do solutions of pncumococcus protein; the
dissociation of tho antigenic complex which occurs whenever the cell
is dissolvod rosults in tho liberation of froo carbohydrate (S) and
free protein (P) in golution. In such solutions and extracts the only
constituont which functions as antigen is the protein, for frcc "SW
is non-antigonic. Tho gora of animals immunized with solutions of
pncumococci in which complcte dissociation of theeo col} constituonts
has taken place, contain only P antibodies, and they exhibit the same
reactions am do scra prepared by iimwnization with protein alone (seo ?
Table I.)

v " It is ovident from those facts that morphological disso-
lution of pneumococcl is accompanici by antigenic dirsociation, foi‘ .
é sera prepared from solutions of disintegrated cells fail to exiibit a.ay
of the dominant epccific properties which charactorize scra obtained by
inm_miza_“bion with whole 'bac’cer}a.. ilorphological integrity of the dbac~
terial cell, 'therefore, is requisite for production of typo gpecific

antisera. (Compare (a) and (c) Fig.I.)
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Preumococcus Antibodies demonstrable in serum
and cell constituents
Material used for |Effective § Precipitins Co%?é%{g%m Addlut: Pmtxuon Specificity
immunization antigen 3 P Sx P mning | inmice Type [Species
Intact cells
- + - + + + -
[SP] [SFl; |+
Carbohydrate None - _ - - _ — - -
S .
Protein P -~ + _ + - - - +
Py
Solutions , extracts
containing P - + - + - - - +
free3 and free P
Suspension of intact
cells and dissociated | [SP] P + + + + + + + +
cell constituents !
{(SPl,{rees,{reeP

t[SP]:Carbohydmte and protein combined

antigen of cell

+S =Free carbohydrate, the soluble. specific

substance of cell

t P :Free protein of cell

rabbit serum

x Free 3, as antigen, does not fix
complement with immune horse
serum; isS active with tmmune

O
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Immunotogical relationships of protein and soluble specific
substance (carbohydrate) of prieumococcus

A. Intact cell [Ps]

Type 1 2]
a 3] '
7]
B. Isolated constituents of ceit [P],[8]
Protein E G Anti P serum nc:;t type specific
(8 -
Carbotrydrate . —
-

C. Solutions of pneumeococci
in which compiete dissociation of protein and cerbohydrate occurs [e].[5]

E\
~
~

Anti 8 serum type I specific

No antibody response

YEHGE T
xS
e ~a ’ R
L ¢ Ttz G Anti P serum not type specific
///’//
v I N
- D. Suspension;a of pneurococci
containing intact celis and dissociated cell
~const ituerts [Ps},[F],[8]
[F&(ai a] Anti S type I specific
Type 1 E <:| « Pnot type
G = o
r .
E Anti 8 type I specific
woxl [p¢ ] - Proottype -« .
\ - .
( E Anti 8 type IL specific
w I ‘ﬂ G - P not type
\ -
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D. (Fig. I,D0). It becomes obvious, therofore, that tho

character of the antibody response is determincd by the nature of the
material used for immunization. The injection of suspensions of pneu-
mococci into animals inducecs tho formation of antibodies against uSH

alone or against both "S" and "PY scparatcly depending upon whether or

not thesc susppnsions contain only intact cells or a mixturc of both
intact and dissolved ccll bodics. Since pneumococci undergo autolysis
and dissolution rcadily, susponsions anl, indeccd, cultures of thesc
organisms almost invariably contain not only formod clmnents, tut more
or loss dissociated cell constituents in solution. Thc predominance of
the formor in such susponsions stimulates the production of tho type
specific #SW antibodics, while the occurrenco in those 823¢ suspone
sions of dissociated cell provtcin, provokes the formation of the non-
specific protein anti-bodics, (espocially if the immunization is car-
ricd on for a long period of time as is usually the casc in the pro-
duction of antipneumococcus horse serum.) The use of suspcnsions of
pnoumococci, containing both intact colls and tho soluble products of
ccll disintogration yiclds on immnization not only typc specific antie
bodics but antibodles rcacting with a protcin substanco which is common

, to all ’pnoumococci. It is thc proscnceo bf thie protcin antibody with

i ’ its broafer zonc of activity which is rcsponsible for tho confusing cross

! immmity reactions occasionally cucountored in supposcdly trpo spocific

I\ gora. That theeo two anti.'bodics aro scparatc and distinct 1s shown by

:l absorption tests: tho antiproteinm recacting bolics in such scra can be

| rcemoved by absorp 9101’ with the protein of a haterologous type without

! diminishing the titre of epecific agplutinins for tho homologous cultu.Lc,

' or the precipitinsg for the specific ;:ol:/saccharido of corresponiing tyme

and writhoat loss In Zhe suotective value of the serua. k




0

(V18]
were found in tho heart. In one case the rectus muscle prosented
degeneration of localized groups of fibros. The nuclel were indistinct,
the striations lost, and tho protoplasm collected into granules which
took the eosin deoply.

Sections of tho lymph glands, adrenals,and intestines

hove shovm no lesions of nate.

Y. Purificotion of Pneumococcus Antibedics.

(Dr. Meldelborgor and Dr. Avery).

An attompt has beon begun this year to purify tho anti-
bodics in anti-pnoumococcus sorum, bearing in mind both the practical
desirability of rcméving as much unnecessary protein as possi’bl_e from
serum before its administration, and also the solution of the qxwé"tion
o what group of chemical substances do antibodies belong?"

) Por puyposes of orientation a beginning was made by Tre-
peating the work of others in this field. Without going into the de~.
tails of the mumerous experiments which yielcfed negative resulta.' it -
may be said that i:n general the ordinary metheds used for antitoxin
purification did not give a sharp separation of pnewmococcus anttbodies

from the other serum proteins as had previously.b;)on dotoyuiarc in 19153,

(avery, J. Bxp. Mod., xxi, 133,(1915.)) Of tho mumorous protoin nrc-
cipifa.nts- trica, ouly i)icric acid gave any ovidenec of sclectivity, and
exp-rintnts with this substance ars being continund.

lost of the work so far, however, has boon earvicd out with

rodifications of thn mrthod employ ¢ oy Foiton (Boston Ued.and, Surs.J..

1924, B19.) It was necessary to work owt the optiimu: concitions in~
depondantly, as ths directions given by Flion arr too vaguc to be of

valu'. It wag found that if Typc I anti-pneugococcus sorur ls precipi-
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tatod by addition of ono volumo to 19 volumos of 1i/100 potassium
dihydrogon phosphato solution, about 90 por cont of tho protoctive
antidbodios arc carriod dovn in the insoiublo globulin precipltate.

The buffor salt uscd gives the solution an initial pI of about 4.5, .
which changes to 5.2 « 5.5 aftcr addition of the scrum, thus approxi-
mating tho isoclcctric point or point of lowcdt solubility of the
onglobulinepsucdomglobulin complex with which the antibodics arc as-
saciated. This fraction can thon be rcdissolvod in saline solution and
mxprceeipitated in the same way, resulting in the romoval of inactive
solublc protcin without loss of antibody contcnt. Aftcr tho precipltate
is dissolvcd again in saling it is found that tho dissolved preeipitate
prescrves aboud 90 per cent of the protcctive waluc of the scerum, while
fully 90 per cont of the total scrum protein has been climinated. TFor
oxamplo, Now York Stato Typc I antipncumococcus scrum Mumbor 267, cone

taining 72 mg. of protein per cc., ylclded a conceatrate containing

. 5 ng. of protcin per cc. when made wp to the original scrum volumo.

In doscs of 0.05 cc. this concontrate gave as cffectivo protoction as
did the originel scrum, while the rcmaining scrunm fraction had only
a very weak protcetive action. It would appoar, thereforc, that Fole

tonfs mcthod in this fom is a very repid end cenvenicnt proccdurc

for propariag from a.nti-.-pncmococcﬁs serunl a crude antibbdy golution.

Purthor work on this problem ie in progress. .
YI. Pathogenosis of Pulrmonary Infcctions.
{Dr. B G+ Stillman. Dr. Branch.)

‘ As sfated in the previous roport, cxpcrimental pnecumococcus
lobar pncunoaia has boon successfully produccd in mice by the inhalation

mcthod. In order to producc localization of the infoction, partially




