Van Slyke, D.D., Gasometric determination of urea with urcase. Proc. -
soc; m. Biol.and Med'_’ 1925. XXii, 486"487' LI

Hiller, dlma, Iinder, G.C. and Van Slyke, D.D., The reducing subStandes
of the blood. J. Biol. Chem., July, 1925, lxiv, 625-638.

In addition the following are in press.

Hastings, A.B. and Sendroy, Jr., Julius. Studios of Acidosis, XXI. Col-
orimetric detemination of urinary pil.

Hastings, A.B., Murray, C.D. and Sendroy, Jr., Julius. The first and second
dissoclation constants of carbonic aciad.

Van Slyke, D.D., Hastings, A.B., Murray, 6.D. and Sendroy, Jr. Julius.
Studies of gas and electrolyte equilibria in blood. VIII.
The distribution of chloride, bicarbonate, and hydrion
activity botween cells and sorun.

Van Slyke, D.D., Gasometric detormination of methanoglobin. _ i
Van Slyke, D.D., and Vollmond, B., B8tudies of methemoglobin forrmtion.

Studies concerning acute respiratory discase. .

Report of Dr. Avery (assisted hy Dr. Hoidel-
berger and Dr. Goebel.)

Ohemo~-irmmnological studies of the soluble specifig substance of the meu-

mococcus and the Friedlinder bacillus. It will be recalled that in the

lest report improved methods of purification of the soluble specific sub-
stance of Types IY and III pneumococcus were described, as was alsa the
1solation of the analogous substance from the Typert'pne\mococbus., It was
ghown that while the products obdained could scarvely be considered pure
chemical corpounds, widely different methods of purification calculated

to remove different types of acecompanying irpurities failed to change

slgnificantly the physical and chemical properties of the substances as

isolated. The Type II soluble specific substance tlms appears to be a
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weakly aclidic, nitrogen~free polysaccharide nmade up chiefly of glucose
unlts. Its specific optical rotation is about +74.c It reacts at a
dilution of 1:5,000,000 with antibacterial sorunm of Type I1I pnoumo— ‘
coccus, and does not react with Type I or Type III antisera.

The soluble specific substance of Type I1II pneumococcus,
while also apparently a nitrogen~free polysaccharide, differs from the
Type II derivative in many particulars. It rotates the plane of pol-
arized light about 33° to the left. It 1s a strong ;.cid and is nmade up
of units of glucose and either glucuronic acid or some dorivative of
this acid. It also separates in insoludble form from solutions stroﬁgly
acidified with hydrochloric acid. In as high a dilution as 1:6,000,000
i1t still reacts with Type III antipneumococcus serun.

Teble I.

Chenical characteristics of the soluble specific substances of

Types I, II and III Pneunococcus.

Optical Acid Reducing sugars on hy- | Highest di-
Type |rotation | C ):s X equiva- drolysis lution giv-
lent ing ppept.
with homo-
‘ logous im-
_ - i _ mune serun. |
pat
cent
1 +800° 43.3%| 5.8{6.0] 28 |(Galacturonic acid.Xim~- | 116,000,000
ino sugor derivative.)
I1 +740 45.8 | 6.4]0.0 | 1250 70 Glucose 1:5,000,000
111 =330 42.6 | 5.6{0.0| 340 |75 PBlucose{glucuronic acid) | 1:4,000,000
: ‘ X

*Theory for (0531005)x t" C = 44.4 per cent; H = 6.2 poer cent.
tAmino NW: 2.5 per cent.

The Type I soluble specific substance, on the other hand,




while also polysaccharide in nature, differs from the other two type-

aﬁeciﬁc substances in containing nitrogen as an apparently essential
component. In spite of a nitrogen contont of 5.0 per cent the substance
gives none of the usual protein color tests. One~half of the nitrogen
13 liberated when the substance is treated with nitrous acid. Reducing
sugars appear at the same time and the specific reaction vamishes, and
since the carbon and hydrogen content are close to the theoretical values
for polysaccharides it appears likely that a nitrogenous sugar derivative
is involved. It is g strong acid and a weak base, and is very sparingly
soluble in water at the isoelectric polnt. Its specific optical rotation
13 +300°, and on oxidation with njtric acid it ylelds rmcic acid. In

the specific precipitin reaction with homologous antipneunococcus serun
1% can be detected in dilutions as great as 1:6,000,000.

In Table I are swmarized the available data concerning
the chenical differences in the polysaccharide derivatives of pnewio~
cqcel of Types I, II and IIX.

The three polysaccharides contain no sulfur or phos-
phorus and differ from the starchngiycogeﬁ group of _carbolvdrates in
gi,ving no color with iodine and in their resistance to the ordinary
cqrbohydrate-splitting enzymes.. v

It would be of course idle to assume that in their pfeqent
state of purity, each of the specific substances represents a definite
chemical compound. However, in the case of the three fixed types of
pneumococcus three totally distinct substances have been isolated from
cultures grown in the same medium.

It is believed that these and other considerations based
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c# the data presented warrant the belief that the three polysaccharides
isolated represent the actual specific substances, stripped of ét least - 4
a large portion of accompanying impurities, and that they do not merely
represent inert material carrying an extremely minute emount of the t?u.e
specific compounds.

If this be accepted it may be concluded that the soluble
specific substance of each of the three fixed types of pneumococcus ig
a distinct chemiecal substance, differing in many strilding particulars from
the corresponding product sclaborated by the other two types, but havipg
ip common the properties of polysaccharide structure and of resistance to

opzyme action. BEach substance breaks down on hydrolys$s into roducing sugars,

TR TR, sl L e

part of which, at least, are peculiar to itself. The Type I substance

differs sharp)y from the other two in containing nitrogen and in possessing i g

bﬁsic as well as acid properties, while of the othor two substances, the n
T¥pe 1I is a dextro-rotatory weal acid and the Type III a levo-rotatory
strong acid. Espocially striking is the occurrence of specific substances
of such widoly differing properties in microorganisms as closely related
as the throe fixed types of Pneumococcus.

The immmological significance of the specific substa.n,ceé
has been discussed by the writers in the last report and has been pre-
sented in a recent paper and will therefore not be touched upon at pzfesent.

| ¥ hile many of the quostions raised in the course of he
work are still under investigation it seemed desirable to extend the wornk
%o th;a search for annlogous substances in other microorganisms. The Fried-
l8#ndor bacillus was accordingly chosen for study because of the relative

abundance of its capsular material and on account of its occasional ao-




AT
¢ 3 ]!.)

185
currence in human pneumonia. At first a strain, roferred to horeafter
as the E strain, and recovered from a spontaneous opidemic of pneumonia
in guinea pigs was used, and this was later found to be serologically
related to other strazins recovered from human and animal sources.

By procedures essentially the same as those used in the

specific properties of a nost unusual naturec was readily obtained. It
differs from the Friedll#nder carbohydrate reported by Toenniessen in
giving no color with iodine, and from the spoecific material obtained by
Mueller, Smith, and Litarczek in being nitrogen~free. It is a strong
acid ;vith an equivalent valuo of about 685, sparingly soluble in water
after drying but ylelding soluble alkali salts. The specific optical
rotation is + 100°. The polysaccharide itself is non-reducing, but on
hydrolysis with mineral acid yields reducing sugars, among which gluqose
has been shown to be present both by isolation of glucosazone and by
oxidation to acid potasscium saccharate. The properties of successive

preparations are given in Table II.




Table II.

Soluble specific substance of the Friedlinder Bacillus (E).

Prapa~— - Acid Perceﬁtage
ration [0( ’D equiva- |Ash | C H N jof reduc- HNighest dilution giving
No. - lent ing sugars a precipitate with
on hydrolysis irrune serun
Anti-Fried-|Anti~pneu~
18nder se- |mococcus
ru 3. serun Type
11
101 +100.00 {670 0.0 j(44.61* |6.08!0.0 | 73.0 132,000,000 {1:2,000,000
103 1 |+102.5¢ |674 0.0 0.0 | 72.4 1:2,000,000 1:2,000.000
103 II|{+100.0c |704 0.0 0.0 70.0 1:2,000,000 |1:2,000,000
104 |+100.0° 722 0.0 0W06( 73.0 1:2,000,000 |1:2,000,000
104 A [+100,0° |685 0.0 0.0 | 72.0
105 A {+100.0¢ |706 0.0 0.66| 72.0 1: 2,000,000 1:2,000,000
105 Bf [¥1Q1l.5¢ |674 0.0 0.2 | 73.0
105 Ad{¥100.0° }716 0.0 . 0.0 78,0
25 Aff{+ 70.2¢ 1302 | 0.35| 45.8 k.4 [0,0 | 68.4 116,000,000

v

* Theoyy for (csxmos) C= 44.4, H=6.2
N

’ This reprosented a residus which failed to pass through a Berkefeld filter.

{

atterpts at further purification by prociipitat:lon with uranyl nitrate

or adsorption on alumins showed carbohydrate and specific function to

In the present instance, as in those of the pneumococci,

e

'*i A preparation of Type II pneumococcus soluble specific substance.




be apparently inseparable. The isolation of a fourth specific substance

of this natu:;e adds furfher weight to the growing mass of evidence that
the soluble specific substances of microorganisms are ofton actually
polysaccharides.

While the spocific substance @ the B strain, as purified
up to the present, has properties which set it apart from the three
analogous substances of the fixed pneumococcus types, there is noverthe-
less a certain resemblance to that of the Type II pneunococcus, & rosec
blance extending even to precipitation with Type II antipneumococcus
serum.

\ A coparison of the specific substance obtained fron Type
II pneumococcus with that isolated from the B strain of Friedl#nderts
bacillus shows that both polysaccharides rotato the plane of polarized 1light
to the right and yleld approxinately the same percentage of glucose on
hydrolysis. In tho caso of the Frioedl¥nder substance the specific ro-
tation is -tlooo. whilo the Type II pneumococcus substance rotates the
plane of pdlarized light about +74°. Both substances have acidic prop-
erties, but the Friedl#nder spetific substance has an acld equivalent
approximately ono-half that of the Type II polysaccharide. Noither of
the two products giveé"gﬁcuronic acld tests as do theo speéiﬂc substances
of Types I and III pneumococcus. Both polysaccharides £ail to form pre-~
cipitates when treated with solutions of silver nitrate, copper sulfate,
or phosphotuﬁgstic ﬁcid: both are precipitatod by solutions of uranium
nitrato and basic lead acotate. Whereas the"rype II ;pnmmocécma specific

substance glves no precipitate with either bariun hydroxide or neutral




lead acetate, the Friedl#nder polysaccharide is precipitated by both

of these reagents.

Because the two specific substances, although of widely
different biologlical origin, resembled each other so closoly in some of
their chemical properties, the Friedl#nder polysaccharidec was tested with
Type II antipneumococcus serum, and a precipitin reaction was found to
occur. On the other hand, there was absence of precipitation whon this
substance was tested with antipneumococcus serum of the other two fixod
types. It then became necessary to dstermine as far as possible the
Immnological relationships not only of the moluble substances of the
E strain of Friedl¥nder!s bacillus and of Type II pneumococcus, but
of the microorganisms themselves.

The E strain and other serologically related strains
of Friedlfinder bacillus are agglutinated by Type II anti~pneumococcus
serum and not by Type I and Type III antisera, while the Type II pnoumo-
coccus is agglutinated by B Friedlinder antisorum, but not by the onti~
@orum of a strain of Friedliinder bacillus sorologically distinct from
the E strain. Absorption of E Friedldnder antiscrum and Typo II antire
pneumococcus serum with the homologous organism removes in each instance
the agglutinins for both orga.nisme, whilo heterologous absorption of
elther serum removes only the agglutinins for the absorbing organiém,
loaving the homologous agglutinins scarcely diminished in titer. The
soluble spocific substances of the two organisms under comparison react

‘at practically as high dilutions in the oppositc antisera as in the anti-
sora to the organisms from which they werc dorived. Precipitin absorpt—

ion parallels the agglutinin absorption.
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The facts brought out by the test~tube reactions of ag-
.lutination and precipitation find added confirmation in the more final
proof of reciprocal protection agoinst infection in the animal body.

The serum of a rabbit irrmnized with Friedl#nder!s bacil-
lus (Strain B) was first tested for its power to protect nice against
infection with virulent cultures of homologous and heterologous types
of the Friedldnder bacillusa.

~~Tyefprotocol glven in Table III shows that 0.2 cc. of
the anti—Friedl#nder serum Type B protectod animals against 0.1 cc. of
o virulent culture of the homologous strain which without irrmne serum
caused death of the mice in dosos of one-millionth cc. On the other
hand, the same serum affordod no protection in mice against a virulent
hetorologous Strain Sc, which, by the rcaction of agglutination, was
shovm to be of another type.

Since the E strain of Friedl¥ndert's bacillus was found
to be agglutinated and its soluble specific substance to be precipitated
by antipneumococcus serum Type II, it was of interest to determine
whother protection against infection with a tlologically different organ~
ien was possible by the uso of Type II pneurococcus serum. The resuls
of this experimont aré given in Table IV.

1t is ovident from Table IV that mice inoculated with
0.2 cc. of antipnoumococcus serum Type II were effectively protected
against at least a thousand lethal doses of the virulent E strain of
Friedlfnder!s bacillus. As in the agglutinin and precipitin tests tha -
"specific® nature of this protective reaction is shown by the fact that
antipnoumococcus serun Tyfe I afforded no protection whatever agaimst

infoction (Table V).
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The anti-Friodléndor serun prepared by irrmmnization with
Strain E protected nice against a hundred thousand lethal doses of
another strain (), which, by agglutination, was c¢lassified as beliong-
Ing to the same type as E. Sinilarly antipneumococcus sorum Type II

afforded protection against the K strain just as it did against the E

strain; a fact which emphumeizes agoin the imrmmnologlical sinilarity of
Friocdl#ndor!s bacillus of this type to Type II pnewnococcus. 'fhe sario
protocél shows that antipneunococcus serunm Type I is wholly withoat

protective action against this type of FriedlHnder bacillus. Morcovor,

Table VI, brings out the fact that protective power against Type II

pneunococcus infoction is not possessed by anti-Friedl¥nler serum pro-

T o R T ™ 8 o e R T O B N PRI T 07 = s ARG P29 43 2~ B

duced by Strain SC., which both by agglutination and protection has
been shown to bolong to a type different from the effective Tyove B
strains.

The furthor data presonted in Tables VI, VII, and VIII
demonstrate the comparable protoctive power of antipneunococcus Type II
and thoe anti-Friedl¥nder E cerc agninst ;.n.f:'ection with virulent Type II
paeumococei . Indeed the protective potency of the anti-Friedlénder
seruw in pnouwococcus infection in two of the three experiments is
greater than, and in the third test, equal to that exhibitod by the
Pneunococcus Type II imrmne sorun itsolf. This is all the more strik-
ing since in the former casc imrmne rabbit serum was uscd and in the
latter the serum of & herse which had roceived more intensive i
munization.

While comparison of tho chemical propertics of the %wo

soluble specific substances isolated from Pnounococcus Type II and
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Friedl¥nder¥s bacillus (Strain E) reveals many points of resemblance,
differences are also found which are t00 great to be ignored. That the .
substances in reality are ldentiral and that thae observed differences de-
pend cnly wpon irpurities presen® may possidbly be the case, tut the evi-
dence so far obtainad is entirely ospposed to this assumption. It has
b‘e¢n pointed out that widely differing methods of preparation, calculated
to remove different kinds of accompanying inert mattor, have yialied
strictly comparable prodwa}s. Thias fact cannot be taiken io Imdicore

that the specific substances as ot presont isolated are purs chemical
coppounds, but it at least makes recsonable the assumption that in each
instance a large proportion of the adventitious impurities nrs Teen .
eliminated. The view that tho specific substance isolatsl firon Puncu-
mococcus Type II and that recovered from Frisdlindert!s taciilvs (Sirain E)
are not idantical is further supported by certain of the serslogical find-
ings, espocially those which show that the absorption of zggiutinirs and
precipitins 1s not reciprocal with “he two organisms. If the fact that
baeteria possess mubtuel absorptive capacity be accepted as the criterien
of their antigenic identity,then the failure of the organisms in question
to exhibit this propert; may be taksn as further ew;idence of the lack of
identity of the substeaces inmvelved. .

However,‘ grar.téd a chamical difference between the two
specific substatces, 1t becomes nacpssarg Yo accouni fpr their m@rkad
immunological similagity. In the absence of further evidence as to the
structural relations of the two substances, which- can only be obtained
when large amounts of materia.. become o.vai.lable, 1%t seems reasonable

to assuae that both contain in a portion of the complex molecule the same

o o T PR RN

5 R




S
192
or a closely similar eteric configuration of atoms. This essential
similarity in molecular grouping would then dotermine the immunological
similarity of the two substances.

In the case of Pneumococcus it has been shown that the
polysaccharides by themselves are not antigenic, and it is b.elieved that
they become antigenic only when attached to some other substance, probably
the protein of the cell. The type-specific character of the antigenic
repponse, however, is dopendent almost entirely upon the nature of the
polysaccharide and not upon the substance to which it is attached. There-
fore, since the specific carbohydrate substahce of the Friedléinder bacil~
lup (Strain E) and that of Type II pneumococcus possess in cormon similar
chemical properties the antigenic response to each may also be similar
even though the proteins or other substances with which they are combined
be quite dissimilar. A discussion of the actual number of antigens and
antibodies present must be deferred until more facts are available.

A striking and probably analogous example of common anti-
genic properties in substances of remote biological origin is furnished by
the phenomenon of heterogenetic specificity originally déscribed by Foyss-
man. This investigator showed that followlng the injection of animal
tissues of unrelated species common hemolytic antibodiss for sheep
corpuscles appear. landsteiner has shown thet sugh hefsrogenetic anti-
gens consist of two component pa.r.‘.bq.- ope a pz‘otpin}, the other probably
a lipoid substance, landsteiner and Simms haye found that the I{poid conr
stituent, although i%self practically devold of antigenic properties, ac~
quires true a.ntigeriiﬁity when combined with prptein, and that the aﬁti—»
bodies thus induced rea’t.;t,with the isaiated 14ipoid fraction.
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Tha fact that two blologically unrelated organisms, Pneumo-
coccus Type II and FriedlHnder's bacillus, (Strain E) possess certain
similar serological and antigenic proporties suggests that examples of
hoterogenetic specificity likewise occur among bacteria. In the case of
"nacteria, however, the specific sub.‘stance involved, instead of being a
lipoid, appears to bc a polysaccharide. From the results reported it
fu;'cther appears probable that when the analogous specific polysaccharides
of otherwise tota_lly unrelated microorganismas correspond sufficiently
in chenical constitution an imrminological correspondence also results.
This type of Imrmnological correspondence in no way invalidates the
systematic classification of bacteria based upon the more usual and general
methods of specles determination. It is of greater immediate significance

in conmection with the study of problems dealing with bacteria as disesse-

producing agents than in the study of bacteria in their genetic relation~

ships.

The work here reported has raised a maiber of questjons,
not only regarding the actual structural differencés of the soludble
specific substances involved, but also regarding the inter-relatipns
and number of antiéeﬁs and antiﬁodies teking part in the homologous and
heterologous '*specific“ reactions, and the possible application of the
cross=protection studies in human therapy. It is hoped eventually to study
these points.

In the work on Pneumococcus comment wé.sl made on the sure
prising fact that the analogous soluble specific substances of such clesely
related organisms as the three fixed.types of Pne@ococcua should be so

strikingly different. After the study of the E strain of Friedlinder's
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bacillus it appears equally remarkable that the analogous soluble specific

substances of such widely different organiems as this strain of the En- .

capsulatus group and tho Type II pncumococcus should be so similar.

If -

and there 1s alroady evidonce on this point -~ it should develop that the

type of specificity occasionod by this particular chemical relationship

of soluble specific substances is comparatively widespread in nature, it

would be a new fact of considerable biological interest.

Table III.

Protective action of anti-Friedl#nder serum (E) aghinst Friedldnder‘s

L]

-

bacillus of homologous and heterologous types.

Anti-Friedlénden :
Serum E. Fricdlinder's Bacillus.
Strain B Strain Sc.
Amount of culture. Result. Amount of culture. | Result.

0.2 0.1 0.l D.17
0.2 0.01 u .01 " 18
0.2 0.001 " 0.001 " 22
0.2 0.0001 . " 0.0001 " 22
0 0.00001 D.40 0.00001 " 30
0] 0.000001 t 18 0.000001 w23

In this and the following tables § indicates survived; D, death, the

mmerals represeﬁting the hours beforo death of the animal occurred.
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Table IV.

Protective action of antipneumococcus serum Type II against

Friedlédnderi’s Bacillus E.

Friedlénderts
Bacillus E.

Antipneumococcus Serum II.

| Amount

Ragult

Virulence controls.

CC.

0.001 ,

0 .0001
0.00001
0.000001
0.0000001
0.00001
0.000001
0.0000001

o NeoRoNeoNal
* e

OO0
DO

s.
f

it
u
u

D.51
" o4]1
" 44

Table V.

Protectiave action of entipneumococcus serum against Fried-

l4nder's Bacillus (K).

Friedldnder!'s Anti~-Friedl#nder |Virulence |

Bacillus K Antipneumococcus Sera. serun E. controls.
(Type E). Type I. 0.2 cc. |Type II. 0.2 cc| Rabbit 84 0.2 cc

0.1 D.42 D.18

0.01 U - S

0.001 D.18 S "

0.0001 " 18 u n

0.00001 " 42 " u D.21

0.000001 ¥ 18 " 42

0.0000001 no1g
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!."é._ble vI.

Protective action of anti~Friedlinder sera against Pneumococcus Type II

Culture Pnewao-— i - Anti~-Friedldnder serm Anti-pneumo~ |
coccus Type II. Yirulence coccus serum
' controls. Rabbit 84 D Rabbit 77 D | Type II
irrmnized with irrmani zed (Horse 91 A)
Strain E. 0.2 ccJwith Strain 0.2 cc.
SC . 0.2 cc.
1€C .
0‘2 D046 Do20 Do42
0.1 " 46 v 20 L]
0.01 5 " 20 B
c.0Mm ] " 20 n
O.QOOJ, ] ¥ 26 "
0.00001 D.36 )
0.H00001 " 46
0.H00000L w 46
Table VII.

Pz'gge_ctive action of anti-Friedldnder serwa E asainst Pneumococcus Iype II.
Pneumococeus Imrune sera -
fI‘ype'II en}lturel Anti-Friedlénder B AntiPneunococcus II| Virulence
?[ (Rabbit 84). (Horse 91 A) controls.
| . Amount | Result _Anount Result. .

L oce. 1 ces cc. |

0.2 0.2 D.19 0.2 D24

0.1 0.2 s 0.2 " 48

[0.01 0.2 " : 0.2 S

0.001 0.2 L 0.3 "

0.00001 0 0 0,20
10.000001 0 0 20
€.00C0001 o] 0 36

i

0.0000CC1 ce. of this culture = 450 colonies.
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~Table VIII.

Comparative protective value of anti-Fricdl#nder and anbipneunococcus

sdrum against Pneunococcus g_‘m e I1.

| ,

Immmune sera. Virulsnce
Culture controls
Pneumococcus Anti-Friodlénder E Antipneunococcus Type
Type II (Rabbit 84) II.

Horge 91 A.
ount Rosult Anount Resgult.
0.2 0.2 ] 0.2 D.44
0.1 0.2 " 0.2 " 20
0.01 0.2 n 0.2 * 44
0.001 0.2 " 0.2 S.
0.0001 C.2 " 0.2 "
0.00001 0 0 D,26
0.000001 0 0. " 26
0.0000001 0 0 L7
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