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A STUDY of the cutaneous reactions to staphylococcus extract and various 
protein and polysaccharicle fractions has been previously reported from 

this 1aborator.v.l We are now reporting preliminary studies on the pharmacologic 
and anaphylactogenic properties of a whole unfractionated extract and two 
protein fractions of staphylococcus. 

Previous workers have utilized, for the most part, culture filtrates which 
vary considerably with methods of culture, and which may contain interfering 
substances.2 In the present work, which is part of a study of the role of 
staphylococcus in bacterial hypersensitivity, we have employed certain chemical 
fractionated derivatives and whole extracts from ground washed bacteria. 

M.4TERIALS ASD METHODS 

Two strains of stal~l~ylococcus, one pathogenic (F-10) and one nonpathogenic 
(F-7) were the sources of the material used in this study.l In order to eliminate 
potential antigens from the media as far as possible, the whole unfractionated 
extract, consisting of an ayueous suspension of the lyophilized and ground, washed 
bacterial mass was prepared from a 48 to 72 hour culture grown in a synthetic 
media, modified from Bernheimer and associateq3 and passed through a Seitz 
filter. From the whole extract one of the two prot,ein fractions was precipitated 
at pH 3.5. This actually consists of one fraction precipitable at pH 5.3 and 
one precipitated at pH 3.5, referred to as Fraction A-l and A-2 in a previous 
report.’ Since these fractions demonstrated cross reactivity on precipitin tests,l 
they were combined in the present work and referred to, as fraction A. The 
second protein fraction, referred to as fraction B, was precipitated with 
trichloracetic acid after removal of fraction X. All fractions were dialyzed 
against a bicarbonate buffer, pH 8.0, before use. 

The whole extracts and protein fractions of both F-10 and F-7 strains of 
staphylococcus were investigated with regard to their pharmacologic effects 
upon normal guinea pigs and isolat,ed suspended segments of guinea pig ileum. 
Investigations of anaphylactogenic properties were undertaken on animals which 
had received one to three months previously, a series of injections of the whole 
extracts and fractions in an attempt to bring al)ont sensitization. Extracts and 
fractions were also studied from the standpoint of heat stability. 
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Sensitization to the whole extract and protein fractions of strains F-10 and 
F-7 was attempted in 21 male guinea pigs each weighing between 250 and 300 
grams. Four animals received whole extract (F-10)) 5 animals received fraction 
A (F-10) while 4 animals received fraction B (F-10) in four consecutive daily 
intr,adermal injections totaling 1.0 mg. of phosphotungstic acid precipitable 
nitrogen, hereafter termed ‘ ’ protein nitrogen. ’ ’ 

Three animals received 1.0 mg. protein nitrogen of whole extract (F-7) 
intravenously, followed by three daily intradermal injections of 0.1 mg., total- 
ing 1.3 mg. 

Three animals received 0.7 to 2.5 mg. protein nitrogen of fraction A (F-7) 
intravenously, followed by three consecutive daily injections of 0.13 mg. in- 
tradermally, totaling 1.0 to 3.0 mg. 

TWO animals received fraction B (F-‘7) in four consecutive daily intradermal 
injections totaling 0.24 mg. of protein nitrogen. 

The initial intravenous injections in groups receiving whole extract (F-7) 
and fraction A (F-7)) respectively, were given to study the effect, if any, of 
these materiaIs in normal animals. Since there was no effect, subsequent intra- 
dermal injections were given in an attempt to bring about sensitization. 

To test for anaphylaxis, four to twelve weeks after the last sensitizing 
injection of extracts or fractions, challenging injections of 0.1 to 0.7 mg. protein 
nitrogen of the corresponding materials were administered intravenously or 
intracardiac. 

To test for primary toxicity, 19 normal, unsensitized animals received in- 
travenous, intracardiac, or intraperitoneal injections of the extracts or fractions 
in amounts from 2 to 6 times that employed in the challenging injections in the 
‘ ‘ sensitized ’ ’ animals. This group of controls included the groups sensitized 
to whole extract (F-7) and fraction A (F-7) in which the first sensitizing doses 
were large intravenous injections. 

Autopsies were done on both normal and sensitized animals immediately 
after death. When recovery seemed probable, usually in 15 to 60 minutes, the 
animals were killed by a blow on the head. 

Tests on isolated guinea pig ileum were made by suspending 1 to 2 inch 
segments in a 3 ml. bath containing Tyrode solution maintained at 37” C. A 
given volume of extract or fraction (usually 0.2 or 0.4 ml.) containing 0.02 to 
0.06 mg. protein nitrogen was added to the bath and reactions of the segment 
were recorded on a moving smoked drum. Repeated additions to the bath of the 
same or other materials were similarly studied with each suspended segment of 
ileum, the segment being washed three times between each addition. Forty-six 
segments from 12 normal animals and 83 segments from 14 sensitized animals 
were tested. The materials were added to the b.ath in various sequences with 
different segments from each animal. The criteria for a specific anaphylactic 
reaction to a given material were: (1) initial contact followed by contraction 
of the segment within one minute, (2) subsequent contacts associated with loss of 
reactivity (desensitization), (3) contraction of the segment to histamine after 
desensitization, and (4) absence of contraction to the material by segments 
from normal (nonsensitized) animals. 
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Results of chemical analysis of the fractions are shown in Table I. The 
presence of purine baser and rclativcly high concentrations of carlwhytlrate and 
organic phosp,homs in the rLz fractions. as we1 I as their illsoluhility in dilute 
acids, suggest that these fractions contain nnclcoprotein. In colltl~ast, the r, 
fractions contain no purine bases and relatively little carbohydrate or phospho- 
rns, and are completely- soluble in rither dilute or concentrated alkali or acid. 
None ol: the extracts or f’rxc~tio~ possessetl histamine-like avt,irit- as tested 011 
the isolatctl suspended qtinea pip ileum in that contractions did not consistently 
follow reprwte(l cwntacdt with these materials. 
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Fig. I.-Effect of unfractionated extracts and fractions of pathogenic (F-IO) an<{ non- 
pathogenic (F-7) strains of staphylococcus on normal and sensitized guinea pigs and isolated 
segments of guinw pig ileum. 
Positive rexc‘tions \vPrc 

IVithin each box each symbol represents a wparate animal. 
anaphylnctic 01‘ anaphylactoi~l. a.q (liscussrd in text. 

Phwwcrcoioyic Effects of Ectwcts and F,.nc,tiolzs.-~~\rhole cst ract or fraca- 
tiou X of the pathogenic strain (F-10) injected intravardiac~ or intraI)eritoncall~ 
into fire normal animals was followecl by moderate to severe anapliylactoid 
reactions, characterizetl 1j.v cwngh, retching, dypnea and \-arying degrees of 
shock (Fig. 1). All of the animals wxe recovering, when killed within 15 to 
60 minutes. Autopsy revealed moderate to marked pulmonary emphysema in 
all cases. In contrast, neither fraction I3 (F-10)) whole est.ra.ct (F-7), fraction 
A (F-7) nor fraction I3 (F-7)) injected intracardiac or intravenously. produced 
more than an occasional equivocal symptom .and alltopsies revealed little or no 
pulmonary ~niph~~scrria. 
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The whole extract of the pathogenic (F-IO) strain, when piaced in contact 
with the normal segment of ileum, caused a maximal contraction within about 
30 seconds, which persisted for about a minute, after which time the segment 
relaxed and the tracing returned to the base line (Fig. 3). After washing, 
subsequent additions of this extract to the bath resulted in progressively diminish- 
ing and finally absent contraction. After * * desensitization ” the segment still 
reacted normally to histamine. Fraction A (F-10) possessed the identical 
activity of the whole extract (Fig. 2). This reaction occurred with consistency 
in both control and sensitized animals (Fig. 1). In addition, “desensitizat~ion“ 
to whole extract resulted in loss of reactivity to fraction A (F-lo), and con- 
versely ’ ‘ desensitization ” to fraction A (F-10) caused loss of reactivity to the 
whole extract. The reactions produced by the whole extract (F-10) and fraction 
A (F-10) are similar to those produced by snake venoms“, j and other toxinsG~ 7 
This toxic effect was not present in fraction B (F-lo), nor was it found in 
extract or fractions of the nonpathogenic (F-7) strain (Fig. 1). This toxic 
factor as demonstrated on the isolated suspended segment of ileum from normal 
;inimals was heat st,able, withstanding boiling for 15 minutes. 

Fig. 2.- Effect of fraction A of pathogenic strain (F-10) upon isolated suspended SW- 
ruent of ileum front a normal guinea pig. s indicates a(ldition of 0.04 .ug. of standard 
histamine base; TV indicates 3 xvashes. 

Arrow 1. 0.025 mg. P.N. fraction A (F-10) a~lded to bath. Maximal contraction after 
30 seconds. 

Arrow 2, 0.05 my. P.N. fraction A (F-10) al&d to bath. No contraction in one minute 
(desensitization). 

Therefore, though the number of animals is small, it would seem that the 
whole extract and fraction A (F-10) of the pathogenic staphylococcus has an 
anaphylactoid effect both in the intact animal and the isolated ileum of normal 
guinea pigs. 
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TARLE I. A~-~AI,TSIS OF 1)1.\1.YzEu PKOTEIK FRACTIOSS OF ~Al'lIOGEXIC (F-10) ANI) 
,~OSP~TIIOGESIC (F-7) STRAINS OF STAPIILPLOCO(‘CCS 

A (F-10) B (F-10) 1 A (F-7) 1 B (F-7) ~- -__.. 
Total nitrogen:’ 12.54 12.35 13.71 10.00 
‘. Protein” nitrogen” IO.64 12.1:: 13.30 10.00 
Total p1~osphorus’ 3.W 1.20 2.10 0.00 
Inorganic phosphorus” 0.12 0.01) 0.00 0.00 
Carbohydrate (as pentose or 14.ro i.80 10.80 l.ii 

glucose)d 
Purine bases (qualitatij-e) U f 0 ?- 0 

‘Micro Kjeldahl n ; Kabat and Meyer: Experimental Immunochemistry. 
bPhosphotungstic Acid precipitated N-Modified from Cooke, Allergy in Theory 

Practice. 
‘Fiske-Subbarow : J. liiol. Chem. 06: 375. 1925. 
dDische. Alpha-Naphthol Method-Biochem Z. 175: 3i1, 1926. 
eHawk and Bergheim-Practical Physiological Chemistry, Qualitative test for pu 
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Fig. S.-Effect of unfractionated extract and fraction B of the pathogenic strain (F 
of staphylococcus upon isolated ileum from guinea pig sensitized to fraction B (F-10). 
indicates addition of 0.04 ,@g of standard histamine base, W indicates 3 washes. 

Arrow 1, 0.025 mg. P.N. extract (F-10) : maximal contraction after 30 seconds. 
Arrows 2 and 3, 0.05 mg. P.N. extract (F-10). No contraction in one minute (desc 

tization to extract F-10). 
Arrow 4, 0.028 mg. P.N. fraction IS (F-10). Maximal contraction after 30 seconds. 
Arrow 5, 0.051; mg P.S. of frxclion 1% (F-10). No contraction in one minute (desc 
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AInaph~-lasis demonstrated in the isolatrd, srrspritdetl ileum of guinea pips 
srnsitizttl with t hr nontoxic estrwt or fractiolis was iliiaffected 1)s previowi 

“deserrsitizatiorl” to the toxic> (astract or t’ractiorr ,\ (F-10) (li’ig. 3). I-Iovqever, 
the arral)lr!-lac~toitl reaction to whole extract ( F-10 ) or t’racatiorr -1 ( F-l I)) was 
t’reclucntly lost following desenitization with specGfic antigen in scyrrrc~lrts I’rwm 
sensitizrtl animals. 

The pharmawlogic and anaphylactogerric rtYec$s of extracts ant1 two ~)ro~tilr 
fractions of staphylococcrrs in guinea pigs itrrd isolated segments of guinea l)ig 
ileum haye heen studied. 

The rurfractionated extract of a pathoqrrica strain 01’ staplr?rloc.occrrs p~wtlud 
anaphylactoid rcact,ions in both t,he intact irrrirrral and the isolated ileum. This 
tosic activity was limited to one of the two protein fractions arid was lirat stal)l(~. 

Neitliw extract, nor fractions of the noirpathogenic~ straiii of staphylwocws 
tlemonstratt~tl toxic activity. 

Since extracts and fractions were ol)taiirctl from organisms washed free of 
filtrate, it is c~~ncluclrtl that the toxic f&or is somatic in origin. Results ot 
chemical arial;*sis siiggrst that the toxic protein fraction caoritains iincleoproteiir. 

~Irraphylasis was dcmonstrxtetl with all extracts and fractions of ho111 strains 
of staphylococws with the exception of the unfractionatetl extract ant1 1 he toxic+ 
protein fraction of the pathogenic strain. True anaphylaxis conld not Ire l)roretl 
with these latter two materials hrcansc of thriv primary toxicity. This toxic 
factor, which ma;\- mask anaph,vlasis, must Iw taken into wnsideral ion in ;LIIJ 
stncly of hypersensitivity to this organism. 
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