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Rash Induction by Intracellular Products of Group A Streptococci.* (25911) 

Extensive work (3.4.5 $1 2 ) has been done 
on electrophoretic separation of intracellular 
components of group ,4 streptccocci. HOW- 
ever, there are fewer reports on biologic activ- 
ity i n  vizlo of such fractions( 11 ) .  This study 
was undertaken to investigate chemical sepa- 
ration, antigenic constitution and intradermal 
biologic activity of fractions obtained by 
starch electrophoresis. 

Materials and niethods.  Prepurution of 
strrptococcal cs tructs .  Five to 4-hour cultures 
of group A streptococci, types 18 and 4 and 
strain KY.5 were grown in a completely di- 
alyzable medium( 13 ) .  After harvesting the 
bacteria by centrifugation in a Sharples, they 
were washed 3 times with distilled water and 
resuspended in distilled water. 30 g wet 
weight plus 100 ml water. Thirty-ml aliquots 
were disrupted in a 9 kc Raytheon, 2>/L to 3 
hours, 130 plate voltage, temperature 4 ('. 
Sonic extracts were cleared of cellular ciebris 
by centrifugation 1 hour, 12,800 to 15,000 g 
in a refrigerated Serval. Supernates were 
dialyzed against saline or balanced salt solu- 
tion for 24 hours a t  2 C. filtered through an 
02 Selas filter, placed in ampules and frozen 
a t  -70°C. Similar sonic extracts of Salnton- 
clla typhosa Ty2 were prepared. Bacteria 
grown on veal infusion agar were exposed to 
sonic oscillation for f/L hour. Fractionation of 
sonic extracts.  One streptococcal type, 18, 
was separated by starch electrophoresis ( 7 ) . 
veronal buffer pH 8.6, ionic strength 0.1. po- 
tential gradient 500 volts, 16 hours. After 
completion of run, the block was cut in 1% 
cm strips, from point of origin. Five to 6 
blocks were done in succession, comparable 
strips pooled and eluted with 100 ml distilled 
water by washing on a sintered glass filter of 
medium porosity under suction. Pooled frac- 
tions were concentrated to about % the origi- 
nal volume of extract by ultrafiltration ( 2  ) . 
Starch control fractions were processed in the 
same way. All procedures were done in a 1°C 
_ _ _ _ - ~  ~ - _ _ _ _ _ _ _ _ - .  - 
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cold room. An aliquot of each fraction was 
saved for chemical analyses; the remainder 
was dialyzed against 0.85% saline, placed in 
anqiules and frozen a t  -70°C. Chemical 
unal-vs(>s of fractions.  Each pooled fraction 
was analyzed for RXA by the orcinol method 
( 1  ) ,  for total phosphorus by the method of 
IGske and Subbarow( 6 ) ,  for DNA by the di- 
phenylamine reaction ( 1 ) and tyrosine by the 
Folin-C'iocalteau method. Serologic act iv i ty  
of fractions.  Each fraction was checked with 
T18 type specific antiserum, group A specific 
antiserum, and with antiserum prepared 
against either viable T18 streptococci or 
against T18 streptococcal sonic extracts. The 
Ouchterlony technic was used. Biologic ac- 
tivitp) of sonic cxtracts and fractions obtained 
b y  starch clectrophoyesis. Injections of whole 
sonic extracts, 1.0 to 1.5 ml, and fractions 0.5 
ml,  were made intradermally on the shaved 
abdominal surface of American Dutch rab- 
bits, average weight 1 kg. Intradermal  con- 
trol injections.  Intradermal injectioas of 1 .O 
ml were made into rabbits with sterile bal- 
anced salt solution; sterile 0.85% saline; 
trypsin (Difco) 5 mg/ml in balanced salt 
solution. final pH 7.8; histamine acid phos- 
phate 0.275 mg/ml suspended in 0.9% saline 
equivalent to 0.1 mg histamine/ml (Eli Lilly 
and Co.) ; concentrated extracellular products 
of T18 containing 4- mg lyophilized material 
per ml; supernate from rabbit epithelial ho- 
mogenate with and without added cysteine. 

Resul ts .  Chemical  unalyses of fractions. 
These data are given in Table I. S e d o g i c  
 stud^ on  fractions.  Fractions 1 through 7 
taken from the positive side of the origin 
formed multiple lines of precipitate with T18 
antiserum (Fig. 1 ) .  No lines of precipitate 
formed with fractions beyond 8 or with frac- 
tions taken from the negative side of the ori- 
gin. Fractions 0 through 7 reacted with type 
specific M antiserum, fractions 0, 4, 5, 6, 7 
forming one line of precipitate, fractions 1 
and 3 two lines, and fraction 2 three lines. 
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TABLE 1. Clheniical Analyses 011 Fractions f rein 

S tarcli Elec troplioresis. * 

pUg/ml --_____ 7 

-1 ttrrough -5 - - - 

7-p 

No. fractioiit Tyr P DNA 12SA 

- 

- - __ - 0 
1 38 
I 100 9 
;3 310 13 - 9 2 
-1 460 137 - 800 
5 400 290 - 3161) 
6 2-10 404 -_ 5000 
I 53 21 0 85 2580 
8 91 440 6BC) 
9 __ 54 610 190 

1 10 - 38 360 13 
- 8 120 __ 

- - _- 
> - - 

- 

11 
__ - __ - 2  t11rough 1 6  - 

Tests on starch control fractions rend between 
.0-.4 0.D. I n  rending test fractions, starch control 
fr:ic.tjoii was set at .0 0.D. 

t l+actions taken froin negative side of o r ig i i  
(0  ) are  designated as minus. 

__ 
.x- 

Only fractions 1 and 2 reacted with group A 
specific antiserum. One broad line of pre- 
cipitate was formed with each of the 2 frac- 
tions. 

Intradermal activity of sonic extracts and 
fractions. Slight to considerable edema de- 
veloped 3 to 6 hours after injection of sonic 
extracts and certain fractions into rabbits. 
Fractions 0 through 8 were the most active 
in eliciting an early reaction. The edema 
gradually s,ubsided during the next 24 to 48 
hours. Approximately 96 hours post-injec- 
tion, 2 types of lesions began to develop in 
wme of the animals, a remittent nodular reac- 
tion, grossly resembling that previously de- 

scribed by Schwab and Cromartie(9,lO) and 
a spreading erythematous eruption resembling 
that described years ago by Rivers( 8 ) .  The 
latter lesion appeared the 3rd to 4th day post- 
injection. Its advancing border was mar- 
ginated, slightly raised from the normal sur- 
rounding skin. There was very little edema 
or induration. The bright red lesion faded 
the 6th to 8th day. Heavy desquamation of 
the involved area began the 9th to 11th day. 
After the original lesion faded, a fresh, bright 
red eruption (secondary lesion) occurred 
adjacent to the original lesion (primary le- 
sion) in about 10% of the reactants. Several 
days later the new extension faded and even- 
tually desquamated. Rarely a tertiary exten- 
sion adjacent to the secondary lesion occurred 
about the 10th to 11th day post-injection. 
Tables 11, 111, and IV present these data. 
Figs. 2 and 3 show the reaction. 

TABLE 11. Tntradermal Activity of Strep. E 1- 
tracts in Causing aii Erytliematous Eruption. 

No. developing lesion Rtrrpto- No. of 
cocci rabbits Primary Xeconclary Tertiary 

Studies on ery tkematom eruption. Upon 
centrifugation of crude sonic extracts a t  
105,400 g for 1 hour in a refrigerated Spinco', 
both sediment and supernate were active in 
producing the eruption ; the activity causing 
recurrent nodular formation was coacentrated 
primarily in the sediment. By intradermal 
injection of supernate only, the erythematous 

TARliE TTT. Erythema tous Eruption Caused hy 
1.1). Inject ion of Certain Fractions." 

No. of rabhits developing lesion 
Primary Secondary 

No. fractioii lesioii lesion 

FIG.  1. Ouc~hterlonly plate showing antigenic heter- 
ogciicity of starch fractions. C'eiiter well antisei.niii 
to T18 tlxtract. Peripheral wells, erncle sonic ex- 

tmvt of T18 and fractions, a s  numlwred. 

y. Result of 3 separate expcrinicnts. Fractioris -+ 
through 15 were each iiij. into 9 rabhits. All f r n c -  
tions riot listed tlitl riot produce this reaction. 

t Rtilrcll colitrol. 



5 7 2  RASH INDUCTION 

eruption occurred in absence of nodular for- 
mation. 

To determine extent and duration of capil- 
lary damage, after development of the eru1,- 
tion, 5 ml of a 1%) saline solution of trypan 
blue was injected intravenously. The first 2 
days after appearance of the lesion, the dye 
appeared immediately over the eruption area. 
On the 4th-8th day, accelerated appearance 
of dye occurred only a t  the periphery of the 

F I G .  2 ( top).  Primary erythematous eruptioii 
slioiving niarginated, slightly raised nclrailcing bor- 
tler. 

FIG. 3 (bot tom) .  Fresh secondary extension of 
the eruption adjacent to the now desquamating 
origiiial lesion, 6 to 8th day post-inj. 

lesion. By the 9th day there was no accel- 
erated appearance of dye, the animal became 
uniformly blue as time elapsed. 

?‘he variability in rabbit response made it 
difficult to study the mechanism of the reac- 
tion. Using the same extract, rabbits showing 
a positive reaction varied from 8 olut of 10 
to 0 out of 10. The variability was not cor- 
related with aging of the extract. The lesion 
could be the result of a humoral or delayed 
type hypersensitivity present in only certain 
rabbits. Therefore 2 groups of rabbits were 
given mu1 tiple subcutaneous and intradermal 
injections over the back and legs with equal 
parts of Freund’s complete adjuvant and 
streptococcal extract. Three weeks later both 
groups reacted with strong Arthus reactions to 
an intradermal injection of homologous sonic 
extract. One group, 6 out of 11 rabbits, de- 
veloped a rash with 2 of the reactants showing 
a secondary extension of the lesion. In  the 
other group, 0 out of 8 rabbits developed a 
rash. The presence of circulating antibody 
did not insure either production of a positive 
reaction or inhibition of the reaction. 

Intradermal activity of control injections. 
These data are given in Table V. Only S .  
typhosa extract produced a lesion similar to 
streptococcal extracts. 

ThBlAE V. Intradc~lm;11 Activity of Control Tnjrc- 
tions in (:awing an Erythematouu Eruption. 

No. with No. with 
No. of typical niininial 

1.1). irijectioii rabbits reac tions rtnvtions 

( ’oiic. extrace1 lular 
1)roilucts of T l8  

Hist;miine 
Epithe1i:tl homoge- 

ntlte 
I d e m  with cysteim 
T rppsin 
Saline 
~ ~ : l l a n c ( ~ d  salt solu- 

tion 
,S. typlio,\a sonic 

extract 

0 
0 1 

‘) 
d 

3: 

* Streaks of erythema; similar reactions in  test 
:rIiinials were called negative. 

t Within 5 to 15 min. after inj., all rabbits dew!- 
oped hemorrhage at inj. site. This reaction pro- 
ceeded t o  lysis of epithelium during next hours. 

$ Two of the 3 reactants developed a secondary 
extension of the reaction. All developed a necrotic 
lesion. None formed remittent nodules. 
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I ~ ~ S C I L Y S ~ O ~ .  By sonic disruption of bac- 
teria, a heterogenous population of macro- 
molecules is probably obtained. Thus, com- 
mon antigenic and toxic groups might be 
attached to molecules of various sizes and 
charges which would be dispersed widely in 
starch electrophoresis. The antigenic hetero- 
geneity of the fractions and wide dispersal of 
the active material causing the erythematous 
eruption substantiate this idea. 

Rashes and eruptions are found in many 
human streptococcal infections. This reac- 
tion resembles the eruption seen in human 
erysipelas. The eruption may be due to a 
preexisting state of hypersensitivity in some 
of the rabbits or to induction of a hypersensi- 
tive state by the streptococcal injection. Al- 
ternately the streptococcal injection may acti- 
vate release of deleterious host products which 
in turn produce the reaction. Intravenous in- 
jection of trypan blue revealed persisting cap- 
illary damage a t  periphery of the lesion at  a 
time when the secondary eruption nolrmally 
occurred. The latent period necessary for 
production of the rash supports either theory. 
The negative results obtained in this study 
following both lines of reasoning do not neces- 
sarily rule out either hypothesis. 

Summayy. Intradermal injection of crude 
sonic extracts and fractions obtained by 
starch electrophoresis of group A streptococci 

produced a spreading erythema in a variable 
percentage of rabbits. Recurrence of the le- 
sion developed in atbout 10% of rabbits after 
abatement of primary lesion. The variability 
in rabbit response made it difficult to charac- 
terize the active principle and to1 determine 
the underlying mechanism of the reaction. 
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Production of Normal-Lived Erythrocytes with Erythropoietin." (25912) 

D. C. VAN DYKE AND N. I. BERLIN 
Donner Lab. o f  Mpdical Physics, University of California, Berkeley; and National Cancer Inst., 

N.I.H., Bet hesda, M d .  

Although erythropoietic hormone may be 
an important factor in normal regulation of 
erythropoiesis, it  can be obtained in signifi- 
cant amount only from animals whose eryth- 
ropoiesis is markedly disturbed ( 1 ) . If eryth- 
ropoietin is part of the normal mechanism of 
erythropoiesis, m e  would expect administra- 
tion of this hormone to result in production 
I____ 

*This work supported in part by funds from 
U. S. Atomic Energy Comm. 

of normal erythrocytes, If production of 
erythropoietin is an emergency measure de- 
signed to Amd the circulation with hastily or 
incompletely formed red cells, one might ex- 
pect to find evidence of this in abnormal 
morphology, incomplete or abnormal hemo- 
globinization, increased fragility, or in short- 
ened average survival time in the circulation. 
Gordon et al. ( 2 )  investigated the properties 
of erythrocytes produced under the stimulus 


