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of porphyrins formed in vitro as compared to 
those formed in vivo. Uroporphyrin-like 
compounds are formed predominately by 
preparations of uterine tissue ; whereas, al- 
most all porphyrin deposited on shell and 
found in intact uterine tissue is a protopor- 
phyrin-type compound. Some copropor- 
phyrin, 0.2 y/g of uterine tissue, is also found. 

1. Uterine tissue, from white 
or brown egg-laying hens, forms twice as much 
porphyrin, in vitro, from delta-aminolevu- 
lenic acid as liver tissue. Supernatant prepa- 
rations of uterine tissue form predominately 
uroporphyrin, small amounts of protoporphy- 
rin, and trace amounts of coproporphyrin 
from delta-aminolevulenic acid. These com- 
pounds were tentatively identified by their 
behavior in the fractionation procedure used 
and by their absorption curves. 2. Oopor- 
phyrin and coproporphyrin were extracted 
from the glandular tissue of the uterus sf lay- 
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Role of Lipid in Hemagglutination by Candida albicans and Saccharomyces 
cerevisiae.* (22920) 

RALPH A. VOGEL. (Introduced by J. H. Peters) 
Research Laboratories, Veterans Administration Hospital, Atlanta, Ga. and Department of 

Bacteriology, Emory University School of Medicine. 

An erythrocyte sensitizing antigen (ESS) 
from saline washings of bead-disrupted Can- 
dida albicans and Saccharomyces cerevisiae 
has recently been described ( 1 ) . The activity 
of the antigen was measured in the hemagglu- 
tination reaction in which simple admixture 
of erythrocytes with polysaccharides leads to 
acquisition of immunologic activity by the 
red cells as demonstrated by their agglutina- 
tion in homologous antiserum. In addition to 
such activity these preparations were noted 
to possess immunologic precipitating proper- 
ties while on the basis of positive Molisch 
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tests and negative Biuret tests they were char- 
acterized essentially as polysaccharide. Re- 
cent observations have shown that occasion- 
ally the erythrocyte sensitizing activity of an 
antigen may disappear spontaneously on 
standing while its precipitating activity re- 
mains unchanged. 

In the experiments reported below it is 
proposed that saline extracts from these or- 
ganisms, with the overall properties of poly- 
saccharides, contain lipid which is necessary 
for the sensitization of red cells. The current 
interest in the pyrogenic, endotoxic and he- 
magglutinative properties of the lipopolysac- 
charides from Gram-negative bacteria (2 ,3) 
makes the findings reported below of anti- 
genic compounds believed to be lipopolysac- 
charide isolated from yeast and yeast-like 
organisms of considerable interest. 

Materials and methods. Antigen prepara- 
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tions: a. Solid medium. C. albicans or S. 
cerevisiae were cultured on Sabouraud's dex- 
trose agar in Roux bottles. The antigen was 
harvested with isotonic saline and extracted 
as described in a previous report (1) .  b. A 
liquid medium containing 4% dextrose and 
1% neopeptone was distributed in gallon jugs 
and aerated after inoculation with 0.3% by 
volume of either C. albicans or S.  ccrevisiuc. 
Cohen's filtration method (4 )  was used to 
separate cells from medium after 48-72 hours 
incubation. The antigen, produced free in 
the surrounding medium. was concentrated 
approximately 30 times by pervaporation or 
ultrafiltration. It was adjusted to contain 
10% sodium acetate, l?k acetic acid and then 
treated with 2 vol. of 95c/, alcohol. The re- 
sulting precipitate was centrifuged and recon- 
stituted in isotonic saline. .-1ntiscra and in?- 
iizunologic tests .  Cells from liquid cultures 
were used to immunize white rabbits with 
either C. albic~ns or S. cuev is im according 
to an immunization schedule given elsewhere 
(1 ) .  A qualitative precipitin test in which 
antigen dilutions are layered over undiluted 
antisera in 6 mm tubes was employed to esti- 
mate comparative strength of antigen prepa- 
rations. X quantitative precipitin test was 
also employed essentially as described by Ka- 
bat and h y e r  ( 5 ) .  Antibody nitrogen was 
determined by a modified biuret technic( 1 ) . 
The hemagglutination test described in a pre- 
vious report was used to estimate and mea- 
sure the sensitizing capacity of the antigen 
preparations ( 1 ) . 

Results. Antigens derived from both liquid 
and solid mediums exhibited precipitin activ- 
ity and showed the presence of ESS as mea- 
sured in the hemagglutination reaction. The 
antigens differed in appearance and serologic 
activity. The liquid antigen gave positive 
ring tests in homologous antiserum in dilu- 
tions of 1:lOSO as opposed to 1:200 for the 
solid antigen. However, a 1:s dilution of 
solid antigen as opposed to a 1:2 for the liq- 
uid antigen was capable of sensitizing red 
cells in the hemagglutination test. The lack 
of correlation between the precipitin titers 
and ESS activity of these antigens is note- 
worthy. 

TABLE 1. Removal of ESS from C. aZbicari,.s An- 
tigen by Seitz Filtmtioii and Exhaustive Depro- 

teiniza tioii. 

Hemagglutina- 

dOllC* 011 test (titer + test (titer) * 
i111  tigcii Before Aftcr Hefore After 

Proc edure Precipi tin tioii 

+ Precipitiii test : liiglirst dilution of aiitigen 
giving :I positive riiig twt.  Hemagglutination 
tcst : highest tlilutioii of niitiserurri causing hem- 
;iggltitiiintioii of red cells. 

t Aiitigeii tliluted 1 : 4 before Seitz ~ 1 1 ~ 1  tested 
rnulilntctl :iftcr Seitz. 

t ,411tigw c*oiiceiitrated '7-foltl :ifter deprotcini- 
xi1 ti oil. 

Rc*inovul of ESS by dcprntriizimtion pro- 
crdures. Exhaustive treatment. 6-7- times? of 
the antigens from either C. alhicans or S. cere- 
rlisiac with a chloroforni and n-butyl alcohoI 
misture as required in Sevag's deproteiniza- 
tion technic(6) led to removal of ESS and 
residual protein but no loss of precipitating 
activity (Table I). I t  has not yet been pos- 
sible to determine whether the ESS is re- 
moved at  the emulsion interface layer or in 
the chloroform layer. The possibility of the 
ESS being protein is slight since Boyden(7) 
has shown that erythrocytes must be chemi- 
cally pretreated before they will adsorb pro- 
teins preferentially over polysaccharides. 

Rernovul of ESS by Seitz filtration. The 
ESS was removed froin Candida or Saccharo- 
ni>.ces antigen preparations when small ali- 
quots were passed through Seitz filters and, as 

'I'A E L K  11. Quaiititzltivc Sitrogen Determinations 
oil Antibody Precipitated from Saccharomyces 
R;ilbt)it  Antiserum hy Seitz Filtered Faccharomyces 

Liciui il Antigen. 

Aiitihotl?- S (nip 1 'ml of antiserum 
Ikfore Seitz After Seitz 

.\ 111 t o f  : I l l -  (dil. 1 :4} (untlil.) 
tigcBit ( n i l )  ( I ? "  (2) (1) (2) 

.02 

.05 

.10 

.20 

.:\o 

.40 

.50 

.60 

.OG4 .0&3 .112 .113 

.1G0 .144 .184 -192 

.192 2 4 4  .208 .280 
20s 3 0 4  .2OP .304 
208 .304 .I84 2 8 0  
.I84 280 .160 2 5 6  
.150 2 5 9  . 1 G O  .256 
.l60 .144 

* (1) and (2)  represent iiidividual tests using 
t l i f f  ereiit antisera and antigen samples. 
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TA1~l .E III.  Tiiwtiratioii of ESS from C. albicans and S.  cerewisine by Lipase as Measured in Hemag- 
glutination Test. 

Titer of 
S. cerevisiae 

Titer of 
C. albicans 
antiserum ant iserum 

cr2 b iao II  s ail tigen after treat- hemagglu- ccrevisiae antigen after treat- hernagglu- 
Bed blood cells sensitized by C. causing Red blood cells sensitized by S. causing 

ment of latter with tinatioii merit of 1:it ter xith tination 

Lip:ist> ( ( J X  rugc nil) f o r  0 hr a t  37°C 1:4096 Lipase (0.16 rng/rnl) for 0 hr a t  37°C 1:4096 
5 37 1:1024 5 37 1: 512 

45 37 1: 512 24 37 0 
24 70 1: 64 72 37 0 

72 70 1:2@48 NaC1 (control) 24 70 1: 64 
24 37 1:4096 KatY jcolltrol' 72 37 1:4096 

75 70 1:4096 

noted with deproteinization, no loss was ob- 
served in precipitin activity (Table I). As 
can be seen in Table 11, precipitin properties 
were not quantitatively diminished by Seitz 
filtration. Furthermore, absorption of either 
Candida or Saccharomyces antiserum with 
Seitz-filtered, ESS-negative antigens com- 
pletely removed antibody agglutinating red 
cells sensitized with the unfiltered antigens. 

Blocking of ESS by addition of albumin. 
Neter ( 8  ) showed that various protein sub- 
stances inactivate the ESS from E .  coli. The 
blocking action of the protein is against the 
antigen itself and not the red cells. Bovine 
serum albumin, Fraction V, in 0.2% concen- 
tration inactivated the ESS of both Candida 
and Saccharomyces antigens. Egg albumin 
was less active but this may be attributable 
t o  poorer solubility of egg albumin in saline. 
Inactivation of the antigen again was not ac- 
companied by a reduction in precipitin ac- 
tivity. 

Inactivation o j  ESS from C.  albicans or S. 
cerevisiue by lipase. The following experi- 
ments with lipase indicate that lipid is in 
some way involved in sensitization of red 
blood cells. A purified, defatted pancreas 
preparation was employed. Large quantities 
of both Saccharomyces and Candida antigens 
were passed through Seitz filters to assure 
sterility. This procedure did not affect anti- 
gen activity as noted previously when small 
aliquots were filtered. Pancreatic lipase pow- 
der was added to the antigens in concentra- 
tions ranging from 0.6 mg per ml to 0.16 
mg/ml. Merthiolate was added in a final 
concentration of 1 : 50,000. Samples of anti- 

gens plus lipase were incubated at 37°C and 
70"C, and tested after various intervals for 
their ability to sensitize red cells. 

The results of these tests are given in 
Table 111. Both Candida and Saccharo- 
myces antigens were inactivated by pancre- 
atic lipase. If lipase was added to the anti- 
gens before Seitz filtration there was no Toss 
in antigen activity. Likewise no loss, due to 
lipase activity, was noted if the lipase-antigen 
mixture was kept at 70°C. Since lipase is in- 
activated at  temperatures above 55"C, and 
also if passed through a Seitz filter, these data 
would indicate that lipase acts enzymatically 
to destroy the sensitizing properties of the 
antigens. Saccharomyces antigen appeared 
to be a more suitable substrate for lipase and 
more heat-labile than the Candida antigen. 

Discussion. Keogh, North and Warburton 
(9) isolated erythrocyte sensitizing antigens 
from many Gram negative and positive or- 
ganisms. In their early work they hypo- 
thesized that type-specific polysaccharides 
isolated from these organisms apparently re- 
quired a second compound in order to adsorb 
the former on to the surface of red cells. 
They later felt that polysaccharide antigens 
which failed to sensitize had undergone chemi- 
cal degradation and there was no need to pos- 
tulate a second substance. It was felt by the 
present investigator that if polysaccharides 
alone were responsible for modification of the 
red cell surface in the hemagglutination test, 
the potential strength of antigens doing this 
should be predicted by their comparative ac- 
tivity in the qualitative precipitin test, in 
which polysaccharides readily give positive re- 
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actions. During the present work with poly- 
saccharides from yeast and yeast-like organ- 
isms which were extracted and purified by 
gentle procedures. or treated as described in 
this report, it was consistently noted that pre- 
cipitin activity of the antigens did not par- 
allel their ability to sensitize red cells. Tt 
was further noted that there was no difference 
in quantitative precipitating activity of anti- 
gens which are active erythrocyte sensitizers 
at  one stage of handling and then inactivated 
after purification or other manipulations de- 
scribed in this report. The inactivation of the 
ESS activity by lipase or bjv deproteinization 
with organic solvents would seem to implicate 
a lipid containing antigen in sensitization of 
red cells. 

Role of lipids in erythrocyte sensitizatioj?. 
In recent months groups of investigators led 
by Neter ( 2  ) and Landy ( 3 )  have isolated an- 
tigenic lipopolysaccharides from E .  coli and 
S, t yphosa  respectively. These materials es- 
tracted by Boivin's trichloroacetic acid meth- 
od or by the phenol water extraction method 
of Westphal and associates ( 10). exhibit 
erythrocyte sensitizing activity . pyrogenic 
and endotoxic properties. Both have observed 
that heat or mild alkali treatment of their an- 
tigens is necessary before they will sensitize 
erythrocytes. The release of lipid by this 
treatment is believed by Landy to have some- 
thing to do with the activation of the material 
( 2 ) .  However, attempts to block the active 
antigen with the released lipid have been un- 
successful. It is interesting to note that total 
bound lipids are not removed by heat or al- 
kali but require mineral acid hydrolysis. Un- 
like the findings of the authors cited. neither 
heat treatment nor alkali is necessary to acti- 
vate erythrocyte sensitizing properties of the 
yeast antigen by removing lipid. On the con- 
trary a lipid fraction appears to be essential 
for sensitization of the erythrocytes. 

Neter et al.( 11) have shown that lecithin 
and cholesterol inactivate the E. coli antigen 
when used in extremely small amounts. The 
inactivation effect is enhanced by boiling the 
lipid-antigen mixtures. The pancreatic es- 
tract used in the present report contained 0.5 
mg of cholesterol per gram. However, ex- 
periments conducted with pure cholesterol 

showed no inactivating effect on the yeast an- 
tigens when used at concentrations consider- 
ably higher than that found in the pancreatic 
extract. Landy reports(3) that using the en- 
zyme pancreatin in an attempt to hydrolyze 
bound lipid from his antigen he succeeded in 
activating its erythrocyte sensitizing proper- 
ties. However, i t  was found that activation 
was not due to enzyme activity but to alkali 
buffering the enzyme system. 

Lipopol?isaccharide-protein complexes. Ne- 
ter ( 2 )  described the ability of the lipopoly- 
saccharides from E .  coli to complex with pro- 
tein. These complexes are only stable, i.e. 
not precipitated with trichloroacetic acid if 
the antigen is first treated with alkali or heat. 
The antigens resembling lipopolysaccharides 
from yeast or yeast-like organisms also show 
an affinity for complexing with protein in this 
highly stable manner without requiring pre- 
liminary treatment. 

Further investigations are in progress to 
determine the exact chemical nature of the 
yeast-like antigens responsible for sensitizing 
erythrocytes, and to explore the possibility 
that these fungi contain materials similar to 
the lipopolysaccharides of Gram negative or- 
ganisms which are pyrogenic and endotoxic. 

Summar>!. The erythrocyte sensitizing an- 
tigen in saline extracts from yeast and yeast- 
like organisms was inactivated by a number 
of procedures including exhaustive deprotein- 
ization wtih chloroform-n-butyl alcohol mix- 
tures, Seitz filtration, albumin blocking and 
treatment with lipase. The erythrocyte sen- 
sitizing antigen from S. cerevisiae was found 
to be more heat-labile and more readily inac- 
tivated by lipase than the C .  aE6icans antigen. 
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It has been demonstrated that whole plas- 
ma and serum from animals with blood loss 
anemia will induce a reticulocytosis when in- 
jected into normal animals( 1-5). When 
large amounts of such plasma are injected 
over a prolonged period of time, increases in 
number of red blood cells, in hematocrit and 
in bone marrow normoblasts have been ob- 
served ( 3 )  . The following experiment was 
carried out to investigate whether the serum 
of animals exposed to low oxygen tension of 
inspired air would induce a similar erythro- 
poietic response. 

Methods. To utilize the bioassay technic 
previously described (3)  white New Zealand 
rabbits, weighing 2-3 kg, were used both as 
donors and recipients. Normal serum was 
obtained from normal animals kept a t  room 
air, and “hypoxic serum” from normal ani- 
mals kept in 10% oxygen for 48 hours. The 
latter animals were kept in a bank of 8 cages, 
enclosed in an air tight envelope of plastic 
yard goods sealed around inlet and outflow 
tubes. Sufficient food and water was placed 
in the cages to provide for the animals until 
the end of the hypoxic period. Trays of cal- 
cium hydroxide and calcium chloride were 
used to absorb excess carbon dioxide and 
water. The air within the envelope was cir- 
culated by a small electric fan. Its tempera- 
ture was checked and never rose above 31OC. 
The oxygen level in the envelope was kept 
constant a t  10% by admitting compressed 
room air and pure nitrogen at  appropriate 

~ ~ _ _ _  
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flow rates. The total mixed air flow was 
0.75-1.0 liter per minute per animal. The 
actual oxygen level was checked frequently 
by use of Beckman electromagnetic oxygen 
analyzer. Four 48 hour runs were made with 
above equipment with 8-12 animals in each 
run. After each run 2 animals were kept alive 
in room air as “tracers.” The others were 
bled to death by intracardiac puncture within 
1% hours after end of hypoxic exposure. The 
“hypoxic serum” so obtained was p l e d  and 
frozen or refrigerated until used. Normal 
serum was obtained and stored in a similar 
fashion. Normal recipient rabbits each re- 
ceived 50 ml of serum i.v. once a day for 4 
days. Daily hemoglobin determinations and 
reticulocyte counts were carried out on re- 
cipient animals and on tracer animals from 
the hypoxic group of donors. Reticulocyte 
counts were made on cover glass smears pre- 
stained with brilliant cresyl blue and counter- 
stained with Wright’s stain. Reticulocyte 
smears were counted “blind” and a minimum 
of 1000 red cells was examined-except on 
days 2, 3,4, 5 when a minimum of 2000 cells 
was examined. 

Results. Tracer animals. (Fig. 1). Eight 
rabbits, 2 from each of 4 runs, were followed 
after exposure to 10% oxygen for 48 hours. 
Although there was a wide variation in re- 
sponse, the mean reticulocyte level rose from 
a base line of 1.9% to maximum of 6.7% on 
day 3. Hemoglobin levels remained un- 
changed. Normal recipients of normal serum. 
(Fig. 2 ) .  Six normal rabbits received 200 
ml of serum from normal donors. The retic- 
ulocyte levels rose slightly from a mean base 


