
FLUORESCENT ANTIBODIES TO PATHOGENIC FUNGI 135 

pinephrine and epinephrine, may shed light 
upon the clinically observed antihypertensive 
effect. 

The possibility that chlorothiazide is a 
weak adrenergic blocking agent appears un- 
likely since its effect is not greater in diminish- 
ing the response to epinephrine than to nore- 
pinephrine and further since i t  also effectively 
decreases the depressor response to isopropyl- 
norepinephrine. 

Two other explanations of the decrease in 
responses are ( 1 ) chlorothiazide acts directly 
upon peripheral vascular smooth muscle in- 
ducing some refractoriness to agents tending 
to alter its state of contraction, or ( 2 )  the 
compound sensitizes the carotid sinus buffer 
mechanism and increases its effectiveness in 
opposing pressure changes. The reported re- 
duction in dosage of ganglionic blocking drugs 
necessary for blood pressure reduction in hy- 
pertensive patients receiving chlorothiazide 

(5) would support the first possibility. 
Summary. Chlorothiazide (Diuril) , an 

orally effective diuretic, has been shown to 
decrease arterial pressure response to injec- 
tions of norepinephrine, epinephrine and iso- 
propylnorepinephrine in the anesthetized dog. 
The possible relationship of this finding to the 
reported hypotensive action of the compound 
is discussed. 
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Methods for studying fluorescent antibody- 
antigen reactions have been widely used since 
their introduction by Coons et al. ( 1,2). They 
have made possible more definitive studies on 
the site of antibody formation in animals(3), 
on the distribution in tissues of polysaccharide 
( 2  ) , bacterial (4) viral ( 5 )  and Forssman anti- 
gen(6), and on specific localization of globu- 
lin in tissue from diseases believed to have hy- 
persensitivity as an underlying cause ( 7) .  Re- 
cently Watson and Coons, as mentioned in 
Weller's and Coons' report (8), and Gitlin (9) 
have demonstrated that a rabbit antibody to 
human gamma globulin can be conjugated 
with fluorescein-isocyanate for the purpose of 
detecting any specific antibody of human ori- 
gin after combination with its homologous an- 
tigen. Weller and Coons(8) were able to de- 
tect viral inclusion bodies using a 2-stage tech- 
nic (indirect method) in which tissue sus- 

pected of containing varicella was treated with 
a convalescent serum and then fluorescein- 
labeled rabbit antihuman gamma globulin. 
This general technic has been used in the pres- 
ent work and describes the reaction of patho- 
genic fungi with human antisera and rabbit 
antihuman gamma globulin labeled with 
fluorescein. The possible usefulness of this 
technic is compared to standard serologic pro- 
cedures. In a t  least one disease, cryptococ- 
cosis, preliminary evidence suggests that the 
indirect fluorescent-antibody technic used 
here may be superior to standard serologic 
procedures. 

iddaterials and methods. Fungi studied. 
Stock cultures of Histoplasma capsulatum, 
Candidn albicans, and Blastomyces dermatiti- 
dis were maintained on appropriate media in 
the yeast phase of growth. The strain of 
Cryptococcus neoformans was freshly isolated 
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from a case of cryptococcal meningitis; the 
patient’s serum was used for serologic studies. 
Other human antisera were obtained from pa- 
tients with systemic manifestations of my- 
cotic infection. The complement fixation 
titers of the blastomyces and histoplasma hu- 
man antisera were 1 : 256 and 1 : 128 respec- 
tively. The yeast cell agglutination titer of 
the candida serum was 1:256. Preparation 
and fluorescein-labeling of rabbit antihuman 
gamma globulin serum. White rabbits weigh- 
ing approximately 5 lb. were immunized with 
alum precipitated( 10) human gamma globu- 
lin. The rabbit sera were pooled and frac- 
tionated by Cohn’s ethanol method as de- 
scribed by Deutsch ( l l  ) to obtain the globulin 
fraction. The globulin was conjugated with 
fluorescein isocyanate using Goldman and 
Carver’s modification ( 12 ) of Coons’ technic 
(1) .  The fluor was stored at  -20°C. Prcpa- 
ration and staining of slides. The fungi. with 
the exception of B .  dernzatitidis, were killed 
with 1 % phenolized-saline, washed several 
times with normal saline and adjusted to a 
KO. 2 MacFarland nephelometer tube. B .  
dermutitidis was killed with pyridine accord- 
ing to the method of Fischer and Labzoffsky 
(13). A loopful of organisms was spread on 
a clean slide ranging in thickness from 1.2 to 
1.28 mm and allowed to air dry. A drop of 
undiluted or diluted human sera was then 
placed over the dried smear. After standing 
for 30 minutes under a petri dish cover with 
moistened filter paper liner. the slide was 
washed gently with 10 ml of isotonic phos- 
phate-buffered saline (pH 7.4). A drop of 
fluorescein-labeled rabbit antihuman globulin 
was then placed on the slide and allowed to 
act for 30 minutes at room temperature. The 
slide was then washed in the above buffer for 
10 minutes. A drop of glycerol-buffer (9 
parts glycerol to 1 part isotonic phosphate- 
buffered saline, pH 7.4) was placed over the 
stained smear and a cover slip applied. Light 
source and microscope used. A carbon arc 
with automatic electromagnetic feed operated 
a t  12 amperes D.C. was used with a Leitz 
monocular microscope fitted with a standard 
darkfield condensor and Wratten 2A filter in 
the eyepiece. Details are given in articles by 
Coons (1) and Coffin (14). Controls for spe- 

cific staining. The autofluorescence of or- 
ganisms was studied in unstained preparations 
and with the fluorescein-labelled rabbit anti- 
human globulin (Rabbit-fluor). To test the 
specificity of the positive reactions obtained 
when human antiserum and Rabbit-fluor were 
used together various absorptions of human 
sera with homologous and heterologous organ- 
isms were performed. 

Results. C. albicans. Unstained C. albi- 
cans yeast cells killed with phenol, gave a dull 
bluish-green autofluorescence under the fluor- 
escent microscope; with the Rabbit-fluor 
alone, they were somewhat greener. With 
human antiserum plus the Rabbit-fluor, a 
bright greenish-yellow fluorescent “ringing” 
of the individual cells was noted (Fig. 1). 
The term ringing best describes the bright 
staining reaction which appears to involve all 
or part of the cell wall structure. Ringing was 
present a t  serum dilutions comparable to 
those causing agglutination of yeast cells in 
the standard serologic test. Absorption of 
the human antiserum with C. cllbicans yeast 
cells removed the ringing while absorption 
with H .  capsulatuin cells did not. Several nor- 
mal sera caused ringing, in keeping with the 
known fact that antibodies to C. albicans can 
be demonstrated in a large percentage of the 
population. 

C. neoformans. Unstained C. neoformans 
cells appeared bluish-gray under the fluores- 
cent microscope and essentially the same when 
the Rabbit-fluor was added. Capsules were 
not visible. When serum from the patient 
with cryptococcosis was added plus the Rab- 
bit-fluor, the capsules were visible and ap- 
peared as opaque fluorescent halos about the 
cells. The capsular reaction was noted with 
diminished intensity a t  a 1:2 dilution and 
was negative at a 1:4 dilution of serum. Fig. 
2 and 3 show the positive and negative cap- 
sular reaction obtained with serum from the 
patient with cryptococcosis and a normal se- 
rum respectively. A serum from this patient 
4 months later, when he was in remission as 
a result of treatment, gave only .i slight cap- 
sular reaction. Several normal sera gave 3 
slight capsular reaction, although far less than 
the specific human sera. It was found subse- 
quently that absorption of these sera with C. 
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albicans removed the slight capsular reaction 
from normal serum but not from the patient’s 

serum. 
H .  capsdatum. Unstained H .  capszclaiunz 

FIG. 1. C. albicans cells plus human antiserum and rabbit anti-human gamma globulin fluor. 

FIG. 2. C. neoforntans cclls plus huiiiari ;intiserum and rabbit anti-human y globulin fluor. 
FIG. 3. C. ?zeoformans cells plus normal human serum and rabbit anti-human y globulin fluor. 
FIG. 4. 17. capnrlatz~in cells plus human antiserum and rabbit anti-human y globulin fluor. 
FIG. 5. B .  dermatitidis cells plus human antiserum and rabbit anti-human y globulin fluor. 
FIG. 6.  B. dewnutitidis cclls plus normal human serum and rabbit anti-human y globulin 

All figurm 550 x. 

fluor. 
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cells appeared dull green under the fluores- 
cent microscope, and somewhat brighter when 
the Rabbit-fluor was used. With human anti- 
serum and Rabbit-fluor, the cells took on a 
ringed, greenish fluorescent appearance ( Fig. 
4)  much like the Candida cells mentioned 
above. Several normal sera wcre noted to 
give this effect also, despite negative comple- 
ment fixation tests to H .  capsulatum antigens. 
Absorption of the antiserum with Histoplasma 
cells abolished the ringing effect from all sera, 
however absorption with C. albicans or sheep 
red blood cells appeared to intensify the ring- 
ing effect in both normal and specific sera. 
The ringing effect, with specific human anti- 
serum dilutions, persisted at  approximately 
the same titer (1:128) as the complement 
fixation test while some normal human sera 
ringed cells in a dilution as high as 1 : 16. The 
reason for the activity of Histoplasma cells in 
normal sera is obscure at  the present time. 

B .  dermatitidis. Unstained B .  dermatitidis 
cells appeared bluish-green when observed un- 
der fluorescent illumination and somewhat 
greener when stained with the Rabbit-fluor 
alone. In Fig. 5 and 6 are shown B .  dernzati- 
tidis cells in the yeast phase with some my- 
celial transformation, not infrequently ob- 
served in such cultures when a temperature of 
37°C is not rigidly maintained. Fig. 5 shows 
the appearance of cells when a positive human 
Blastomyces serum and Rabbit-fluor are 
added. A bright greenish-yellow fluorescence 
which stains the cytoplasm diffusely is seen: 
this tends to make the cells appear larger than 
normal. The striking appearance of the posi- 
tive reaction was seen through dilutions com- 
parable to the Complement fixation titer of the 
serum (1:256). Sormal human serum and 
Rabbit-fluor failed to give this reaction: the 
fluorescence in this case was concentrated in 
the cytoplasmic inclusions of the cells (Fig. 
6) * 

React ions with fluowsrrin-la brled hir 111 air 

gainma globulin. A sample of the immune 
human gamma globulin used to immunize rab- 
bits was conjugated with fluorescein-isocyan- 
ate and used as an additional control. I t  failed 
to cause specific fluorescence with H .  capsula- 
turn or B.  dermatitidis cells but did ring C. 
albicans cells brightly in what is considered a 

positive reaction. This unusual result would 
indicate that gamma globulin (American Red 
Cross) contains a substantial amount of anti- 
body reacting with C. albicans. A positive 
agglutination obtained with human gamma 
globulin and C. albicans yeast cells confirms 
the presence of such antibody in this material- 

Iliscussion. In the present report all fungi 
examined in unstained preparations fluoresced 
with either a bluish-gray or light-greenish hue. 
I t  was impossible therefore to have a perfectly 
negative control composed of non-fluorescing 
organisms. I t  subsequently was found how- 
ever, that when specific human serum and a 
fluorescein-labeled rabbit antibody to human 
gamma globulin were applied to the organ- 
isms, a characteristic fluorescing reaction 
took place with each fungus which clearly al- 
lowed the identification of specific antibody. 
These phenomena were fluorescent ringing of 
cells in the case of C. albicans and H .  capsu- 
lutunz, fluorescing capsular opacity with C. 
~ ? e ~ j o r m a n ~ ,  and a diffusely even staining, 
bright fluorescence of hyphal elements in B .  
dcrmntitidis. The technic used here was pri- 
marily an attempt a t  the detection of anti- 
body in sera from patients with suspected my- 
cotic infections. In the case of blastomycosis, 
histoplasmosis, and candidiasis i t  would not 
seem to have any superiority over recognized 
serologic tests such as complement fixation or 
agglutination tests since the fluorescent titer 
in each case equalled the known serologic ti- 
ter of the serum; however, in one disease, 
cryptococcosis, this technic may prove of 
value. Serum from a patient with cryptococ- 
cosis was tested unsuccessfully for presence of 
an tibodies using the plysaccharide-coated 
resin particle test described by Evans ( 15), 
the capsular reaction test of ru’eill et at?.( 16) 
and the complement fixation test of Fischer 
and Labzoffsky( 13). A positive test was ob- 
tained. however, with the fluorescent anti- 
body technic suggesting that i t  is a more sen- 
sitive test. 

Sormal human sera were found to react 
with H .  capsulatum cells in the fluorescent 
antibody technic described here : this activity 
could not be characterized as a cross reaction 
with either C. albicans or sheep red blood 
cells. It is possible that another antibody in 
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normal serum cross reacts with H .  capsulatum 
cells or that a low titer of histoplasma anti- 
bodies is present and not detectable in the 
complement fixation test. 

Summary. Antibodies in sera from patients 
wisth systemic mycoses were demonstrated by 
the indirect method of staining with fluores- 
cent antibody. In spite of a general auto- 
fluorescence of pathogenic fungi, addition of 
human antiserum and a fluorescein-labeled 
rabbit antihuman gamma globulin resulted in 
characteristic fluorescing reactions. In the 
case of cryptococcosis antibodies were dem- 
onstrated by the fluorescent technic but not 
by other serologic methods. 

The authors are indebted to Drs. Morris Goldman 
and Max Moody and Mr. Kenneth Carver of U. S. 
Public Health Communicable Disease Center, Cham- 
bke, Ga., and Dr. Walter H. Sbeldon, Professor of 
Patlhology, Emory Univ. School of Medicine, for 
assistance and encouragement in development of our 
fluorwent antibody-antigen program. 
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Comparison of Opacimetric and Hematocrit Methods in Measurement 
of Mitochondria1 Swelling." (23966) 

SASHA MALAMED~ AND RICHARD 0. RECKNAGEL (Introduced by George Sayers) 
Departmcnt of  Physiology, Western Reserve University School of Medicine, Cleveland, 0.  

Study of the osmotic properties of isolated 
mitochondria is undeveloped in comparison 
with the maturity of similar studies of the red 
blood cell. The opacimetric method has been 
most widely used in mitochondrial studies for 
it is simple and lends itself readily to kinetic 
studies of volume changes. For the erythro- 

* This investigation was supported by research 
grant from the Xat. h t .  of Arthritis and Metabolic 
Diseases, N.I.H., U.S.P.H.S. 

t U.S.P.H.S. (Postdoctorate) Research Fellow of 
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cyte, the results obtained with the opacimetric 
method are generally in good agreement with 
the results of a variety of other methods which 
depend on different properties of the red cell 
system ( 1 ) . For mitochondria, comparisons 
of the opacimetric method with others have 
been reported for only 2 alternative technics. 
Tedeschi and Harris(2) have shown that the 
optical density of mitochondrial suspensions 
is inversely proportional to the mitochondrial 
volume measured by photomicrography. The 
per cent dry weight of mitochondrial pellets 


