
Table 1. Intracellular stages of Sarcocystis observed in various types of cultured cells; X indicates presence of intracellular stage listed. 

Leighton Organisms Intracellular stages 

ell Serial Experi- tubes inoculated Uninucleate 
ments per per tube Multi- Cyst- 

type passage (No.) experiment (No. X 1000) Banana- Ellip- Round nucleate like 
(No.) shaped soid 

EBK 25 3 7 300, 500, 1600 X x x x x 
EBTr 36 3 7 300, 500, 500 X X X X 
MDCK 52 3 7 300, 500, 1600 X X 
ECK Primary 2 7 3000 X X X X 
ECM Primary 2 7 3000 
ETK Primary 1 6 200 X X X X 
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were large ellipsoidal or oblong bodies. 
Twenty of these in ECK cells averaged 
3.8 by 7.2 /m. Changes in the parasite 
nucleus were observed before and after 
this transformation process in specimens 
fixed at 3, 6, 12, and 24 hours (Fig. 1). 
These changes are similar to those de- 
scribed for the transformation of 
Eimeria bovis sporozoites into tropho- 
zoites (4). In both stained and live spec- 
imens (Fig. 2B), the cytoplasm of 
the ellipsoid-oblong parasite contained 
many small granules not observed in 
other stages. Some living parasites 
rapidly rotated clockwise on their longi- 
tudinal axis, stopped, and rotated coun- 
terclockwise. This sequence was re- 
peated several times. 

At 30 hours, intracellular organisms 
in EBK, EBTr, ECK, and ETK cell 
cultures were nearly round but other- 
wise appeared very similar to the ellip- 
soid-oblong form. Twenty organisms in 
ECK cells averaged 5.2 by 7.2 jum. Liv- 
ing specimens rotated clockwise and 
counterclockwise for several rotations in 
each direction or alternatively reversed 
directions, moving through an arc of 
90?. 

An organism undergoing nuclear di- 
vision was observed in EBTr cell cul- 
tures at 48 hours (Fig. 2C). Two- to 
nine-nucleate stages, resembling young 
eimerian schizonts, were found as early 
as 30 hours in ECK cells and in EBK, 
ECK, and ETK cells at 48 and 72 hours 
(Fig. 2D). Twenty such forms in 48- 
hour ECK cells averaged 6.5 by 7.5 ttm. 

Intracellular bodies observed in EBK 
and EBTr cell cultures at 48 and 72 
hours were bounded by a thick wall 
which imparted a cyst-like appearance. 
Twenty such forms averaged 6.5 by 8.5 
/tm. Most of these cyst-like bodies were 
ovoid or lemon-shaped. A sphere of 
what appeared to be granular cytoplasm 
occupied more than half the volume 
and was located toward one end of the 
body (Fig. 2E). A less dense material 
was present between the sphere and the 
other end of the body. A few bodies 
contained two inclusions, some resem- 
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bling the banana-shaped organisms (Fig. 
2F). 

Although caution must be exercised 
in interpretation, it is interesting to note 
that the cell types used so successfully 
for the cultivation of eimerian species 
(5), which parasitize the intestinal tract, 
have also supported development of 
Sarcocystis, and that Sarcocystis, which 
has been found only in muscle tissue, 
did not even enter cultured muscle cells. 
Recent studies on Toxoplasma gondii 
(6) indicate that this parasite develops, 
in the intestine of cats, through stages 
identical with those of coccidian para- 
sites. The possibility that intestinal 
stages occur in the life cycle of Sar- 
cocystis has long been suspected on the 
basis of studies on infection by fecal 
contamination (1). The finding of nu- 
clear and cytoplasmic transformation as 
well as multinucleate stages similar to 
those in Eimeria further suggests that 
Sarcocystis may be closely related to 
this genus. The significance of the cyst- 
like bodies is not known. Their appear- 
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The exact nature of the pathological 
mechanisms involved in progressive hu- 
man glomerulonephritis remains ob- 
scure (1). While studies in both exper- 
imentally induced glomerulonephritis 
and acute post-streptococcal nephritis 
in man suggest that antigen-antibody 
complexes are mediators of the renal 
damage (2-5), evidence of the con- 
tinuing participation of complexes in 
progressive nephritis are more difficult 
to obtain. In experimentally induced 

The exact nature of the pathological 
mechanisms involved in progressive hu- 
man glomerulonephritis remains ob- 
scure (1). While studies in both exper- 
imentally induced glomerulonephritis 
and acute post-streptococcal nephritis 
in man suggest that antigen-antibody 
complexes are mediators of the renal 
damage (2-5), evidence of the con- 
tinuing participation of complexes in 
progressive nephritis are more difficult 
to obtain. In experimentally induced 

ance is similar to the oocyst stage of 
Eimeria, but they are much smaller and 
identification of preceding sexual stages, 
as in oocyst development, has not been 
concluded. 

RONALD FAYER 

Beltsville Parasitological Laboratory, 
U.S. Department of Agriculture, 
Beltsville, Maryland 20705 

References and Notes 

1. J. W. Scott, Univ. Wyo. Agr. Exp. Sta. Bull. 
259, 1 (1943). 

2. N. D. Levine, Protozoan Parasites of Domestic 
Animals and of Man (Burgess, Minneapolis, 
1961), p. 322. 

3. R. Fayer, D. M. Hammond, B. Chobotar, Y. 
Y. Elsner, J. Parasitol. 55, 645 (1969). 

4. R. Fayer and D. M. Hammond, J. Protozool. 
14, 764 (1967). 

5. W. H. Patton, Science 150, 767 (1965); D. M. 
Hammond and R. Fayer, J. Parasitol. 54, 559 
(1968); D. J. Doran, Proc. Helm. Soc. Wash. 
37, 84 (1970). 

6. W. M. Hutchinson, J. F. Dunachie, J. Chr. 
Siim, K. Work, Brit. Med. J. 1, 142 (1970); 
H. G. Sheffield and M. L. Melton, Science 167, 
892 (1970); J. K. Frenkel, J. P. Dubey, N. L. 
Miller, ibid., p. 893. 

7. I thank R. M. Kocan and C. M. Herman for 
supplying the grackles, and D. M. MacCoy for 
technical assistance. 

2 March 1970 * 

ance is similar to the oocyst stage of 
Eimeria, but they are much smaller and 
identification of preceding sexual stages, 
as in oocyst development, has not been 
concluded. 

RONALD FAYER 

Beltsville Parasitological Laboratory, 
U.S. Department of Agriculture, 
Beltsville, Maryland 20705 

References and Notes 

1. J. W. Scott, Univ. Wyo. Agr. Exp. Sta. Bull. 
259, 1 (1943). 

2. N. D. Levine, Protozoan Parasites of Domestic 
Animals and of Man (Burgess, Minneapolis, 
1961), p. 322. 

3. R. Fayer, D. M. Hammond, B. Chobotar, Y. 
Y. Elsner, J. Parasitol. 55, 645 (1969). 

4. R. Fayer and D. M. Hammond, J. Protozool. 
14, 764 (1967). 

5. W. H. Patton, Science 150, 767 (1965); D. M. 
Hammond and R. Fayer, J. Parasitol. 54, 559 
(1968); D. J. Doran, Proc. Helm. Soc. Wash. 
37, 84 (1970). 

6. W. M. Hutchinson, J. F. Dunachie, J. Chr. 
Siim, K. Work, Brit. Med. J. 1, 142 (1970); 
H. G. Sheffield and M. L. Melton, Science 167, 
892 (1970); J. K. Frenkel, J. P. Dubey, N. L. 
Miller, ibid., p. 893. 

7. I thank R. M. Kocan and C. M. Herman for 
supplying the grackles, and D. M. MacCoy for 
technical assistance. 

2 March 1970 * 

progressive glomerulonephritis there is 
a gradual attrition of glomerular-de- 
posited, immune complexes after cessa- 
tion of administration of the antigens 
(6) and immunofluorescent studies 
with streptococcal antiserums of renal 
biopsy specimens in man have failed to 
demonstrate streptococcal products in 
the renal lesions in these patients (4, 
7). In one of these studies (4), fluo- 
rescein-labeled streptococcal antigens 
did bind to areas of "fixed" gamma 
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Lymphocytic Responses to Streptococcal Antigens 
in Glomerulonephritic Patients 

Abstract. The lymphocytes from patients with progressive glomerulonephritis 
showed significant inhibition of cell migration in the presence of group A strepto- 
coccal particulate antigens. Marked increases in the level of DNA synthesis of these 
lymphocytes were also observed after contact with these antigens. Lymphocytes 
from patients with unrelated renal disorders exhibited minimum reactivity to strep- 
tococcal antigens. 
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Table 1. The effect of streptococcal antigens on DNA synthesis, as measured by [C'4]thymidine 
incorporation, in lymphocytes from normal and glomerulonephritic subjects. Each case tested 
was the mean of three parallel tubes. 

Nonnephritic Glomerulonephritic 
patients patients 

Substance tested MeanMean M~ean Mean 
No. count/min No. count/min 

(? S.E.) (+ S.E.) 

Normal mediums 7 88 (?+ 20) 14 66 (? 13) 
T12 Streptococcal 

membrane 0.1 mg/ml 7 832 (? 229) 14 2144 (? 223) 
0.05 mg/ml 5 472 (? 161) 8 1768 (?296) 
0.01 mg/ml 5 377 (? 117) 8 1284 (? 349) 

T12 Streptococcal 
cell wall 0.1 mg/ml 7 170 (? 96) 14 1079 (?+265) 

0.05 mg/ml 5 50 (? 3) 8 707 (?235) 
0.01 mg/ml 5 59 (? 7) 6 207 (? 83) 

T5 Streptococcal 
membrane 0.1 mg/ml 2 759 (? 123) 5 1199 (? 215) 

T5 Streptococcal 
soluble cell wall 0.1 mg/ml 6 47 (? 5) 2 91 (? 6) 

globulin in the glomeruli, but the par- 
tially purified streptococcal preparation 
used in this study contained streptococ- 
cal membrane fragments. In view of 
the known immunological cross-reac- 
tivity between group A streptococcal 
membranes and human glomerular 
basement membranes (8), the spe- 
cificity of the binding of the strepto- 
coccal preparation to fixed antibody 
remains open to question. 

These studies suggested the possibil- 
ity that altered cellular reactivity to 
either streptococcal antigens or human 
glomerular basement membranes, or 
both, might play a role in the patho- 
logical processes responsible for the 
continuing disease process in progres- 
sive glomerulonephritis. This hypothe- 
sis was further strengthened by both 
the recent finding of Bendixen that the 
peripheral lymphocytes of patients with 
progressive glomerulonephritis are spe- 
cifically sensitized to fetal renal tissue 
homogenates (9) and at least two re- 
ports of the production of progressive 
glomerulonephritis in rats by use of 
lymphoid cells from nephritis donor 
animals (10). 

Using the technique of inhibition of 
cell migration and DNA synthesis as 
measured by [C14]thymidine incorpora- 
tion, we demonstrate in this report that 
the lymphocytes of patients with pro- 
gressive glomerulonephritis are sensi- 
tized to particulate streptococcal anti- 
gens. Lymphocytes from patients with 
unrelated renal disorders failed to re- 
spond to these antigens. 

Patients used in this study were all 
from the Renal Clinic of St. Eric's 
Hospital in Stockholm. The diagnosis 
of progressive glomerulonephritis was 
established by both laboratory and 
clinical parameters of the disease, as 
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well as by immunofluc 
tological examination 
specimens. Patients 

>rescent and his- 
of renal biopsy 
with unrelated 

renal disorders, such as pyelonephritis 
and polycystic kidneys, served as con- 
trols. 

The isolation of lymphocytes from 
these patients, lysis of contaminating 
red blood cells, and general prepara- 
tion of lymphocytes for capillary mi- 
gration studies were based on the pro- 
cedures used by Moller and his asso- 
ciates (11). The cell counts were ad- 
justed to a concentration of 2 X 107 
cells per milliliter; cells were placed in 
capillary tubes and allowed to migrate 
either with or without the different 
antigens tested. The techniques utilized 
for the amount of migration and inhi- 
bition by antigen have been described 
(12). Earle's balanced salt solution 
containing added vitamins and amino 
acids was the medium used for all ex- 
periments. Twenty percent AB human 
serum obtained from normal volunteers 
was added to the medium. 

For the DNA synthesis studies, hu- 
man lymphocytes were cultivated as 
previously described (13). The cell 
count was adjusted so that 106 lympho- 
cytes in 1 ml of the described medium 
were cultivated in tissue culture tubes 
with or without the addition of strepto- 
coccal antigens. Phytohemagglutinin 
(PHA; Burroughs Wellcome Ltd.) and 
purified protein derivative (PPD; State 
Bacteriological Institute, Copenhagen) 
were also used in certain experiments. 
The DNA synthesis induced by the 
various antigens or PHA was deter- 
mined by adding 0.1 mxc of [C14]thy- 
midine (Amersham, England) for 24 
hours to each tube. Isotope was added 
to PHA tubes 48 hours after the initia- 
tion of the culture, while the optimum 

time for the addition of [Clf]thymidine 
to the other tubes was found to be 96 
hours. Twenty-four hours after the ad- 
dition of [C14]thymidine, the cells were 
washed twice and 1 ml of formic acid 
was added to the pellet of packed cells. 
When the cells had dissolved, 0.3 ml 
of this solution was placed on a plastic 
planchette, and, after evaporation of 
the formic acid, they were counted on 
a gas flow Geiger detector (Nuclear- 
Chicago). 

Group A streptococcal strains T12/ 
126/1 (type 12) and A964 (type 5) 
were obtained from the Rockefeller 
University collection of Dr. Lancefield 
and were isolated from patients with 
post-streptococcal glomerulonephritis 
and acute rheumatic fever, respectively. 
Methods for the preparation of strep- 
tococcal membranes, cell walls, and 
soluble streptococcal structures have 
been described in detail (14). Lyophil- 
ized preparations of each material were 
used in all experiments. 

Heat-killed tubercle bacilli (cultured 
and prepared by the State Bacterio- 
logical Institute, Stockholm) were used 
as an antigen at concentrations of 1 or 
2 X 106 bacilli per milliliter of medium 
with lymphocytes from tuberculin-sen- 
sitized subjects (15) with or without 
glomerulonephritis. 

The results of the cellular migration 
of lymphocytes from 13 patients with 
progressive glomerulonephritis and 13 
patients with various nonnephritic renal 
disorders are summarized in Fig. 1. 
The addition of 0.1 mg of highly puri- 
fied group A streptococcal membranes 
or cell wall to the culture medium in 
which the lymphocytes migrated re- 
sulted in a marked degree of inhibition 
of the lymphocytes from all but one of 
the nephritic patients. The degree of mi- 
gration inhibition by type 5 streptococ- 
cal membranes was somewhat less, but 
still highly significant. The reaction with 
the streptococcal cell walls appeared at 
first to be paradoxical. However, it is 
known that these walls contain at least 
30 percent (by weight) of membrane 
contamination, as determined by the 
amount of glucose present in the cell 
wall preparation (14). In contrast, 
soluble streptococcal preparations, in- 
cluding the group-specific carbohy- 
drate, mucopeptide, surface antigens 
(M and T proteins), cytoplasmic ma- 
terials, and bacterial nucleic acids were 
not effective in inhibiting the migration 
of nephritic lymphocytes. Only mini- 
mum degrees of inhibition to strepto- 
coccal antigens were observed in the 
lymphocytes of 13 nonnephritic con- 
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trol patients. The observation that the 
degree of lymphocytic inhibition to 
tubercle bacilli was similar in all pa- 
tients indicates that lymphocytes from 
patients with progressive glomerulo- 
nephritis do not respond abnormally 
to any antigenic stimulus. 

The evidence that streptococcal 
membranes and cell walls inhibited 
lymphocyte migration in patients with 
progressive glomerulonephritis indi- 
cated an altered cellular reactivity to 
streptococcal antigens. In order to ex- 
plore this altered reactivity further, an- 
other parameter of cellular hypersen- 
sitivity was employed. The level of 
DNA synthesis in lymphocytes, as 
measured by the incorporation of [C14]- 
thymidine following exposure to a sen- 

sitizing antigen, is another measure- 
ment of cellular reactivity to antigenic 
confrontation (16). While this reaction 
measures the response of both antigen- 
sensitive cells and antibody-producing 
cells, it is considered a reliable in vitro 

parameter of cellular reactivity to anti- 

genic stimulation. In addition, this 

technique has the advantage of longer 
contact with the antigen (4 to 5 days 
versus 24 hours) and measures lym- 
phocytic reaction to soluble and partic- 
ulate antigens. 

The data in Table 1 show the 

markedly increased DNA synthesis in- 
duced in the lymphocytes of patients 
with .chronic glomerulonephritis after 
cultivation with streptococcal antigens. 
It is apparent that both streptococcal 
membranes (T12 and A964), as well as 
the cell walls from the type 12 strain, 
produced four to ten times the amount 
of [Cl4]thymidine incorporation in the 

lymphocytes of nephritic patients as 
that observed in the lymphocytes of 

nonnephritic controls. The fact that the 

nonnephritic patients also responded to 
the streptococcal antigens is again not 

surprising, since the general population 
has had at least minimum exposure to 
streptococcal infections. However, the 
reactivity of the lymphocytes of these 
patients to the streptococcal antigens 
was always much less than that ob- 
served with lymphocytes from patients 
with progressive glomerulonephritis. 
While the reactivity to streptococcal 
cell walls was always less than that ob- 
served with membranes in nonnephritic 
controls, the response of lymphocytes 
from nephritic patients to streptococcal 
cell walls was as much or more than 
that observed with streptococcal mem- 
branes. Since altered cellular reactivity 
to, streptococcal membranes (which 
contain negligible amounts of strepto- 
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Table 2. The effect of PHA and PPD on DNA synthesis, as measured by [C'4]thymidine in- 
corporation, in lymphocytes from normal and glomerulonephritic subjects. Each case tested 
was the mean of three parallel tubes. 

Nonnephritic Glomerulonephritic 
patients patients 

Substance tested Mean Mean 
No. count/min No. count/min 

(? S.E.) (? S.E.) 

Normal mediums 7 88 (? 20) 14 65 (? 13) 
PHA (1/100) 7 1509 (? 188) 14 1583 (? 139) 
PPD (0.01 mg/ml) 6 762 (?236) 6 744 (?221) 
PPD (0.02 mg/ml) 6 783 (? 203) 4 689 (? 184) 

coccal cell walls) was quite pro- 
nounced in the lymphocytes of glomer- 
ulonephritic patients, these results sug- 
gest that the antigenic configuration of 
the sensitizing antigen (presumably 
contaminating membrane fragments) 
was also important for the observed 
stimulation by the streptococcal cell 
walls. Again, soluble streptococcal 
preparations produced only minimum 
degrees of lymphocytic stimulation in 
nephritic and nonnephritic patients. 

The evidence that the increased re- 
activity of the lymphocytes from the 
patients with glomerulonephritis was 
specific for streptococcal antigens and 
was not merely a reflection of a gen- 
eral altered cellular reaction is seen in 
Table 2. The increase in DNA syn- 
thesis induced by PHA and PPD was 
similar in both groups of patients. 

The present study adds another di- 
mension to the concept of a cellular 
hypersensitivity reaction in patients 
with progressive glomerulonephritis. 
The degree of inhibition of lymphocyte 
migration achieved when purified strep- 
tococcal membranes were introduced 
into the culture medium for lympho- 
cytes indicates that patients with chron- 
ic glomerulonephritis are specifically 
sensitized to streptococcal antigens- 
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in particular, to the streptococcal mem- 
brane. The fact that streptococcal 
membranes from both a nephritogenic 
and a nonnephritogenic strain gave es- 
sentially similar results is at first sur- 
prising in view of the small number of 
streptococcal types capable of inducing 
glomerulonephritis (1). However, it is 
conceivable that all streptococcal 
strains possess the nephritogenic char- 
acteristics and only the ease with which 
nephritogenic antigens or toxins are 
exposed in vivo separates the "nephrit- 
ogenic" and "nonnephritogenic" strains. 
Tho exposure of both membranes in 
this study might explain the similar 
results obtained with a nephritogenic 
(T12/126) and a nonnephritogenic 
(A964) strain. In contrast, the control 
nonnephritic group failed to respond 
to any of the streptococcal antigen 
preparations, indicating the specific 
nature of the altered state of lympho- 
cytes in glomerulonephritic patients. 

In turning to the exact role sensitized 
lymphocytes may play in progressive 
glomerulonephritis, two interpretations 
of the results reported above are possi- 
ble. In view of the recent evidence for 
participation of glomerular basement 
membrane antigens, in progressive hu- 
man glomerulonephritis (17), perhaps 

22.2% 
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Fig. 1. The percentage of inhibition of lymphocytic migration with various streptococcal 
antigens and tubercle bacilli in patients with either progressive glomerulonephritis or 
unrelated renal disorders. The figures in parentheses refer to the standard error for 
each group. 
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the most plausible explanation of the 
observed cellular reactivity of lympho- 
cytes from glomerulonephritic patients 
is primary sensitization to the glomeru- 
lar antigens. The observed reactivity to 
the streptococcal membranes would be 
merely a reflection of the known shared 
antigenicity between the two mem- 
branes. This type of cross-reactive sensi- 
tization might also explain the observed 
exacerbations in progressive glomeru- 
lonephritis. However, in view of the 
paucity of information regarding the 
nature of some of the immunizing anti- 
gens in progressive glomerulonephritis 
(18), it is conceivable that sensitization 
to the strepococcal membrane antigens 
might be the initiating factor in the 

glomerular damage. Continued release 
of . glomerular . membrane . antigens 
coupled with intercurrent streptococcal 
infections could be responsible for the 
progressive nature of the disease. A 
closer correlation between the nature 
and deposition of glomerular antibodies 
and the cellular reactivity to human 
glomerular membranes and streptococ- 
cal membranes in acute and progressive 
glomerulonephritis, as well as more 
precise characterization of these anti- 
bodies with respect to the antigens, will 
be needed to clearly separate the two 
hypotheses. 

J. B. ZABRISKIE* 

Rockefeller University, 
New York, New York 10021 

R. LEWSHENIA 

G. MOLLER 

Bakteriologiska Institutionen, 
Karolinska Institutet, 
Stockholm, Sweden 

B. WEHLE 

St. Eric's Hospital, Stockholm, Sweden 
R. E. FALK 

Department of Surgery, 
University of Toronto, 
Toronto 181, Canada 

References and Notes 

1. R. L. Vernier, in Textbook of Immunopathol- 
ogy, P. A. Miescher and H. Miiller-Eberhard, 
Eds. (Grune and Stratton, New York, 1969), 
p. 376. 

2. F. H. Germuth and G. E. McKinnon, Bull. 
Johns Hopkins Hosp. 101, 13 (1957). 

3. F. J. Dixon, J. J. Vasquez, W. 0. Weigle, 
C. G. Cochrane, Arch. Pathol. 65, 18 (1958). 

4. B. C. Seegal, G. A. Andres, K. C. Hsu, J. 
B. Zabriskie, Fed. Proc. 24, 100 (1965). 

5. L. H. Lindberg and K. L. Vosti, Science 166, 
1032 (1969). 

6. F. J. Dixon, J. D. Feldman, J. J. Vasquez, 
J. Exp. Med. 113, 899 (1961). 

7. R. T. McCluskey, P. Vassalli, G. Gallo, D. 
S. Baldwin, N. Engl. J. Med. 274, 695 (1966). 

8. A. S. Markowitz and C. H. Lange, J. Im- 

the most plausible explanation of the 
observed cellular reactivity of lympho- 
cytes from glomerulonephritic patients 
is primary sensitization to the glomeru- 
lar antigens. The observed reactivity to 
the streptococcal membranes would be 
merely a reflection of the known shared 
antigenicity between the two mem- 
branes. This type of cross-reactive sensi- 
tization might also explain the observed 
exacerbations in progressive glomeru- 
lonephritis. However, in view of the 
paucity of information regarding the 
nature of some of the immunizing anti- 
gens in progressive glomerulonephritis 
(18), it is conceivable that sensitization 
to the strepococcal membrane antigens 
might be the initiating factor in the 

glomerular damage. Continued release 
of . glomerular . membrane . antigens 
coupled with intercurrent streptococcal 
infections could be responsible for the 
progressive nature of the disease. A 
closer correlation between the nature 
and deposition of glomerular antibodies 
and the cellular reactivity to human 
glomerular membranes and streptococ- 
cal membranes in acute and progressive 
glomerulonephritis, as well as more 
precise characterization of these anti- 
bodies with respect to the antigens, will 
be needed to clearly separate the two 
hypotheses. 

J. B. ZABRISKIE* 

Rockefeller University, 
New York, New York 10021 

R. LEWSHENIA 

G. MOLLER 

Bakteriologiska Institutionen, 
Karolinska Institutet, 
Stockholm, Sweden 

B. WEHLE 

St. Eric's Hospital, Stockholm, Sweden 
R. E. FALK 

Department of Surgery, 
University of Toronto, 
Toronto 181, Canada 

References and Notes 

1. R. L. Vernier, in Textbook of Immunopathol- 
ogy, P. A. Miescher and H. Miiller-Eberhard, 
Eds. (Grune and Stratton, New York, 1969), 
p. 376. 

2. F. H. Germuth and G. E. McKinnon, Bull. 
Johns Hopkins Hosp. 101, 13 (1957). 

3. F. J. Dixon, J. J. Vasquez, W. 0. Weigle, 
C. G. Cochrane, Arch. Pathol. 65, 18 (1958). 

4. B. C. Seegal, G. A. Andres, K. C. Hsu, J. 
B. Zabriskie, Fed. Proc. 24, 100 (1965). 

5. L. H. Lindberg and K. L. Vosti, Science 166, 
1032 (1969). 

6. F. J. Dixon, J. D. Feldman, J. J. Vasquez, 
J. Exp. Med. 113, 899 (1961). 

7. R. T. McCluskey, P. Vassalli, G. Gallo, D. 
S. Baldwin, N. Engl. J. Med. 274, 695 (1966). 

8. A. S. Markowitz and C. H. Lange, J. Im- 
munol. 92, 565 (1964); S. E. Holm, Acta 
Pathol. Microbiol. Scand. 70, 79 (1967). 

9. G. Bendixen, Acta Med. Scand. 184, 99 (1968). 
10. W. Heymann, J. L. P. Hunter, D. B. Hackel, 

F. Cuppage, Proc. Soc. Exp. Biol. Med. 111, 
568 (1962); E. V. Hess, C. T. Ashworth, M. 
Ziff, J. Exp. Med. 115, 421 (1962). 

1108 

munol. 92, 565 (1964); S. E. Holm, Acta 
Pathol. Microbiol. Scand. 70, 79 (1967). 

9. G. Bendixen, Acta Med. Scand. 184, 99 (1968). 
10. W. Heymann, J. L. P. Hunter, D. B. Hackel, 

F. Cuppage, Proc. Soc. Exp. Biol. Med. 111, 
568 (1962); E. V. Hess, C. T. Ashworth, M. 
Ziff, J. Exp. Med. 115, 421 (1962). 

1108 

11. G. Lundgren, C. F. Zukoski, G. Moller, Clin. 
Exp. Immunol. 3, 817 (1968). 

12. R. E. Falk, L. Collste, G. Moller, Surgery 
'66, 51 (1969). 

13. G. Moller, Clin. Exp. Immunol. 4, 65 (1969). 
14. J. B. Zabriskie and E. H. Freimer, J. Exp. 

Med. 124, 661 (1966). 
15. All subjects had received BCG (bacille Cal- 

mette-Gu6rin) 5 months to 50 years prior 
to the study. 

16. H. S. Lawrence, Fed. Proc. 27, 4 (1968). 
17. R. A. Lemer, R. J. Glassock, F. J. Dixon, 

J. Exp. Med. 126, 539 (1967). 
18. F. J. Dixon, Amer. J. Med. 44, 493 (1968). 

11. G. Lundgren, C. F. Zukoski, G. Moller, Clin. 
Exp. Immunol. 3, 817 (1968). 

12. R. E. Falk, L. Collste, G. Moller, Surgery 
'66, 51 (1969). 

13. G. Moller, Clin. Exp. Immunol. 4, 65 (1969). 
14. J. B. Zabriskie and E. H. Freimer, J. Exp. 

Med. 124, 661 (1966). 
15. All subjects had received BCG (bacille Cal- 

mette-Gu6rin) 5 months to 50 years prior 
to the study. 

16. H. S. Lawrence, Fed. Proc. 27, 4 (1968). 
17. R. A. Lemer, R. J. Glassock, F. J. Dixon, 

J. Exp. Med. 126, 539 (1967). 
18. F. J. Dixon, Amer. J. Med. 44, 493 (1968). 

The properties and functions of cel- 
lular membranes undoubtedly are based 
upon the interaction of their lipids and 
proteins. Although lipid-protein inter- 
action has been widely discussed, little 
information is available from direct 
examination of cellular membranes. 
Accordingly, we report here some qual- 
itative observations of lipid-protein 
interactions in a bimolecular lipid mem- 
brane (BLM) system in which 8-ani- 
lino-l-naphthalenesulfonic acid (ANS) 
was used as a fluorescent probe. 

This acid and its derivatives have 
been used in studies of changes in pro- 
tein conformations and in studies of 
interactions (1), because the fluores- 
cence properties of ANS depend upon 
the polarity of its environment (2). 
There is almost no emission when the 
acid is dissolved in water (quantum 
yield is 0.004) but it becomes fluores- 
cent when stoichiometrically bound to 
specific sites in the nonpolar regions of 
the proteins. An enhancement of fluo- 
rescence accompanies the binding of 
ANS to albumin, an indication that in 
solution the nonpolar portions of this 
protein are available to ANS penetra- 
tion. Recently ANS has been used in 
studies on biological membranes (3). 

Black lipid membranes (4) are 
formed from solutions of (i) oxidized 
cholesterol prepared by bubbling oxy- 
gen through a 4 percent solution of 
cholesterol in n-octane at its refluxing 
temperature (5); or (ii) a mixture of 
oxidized cholesterol (10-2M) and egg 
lecithin (10-3M). All reagents (6) 
were C.P. grade and were used without 
further purification. 

The experimental setup (Fig. 1) was 
modified from the one used for measure- 
ment of BLM thicknesses (5). A 100- 
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watt low-pressure mercury lamp with a 
selected line filter provided excitation 
at 365 nm. The BLM was viewed with 
a low-power microscope provided with 
a side arm to accommodate a photo- 
multiplier tube (EMI 9558Q). The 
output from the photomultiplier tube 
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Fig. 1. Schematic diagram of the experi- 
mental setup used for studies of BLM- 
protein interaction; 1, light source; 2, slit; 
3, interference filter; 4, condensing lens; 
5, cell assembly; 6, slit; 7, microscope and 
viewing tube; 8, iris diaphragm; 9, photo- 
multiplier tube; 10, microphotometer; 11, 
recorder. 
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Fig. 2. Fluorescence of BLM treated with 
8-anilino-l-naphthalenesulfonic acid and 
bovine serum albumin. 
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mental setup used for studies of BLM- 
protein interaction; 1, light source; 2, slit; 
3, interference filter; 4, condensing lens; 
5, cell assembly; 6, slit; 7, microscope and 
viewing tube; 8, iris diaphragm; 9, photo- 
multiplier tube; 10, microphotometer; 11, 
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Fig. 2. Fluorescence of BLM treated with 
8-anilino-l-naphthalenesulfonic acid and 
bovine serum albumin. 
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Bimolecular (Black) Lipid Membranes: 

Study of Lipid-Protein Interactions 

Abstract. An experimental method has been devised for the study of the inter- 
action of bimolecular (black) lipid membrane and protein in which 8-anilino-1- 
naphthalenesulfonic acid is used as a fluorescent probe. The presence of phospho- 
lipid in the membrane is necessary for the enhanced fluorescence. 
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