












substrate contact sites, annulus and zipper regions of sperm, 
and the ciliary necklace, are characterized by electron-dense 
material or cytoplasmic filaments directly adjacent to the 
membrane, and/or by a high density of integral membrane 

proteins (4-7, 12-15, 24, 26, 29, 30, 32, 33, 35, 38). Similarly, 
the junctional membrane areas of the devescovinid bear a 
dense cytoplasmic coat, and contain a high concentration of 
intramembrane particles (43). These membrane-associated 

FIGURE 5 Transverse thin sections through junctional complexes of cells incubated in pepsin before labeling. Pepsin has removed 
the dense cytoplasmic coat from the junctional membranes, and digested most of the cell cytoplasm. Fusiform bacteria (fb) are 
detached from the surface ridges that are no longer distinguishable from the extra-junctional plasma membrane. (A) Filipin- 
treated cell. Filipin corrugates the denuded pocket membranes (p) enclosing the rod bacteria (rb), as well as the former membrane 
ridges, thus demonstrating the presence of filipin-sterol complexes in the junctional membrane regions. Comparison of the three 
membrane pockets visible here shows that the degree of filipin labeling varies, but is usually not as strong as in the extra- 
junctional regions (arrowheads). Note the characteristic filipin-induced protuberances (arrows) in an internalized part of the 
plasma membrane. The bacterial membranes are not affected by filipin. (B) Control without filipin. The devescovinid pocket 
membrane (p) appears uniformly smooth and well preserved, x 61,900 (A); x 57,500 (B). 

FIGURE 6 Fluorescence micrographs of cells in filipin/Ringer's. (A) Honeycomb fluorescence pattern of the body surface. Each 
rod bacterium is surrounded by a brightly fluorescent envelope (arrowhead) representing the sides of the membrane pocket 
holding the bacterium. The pocket membrane directly under the rod bacteria appears dark like the background, while the surface 
membrane between the bacteria is weakly fluorescent. (B) Anterior part of cell. An intensely fluorescent cytoplasmic collar 
encircles the neck of the cell (arrows), corresponding to the location of densely-packed membranous tubules that extend from 
the Golgi to the shear zone membrane (cf. Figs. 1 and 2). The surface fluorescence pattern is not in focus here. Bar, 5 ~m. 
Ultraviolet excitation, x 10011.3 NA objective. 
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proteins may limit the ability of filipin to penetrate the 
membrane, and hence to interact with sterols present in the 
bilayer (5, 12, 13, 38). Alternatively, membrane densities or 
membrane-cytoskeleton linkages may hinder the aggregation 
of primary filipin/sterol complexes necessary for formation 
of visible membrane lesions (9, 34). It is also possible that 
closely-packed protein subunits within or directly under the 
membrane could confer sufficient rigidity, especially after 
glutaraldehyde cross-linking, to prevent deformation of the 
membrane even in the presence of filipin-sterol aggregates (5, 
13, 38). 

We used digitonin to confirm the insensitivity of junctional 
membranes to filipin, because it was recently reported that a 
membrane domain that is known biochemically to contain 
cholesterol is not perturbed by filipin, but does respond to 
digitonin (38). In this case, therefore, digitonin was less sus- 
ceptible to the local physical constraints that operate on filipin 
action. 

In an attempt to remove a possible barrier to fllipin action, 
we pretreated cells with pepsin. Feltkamp and van der Waer- 
den (15) recently found that retroviral membranes that do 
not react with filipin become sensitive to this agent after 
removal of an electron-dense coat by pepsin degradation. Our 
finding that pepsin treatment resulted in a positive reaction 
of the pocket membrane to filipin suggests that sterols may 
be present in these regions, but that membrane-associated 
proteins, visible as an electron-dense coat, prevent the for- 
mation of filipin-induced membrane lesions, and thus give 
rise to a spurious negative response. 

However, it is also possible that protease digestion removes 
a barrier to lipid diffusion and allows sterols to flow into a 
previously restricted membrane area. It is known that lipids 
can still move within the membrane bilayer after glutaralde- 
hyde fixation (18, 20, 34). 

The fluorescence properties of filipin (2, 3, 11, 27, 36) 
provided an independent means to distinguish between these 
possibilities. For example, in certain cases where filipin is 
unable to cause ultrastructural lesions in a cholesterol-con- 
taining membrane domain, it can still bind to cholesterol to 
produce fluorescence (6, 16). 

The brightly fluorescent halo observed around each rod 
bacterium probably represents the sides of the membrane 
pockets; assuming that these regions have a sterol content 
similar to that of the weakly fluorescent extra-junctional 
membrane, then the sides of the pockets would be expected 
to appear brighter by virtue of being viewed end-on. It thus 
seems likely that the absence of filipin-induced deformations 
in the junctional membranes--at  least in the sides of the 
pockets--is not due to a low sterol content, but to local 
physical constraints that prevented deformation of the mem- 
brane in response to filipin-sterol interaction. 

What, then, is the reason for the absence of fluorescence at 
the bottom of the pocket membrane directly under the rod 
bacteria? This result could be due to a low sterol content in 
this region of the pocket membrane. However, evidence 
against such microheterogeneity in sterol distribution within 
the junctional membrane comes from our finding that the 
bottom of the pocket membrane remains nonfluorescent even 
after pepsin treatment, despite the presence of sterol in this 
region as shown by electron microscopic labeling. The lack of 
fluorescence, like the negative ultrastructural response to fili- 
pin of nonproteolysed junctional membranes, is apparently 
not a sufficient criterion for ruling out the presence of sterols 

in a membrane area. 
Thus, the nonfluorescence of the bottom of the pocket 

membrane may be due to some local constraint that prevented 
filipin from binding to sterols, or to a masking or quenching 
( 1 l) of fluorescence in this region. Simple masking of fluores- 
cent excitation or emission by the bacterial body itself is ruled 
out on the basis of our observation that the bottom of the 
pocket was nonfluorescent regardless of from which side it 
was viewed. Other possible reasons for the negative fluores- 
cence response in this region are currently being investigated. 

In conclusion, we have employed a combination of tech- 
niques to address some of the problems associated with the 
use of cytochemical probes such as filipin for mapping topo- 
graphical variations in membrane sterol content. By correlat- 
ing results of enzymatic removal of membrane-associated 
proteins with fluorescence microscopy of filipin-sterol inter- 
action, we found that neither the absence of filipin-induced 
perturbations nor the lack of filipin-produced fluorescence in 
a membrane region is sufficient by itself to demonstrate a low 
sterol concentration. Therefore, the distribution of filipin- 
sterol complexes in conventionally-treated membranes may 
not reflect actual heterogeneity in membrane sterol content. 
As emphasized by others (5, 6, 15, 35, 38), reports of sterol 
heterogeneity based on negative responses to filipin and/or 
digitonin, particularly in membrane domains characterized 
by closely associated proteins, should be interpreted with 
caution. 
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Note Added in Proof." In  a r ecen t  crit ical eva lua t i on  o f  the  use o f  

c y t o c h e m i c a l  p robes  for  m a p p i n g  m e m b r a n e  sterol d is t r ibut ion ,  Sev- 

ers a n d  R o b e n e k  (Biochem. Biophys. Acta, 1983, 7 3 7 : 3 7 3 - 4 0 8 )  h a v e  

p resen ted  c o n v i n c i n g  ev idence  tha t  nega t ive  responses  o f  cer ta in  

m e m b r a n e  d o m a i n s  to filipin are  d u e  solely to the  p resence  o f  

m e m b r a n e - a s s o c i a t e d  pro te ins  a n d  not  to low sterol con ten t ,  sup-  

po r t ing  the  in t e rp re t a t ion  o f  o u r  results g iven  above .  
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