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Summary. Freeze-fracture cytochemistry allows 
visualization of cellular and molecular characteristics of 
biomembranes in situ. In this review, we discuss freeze- 
fracture cytochemistry with special reference to a new 
cytochemical labeling of replicas, the detergent- 
digestion fracture-labeling technique. In this procedure, 
unfixed cells are rapidly-frozen, freeze-fractured, and 
physically stabilized by evaporated platinum/carbon. 
The frozen cells are then removed from the freeze- 
fracture apparatus to thaw and are subsequently treated 
with detergents. After detergent-digestion, replicas are 
labeled with cytochemical markers. We demonstrate that 
the technique is a versatile tool for direct analysis of the 
macromolecular architecture of biomembranes and 
al lows identification of particular intracellular 
membrane organelles. In addition, we demonstrate the 
application of ultrasmall gold to  freeze-fracture 
immunocytochemistry. Freeze-fracture cytochemistry is 
a valuable technique for investigating topology and 
dynamics of membrane molecules. 
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Introduction 

The combination of freeze-fracture electron 
microscopy and cytochemistry ("freeze-fracture 
cytochemistry") provides unique information concerning 
morphological analysis of biomembranes that can not be 
readily obtained using conventional cytochemistry alone. 
Freeze-fracture electron microscopy provides high 
resolution morphological information; freeze-fracture 
cytochemistry provides additional information on in situ 
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expression of biomembrane components. Several types 
of freeze-fracture cytochemistry have been described 
based on the cytochemical method used. These include: 
(1) freeze-fracture autoradiography (Fisher and Branton, 
1976; Rix et al., 1976; Carpentier et al., 1985), (2) 
freeze-fracture cholesterol cytochemistry (Verkleij et al., 
1973; Elias et al., 1979), (3) freeze-fracture carbohydrate 
cytochemistry (Pinto da Silva et al., 1981c), (4) freeze- 
fracture immunocytochemistry (Pinto da Silva et al., 
1981a), and (5) freeze-fracture enzyme cytochemistry 
(Takizawa and Saito, 1996, 1997; Takizawa et al., 
1997). Hence, freeze-fracture cytochemistry allows 
characterization of many types of membrane molecules. 

Application of this method has advanced our 
understanding of various aspects of cellular biology. 
Immunocytochemistry has been the most widely applied 
technique in the area of freeze-fracture cytochemistry. 
Recent technical advances in this field have focused on 
immunocytochemical labeling after detergent digestion 
of half-membrane leaflets stabilized by platinum/carbon 
(Pt/C) evaporation (Fujimoto, 1995, 1997; Takizawa et 
al., 1998). In this review, we describe the fundamental 
principles of the new freeze-fracture replica labeling 
technique developed in our own laboratories and its use 
for detection of specific antigen molecules as well as for 
detection of enzyme activity. We also review our work 
on the application of an ultrasmall immunoprobe to 
freeze-fracture immunocytochemistry. 

Fracture-label and label-fracture 

From the cytochemical viewpoint, the origin of the 
detergent-digestion fracture-labeling technique dates 
back to the early 1980s, although today's freeze-fracture 
electron microscopy is based on the pioneering work of 
Ha11 (1950). The "fracture-label" technique was first 
introduced for detection of carbohydrates in biological 
membranes (Pinto da Silva et al., 1981a-c). The method 
was named "fracture-label" based on the sequence of the 
procedure; chemically fixed samples were freeze- 
fractured first and then labeled with various cyto- 
















