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The application of an immunoperoxidase method to labeling of Streptococcus mutans subsp. 
sobrinus for scanning electron microscopy is described. Bacteria from four separate cultures 
were fixed in 2.5% buffered glutaraldehyde solution. The specimens were treated in accord- 
ance with an indirect immunolabeling procedure using a rabbit anti-S. mutans subsp. sobrinus 
y-globulin. Labeled bacteria were equipped with a layer of small, distinct globules of horse- 
radish peroxidase reaction product. Bacteria exposed to control incubations were not equipped 
with this layer. 0 Immunocytochemistry; ultrastructure; horseradish peroxidase; bacteria 
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During the past decade enzyme electron 
immunocytochemical identification of dif- 
ferent cell components and of whole cells 
has attracted a great deal of interest (18). 
This technique was originally introduced for 
transmission electron microscopy (TEM) by 
Sri Ram et al. (17) and Nakane & Pierce 
(13). Immunocytochemical methods have 
also been adapted for scanning electron 
microscopy (SEM) (12). Among the many 
different marker substances that have been 
suggested for use in immuno-SEM are latex 
spheres ( l l ) ,  colloidal gold granules (7), fer- 
ritin (20), and silica spheres (14). Horse- 
radish peroxidase (HRP)-conjugated anti- 
bodies have been used for labeling of 
antigens on lymphocytes (21) and virus- 
induced antigenic sites on HeLa cells (10). 
The occurrence of salivary antibodies on the 
surface of Streptococcus mutans cells has 
been demonstrated with SEM and latex 
spheres as marker (16). 

A TEM immunoperoxidase method was 
recently applied for identification of S. 
mutans in pure cultures and in mixed cultures 
(3). In the present report this method was 
used for immunolabeling of whole cells of 
S. mutuns for S E M .  

Materials and methods 

Bacterial strain and growth conditions. S .  
mutans subsp. sobrinus strain B13 ( 5 )  was 
grown in Trypticase Soy broth (Difco, 
Detroit, Mich.) on thin, sterile polyester 
resin foils (3) for 24-36 h at 37°C. Specimens 
from four separate cultures were studied. 

Immunocytochemical and electron micro- 
scopy procedures. The foils with adhering 
bacteria were harvested, rinsed in 
phosphate-buffered saline (PBS; pH 7.2- 
7.4), fixed in 2.5% glutaraldehyde dissolved 
in a 300-mOsM phosphate buffer (pH 7.2- 
7.4) for 1 h at 4"C, and rinsed in the buffer 
overnight at 4°C. Preparation of the specific 
antibodies and the labeling procedures have 
been described in detail elsewhere (3). 

The immunolabeling procedure includes 
the following main steps: 1) incubation with 
rabbit anti-S. mutans subsp. sobrinus y-glob- 
ulin (0.03 mg proteidml), 2) incubation with 
HRP-conjugated sheep anti-rabbit IgG (1) 
diluted 1/10 in PBS, and 3) incubation in 
3,3'-diaminobenzidine tetrahydrochloride 
(1/2000 w/v in TRIS-HCl buffer) plus 0.01% 
hydrogen peroxide for visualization of HRP 
(6). After step 3 the specimens were treated 
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Fig. 1. SEM micrograph. Immunoperoxidase staining 
of S. mutans strain 813 using anti-S. mutam subsp. 
sobrinus y-globulin. All bacteria are covered with a 
globular HRP reaction product. Several bacteria show 
a distinct interruption in the HRP reaction product 
(arrows). A few bacteria show an indentation (asterisk). 
Note that the supporting foil is covered by the same 
type of globules that are found on the bacteria. 
(~10,000; inset ~20,000.) 

with 2% OsO4 in distilled water for 30min 
at 4"C, rinsed in distilled water, dehydrated 
in acetone to 100% and rehydrated to 50%, 
air-dried, and coated with a 100-200-A-thick 
layer of gold. The specimens were examined 
in a Jeol scanning electron microscope 
(JSM3) operated at 15-20 kV and with an 
angle to the electron beam of 35". 

Controls. Two controls were used: 1) 
specimens incubated in steps 1-3 with PBS, 
and 2) specimens incubated in step 1 with 
normal rabbit y-globulin. 

Results 
Bacteria that had become attached to the 
foils formed characteristic short chains or 
small colonies (Figs. 1 and 2). The samples 
contained many bacteria that were under- 
going division. All cells subjected to the 
immunohistochemical treatment with anti- 
S. rnuruns subsp. sobrinus y-globulin were 

Fig. 2A. SEM micrograph. Control 1. Incubation with 
PBS only. No HRP reaction product globules can be 
found on either the bacteria or the foil. (X10,000.) 2B. 
SEM micrograph. Control 2. Incubation with normal 
rabbit y-globulin. All bacteria are free of HRP reaction 
product. A few bacteria exhibit shallow indentations 
(asterisk). The foil is free of adhering globules. 
(x 10,000.) 

covered with a continuous layer of small 
globules (30-100 nm in diameter), which 
gave the bacteria a raspberry-like appear- 
ance (Fig. 1). A distinct demarcation in this 
globular layer was noted on several bacteria. 
A few bacteria had a shallow indentation in 
the center of the cell. The supporting foil 
was covered with small globules that were 
similar in both shape and size to those 
attached to the bacteria. 

Bacteria incubated with PBS only (control 
1, Fig. 2A) or with normal rabbit y-globulin 
(control 2, Fig. 2B) were smooth and did 
not have the characteristic globular eleva- 
tions that were observed on the cell surface 
after the incubation with specific antibody. 
The foils were uncovered in both controls. 

Discussion 
Kumon et al. (8) suggested that a marker 
substance useful for immuno-SEM should 
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possess the following four properties: 1) layer of HRP reaction product should then 
morphologically recognizable shape and represent a site adjacent to a cross-wall. 
size, 2) little or no tendency towards non- The preparative procedures of biological 
specific adsorption to the cell surface, 3) samples intended for SEM analysis vary from 
chemical stability, and 4) easy purification critical point-drying of fixed specimens (12) 
and acquisition. HRP seemed to fulfill these to air-drying with or without the use of fix- 
criteria and was consequently used as marker ation and dehydration (22). Klainer et al. 
substance in this study. Moreover, the (9) studied the effect of both critical point- 
immunoperoxidase method had earlier been drying and air-drying on different bacteria. 
successfully used for immuno-TEM labeling These authors demonstrated that different 
of surface antigens on S. mutans in pure and bacteria required different preparative pro- 
mixed cultures and in dental plaque (3). cedures. It was shown that air-drying of 

Another important criterion is that of gram-positive cocci produced a satisfactory 
immuno-specificity. The specificity of S. result. However, to improve the preserva- 
mutuns subsp. sobrinus y-globulin was tion of the specimens they had to be rehy- 
reported in a previous paper (3). Immuno- drated to 50% acetone before exposure to 
electrophoresis and electron immunoperox- the air. The indentation of some bacteria is 
idase staining procedures were then used for most likely an artifact due to the preparative 
cross-reaction tests with several oral bac- procedures. 
teria. The fully absorbed S. mutuns subsp. After completion of the immunochemical 
sobrinus y-globulin did not react with any of procedures, the supporting foil was covered 
the tested strains other than those belonging by globules that were similar to those 
to S.  mutuns subsp. sobrinus. However, it observed on the surface of the bacteria. 
cannot be completely ruled out that there These globules probably represent true 
exist classified or unclassified bacteria in the labeling of antigenic components derived 
complex oral flora which might cause from the supernatant and attached to the 
cross-reactions. The use of highly diluted foil. Free antigenic components of different 
and absorbed y-globulin fractions and the sizes have been shown by immuno-TEM pro- 
use of appropriate fixatives can minimize cedures to occur in the broth (2). 
unexpected cross-reactions (4,15). A clear It can be concluded that the immuno- 
difference in appearance existed between the peroxidase labeling procedure applied for 
positively labeled cells and the controls. SEM seems useful for the identification pur- 
Although the globules observed on the poses of whole bacteria belonging to S. 
labeled cells are distinct, it cannot be mutans subsp. sobrinus. 
assumed that each globule represents one 
antigenic site or that all antigenic sites are Acknowledgements.-This work was supported by a 

grant from the Faculty of Odontology, Karolinska 
Institute, Stockholm, and by USPHS grants DE-02636 labeled (19). 

In an paper by &L and DE-07085 from the National Institute for Dental 
(3), in which the immuno-TEM labeling of Research (NIDR). Parts of this paper were presented 
S. mufuns was discussed, the HRP reaction at the 54th General Session of the International Associ- 
product was described as a structure of ation for Dental Research (1976). 
densely packed spherical units, 1040  nm in 
size, which at certain sites had aggregated 
into globules 50-80nm in diameter. It was References 

that labeled bacteria 

cent to cross-wall fo~mations (2). The glob- 
ules of HRP reaction product observed on 
the bacterial surface in this study are most 
likely the Same as those observed after the 
immuno-TEM procedure and represent a 
true labeling. The distinct interruption in the 

Observed 1. Avrameas, S. & Ternynck, T. Peroxidase labeled 

cellular penetration. Immunochemistry 1971, 8, 
1175-1179 

2. Berthold, C-H., Berthold, P. & Nord, C-E. Elec- 
tron microscopy and immunoperoxidase staining of 
Streptococcus mutans during controlled growth in 
two different media. Acta Path. Microbiol. Scand. 
Sect. B 1979, 87,21-28 

lacked HRP reaction product at sites antibody and Fab conjugates with enhanced intra- 



128 P. Berthold ACTA ODONTOL. SCAND. 41 (1983) 

electron microscopy/l977. Chicago Press C o p ,  
Chicago, Ill., 1977, 11, 59-74 

13. Nakane, R .  K. &Pierce, G.  B. Jr. Enzyme-labelled 
antibodies: preparation and application for the 
localization of antigens. J .  Histochem. Cytochem. 
1966, 14, 929-931 

14. Peters, K-R., Gschwnder, H .  H.,  Haller, W. & 
Rutter, G.  Utilization of a high resolution spherical 
marker for labeling of virus antigens at the cell 
membrane in conventional scanning electron micro- 
scopy. In: Johari, 0. & Becker, R .  P., eds. Scanning 
electron microscopy/l976. IIT Research Institute, 
Chicago, Ill., 1976, 11, 75-83 

15. Petrusz, P., Sar, M., Ordronneau, P. & DiMeo, P. 
Specificity in immunocytochemical staining. J .  His- 
tochem. Cytochem. 1976, 24, 1110-1112 

16. Riviera, G.  R., Cotton, W. R. & Derkowski, J. L. 
Latex spheres as immunologic markers to demon- 
strate the binding of human salivary immunoglobu- 
lins to Streptococcus mutans. J. Dent. Res. 1976, 
55, 879-885 

17. Sri Ram, J., Nakane, P. K., Rawlingstone, D .  G. 
& Pierce, G.  B. Jr. Enzyme-labeled antibodies far 
ultrastructural studies. Fed. Proc. 1966, 25, 732 

18. Sternberger, L. A.  Immunocytochemistry. Wiley 
Medical, J. Wiley & Sons Inc., N.Y., N.Y., 1979 

19. Swanson, J. & Gotschlich, E .  C. Electron micro- 
scopic studies on streptococci. 11. Group A carbo- 
hydrate. J. Exp. Med. 1973, 138, 245-258 

20. Tokunaga, J., Fugita, T., Hattori, A. & Miiller, J. 
Scanning electron microscopic observation of 
immunoreactions on the cell surface. Analysis of 
Candida albicans cell wall antigens by the 
immuno-ferritin method. In: Johari, O., ed. Scan- 
ning electron microscopy/l976. IIT Research Insti- 
tute, Chicago, Ill., 1976, I, 301-310 

21. Ward, H .  A, ,  Yamana, S . ,  Pihl, E .  & Nairn, R .  C. 
Ultrastructural localization of antilymphocyte glob- 
ulin on viable lymphocytes by immunoperoxidase 
tracing. Immunology 1972, 23, 61-68 

22. Williams, S. T., Veldkamp, C. J .  & Robinson, C. 
S. Preparations of microbes for scanning electron 
microscopy. In: Johari, 0. & Corvin, S. ,  eds. Scan- 
ning electron microscopy/l973. IIT Research Insti- 
tute, Chicago, Ill., 1973, 736-742 

3. Berthold, P. & Berthold, C-H. Some immunohis- 
tochemical experiments aiming at the electron- 
microscopic in situ identification of a dental plaque 
microorganism-Streptococcus mutans. Acta Path. 
Microbiol. Scand. 1978, Suppl. 271, 1-37 

4. Berthold, P., Lai, C-H. & Listgarten, M. A. 
Immunoelectron microscopic studies of Actino- 
myces uiscosus. J. Periodontal. Res. 1982, 17, 26- 
40 

5 .  Edwardsson, S. Characteristics of caries-inducing 
human streptococci resembling Streptococcus 
mutans. Archs. Oral Biol. 1963, 13, 637-646 

6. Graham, R .  C. Jr. & Karnovsky, M. J. The early 
stages of adsorption of injected horseradish per- 
oxidase in the proximal tubules of mouse kidney: 
ultrastructural cytochemistry by a new technique. 
J. Histochem. Cytochem. 1966, 14, 291-302 

7. Horisberger, M., Rosset, J. & Bauer, H .  Colloidal 
gold granules as marker for cell surface receptors 
in the scanning electron microscope. Experientia 

8. Kumon, H.,  Uno, I. & Tawara, J. Morphological 
studies on viruses by SEM and an approach to 
labeling. In: Johari, 0. & Becker, R. P. ,  eds. Scan- 
ning electron microscopy/l976. IIT Research Insti- 
tute, Chicago, Ill., 1976, 11, 85-92 

9. Klainer, A.  S. ,  Jernigan, S. & Allendar, P. Evalu- 
ation and comparison of techniques for examination 
of bacteria by scanning electron microscopy. In: 
Johari, 0. & Corvin, S . ,  eds. Scanning electron 
microscopy/l974. IIT Research Institute, Chicago, 
Ill., 1974, 314-318 

10. Mannweiler, N. & Rutter, G.  Comparative SEM 
and TEM studies on normal and virus-infected cul- 
ture cells (attempts to label virus-specific surface 
antigens). In: Johari, 0. & Corvin, S. ,  eds. Scan- 
ning electron microscopy/l973. IIT Research Insti- 
tute, Chicago, Ill., 1973, 514-520 

11. Molday, R. S. ,  Dreyer, W. J . ,  Rembaum, A. & 
Yen, S. P. S. New immunolatex spheres: visual 
markers of antigens on lymphocytes for scanning 
electron microscopy. J. Cell. Biol. 1977, 64, 

12. Molday, R.  S. Cell surface labelling techniques for 
SEM. In: Johari, 0. & Becker, R .  P., eds. Scanning 

1975, 31, 1147-1149 

75-88 

Received for publication 16 November 1981 




