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ABSTRACT 

Different strains of baker's yeast (Saccharomyces cerevisiae) were 
imaged with an atomic force microscope (AFM). The images of un- 
coated and nonfixed samples were reproducible with high-constrast 
and nanometer-resolution. Molecules from the polysaccharide surface 
of the cell wall were pictured and the distance of atoms was measured. 
The preparation of samples was easy, suggesting that AFM is a useful 
tool in this type of analyses. 

Index Entries: Biotransformation, Saccharomyces cerevisiae; atomic 
force microscope; baker's yeast; bud scar. 

INTRODUCTION 

Biotransformation are reactions catalyzed by enzymes and/or micro- 
organisms (1). This concept must be extended to the recent use of anti- 
bodies (2, 3) and RNA (4) in catalysis. The main application of enzymes or 
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microorganisms in organic synthesis is the generation of a chiral center 
from a pro-chiral center: 

O 

R I ~ R 2  

H OH 

R 1 R 2 

Such reactions using organometallic compounds are often inviable owing 
to its cost (5,6). The product obtained with the reaction is a synthon for 
synthesis of various important chemicals (7), used in the essence (8), 
food (9), and pharmaceutical industry (10). 

Baker's yeast (Saccharomyces cerevisiae) is a microorganism that is not 
expensive and organic chemists do not need speicfic knowledge for its 
manipulation. Generally, strains of S. cerevisiae used in biotransformation 
are from industrial sources. However, most of the information known 
about the biochemistry of this microorganism has been obtained from 
laboratory strains. Very little is actually known about the biochemistry of 
industrial Saccharomyces strains (11). 

Recently, it was demonstrated that cells from different origins are bio- 
chemically different and can have a great influence on the reactions 
executed with these living cells, producing different results (12). Probably, 
they are different strains with different morphological aspects. In order to 
evaluate these morphological aspects, atomic force microscope (AFM; 13) 
was used. This modern technique is a powerful apparatus that permits 
the study of biological material with high-resolution and has proved to be 
simple, direct, and nondestructive. 

MATERIALS AND METHODS 

Biological Materials 
The baker's yeast strains (S. cerevisiae) were obtained from Fermipan 

(Holland), Itaiquara (Brazil), Nishin Seifun Co. (Japan), and Fleischmman 
(Brazil). The stock suspensions were prepared by adding 1.0 g dry and/or 
3.5 g raw baker's yeast to 10 mL water (double distilled and deionized) 
with stirring at room temperature. A drop of the suspension was put on a 
glass lamina and dried for 6 h in an oven at 28~ The cells were counted 
in an optical microscope (Carl Zeiss) using a Neubauer chamber. 

Atomic Force Microscopy 

A NanoScope II AFM (Digital Instruments) was used in the experi- 
ments with Nanotip (Digital Instruments) Si3N4 tips in the 200-#m triang- 
ular cantilever, with 0.06N/m spring constant. The images were low pass 
filtered to remove scan lines. At the moment that these images were gen- 
erated, we have made the force control of images through feedback. The 
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Fig. 1. Atomic force micrographs showing different morphological aspects 
between commercial strains of S. cerevisiae. (A) Fermipan (Holland); (B) Itaiquara 
(Brazil); (C) Nishin Seifun Co. (Japan); (D) Fleischmman (Brazil). 

AFM was operated with a typical scan speed of 8.68 or 19.53 Hz. All imag- 
ing was done in air at room temperature. The AFM was operated in con- 
tact mode in the repulsive form. The values of force of the scans were 
varied between 7 and 14 nN. 

The AFM works by moving a microfabricated tip with a laser beam. 
Deflections in the tip, which correspond to the surface topography, are 
sensed by a photodetector (14). 

RESULTS AND DISCUSSION 

Figures I to 5 present micrographs of four strains of baker's yeast (S. 
cerevisiae) generated with an AFM. These images were reproducible (even 
in another AFM--Topometrix TMX 2000--data not shown) and they were 
the same when the scan was repeated. This instrument was chosen because 
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Fig. 2. Atomic force micrographs showing different morphological aspects 
between commercial strains of S. cerevisiae. (A) Fermipan (Holland); (B) Itaiquara 
(Brazil); (C) Nishin Seifun Co. (Japan); (D) Fleischmman (Brazil). 

these types of cells can be seen without using conventional methods com- 
monly used in electronic microscopy (EM). One of the most common 
methods used for preparing biomolecules for AFM is immobilization of 
the biomaterial (15). Although the cells could be immobilized through 
electrostatic attraction (15) on inexpensive support, such as chrysotile 
(16), we preferred to use none of the methods and we have only dried the 
cells for 6 h in an oven at 28~ One important aspect is that the cells are 
not killed during the observation process as usually occurs in EM. 
Another aspect to emphasize is that with AFM, we can generate photo- 
graphs easily at the atomic level. In spite of all these advantages, the AFM 
has some problems; images from intact whole cells may be distorted, 
owing to the deformations in the cell membrane, caused by the tip of 
AFM (14). This issue is overcome when methods are used that give cer- 
tain rigidity to the membrane of the living cells (sample) (14), or when the 
cells have a cell wall. This last one gives a natural rigidity to sample (17), 
consequently it is not necessary to use methods that make it rigid (14). 
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Fig. 3. Atomic force micrographs showing pores in the polysaccharide 
membrane from commercial strains of S. cerevisiae. (A) Fermipan (Holland); 
(B) Nishin Seifun Co. (Japan); (C) Fleishmman (Brazil). 

Since S. cerevisiae have a cell wall it was not necessary to use such methods, 
making it possible to obtain images of high resolution as shown in this 
paper. 

The images of S. cerevisiae shown here are consistent with those made 
with electronic microscopes, including size and shape of the cells (18). 
Figures 1 (A-D) and 2 (A-D) show that these cells have morphological 
differences. In all photographs, panels A and C are Dutch and Japanese 
strains, respectively, and panel B and D are Brazilian strains. 

The external surface (cell wall) of those microorganisms are made up 
of polysaccharides such as manan (31%), glucan (28.8%), chitosan, and 
chitin (2%) (17,19), which do not permit the passage of molecules from 
outside. The influx of substrate occurs through pores in the polysaccha- 
ride wall (see Fig. 3A-C). The diameter of these pores vary from cell to cell 
and this can exert an important influence on the reactions rates in bio- 
transformations. The pore diameters of the Japanese and Dutch cells are 
about three and four times larger, respectively, than those of the Brazilian 
strain. Probably, the influx of the substrate should be in the same propor- 
tion (see Fig. 3A-C). This may be one of the factors, beyond NAD(P)H pro- 
duction, that contributes to Dutch and Japanese strains having more 
reduction power than Brazillian strains as observed before (12). 
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Fig. 4. Atomic Force micrographs showing tridimensional surface of com- 
mercial Japanese strain of S. cerevisiae obtained from Nishin Seifun Co. 

All micrographs of Fig. 4 are from the Japanese strain. Figure 4 (A,B) 
show that the Japanese strain has a rugose surface. In Fig. 4 (C,D), we have 
observed what may be a bud scar when this micrograph is compared with 
those made with scanning EM (18). This bud scar may be a little different 
of that shown by EM, because they are from different strains. 

Our results in Fig. 5 show that carbohydrates are interesting candi- 
dates to be studied by AFM. The size and shape of these structures can be 
difficult to determine by conventional biophysical methods (20). At pre- 
sent there are a limited number of reported studies of polysaccharides 
with AFM (20). The outer layer of the cell wall of S. cerevisiae consists of 
mannan, polymer of mannose monomers, liked to proteins (17). Figure 5 
(A-D) presents micrographs at the atomic level. Particularly, in Fig. 5B, 
the close structure, indicated by the arrow, approximates to a "chair con- 
formation" of a six-membered ring, as it is known this type of structure in 
biochemistry and organic chemistry (21), which is a probable molecule of 
sugar (0.1 nm -- 1 A). As we suspected, the micrographs are different, 
because these cells belong to different strains and the compositions of cell 
wall vary from strain to strain. The cells underwent the same preparation; 
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Fig. 5. Atomic force micrographs showing molecules of polysaccharide in 
the membrane from commercial strains of S. cerevisiae. (A) Fermipan (Holland); 
(B) Itaiquara (Brazil); (C) Nishin Seifun Co. (Japan); (D) Fleischmman (Brazil). 

if there are modifications between them, they are owing to the character- 
istics of each strain. 

One of the most serious problems in generating high-resolution 
images in air, as those presented here, is tip contamination (14). This 
issue is resolved when imaging in liquids. The tip contamination was not 
present in these experiments because the samples tend to retain some 
water owing to the hydroxyls from polysaccharides of the cell wall, the 
temperature used for drying the samples is not high (28~ and the dry- 
ing time was not too long (about 6 h). The cells were hydrated and con- 
tinued to grow and divide. This was noticed when we withdrew the sample 
from AFM after 24 h and observed that the cantilever was lost because it 
was adhered among cells of the sample, owing to the raised height of the 
sample. With an optical microscope, we could see that the sample had 
also increased in size proving that the cells were dividing. In Figs. 6A-D, 
the distance was measured between two adjacent atoms present on the 
cell wall of these microbes. An average distance of 0.16 nm (1.6 A), which 
is coherent with the results of X-ray difraction for simple bond carbon- 
carbon that is 1.53 A (21), was found. The lines where these scans were 
obtained are marked in Fig. 5. 
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Fig. 6. Measuring of distance between atoms in the cellular wall of S. cere- 
visiae, using an AFM. (A) Fermipan (Holland), (B) Itaiquara (Brazil); (C) Nishin 
Seifun Co. (Japan); (D) Fleischmman (Brazil). 

CONCLUSIONS 

Those results confirm the initial hypothesis that these cells belong to 
different strains and have different morphological aspects. Some of them, 
as diameter of pores, can exert direct influence at reactions rate in bio- 
transformations. AFM technique associated with biochemical measurings 
made before (12) can be used to identify one type of cell that is more ade- 
quate to use in biotransformations, which will get a more reproducible 
result. 
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