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Microscopy Using Glutaraldehyde—Potassium Permanganate
Double Fixation Combined with Freeze-drying
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Abstract: In laboratories, the routine preparation of microbial samples for scanning electron micros-
copy (SEM) is often hampered by a lack of fixation reagents and critical point drying equipment. To
address these challenges, potassium permanganate(KMnO,) was selected for the fixation of microbial
cells. This study focused on improving and analyzing SEM preparation methods, particularly the crit-
ical steps of fixation and drying, to establish a safe, economical, and equipment-independent uni-
versal protocol for preparing microbial samples for SEM. Cells of Escherichia coli, Bacillus subtilis,
and Saccharomyces cerevisiae were subjected to glutaraldehyde single fixation (GA fixation), glutaral-
dehyde—osmium tetroxide (0s0,) double fixation(GA-OT fixation), and glutaraldehyde—KMnO, dou-
ble fixation(GA-PP fixation). These fixation techniques were combined with various drying methods,
including freeze-drying, air drying, low-temperature drying, gentle heat drying, and critical point
drying. After drying, SEM imaging was performed to compare the effects of these treatments on the
bacterial morphology and cell integrity. GA-OT and GA-PP fixation significantly outperformed GA
fixation in preserving the bacterial morphology, and freeze-drying and critical point drying were also
effective in preserving the original bacterial morphology. The GA-PP fixation—freeze-drying protocol

effectively preserved the morphological structures of three types of organisms (Gram-negative and
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Gram-positive bacteria, and unicellular eukaryotic fungi) and meets the requirements for SEM imag-
ing. It offers advantages such as cost-effectiveness, convenience, versatility, and safety, making
it highly valuable for widespread adoption. This method is a viable alternative to the routine laborato-
ry preparation of microbial samples for SEM.

Key words: microorganisms; SEM sample preparation; glutaraldehyde—KMnO, double fixation;
drying method
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Fig. 1 SEM imaging analysis of the impact of different fixation protocols on the morphology of three microorganisms
A-C: E.coli, B.subtilis, S. cerevisiae cells fixed with GA; D-F: E. coli, B. subtilis, S. cerevisiae cells fixed with GA-OT; G-I: E. coli,
B. subtilis, S. cerevisiae cells fixed with GA=PP. The scale is shown in the figure. The orange arrow indicates cells with an

abnormal morphology or structural damage
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Fig. 2 Impact of different fixation—drying methods on SEM morphology of E. coli
A-C: GA fixation, GA-OT fixation, GA-PP fixation with freeze=drying; D-F: GA fixation, GA-OT fixation, GA-PP fixation with air dry-
ing; G-I: GA fixation, GA-OT fixation, GA-PP fixation with low-temperature drying; J-L: GA fixation, GA-OT fixation, GA-PP fixation
with gentle heat drying; M-0: GA fixation, GA-OT fixation, and GA-PP fixation with critical point drying. The scale is shown in the figure.
The orange arrows indicate E. coli cells with abnormal morphology or structural damage. The yellow dashed area shows aggregated and coagulated

E. coli cells
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Fig. 3 Impact of different fixation—drying methods on the SEM morphology of B. subtilis
A-C: GA fixation, GA-OT fixation, GA-PP fixation with freeze-drying; D-F: GA fixation, GA-OT fixation, GA-PP fixation with air drying;
G-1: GA fixation, GA-OT fixation, GA-PP fixation with low-temperature drying; J-L: GA fixation, GA-OT fixation, GA-PP fixation with
gentle heat drying; M-0: GA fixation, GA-OT fixation, and GA-PP fixation with critical point drying. The scale is shown in the figure. Or-
ange arrows indicate B. subtilis cells with abnormal morphology or structural damage. The yellow dashed area indicates aggregated and coagulated
B. subtilis cells
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Fig. 4 Impact of different fixation—drying methods on SEM morphology of S. cerevisiae
A-C: freeze-drying; D-F: airdrying; G-I: low-temperature drying; J-L: gentle heat drying; M-O: critical point drying methods. The

scale is shown in the figure. Orange arrows show yeast cells with abnormal morphology or structural damage
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Fig. 5 Effects of different fixation—drying methods on microbial cell integrity rate
A: Ecoli; B: Bsubtilis; C: S cerevisiae; a, b, cindicate significant differences among the different fixation groups using the same
drying method ;
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Table 1 ~ Comparison of GA—PP fixation—freeze-drying and GA-OT fixation—critical point drying methods

Comprehensive comparison index GA-PP fixation—freeze-drying GA-OT fixation—critical point drying
Microbial cell integrity rate 92. 3%~96. 7% 94. 1%~98. 2%
Cell fixative Glutaraldehyde, KMnO, Glutaraldehyde, 0sO,
Fixative toxicity Low toxicity, non—toxicity Low toxicity, high toxicity
Experimental safety High Low
Drying equipment Freeze dryer Critical point dryer

General/specific equipment General Specific

Method applicable scenarios Routine laboratory Professional electron microscopy platform

Experimental economics Low-cost High-cost
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