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Exploration of a scanning electron microscopy semi-thin sectioning
method for observing microbial subcellular ultrastructure

ZHU Xiaonan', WANG Lingling', ZHANG Ling’, SONG Xiaotong', GUO Junling', WANG Xiaoli*"

1 Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi, Jiangsu, China
2 Key Laboratory of Carbohydrate Chemistry and Biotechnology, Ministry of Education, Jiangnan University, Wuxi,

Jiangsu, China

Abstract: [Objective] To establish a method of semi-thin section preparation and scanning
electron microscopy (SEM) observation with a simple operation, a short cycle, and a low technical
threshold, which can be used as a rapid pre-screening strategy for the complex process of
transmission electron microscopy (TEM) ultra-thin sections, in response to the requirements of
rapid identification and dynamic observation of typical subcellular structures (such as cell wall,
cytoplasm, spore, and vacuole) of microbial samples in the process of fermentation production.
[Methods] Bacillus subtilis, Escherichia coli, and Pichia pastoris, taken as the research objects,
were embedded in Embed 812 epoxy resin to prepare semi-thin sections with different thicknesses
(200, 500, and 1 000 nm) and resin embedding blocks (> 1 000 nm) with samples. After platinum
coating by ion sputtering, the subcellular structure was observed by SEM. Ultra-thin sections
(70 nm) of the above microbial samples were also prepared, stained with lead and uranium, and
imaged by TEM. The imaging effect and operation efficiency of the above two methods were
compared. [Results] The 200 nm semi-thin section can clearly and completely display various
kinds of microbial subcellular structures under a scanning electron microscope. The image quality
was significantly better than that of 500 and 1 000 nm sections and resin block samples. Its
resolution was close to the TEM observation level, and it can save about 6.5 h. [Conclusion] The
method of SEM combined with 200 nm semi-thin sections was successfully applied to the high-
resolution imaging of microbial subcellular structure for the first time, which can clearly identify
the typical ultrastructural morphology, and has the advantages of a simple operation, a short cycle,
a low cost, and high safety. It has strong versatility and promotion value, and provides a new and
effective solution for the biological electron microscopy technology system.

Keywords: industrial microorganisms; subcellular ultrastructure; SEM; semi-thin sections
optimization
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Figure 1
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Operating procedures of SEM semi-thin section method and TEM ultra-thin section method.
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Table 1
method

Comparison of learning difficulty between SEM semi-thin section method and TEM ultra-thin section

Different comparison dimensions

SEM semi-thin section method

TEM ultra-thin section method

Learning to master time 1d
Technical challenges Semi-thin sections
Learning difficulty General

Completion method

Independently completed

3 months or more
Ultra-thin section, electron staining, TEM operation
Difficult

Completed by electron microscopy technicians
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(>1 000 nm)

1 000 nm
Semi-thin section

00 3.0 kV x50.0 k SE (U

500 nm
Semi-thin section

SU8200 3.0 kV *50.0 k SE (UL)

200 nm
Semi-thin section

B. subtilis

P. pastoris

E2 AEEERFEY) A 3I3MREAE I 4B M 19 af

Figure 2

Effects of semi-thin slices of different thicknesses on subcellular ultrastructures of three

microorganisms. A-C: E. coli, B. subtilis and yeast morphology in the resin embedding block (>1 000 nm); D-F:

E. coli, B. subtilis and yeast morphology in 1 000 nm semi-thin sections; G—1: E. coli, B. subtilis and yeast

morphology in 500 nm semi-thin sections; J—L: E. coli, B. subtilis and yeast morphology in 200 nm semi-thin

sections. CW: Cell wall; e: Cytoplasm; V: Vacuole. Triangle indicate the bacterial spore.
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Table 2 Comparison of the effect of displaying the subcellular ultrastructure of microorganisms in semi-thin

sections of different thicknesses

Subcellular structures and key features for Cell Complete Other organelles, such  Slice overall ~ Subcellular
observation wall cytoplasm as spores, vesicles, etc. integrity structure fineness
E. coli Resin embedding block (>1 000 nm) - - - Low Low
1 000 nm + - - Low Low
500 nm + - - General General
200 nm + + - High High
B. subtilis  Resin embedding block (>1 000 nm) - - - Low Low
1 000 nm - - - Low Low
500 nm + - + General General
200 nm + + + High High
P. pastoris  Resin embedding block (>1 000 nm) + - - Low Low
1 000 nm + - - Low Low
500 nm + - - General General
200 nm + + + High High

+: Observable; —: Not observable. The qualitative assessment criteria were defined as: high (structural integrity maintained with well-
defined boundaries and abundant details), general (basic structures discernible with some details obscured), and low (structures

severely compromised or indistinct with key details missing).

E. coli B. subtilis

CW 32 nm
¢ X

P. pastoris

200 nm
semi-thin
section
SEM imaging

£
CW 217 nm
=)

70 nm
ultra-thin
section

TEM imaging ; l

E3 200 nm¥E Y] 70 nmiBE Y] FARA3FEE DT MBS SRR

Figure 3 Display of subcellular ultrastructure morphology of three microorganisms captured by 200 nm semi-
thin section and 70 nm ultra-thin section. A: Subcellular ultrastructure of E. coli in 200 nm semi-thin section
captured by SEM; B: Subcellular ultrastructure of E. coli in 70 nm ultra-thin section captured by TEM;
C: Subcellular ultrastructure of B. subtilis in 200 nm semi-thin section captured by SEM; D: Subcellular
ultrastructure of B. subtilis in 70 nm ultra-thin section captured by TEM; E: Subcellular ultrastructure of yeast
cell in 200 nm semi-thin section captured by SEM; F: Subcellular ultrastructure of yeast cell in 70 nm ultra-thin
section captured by TEM. CW and arrow: Cell wall; Numbers: Cell wall thickness; e: Cytoplasm; V: Vacuole.

Triangle indicates the bacterial spore. The scale is shown in the figure.
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Table 3 Comparison of the effects of SEM semi-thin section method and TEM ultra-thin sectioning method in

presenting three types of microbial subcellular morphology

Morphological analysis of subcellular E. coli B. subtilis P. pastoris

structures and image comparison SEM semi- TEM ultra- SEM semi-  TEM ultra- SEM semi- TEM ultra-
thin section thin section thin section  thin section  thin section thin section
method method method method method method

Whether various subcellular structures, Yes Yes Yes Yes Yes Yes

such as cell walls, cell membranes,

cytoplasm, spores, vesicles, etc., are

clearly visible and measurable

Subcellular structural fineness High Extremely  High Extremely High Extremely

high high high

Image background Deep Light Deep Light Deep Light

Image contrast Moderate High Moderate High Moderate High

Image resolution High High High High High High
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