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Abstract: Microbiology stands as a foundational discipline in life sciences and plays a pivotal
role in the biology curriculum of universities. However, the conventional microbiology
laboratory teaching faces issues such as content fragmentation with a lack of inherent
connections. These challenges hinder students to deeply comprehend and apply experimental
skills and knowledge. Moreover, the conventional teaching fails to stimulate students’
self-directed learning and exploratory spirit. To enhance the quality of microbiology laboratory
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teaching, we draw inspiration from project-based learning. With the introduction of Koch’s
postulates, a fundamental theory, as the goal, we improved the educational philosophy, teaching
modes, teaching methods, and assessment system. Using silkworm and Bacillus thuringiensis as
the experimental subjects, we reproduced and confirmed Koch’s postulates, and probed into the
cause-and-effect relationship between infectious diseases and pathogenic microorganisms. Our
improved teaching approach aims to kindle students’ passion for experimentation, refine their
practical skills, nurture their critical thinking, and elevate their scientific literacy and innovative
capabilities.

Keywords: Microbiology laboratory teaching; project-based learning; self-directed learning;
Koch’s postulates; silkworm; Bacillus thuringiensis
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Table 1 Schedule for Koch’s postulates experiments

i Ii] b DU S 6 P 75

Time Experimental content of Koch’s postulates

1-5 J# DGR E . e

Week 1-5 Isolation, staining and identification of Bacillus thuringiensis
6-10 Jil SRR S AL B I 2 4 2 FUAT T A RO

Week 6-10 First round of treatment and reisolation of Bacillus thuringiensis
11-13 J& S feab

Week 11-13 Second round treatment

14-15 J BRERIBRIL U SR04

Week 14-15 Write the Koch’s lab report
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Figure 1 Experimental course case and stage-wise experimental results. A: Soil sampling. B: Comparison of
colony morphology between standard Bacillus thuringiensis (left) and soil isolated bacteria (right). C—E: Gram
staining, spore staining, and biochemical assay results. F—I: Feeding, mortality, dissection, and gut isolation of
silkworms. J: Reisolation of Bacillus thuringiensis from the gut of dead silkworms. K: Treatment failure,
silkworm developed into pupa.

2 FREHRERNRHOHHE L

Table 2 Comparison of success rates of different bacterial strains in two stages

HE4) F—BrEREEsLE BB EEIERE

Group (4) Round 1 silkworm death rate Round 2 silkworm death rate
HRUETE Standard bacteria 100% 50%

+ 35 Soil bacteria 0 /

[ BT RIERE I B R B R N 0, PRI TER R B B

/: Due to the zero mortality rate of silkworms in the first stage of soil bacteria, the second stage of treatment was not carried out.
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