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“Microorganisms, macro-energy”: teaching design and practice of
Microbiology

CHEN Long, LUO Shizhong, L1 Zhengjun, LIU Yanhui, LIU Junfeng, QU Dan, LYU Jie,
PEI Pengfei, ZHANG Guimin"

College of Life Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China

Abstract: Microbiology is a course with practical and engineering features and closely related
to production, life, and social politics, serving as an important platform for ideological and
political education. The ideological and political education of Microbiology at Beijing
University of Chemical Technology is guided by the education concept of all members, whole
process, and all aspects. On the basis of reviewing the course-related ideological and political
education cases with the characteristics of Beijing University of Chemical Technology, we
designed an ideological and political education section based on small projects and explored the
methods for evaluating the education performance. The course reform has effectively improved
students’ scientific thinking and knowledge application abilities as well as the learning
effectiveness. Meanwhile, it enhanced the attractiveness and penetration of ideological and
political education and boosted the effectiveness of ideological education. Therefore, this
practice has achieved integration of knowledge learning, skill cultivation, and value
transmission, providing reference for ideological and political education in the teaching of
related disciplines.

Keywords: course-related ideological and political education; Microbiology; education concept
of all members, whole process, and all aspects; course design
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Table 1 Teaching cases and classification of Microbiology course

£ LR 5y €S| R A ESTIES
Chapter Knowledge point Ideological and political case Key points of ideological and Case
political education classification
@it WA S AEN L BEYR g e 1. BHENREAEYI T 1 i
Introduction KFE 2. P AR R 2. it AR AR 2. AR
The relationship 1. The benefits and harms of 1. Dialectical understanding of 1. Philosophical
between microorganisms the functions of microorganisms  speculation
microorganisms 2. The utilization of microorganisms by 2. The utilization of 2. Cultural
and humans ancient Chinese people microorganisms reflects the confidence
wisdom of ancient people
AR EMERIIRE  CEGUNEMREERRR, BT BRI Pl AT

A, HrEFILIEE  The function of  ShERIAZ Quantitative change leads to A

The morphology, cyanobacteria The accumulation of countless tiny qualitative change Philosophical
structure, and cyanobacteria has changed the ecology speculation,
function of of the earth ecological
prokaryotic civilization
microorganisms

HERMAEME BERRE S AN hE AR OA . B, ki SRR R, bt U AfE

& MRS KR il TR R R Cultural

The morphology, The relationship  Chinese people’s use of yeast: wine The rich and diverse fermented  confidence
structure, and between yeast and making, fermented foods foods in China reflect the wisdom

function of humans of the Chinese nation

eukaryotic

microorganisms

AR RSO PR S IRER AN R 1 PR R 1. BOAAA
Vimsesand e A5 s 2. EBRERMMS SRE 2. SCkAf,
subviruses The structure and 2. FEBEFEAEFTEZENBHE 1 1. The superiority of the Chinese  Bl#AE

1. Political
viruses 1. Attitudes and practices of China and 2. The responsibility and identity

function of Tk system
other countries in the face of the commitment of Chinese scientists 2. Cultural
COVID-19 epidemic
2. Contributions of Chinese scientists to
the control of COVID-19 epidemic
EEYIWE TR Rk W AR, SCERIADE . SRR EA BRI R EER ARA B4R B A

confidence,
scientific spirit

BRIk Method for RO TS S RE AR K rik A
Nutrition and designing culture YR FEIEL Scientific research should adopt  Scientific spirit,
culture medium  medium Scientifically design culture media scientific thinking and methods  innovative
for suitable for the growth of specific thinking
microorganisms microorganisms through ecological

simulation, literature research,

experimental comparison, etc.
AR s AR R s FWEN = | oK, FIRAE e
Rt VI Feedback inhibition in metabolic (SSRES Philosophical
Metabolism of Metabolic regulation Full moon will become loss just  speculation

microorganisms  regulation of like the overflows of water. The

microorganisms laws of change of things
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& 1)
£ R Y eS| B E A ESUIPES
Chapter Knowledge point Ideological and political case Key points of ideological and Case

political education classification

AR L SUERSHE 1 BEEEN AR SPHG L A5 ARFIERE, T 1 ARSI,
gl i 24 2. BRRIGE T AT, $em T TR Sy i A §IEE
The growth and ~ Antibiotics and 7% 2. BEEENe R SRR 2. Bk
control of bacterial drug 1. The development and control of 1. Harmonious development elFs sk
microorganisms  resistance superbugs between humans and nature, 1. Ecological

2. Lister improved the surgical method co-evolution of “hunters” and civilization,

and increased the surgical survival rate  “prey” philosophical

2. The application of scientific speculation
theories and method innovation 2. Scientific

spirit,

innovative

thinking
eEYIRRfEE SN TR L TARAY NG AE BRI T BN 1. BEDR T AR A ThT 1 (WU 358
SHEF Genetic FEWEA 250 . FAEEah . BRI g 2. FEEEI S 2A R 2. BRFRE
Genetic variation engineering LD 1. The dual characters of genetic 1. Philosophical
and breeding of The application and ethical issues of engineering speculation
microorganisms genetic engineering: Production of 2. Scientific ethics and social 2. Scientific

drugs by genetically engineered cognition spirit

bacteria, genetically modified foods,

gene edited infants, etc.

WAEMRAS  BCEYERIESS FREB B bR, DI SESNAME 1 RIERR UGB 1. BiRIkE

Ecology of HFIgYEH THOLIART BT 52 2. HEATCH
microorganisms  The role of The peak carbon dioxide emissions and 2. FRE{RI AT M 1. Political
microorganisms  carbon neutrality of China, and 1. The superiority of our identity
in the carbon comparison with the environmental country’s system and the 2. Ecological
cycle protection situation abroad responsibility and commitment of civilization

the government
2. The importance of

environmental protection

eyt FERTRIRPZE I IL BT FHE SRS IR A O T E5E B EERURTHES  Blekih

Infection and W BB K I 99 B T Scientific spirit
immunity Types of vaccines GU Fangzhou personally tested and Scientists’ patriotism,

and related firstly tested the poliovirus vaccine on  responsibility and commitment

researches his own child
AP R WA RS HAE MEHR A 16S/18S SR S0, Qs R Q5T 4E
Y ES2 RNA 79432 Breaking through conventional ~ Innovative
Classification and Classification Carl Woese creatively uses 16S/18S thinking and creatively solving  thinking
identification of  system of rRNA for biological classification problems

microorganisms  microorganisms
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Table 2 Microbiology small projects and their course ideological and political classification (only providing
some small project contents for reference)

AR E Y INREAFR /NEREREE REBCE A
Chapter Project name Overview of the project Key point
@it RARIGE B S AR R 8], Hop A e i n] LU AT sl ST A fs
Introduction The gift of ), BAEMRENZTENE. RENERPLHREREZEE THMEYNIE Cultural
nature W, . RS EEMEVE—FE TR YEnE i, JE confidence
B REFIN T o
The relationship between microorganisms and humans is very close, and some
microorganisms can be used as our food or medicine, with high economic value.
Many traditional Chinese medicines in our country belong to the category of
microorganisms, such as Ganoderma lucidum, Polyporus umbellatus (Pers.)
Fries, etc. Please conduct a detailed investigation of a traditional Chinese
medicine belonging to the category of microorganisms, and clarify its functions
and applications.
IR BRI AR IR 3 KRR R ST E W 2 ST T BRSO, I
B4 . #iEF Microorganisms H:ZEAE:, FlU0: B G IE A R B SEF, W LAEEEFE Philosophical
ke and “me” HE o WAL A, VR P R I i B0 7 fEPIA speculation
The “HHY AR A7 Bl R4
morphology, There are a large number of microorganisms coexisting in the human body, Innovative
structure, and which constantly affect our physical state, mood, and even thoughts. For thinking
function of example, transplanting the gut microbiota of a “thin person” to a “fat person” can
prokaryotic help them lose weight. Please investigate from the perspective of microbiomics
microorganisms how the microflora affects “me”? What is the relationship between
microorganisms and “me”?
BB iR 1998 4, EEB AR TR FiRRBAEY, BRRE RAEBENINA— QU4
B WEFH e WREBIET, A4 SRR, AT 1655 MERKY . BUEYH) Innovative
e A “very large”  JUWGTEIRES T Mdie/INB B R A= W) ) B RUBESE TR o T VR 23 R K 7R— AR thinking
The microorganism  BEHFR<E A HAE YT,
morphology, In 1998, American scientists discovered the world’s largest organism, which is a
structure, and giant fungus growing in Oregon, scientifically named “Armillaria mellea”, and
function of can cover 1655 football fields. The category of microorganisms surprisingly
eukaryotic spans the entire scale range from the smallest to the largest organisms. Could
microorganisms you please show everyone those microorganisms that can be called “huge”?
JREEANERTEE RSN IR RIS AN R TR TR ORI | SRR B R AR U AR AR P SR
Viruses and Acceptance and  [HRIX — NG, = SR W BGUR B 2 SR R AW T LU A BT k7 B4 Philosophical
subviruses change Yingt A iR, REWEE TREZANEMEYRIER? HRMWX—MAEHE speculation
WY, (S
Lysogenic transformation refers to the phenomenon in which bacteria acquire Scientific
new traits due to a change in genotype caused by the acceptance of genes from  spirit
lysogenic phages. Can higher organisms also develop new traits after being
infected with viruses? So, in the process of biological evolution, have many
genes from different microorganisms also been integrated? Please explore
biological evolution from this perspective.
WEMRESR  WUEY AR A& Sl AR ARSI N T E RIS, “ERmimGe A bl A=3CH
FEFR AL N e Yot It it AF S, il R PR A R . I IRET XTI R Ecological

(55%)
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54 2)

AR E Y /N4 AR /N A JHUE A
Chapter Project name Overview of the project Key point

RGP R P, BRI T RE I RE L, IR0 BRI civilization
Nutrition and ~ Microbial YT PR PR 2 - Bk
culture medium “Environmental Human industrial activities have caused enormous pressure on the natural Scientific
for Defender” environment and ecology, with frequent incidents such as heavy metal pollution, spirit
microorganisms toxic organic emissions, and oil spills, resulting in significant environmental

hazards. Please elaborate on the potential environmental role of microorganisms

in a major environmental pollution event and design a plan for pollution control

using microorganisms.
[DGR757 50 UN ] A BAT A RE” B AR PRI AL, ] LR X S BT A 75 n, R AR 2SS0
AR AT RO RERAR R RO L FRATRT AR AR ok R 7 — 26 B I Ecological
Metabolism of ~ Powerful INFTFACEY) . 27, SRR SR I Y TR EA TR 3R civilization
microorganisms “Microbial W, T I S A BUAIAIF

Factory” Microorganisms have the characteristics of “vigorous growth” and “fast Political

transformation”, and can quickly synthesize certain substances, thus becoming  identity

highly efficient “micro factories”. We can use microorganisms to produce some

proteases or small molecule compounds. Select a type of product and

demonstrate the strategy of using engineering bacteria for production, which can

be illustrated through examples.
EMRAERK MUeEYS WM R A, RER L2 BT EEY T HIRZ 000 B
R L] AW a4 JETE R AT RE RN 1 AR ) 2 g TR R 1, LRl EE s E AR . Scientific
The growth and Microorganisms FERJE3EHGidE . AREYERA GEERE, AT HERIEFEEECATE, spirit
control of and biosafety  IRIRIRNIT A=) 40 SOE12:7
microorganisms Biosafety is closely related to national security and is an important component of

national security. There are many pathogenic microorganisms that can become

the “culprits” causing biosafety incidents, and even be developed into biological

weapons. Especially with the rapid development of technologies such as gene

editing and synthetic biology, it has become possible to artificially manufacture

pathogens. Can you share your views on biosecurity?

MR EHE < ANIEPHCEY) 2008 4, EIE Smith S ASRIE TR EER e AT A G, A QUETEZE

BRMEM  Artificial RO HE D o & AR Y A E A T SR 5 S 1) 2 /96 . AZERET Innovative
Genetic microorganisms I “IEY) E A7 S IAEY2ER R KA AN ZSHFRIBLEE I ? TERM  thinking
variation and I35 1) AR EEREIE 23 BT FUE=SE
breeding of In 2008, Smith et al. reported the world’s first bacterial genome artificially Philosophical
microorganisms synthesized and assembled. Synthetic biology research has attracted widespread speculation

attention worldwide. Can humans play the role of “creator”? What impact will

the development of synthetic biology have on humans? Please analyze

dialectically from the perspective of seeking benefits and avoiding harms.
WEMRAES S — BRI AR SR AR My A — AR T M, S A RETR. A G AR
Ecology of WeEILE  Gpt AT . N AT R EEEERE AN A O A ER], N ETESESRRL, Teamwork

microorganisms Win win T ELER W= A LR i, 2 s i A R R 0 Fon 2 o R HENE Rl
cooperation - SEfIAEYZ R AYILAE? Scientific
symbiosis of The symbiosis between microorganisms is the coexistence of two spirit

microorganisms microorganisms that work collaboratively, and they are difficult to live well

when separated. For example, algae or cyanobacteria in lichens carry out

(T5%5)
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FHEE Y NS RN /N A JHUE A
Chapter Project name Overview of the project Key point

photosynthesis to provide nutrients for fungi, while fungi produce organic acids

to decompose rocks and provide mineral elements for algae or cyanobacteria. Do

you know any other symbiotic relationships between microorganisms?
g5t TERW TRANPRILE TS 5 2 R R SSAE], BOA— O AN RS T4 SUEAfS
Infectionand  JAFHIRIE K), WiE—FATI IR, DRI BRI ) i 72 A1, Cultural
immunity Controlling Jie] SR AT A5CHS Blty N X IR W IRES A RIS B 4 & confidence
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Song dynasty

If you happen to travel back in time to the reign of Emperor Renzong of the

BLA KTl

Scientific

Song dynasty and become a local governor (equivalent to a provincial governor), spirit

coinciding with a major epidemic, with your modern thinking and knowledge of

microbiology, how can you more effectively help ancient people overcome this

epidemic? Please propose a reasonable governance plan based on the social and

historical conditions of the Song dynasty.
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thinking

Scientists predict that the number of microbial species exceeds the sum of all
other species. However, traditional research methods only identify a small

portion of the total microbial population through pure cultivation of isolated

microorganisms, and more of them are “non-cultivable microorganisms” that are

difficult to detect and cannot be seen. Please investigate and summarize how to

identify those “non-cultivable microorganisms”.
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The subjective attitude of students towards ideological and political education in the curriculum. A:

Students’ attitude towards ideological and political education. B: Students’ understanding of the relationship
between ideological and political education and subject education.
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Figure 2 The interest of students in the ideological and political contents and teaching methods of the
course. A: The level of interest of students in the categories of ideological and political contents in the course.
B: Impressive course ideological and political cases for students. C: The way students like to convey
ideological and political contents in the course. D: The evaluation word clouds of ideological and political

contents in the course by students.
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Figure 3 The impact trend of implementing ideological and political education on students’ academic
performance.
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