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“Seven-step” teaching design and practice: developing
research-oriented “golden course” for Microbiology

ZHAO Guoyan’, LI Na, WANG Ning, ZHANG Zhimin, DENG Yuying, DAI Meixue"
College of Life Sciences, Shandong Normal University, Jinan 250014, Shandong, China

Abstract: Research-oriented teaching is an innovative teaching model focusing on students’
development, and the purpose coincides with the goal of “golden course” development that emphasizes
the cultivation of students’ research skills and inspiration of their creativity. In the process of building
leading curricula for Microbiology, we combined research-oriented teaching philosophy and BOPPPS
teaching mode, and added the “improvement” module and ideological and political materials to establish
a problem-driven modular closed-loop teaching model of introduction—objective—pre-test—
participatory learning—post-test—improvement—summary (seven-step method) focusing on scientific
frontier. The model can effectively improve the logicality and organization of classroom teaching,
teaching efficiency, and the ability of students to analyze and solve problems. It lays a solid foundation
for students to conduct scientific research in the future and provides a reference for developing “golden

course” courses centering on students.

Keywords: research-oriented; module teaching method; golden course; teaching design; higher-order
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*1 EtEERELFIRIECHIHRERES] AHEH)
Table 1 The teaching process of seven-step method (taking “the replication of animal virus” as an example)
oy I ] A WAR (LB )

Teaching sessions  Time (min) Teaching contents (interactive subject)

R - VRGOBE) WG, BT AT B e A R S ACVERY, OF
Before class Before class 152 A Ag L IEL % (oI ) Fh il 8

(both teacher

Through the network platform, teacher sends out knowledge points and
and students)

relevant materials to be discussed in the “improvement” and talk with
students about their questions

FA 1 PREES AU 2058 i SR ——SEE R ERA B I R P S AA T IRNE, Bk
Bridge-in Bridge-in of new A fi{) 2% 3] M3
course (teacher)  Tpe teacher introduced COVID-19 and stimulated students” interest in learning
H 5 1 B0 B bR (M) BOm AR A ERIGAA B bR . BB EAR . RBTH bR
Objective/Outcome Specify teaching The teacher makes the knowledge, ability and quality objectives clear to the
aims (teacher)  students
Hi 1 MR (F2E) FIFTIURED, BOMARSEREE, iy I 0L TR SR B 5y
Pre-assessment Test (students)  Using the rain classroom, the teacher sends questions to determine the students’
learning situation and opens the barrage to enhance in-class interactions
252 27 FOMPHR(HOM) A7 I 0L, BUTRKECA N ERERE — MO R | 2552204,
Participatory Lecture SRR . ORI . SR R
learning (teacher) According to the students’ learning situation, the teacher refines all the content

to a core problem, and analyzes the similarities and differences of replication
ways of adenovirus, poliovirus, herpes simplex virus and rabies virus

5 INHTHE(RAE) SRS B2 AN, B FHE I N B # 6 &  r X
Group B ST
discussion

According to what they just learned, students draw a probable replication
(students) way of COVID-19, and the teacher gives them comments

3 IR (AR BOMHE S s S Fdieae s w225, R AERTE  iZk
Deepen thinking B{AEFARHE IR %7 ik PR iHE

(teacher and The teacher explains the differences between retroviruses and the above

students) viruses and asks students why this discovery won the Nobel Prize
Je 1 Mt A CEE) M TR, Bl SACTIAOCH AR S ITE, 27 H e R 2%
Post-assessment Test and answer Using the rain classroom, the teacher sends the postgraduate entrance
(students) examination questions related to this class, and the students give answers
=Tt 5 BT RIRGTEE M5 IR E R 2 58 R AE Science Fl Cell FH)ET“COVID-19 #EAN
Improvement (A=) VRN Rp S S A R OC TR, R R A BRI . TEfEPLY T,
Introduction to  H2F}-2# 45 (AR 2400 AL B0 fe iy Je%
frontier The teacher reads the related papers about COVID-19 receptors published
knowledge by Chinese scientists on Science and Cell, inspiring students to think and
(teacher and discuss, to improve students’ sense of responsibility and historical mission
students)
SE 1 BREVEO (M) SEEATIRNE, ZOMR AR 27 > 5 BURUSCR AT ] 2P
Summary Evaluation The teacher summarizes the content of this class and briefly evaluates the
(teacher) learning situation and effect of this class
WA - TRIEARG () BRI A A A 202049 H 8 H v e s 9 5 4% i 19¢ 4 ek b
After class Afterclass  SERJe a0k ) RO, 22 AEio 5 o 4 T 4 SE A Al
(students)

The students watch the video of the novel coronavirus pneumonia
conference that CCTV broadcasted on September 8, 2020. Students finish
their homework through the network platform after class

Note: —: Outside class time.
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(human immunodeficiency virus, HIV), 5%k
Joa B 0 52 ) AR R A R W7 RS IR HIV /Y
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%, DUHIRAA AR XA PRATH A 4R K-
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TE R T Re Jy 2 FHRE e, 20 A1) ] < w2k
7, R SANREAOCH 3 R R FRAE I 1)
Science Fl Cell FRSCHR, FA:— it SOk,
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PEZ R —— 1 Kk R ALEF 2 (angiotensin
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FHFFA AR fE ML THE2E AT ST 2
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ORI <Az b BEEL . FAR
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(7) 45 (summary)

BT IRA RS, WA R,
A TR DA Tl A TN L T B — A%
A AR Yo 2 S R U s e BE A2 A O =X
ZRFERN, FAEmE IR, R
P WA ME R e BE A R PR 5 i i 2 TRl Y oG
F . e E I AZ O PR 5 e R Sk Y 2H 25 A
fiE. A EWRIEE, S8R AT,

323 RE

PRIE](S min)ZH 214 A 2020 429 H 8 H
bk B 54 LR 1 e B e el i AR e R
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P LSRR 22 . MIEACE— M. 1k 20 4
K, EHEEMAMEBEMRHET 6 A
PrAz R, i HIC—Fhok 55 2% LB M A
PEo BEEMET 2Pk, B2 it & i s
E AR BAESEHL. ZUm A HE% 2020 4
KFAE Cell b0 S FSCEE“The science of
antibiotic discovery”*!, J3 & F 4k BEZMPHE
W] RAL B 25 FF 2wy Jm BRYE, 4Ry 2
e Z bRV NA TS, R, el
1 3 0 1E % AR ) A BUHE R 7% (biosynthetic gene
clusters, BGCs) E 1A . ZhANTA . ALk fidt s
PRAF ;s BIGDUBRIE N s TG A ik
A LB BGE BT A 3R 5 kSR ECS OB 2 %
HE— 20 H, FOMP R RRAE BT B e s AL
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FHRL TR AE R P A A e ) Y
IR —, Z2%R A TR BRI R K
B A R IE S, R QB B A R,
PRAFTFRC R 4, R E AT

SR UL B, PRI T BA R — A
ARHY T P A A B A 25 R RIR B8 ST AN W
PR NG, HA TR e
Fetk o XA EOR BN EE LG LT 2%
R, R SRR A AR 2R R SR Rl T
K, NIRRT A 28 AR R PR AR

FIRRMR, AWRTEA 2 R IR EHTHT, K
()R, $R N R SR A AR AR PR P R A
B BIERITE ), BB A BRI, BT R SE
BUBL . PRI, S A

TEZ AR S A v, e 2 A Y
AR R B AT LA T g 2, A gt e R e Ty
X BFERES . BALsEiERe ) NG 1ERETIHR
AR 5 g o HAZ O AE T UM BB Sk~ e X
AR IR AR IR 7, RERS TR B~ A
A ARE S, B R A G2 I YRR, SR
BERHB IR Z ERN N LR,

4 FEUR

“EABIR IR A RENS 700 S ML S
AR A TR 0L, SR ERAR R R AL = 5
ETIGME ST, -T2 R R R IR R
BN E . B AU AR B S PO St
HT o FHETEPFEO 2 A PR AR 32 2T R
WAL T TARS PR o PRAR L UL
PR 7 AR ARG X Tl o e DR
AT T s o il S B e B,
BT T LU R

(1) FHEIGIRG RIS o AR PRAE
S5 WO MR BCE R A
WFTE AR R SRR R R i

(2) FHERBBENREIRT. FAERLEARE
TGN, BIEEGERSS R ERR 2Ines:, ¥
JE TS, $ETF T IRRESABEINT . 2 R DR
SEARIPIBIIRE ST o AR I e 5 . A
PEEAL . 3T R 08 DR FH S AH G )
BT EBETE, 0 e LR U B A 4 i Ak
Py - S A 5R) ) B < S A A T P LS A
AIEHREFIMLIII ST 45 . BUlHE AR A 3730 42
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Table 2 The promotion programs and design principles of Microbiology class (partial samples)

Jir g & Xof 7 R A S SIWIE S F B BTN
Chapters Knowledges Promotion programs Design principles References
@it AEXRED IS AA B BEEREZE SRR AT WERMPUAR . BHEREM A [4]
Introduction it U3 TSP, (R
Ourknowledge of the  ffit: SHAURHAMIBBRLN 55T
microbial world Talk: Are the classical Koch Building knowledge systems: The
postulates outdated? basic principles of Koch’s law are
Explanation: Koch’s law in the  applicable to the genome era, but
genome era need to be revised
B R MERTESM WH . DURSA AR S, MEARIERR . 5T [5-6]
WMAYIIEZL Morphological structure of  JRIG“ANTEE R EMARAR  BUEY IOBEEA 7 T H08
Tt iE bacteria WERA R > Building knowledge systems: The
Chapter 1 Talk: Taking anammox as an traditional concept of
Prokaryotic example, talk about “do bacteria prokaryotes™ needs to be updated

cell structure
and function

B K
A RIE S
F i
Chapter 2
Eukaryotic cell

structure and
function

FLPA TR S 1
Morphological structure of
fungi

really not have
membrane-surrounded
organelles?”

P B AR S O AR A%
BT it

Explanation: Liquid-liquid
phase separation in the
formation of membrane-less
organelles

WFF e IR 2 A Y
TE RUR W (LA 5 3745 3200 1 20
TR RIS 18

Talk: The endosymbiotic
hypothesis of organelle origin,
taking the green algal
endosymbionts and diverse
heterotrophic hosts as an
example

WRERBHE . RATTED A
PUR R ALY

Ideological political education: Our
understanding of things is
developing and changing

PRI ARIR . ToEEA MRk [7-10]
Wa R RE e — DT T4
W, AR TIRANE

Enhance knowledge depth: The
biosynthesis and function of
membrane-less organelles is a new

research field that needs further
study

RENEHT . NHRER R
WTAE, Sl A R LA
BTHRE

Ideological political education:
Introduce the work of Chinese
scientists and encourage students to
remain curious and explore bravely
PEFHHRMNR . W pEm iy dtd: [11-12]
S
Enhance knowledge depth: How to
evaluate the controversy of
endosymbiosis theory
PREEBAE . TR
JELEE 5 SR
Ideological political education:
Enhance critical scientific thinking
and questioning spirit
(#5480
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(&3 2)
B TR MR R P B AU NG A B SRTHRIRATR . anfiliz FHAERR T [13-14]
HS5 2 Replication process of FIE BT R K v [ Y BTk PR DR 2% 10 B S5 )
Chapter 3 virus Explanation: COVID-19 Enhance knowledge depth: Using
Virus and vaccines: speedy development  fundamental knowledge to solve
subvirus and China’s strategy complex practical problems

PREEBEE . PR A K aris it
[k, $&THBORINE . 2 E
FTCAAZE R

Ideological political education:
Understand the community of
human destiny and improve
political identity, patriotic
enthusiasm, and selfless dedication

IR WA ARG IR A B A 99%MI A MIME SR THARRAIR: <o9%MERT IR B [15]

YRyEFREE ATk PARE IR Z AR B UESE s BT EORTEME

FE The selection and design  Discussion: Why is it B FE A Wb g i )

Chapter 4 of medium: Principles and  challenging to cultivate 99% of gy nance knowledge depth: “99%

Microbial practices fnicroorianisms? . difficult to cultivate” lacks strict

nutrition and R ;23R DR 2 RS L experimental evidence;

media TE“HE i A B i 58 P v v Application of new technology in
Explanation: Application of the study of difficult-to-culture

microbes

metagenomic sequencing and
single-cell sequencing in
researching “dark
microorganisms”
BV AR PR 2013 4E0R DURAR BAAal S TR : Ay [16-18]
Transport of nutrients into B4 . FENLEHINIR BRI iz fir S A7 (5 £ Rl g

cells LRI Enhance knowledge depth: There
Explanation: 2013 Nobel are multiple types of material

Prize-discovery and regulation  transport in microbial cells

mechanism of vesicle trafficking PRE AT RSB
pathway R GHREE . RR AR
Hipf
Ideological political education:
Experience the spirit of persistence,
exploration, and cooperation
behind significant scientific
discoveries
BHE ME AFRMAEMAETAEL PR BUERPRIREORE IR EEEE . AR [19]
P CEFI %  The biological oxidation  A2(LLEANG i 8 =R R1E  MIX L 5% —

i3 reactions in AL M) Ideological political education:
chemolithoautotrophic : : Cuni
Chapter 5 . P Talk: Specialized metabolic Universal and particular: unity and
. . microbes L . opposites
Microbial pathways in microbes (taking pp
metabolism the novel tricarboxylic acid
cycle in cyanobacteria as an
example)
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(Zi%2)
EX7/ILE P EEEIRIRILE S SRTHRIRAGR . TEREERANIL [20]
Biological nitrogen YA 1 R AR 1Y AR A AR ] 2 P ) A
fixation Explanation: Various biological ~Enhance knowledge depth:
nitrogen fixation types in the Understand the critical role of
marine nitrogen cycle microorganisms other than algae in
marine nitrogen fixation
PREEBE . R0 E TR
Ideological political education:
Breakthrough fixed thinking and
explore the unknown
BN WUCE M AR KRR ik P WA SO SRIHRRAGR . BRI [21]
PRI e Measuring growth and W MR SEARERMAE  SUERHEMA 2= R R i i i
Pt reproduction Wy KRS T ff:
Chapter 6 Explanation: The application of Enhance knowledge depth:
Microbial flow cytometry, real-time Contributing role of new
growth and fluorescence microscopy, and techniques and interscience in the
controlling microfluidic technologies development of microbiology
A F AP AR WS AR 250 SR R AE  SRTHRRRYNR: e EeRE Tk [22-25]
Control harmful RYIWER IR 5 JRFRIE, SEENTRRE, 42
microorganisms Talk: The development of novel Enhance knowledge depth:
antibiotics cannot keep up with  Breakthrough traditional new drug
the evolution of the development limitations and find
antimicrobial resistance of new drugs combined with artificial
bacteria intelligence
WA BHE . RSTEH TR
b R N SORS
Ideological political education: To
experience the humanistic spirit in
new drug research and development
LE M BENEY g SERAEHERCEYE ST RIRAR . SENA SRR [26-27]
Wiisif4 725 Gene recombination il & v B A=A Al A BR ), S B
FE Explanation: The application of 5ok B & ACH =91 &
Chapter 7 DNA rearrangements in Enhance the depth of knowledge:
Microbial microbial strain breeding Genome rearrangement breaks
genetics through the restrictions between
microbial species and genera and
realizes the improvement of
microbial strains and the
development of metabolites
BAEYI AR N AAE PR RERFAR 451900 IREEBEE . sUhrAakm (28]
AL AT FEERRBARBUE RO A, BRGE, RaREAR
The site and storage way  %“MiBioGen” Ideological political education:
of genetic material in the Explanation: Worldwide open Encourage students to pursue
cell microbial consortium ideals, actively cooperate and
(MiBioGen) carried out by improve national self-confidence
Chinese scientists
(54
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Chapter 8 Microbes and their Explanation: Concerted
Microbial interrelationship with the
ecology impact of environment and biological implications of

root nodule and arbuscular
mycorrhizal symbiosis

TR S LY EREE I A DR MR A SAURIE S TR
A R A ML RO BT ST R At AR A B T 0 S 2 M 2%

(&% 2)
INRBAEY R H [29]

Enhance knowledge depth:

evolution-molecular mechanism Understand the complex network

of microbial and other biological
interactions

DT . SO AT
BE. BRI

Ideological political education:
Encourage students to dare to
question and climb the peak of
scientific research

EWTE AR DBARES VR SREE RIS EE LR RTHRRINR: INPUREEERY)  [30-31]
I B ) E A o e g A
Microorganisms play an Explanation: Virus shunt plays ~ Enhance knowledge depth: It is
important role in the an essential role in important to augment
cycling of substances in biogeochemical cycles in the understanding the role of viruses in
nature marine ecosystem the food web relationships
FLE LR PURSHTA WHT: COVID-19 FEANMRA  FETHARRIGE : TR [32-34]

555 Antigen and antibody i () S P 37 1 ACE2
Chapter 9 YHE . REPTHI R AR E
anectlc')n and W8 SRR Ak RAE Science
immunity

I Cell 1-HIAHRHIEF

Talk: The COVID-19 virus uses
ACE2 as the main cellular
receptor to enter the cell
Explanation: The papers
published by Chinese scientists

Zhou and Guo

BESEA LN 1 25 1 BLfith F1 2y g
RHIE, S P i 55 LAk
Enhance knowledge depth:
Understanding the structural basis
and functional characteristics of
COVID-19 entrying target cells,
which lay a foundation for disease
control

PREEBE . EEILr, 27
2R AR TEAT O 0 5 B0 fof 1 JE%
Ideological political education: In
the face of the crisis, improve
students’ sense of responsibility
and historical mission

FRRITF e XL LW, [y, 585k kR
BER . W TR = EAAMEYIE S
MBI R, ARHEXH R T T R eEm A
7 55 G B A0 A s 1) B G AR (R 2) 3R IR %
B, EHNTE T RSP, R R
DL Aol A 0 1) STV 248 B 45 4 55 AR A8 BT Ay 32 A8
1€ Frontiers in Microbiology k3 T —ks &5k
S,

() MBS HBMET . G 1
R R R — R . AR IR . AR

SBURTERFE MRS R 5 T BRI 3R 4 2%
Hor R 3 MR R 2 4 T

5 K%
g A A R 1) AT T 2 T

M Lces

BT Y R — R R A R v A — AR
Ko ZAPH BB GE M R B T BE 5T ] L
oA SRR, A R ERIT E kLA
B a0, RO A AR | B AT
EAWRAZ 2R, (SRR T AR,
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IRER A e B HA R B B, SEBURLT
P HE o AN, L BRIl A
PURH BB T WA R AR S TE 3R, SEAER)
N AR AP RE ST IE AR A T SO0 A A OLRIAfr
(B o X RN B D7 et v LA 3 W) IR AR A 2L
FiESh . TERU L EE R b, A iR R L 5]
FRVER, WOk FFTIR R i E e ik e, 2
AR, RO A B SR
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