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Practice for improving the teaching performance of Microbial
Genetics in English

WU Weihui’, JIN Yongxin, LI Mingchun, YU Qilin, WEI Dongsheng

Key Laboratory of Molecular Microbiology and Technology of the Ministry of Education, Department of
Microbiology, College of Life Sciences, Nankai University, Tianjin 300071, China

Abstract: In the implementation of the Double First-Class initiative, international exchange and
cooperation is an important part. Teaching specialized courses in English can enhance students’
ability to master, understand, and use knowledge, while also improving their proficiency in
using, expressing, and writing in English. It is worth exploring how to achieve the goals of
teaching advanced, innovative, challenging content of specialized courses in English, enhance
students’ interest and classroom participation, and improve their professional and English
communication abilities. The optional course Microbial Genetics has been taught in English in
Nankai University for more than 10 years. The teaching emphasizes the student-centered
concept and ability training, and continuous exploration and reform have been carried out in
teaching content, classroom teaching, language ability, and assessment methods. In terms of
teaching content, we combined knowledge learning with scientific logic and experimental
technology according to students’ knowledge background and needs. According to students’
English skills, we integrated teaching, questioning, and discussion to enhance students’ focus
and English communication abilities in the process of classroom teaching. In the design of
exercises, challenging questions were used to make students learn and apply knowledge
actively. In terms of the assessment, open-book examination was adopted to train students’
ability to use knowledge and English-language articles to solve problems, so as to improve their
scientific research abilities. After continuous exploration and practice, our teaching practice has
stimulated students’ enthusiasm for learning and participation in class and enabled students to
improve their scientific research ability and English skills on the basis of fully understanding
and mastering the class content, achieving good teaching performance.

Keywords: Microbial Genetics; teaching in English; teaching quality
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Introduction and Chapter 1

Introduction

1. Basic concepts

2. Advantages of bacteria in genetics

3. History and development of microbial genetics
Chapter 1 The bacterial chromosome

1. DNA is genetic material

2. DNA structure

3. The bacterial chromosome

4. Replication of bacterial chromosome
5. Chromosome in eukaryote

6. Applications

Chapter 2 DNA repair

1. Specific repair pathways

2. General repair mechanisms

3. DNA damage tolerance mechanism
Chapter 3 Mutation

1. Definitions

2. Useful phenotypes in bacterial genetics
3. Mutation rates

4. Types of mutations

5. Reversion versus suppression

6. Genetic analysis in bacteria

7. Reverse genetics and gene replacement
Chapter 4 Genetics of viruses

1. Lytic bacteriophages

2. Temperate bacteriophages

3. Influenza virus

4. HIV (human immunodeficiency virus)
5. Retroviral vector

Chapter 5 Plasmid

1. Basic knowledge of plasmids

2. Properties of plasmids

Chapter 6 Conjugation

1. Overview of conjugation

2. Mechanism of DNA transfer during
conjugation in Gram-negative bacteria

3. Chromosome transfer by plasmids
Chapter 7 Transposition

1. Overview of transposition

2. Structure of bacterial transposons

3. Types of bacterial transposons

4. Transposon mutagenesis

Chapter 8 Gene expression

1. Transcription

2. Translation

3. Protein secretion

Chapter 9 Regulation of gene expression
1. Transcriptional regulation

2. Post-transcriptional regulation

3. Post-translational regulation

Chapter 10 Global regulation: regulons and stimulons
1. Overview

2. Stress responses in bacteria

3. Regulation of virulence genes in pathogenic bacteria
4. Quorum sensing

5. Biofilm

6. Antibiotic resistance

Summary and review

4

2
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#2 HERAZR. LN @ 3
Table 2 Extended contents, discussion topics and quizzes

Eat] WiV N Wit [

Chapter Expanded contents ~ Discussion Questions

1 Introduction and %%k, PCR, —fQIJ¥ Fis. HNS ZE[IZJ6E  F0iHA: BREHEM RS

Chapter 1 Transformation, PCR, Functions of the Fis and H Y : T X ALBCER ) F2 0 K £

Bacterial genome first generation HNS proteins Knowledge point: restriction and modification systems
sequencing Objective: understand the conditions that affect

transformation efficiency

If you isolated the same plasmid from wild type
Escherichia coli and Pseudomonas aeruginosa (another
Gram negative bacteria), and transformed the same amount
of the two plasmids into a Pseudomonas aeruginosa strain
(see the figure below), which plasmid can give rise to more
transformants? And why?

2 DNA repair 2% PCR Ames test PRARATEERE FIIRS: DNA BRG], FHEREREAR
Error prone PCR Choice of the strains in ~ H¥: T BT | A FHLIEAS i 7 21
the Ames test Knowledge points: DNA repair mechanisms, strain

mutagenesis techniques
Objective: understand the mechanisms to introduce random
mutations
After a plasmid is replicated in the E. coli strain XL-1 Red
[F-endAl gyrA96(nal®) thi-1 relAl lac ginv44
hsdR17(rK-mK+) Tn10 mutS mutT mutD5], what may
happen to the plasmid
3 Mutation TE MR 1. WRSESEIN A 2o i R BT RRIf G, RABSEE, JENIIRESE
Targeted mutation — ZRPFEFER, Hih4a? HEY: HEFEAR, #8520 50T6e

1. What mutations will ~ Knowledge points: screen and selection of mutants,

cause conditional lethal ~phenotype characterization, identification of gene functions

phenotypes? Why? Objective: consolidate learned knowledge and improve

2. WA KIGFTE 44 experimental design skills

TRE ST AIEEEE K 1. Describe how do you isolate an E. coli His™ Str double

T 24 (14 5E 748 A4 AH 2 mutant.

1 000 514 F? 2. A patient was infected by a strain of pathogenic E. coli.
2. Why is there more Treatment with gentamicin could not control the infection.
than 1 000-fold The E. coli was found to be resistant to gentamicin. If you
difference in the are a doctor and have these antibiotics, ampicillin,

mutation rates between  streptomycin and tetracycline, how do you determine which
His™ and Str"™? antibiotic should be used to treat the infection?
3. A X RAE—FE A2 3. In E. coli, mutation in argH gene leads to auxotrophic

HERF AL phenotype. The mutant’s growth requires the amino acid
3. Is that true that arginine. In a Salmonella typhimurium strain, there are two
synonymous mutations  argH homologous genes on the chromosome, designated
will not cause any argX and argY. How can you design experiments to
phenotypic change? determine which gene has the similar function as the argH
in E. coli?
(k)
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(2R 2)
EoaT] R N2 i [f) il
Chapter Expanded contents  Discussion Questions
4 Genetics of W SYRTEAE R 1 WA NSRS R PEELNREEIAR, A Red JENRERSE, HiEURRER
viruses 4t i BT 2 R Az, HA
Packaging systems of 1. How do phages lyse B JUREAEAGTEEILR], T AR BRI
retrovirus bacterial cell wall from the Knowledge points: lysogenic phages, A Red mutation system,
cytoplasm? mutations and recombination of influenza viruses
2. YA WPEEHRAEIETS  Objective: consolidate the regulatory mechanism of the
IR ? lysogenic life cycle, understand techniques of gene knock-out.
2. What are the bacterial 1. What will happen if an E. coli X lysogen is infected by
defense mechanisms another A phage? And Why?
against phages? 2. An E. coli strain contains a plasmid expressing the A phage
recombination proteins. What may happen if another plasmid
containing a DNA fragment homologous to E. coli genomic
DNA is transferred into this strain?
3. A lytic phage infects E. coli strains with mutations in the
restriction and modification system. The released phages are
used to infect wild type E. coli. Compare the plaque numbers
from the phages and explain.
4. What might be the consequences of a mutation on the
hemagglutinin gene? (both the virus and the host defense
mechanisms)
5. Imagine what might happen if two different influenza viruses
infect one cell at the same time.
5 Plasmid FRT fLA7E3E R g RS DL BTRLE R IR R R BORLAS A 251
B MR E AT B %m&#ﬂuéﬁﬂ;ﬁb’ﬂifr
Application of the What are the mechanisms Knowledge point: plasmid incompatibility

6 Conjugation

7 Transposon

FRT sites in gene
editing

AP R 5%
ORI AT
Optimize condition to
enhance conjugation

efficiency

E AN 2% -4 AL
SN iWIRIN

Methods to localize
transposon insertion

sites

that maintain the stability Objective: improve logical thinking and experimental

of the low copy number design skills

plasmids? How to determine whether two plasmids are in the same Inc
group or not? (One plasmid has ampicillin resistant gene,
the other one has kanamycin resistant gene)

AR RE—A> Bk (A HPLR . DR HRBER

pUCI®)SUE M A& 5, HE: TSI R K B I

A5y A Knowledge point: triparental mating

How to modify a plasmid Objective: understand relevant experimental techniques and

(e.g. pUCIB) to construct precautions

a mobilizable plasmid?  What may happen if the following three E. coli strains are
mixed? Strain 1: containing an entire F plasmid; Strain 2:
containing a plasmid with an oriT site; Strain 3: no plasmid

Jer I PG e T AR N IR AR s B R AR R R TR R T R P00,

B GHE—RAURHOCRIER H Y SR e 1 FIAL R AR HOR

How to identify genes =~ Knowledge point: gene mutation and polar effects caused by

related to certain transposon insertion

phenotype by transposon Objective: understand the technique of random transposon

mutagenesis? mutagenesis

(F5%8)
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3R 2)
Eat] WiV N Wig [
Chapter Expanded contents ~ Discussion Questions

1. Below is the transposon (Tn) mutagenesis experiment we
talked about in the class. Although sufficient mutants had
been sequenced, there were about 600 genes (1/10 of the
genome) without Tn insertion. Why? (Hint: This is not due
to “cold spot”. The cold spots cannot be such cold that no
Tn can insert in.)

2. The TnS5 is inserted into trpE that is the first gene of the
operon.

(1) How will the insertion affect the expression of
downstream genes?

(2) How can you design the Tn5 to reduce the influence on
the expression of downstream genes? Think about random

insertions.
8 Gene expression JEHFIARERE, WAL SO EEE AHM . REEZESMEFEMETHE, c BT RS
et SRR G SRS 247 FIE . USRSk oo, 1 4 R
Gene expression Are there strong and Knowledge points: components of gene transcription and
reporter systems, weak ribosome binding  translation, ¢ factor competition
transcriptional and  sites? Objective: consolidate the knowledge of components in
translational fusions gene expression, understand global regulation

1. Please align the following components on DNA: start
codon, —35 region, stop codon, SD sequence, —10 region.

2. The RNA polymerase core enzyme level is relative stable
in bacteria. There are several different sigma factors in E.
coli, which recognize distinctive promoters. What may
happen if one sigma factor is up regulated (meaning that the
level of that sigma factor is increased)?

9 Regulation of 1 lac J3 8 FATERY 1. MBS 14y, My AR AL e sRoK PR S5

gene expression  FE[HFRIK RS FLAG A& MBS SN B IR F R g, $2m 28 iree
Gene expression 1. How to design primers Knowledge points: transcriptional and post-transcriptional

systems derived from to construct FLAG-tag  regulation

the lac promoter translational fusions? Objective: deepen understanding of gene regulation and
2. FIRHAA S FRER  improve logical analysis ability
FATFARIEINZRIA R S? 1. How to examine the direct interaction between Crp and
2. Can the promoter of  target DNA?
the arabinose operon be 2. To study the expression of a gene hspG, you constructed a
used to construct a gene  hspG-lacZ translational fusion. When you shifted the
expression system? culture temperature from 37 °C to 42 °C, the LacZ level
3. A MBI RNA 1 increased 5 folds.
EHKFER L 57 (1) Based on the result, can you draw the following conclusions?
3. What are the methods (A) The transcription of hspG is induced by the temperature

that are used to upshift. Yes or No?
determine RNA and (B) The translation of hspG is induced by the temperature
protein levels? upshift. Yes or No?
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Eat] RV N Wit
Chapter Expanded contents ~ Discussion

[

Questions

4. WS 2R 1 RIAH E. (2) Why?

fER?

4. What are the methods

to investigate

protein-protein

interactions?
10 Global R B R RUFIUE I
regulation: Bkl fF538H?

regulons and Characteristics and

stimulons formation
mechanisms of
persister bacterial bacteria?

cells

Are there intraspecies
and interspecies signal

communications among

AGER A AR R AT R SIS D SRR

By %3] S0 R

Knowledge points: protein modification and regulation of
gene expression

Objective: learning experimental ideas

PhoR is a regulatory protein that directly activates the
expression of a phoP gene. A mass spectrometry analysis
demonstrated that PhoR is phosphorylated at S123
(serine123) and T145 (threonine145). How do you
determine whether the phosphorylation of S123 and T145 is
required for the regulation of phoP by PhoR?

s R R R AR v, AT R B
A TE AT R4 56 N ve B ik R 4 iy HLAR R
PRAVE 7, 7E SO0 T A St Hh ol — 2 TR
Yoo R T RUX — R, FRATIEHE T LRI
FJa, dBURIR T H ZLBHRIN AT A 09 M i
F4t,lacUV5 . tac . T7 3 8l 1 LA L R #T i BL21
PSEEIARY, 255 FUBHRI RG], viias R
KRGERIE T

T A SR B I AL SE AN B R Al e AR 1 2
— I LR L TR R — U S0 v
P A 3 S B R A ) S B Y S Ay L, FRATIA A T
R RS SRR kAN, It
A T 555 Y% (transfection) Y X 1], M TIDRF R 4
HIPRS o 2R R B K R AE—E , PhEhE
Az S A I IR SR R | IR S B R 1Y
PRI

3 REWNRFEA

PRE TR UL A R, ST AR TR T

1, BERHCAROREY fE YA, K RE
B SRR 2 L IR SC T RE ) o A PRFRAE PR AL TP ik
BT PRSI IR, — AR B, A A AR
PR AR LA BEASCHS v (|1 25, 3k 2 [m] Al = 2
T INER Bl KA AR A X SRR N A A
AL, Iy — Ry Lo A b AT e i 4, JF
A DA T/ NI A e, PRS0 o PR
FEPHSE H BRI 2. Filun, EHRE R T
PR 485 A8 AR R LR 2 AR R T T SR B, ) B 1T
PE R —RAVAE G L[N, I rp i S B A B0
FHOR SR JRE -, Qo] ) i W 1o 00178 O 32 FH 2
. BERNEAS S AR A | e R AR AL DL
Bff o 4 HR A R DR S 0 9 R AR OG5 48 i (el
IR NRE I A RS IS, TS AT BE Y 5
R, DL B RSOV (polar effect)” M, X —
WA T 1 A st A% A a2 B 9T T Tk B 5
AR, BEREIE IR L PP T A%, KT
Scum AR, Y4k TR e H rY R4k
T 2,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1096 (YIS Gk

Microbiol. China
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Figure 1

2 HETHIIFEIRELESE

Knowledge map of the Sreptococcus pneumoniae transformation experiment and extended contents.

Figure 2 Mind map of the random transposon mutagenesis experiment design and analysis.

FEVHRIER F R VAL S | A 22 2 0
A WRLEAG I mRNA FIEE K, DL a4
HAERW I, IR ik i R £ B A
XUZR LI (i 4 A AR X HZ R 48 T i JEat
DL JE A AR SR, FRrHe T i & X R,
BegRep R RHE R EBEh R, SRS
A £ PCR B SRS T i, (AR S5 43T
Frem AN, RIEga E A 2
4 FEE WK

FEAETT R T U6 FS5 AU P 25 6 1 [ A
PEFT AL NG . [AIREAY ISR A SRR T B 43
Br. UG E R i, A S H S st
H SEA TR K R IR (A S AR 7 (3 2), X4
P ) 0 T B A A 7 B AR R S Y
B 1 S ) = A R 1 VWA o 4 TR L i
HeA T . SR E iR YRR A A,
MG S TIRE IR A S . WX — Bk
THEE] 4 ANHE: (1) JEFAED R e 2=

25 TR IRER LA RE S AT U FLY A R
FRPER, AT EAER R S P2 A, Il
S, MHTIRENIE S (2) BN,
HES . Bk EE, SEAmMEH, fd
10-15 min 280, i T4 800 HA T IER 2 5
ML, fEREE AR TR TR R LY,
MR T X AHSC AR B, o AR &L
IR IR BT B A 4 5 (3) 380 3 X 3 2 ] i )
BERGHE, 22 AL ISR AR R 2% 2] T
B IR IR NIz i o e 1 0% a2 M4 v M 4 £
ReJy, $Em T MR RE Ty, R
AR R s (@) A RS TN, Bk
T FSGIH TR RIB RIS IR I RE

FEVERZ L WER S , Qi 3 BT, 3R R

“An E. coli strain contains a plasmid expressing
the A phage recombination proteins. What may
happen if another plasmid containing a DNA
fragment homologous to E. coli genomic DNA is
transferred into this strain?”. % H 514
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Clal
bla m
» \ EcoRlI g A Eikis 2]
P Y Sacl Plasmid Homologous
pKD20 — Cla] AN AT (A T 20 / sequences
oriR101 6078 bp IR b (=
) phage o fin A
repA101ts recombination Chr/::mosome
proteins

Cla 1
EcoR 1

Nhe 1

B3 AIEE{AEXEE
Figure 3 A A phage related question.

X W R PR T 2R G B, EL R ) SR
J AL ERAE PR A A-Red 245, 1ETHE IEH
BEIE, RBIMER A-Red RYA KB
WORLERVE T, IRFI LI RIR L 2 ] BRI
HHEM.

5 HREFRK

ATRFE ARG 5 BT 40%; BRI
HIFEHI, A RS 60%. WIRH R 325
PR A S AT A A A D i A A A SR A S A — i SC
Bk, PRAT— kg, SR R e A ] L
BEETHE . LM eI Al A .
PO H BRI R H Y RO, AR R
W, BRIy, SR BT AR I AN B S A
By o i MZsie . Gz 2% 1505 U H g ik
AL A EARIRR, AR SCHR, B2 R
BHIF B3AE SCRRBE 332 oSG TE AN 2 5 1 HLAE FLIE
AR, BFFE A U RES G IR R TR A
HAFHATHE . Wik, X —F 07 AR —Ff
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Figure 4 The features and innovation of this course.
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