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Exploration and practice of project-based teaching in
Microbiology Experiment of pharmaceutical engineering

XU Xiaoyu , WANG Rui, QIU Lipeng

School of Life Sciences and Health Engineering, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: The curriculum teaching of Microbiology Experiment of pharmaceutical engineering is
designed according to the concept of outcome-based education (OBE) required by the
professional certification of engineering education, with the aim of fostering students’ abilities
of independent learning and practical innovation. The teaching projects of this course were set
at three levels: introductory, advanced, and independent projects. The teaching process was
student-centered, with the support of online teaching methods and competition mechanisms. The
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practical results showed that project-based teaching reform significantly improved both the
teaching performance and the learning effectiveness. Students achieved significant progress in
experiment operation and paper writing. Therefore, this teaching method is worth summarizing

and promoting in the future.

Keywords: Microbiology Experimental; project-based teaching method; teaching design; teaching

evaluation; reform in education
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Overall teaching design of Microbiology Experiment course by project-based teaching method.
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Table 1 Introductory projects of Microbiology Experimental course
i H 4 Fx s Hr e P
Name Teaching objectives Content of courses Evaluation content

LSRRG B W AT . BBk

1. Observation of bacteria and yeast

e WAMBE A 1. FERGE WA F A R T vk
AN B 2% 1. Master the main structures of optical

1 Bt s e
1. Design scheme

RGO FZEAYE microscopes and he use of optical using an optical microscope evaluation
10, microscopes 2. XTI R FI A e fn 2. SRR

The application of 2. %> # % [QYe s | ZEMIYL A FPEF 2. Gram staining and staining bacterial
optical microscope #fE spores of bacteria

2. Test report
3. LRMR S
(NS ST

and microbial 2. Learn the principles and the operation of

staining Gram staining and spore staining 3. Participation
BEEFREANIETE 1. WERBRENIEES, FIEEEEE 1 RAFEERELMERBAENIES  and performance
AW, B Qe PoWERH 516 W FIBEH . 16 in experimental

. K/MEE A 1. Observe the morphological 1. Observing the dead and alive yeast cells preparation

B characteristics of yeast and dead and live using methylene blue staining method 4. SCIGPRE
Morphological ~ yeast using methylene blue staining method 2. % FHfHUR 20 & B B 1 K/ 4. Experimental
observation, 2. 2 HERMAEYR/NIE Y 2. Measuring the size of yeast using operation

2. Learn and master methods for measuring micrometer method

microbial size 3. SR P I 240 AR ESb ke i T 44
3. 2 IR L A ok PEAT H T B

3. Learn and master the blood cell counting 3. Direct counting of yeast cells using the
board method

FEMMAIEAS 1 T &S RHE

W K HF314% 1. Understand the morphological
Morphological

staining, size
measurement,
and counting of
yeast cells
blood cell counting plate method

LR EEH R R R AIE &
1. Observing the morphology of molds
characteristics of molds

2. k2L YL il 28 A Eiod ik

2. Further consolidate the blood cell
counting board method for counting

using direct sectioning method
2. R FH i 20 B T RSO I X LR A
e

2. Direct counting of fungal spores using

observation of
mold cells and
counting of

spores the blood cell counting plate method
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Table 2 Advanced projects of Microbiology Experimental course

it H 44 Bk e Hir HrNE PN
Name Teaching objectives Content of courses Evaluation content
FFRIEROICH] 1. A B SRR IC ] vk Lo PC A A R R B AE AR SE 1. B RVEE

6 s B SR Ak
1. Prepare various culture media
2. KEALEE . 557 H

2. Sterilization treatment and inverted plate

Preparation of 1. Preparation method of learning culture

medium
2. 2 HERWEHAR

2. Learn disinfection and sterilization

culture medium

techniques
1 AR BUE YR A& Bl R ik

1. Mastering various inoculation methods

1. 25 KRRy vk

1. Practice various inoculation methods
2. ERIE A3 B lidl Hh— PR A R T 24
i)

2. Isolation and purification of a

BCE BB
4y

Inoculation and for microorganisms

2. B4R NIREE o B AiAL A M 7 i
2. Master the method of isolating and

separation of
microorganisms

purifying microorganisms from the streptomycin resistant bacterium from the

environment environment
NP A BRAE 1. RS AL SO R 1. SR — AN SE 08 BT 40 8 Ak B 4 B A T
(A STy WY

Physiology and 1. Master various commonly used 1. Perform Gram staining on the isolated and

biochemical reaction principles and their purified bacteria

2. AP ASE RN B A A R T2
AL s

2. Physiological and biochemical identification

Biochemistry of
judgment methods

2. 2P RE AT 1 2% R (R L
A SR

2. Familiar with Gram stain and

Microorganisms

of the isolated and purified bacteria

microbiological experiment operation

1. Design scheme
evaluation

2. FHARA

2. Test report

3. LRMR S
(LRNE ST

3. Participation
and performance
in experimental
preparation

4. SLIRTRAE

4. Experimental
operations

5. SEEEUE R AT
FEVE S HER
5. Reliability and
accuracy of
experimental data
6. SEECHRNE B
6. Experimental

report
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Table 3 Independent projects of Microbiology Experimental course
it H 44 Bk s AR HorNE W N

Project item Teaching objective

Content of course

Evaluation content

T PPUAR A 1. IR AIREE P o s Al A 2
KWW Eaife Wk

Isolation and
purification of

and purifying actinomycetes from soil using gradient dilution method, plate coating

L FHBRBER BEE A MR R A 1 Rk B3Py 10 UH B Ir %
EAL AT PE
1. Master the method of isolating 1. Isolation and purification of actinomycetes from 1. Evaluation of

project design

antibiotic producing the environment method, and streak method scheme

actinomyoetes from 2. SHE AR B T4 HH Ak 2. FBENGHUM B B R I 2 DA TP R AR

soil 2. Mastering the plate colony 2. Preliminary screening of antibiotic producing  H I H (4157
counting method actinomycetes using agar block antibacterial e

3. FEARHUIE DA L
3. Master the agar block

anti-bacterial

observation of actinomycetes
1. FHZGHACR VL AE AT R 1A 78 45 Flbi A= Z FIE implementation
RSORS00 28 BR TR AR A7 14 400 7 4 2R
1. Learn the principle and method 1. Antibacterial effect of various antibiotics and
filter paper with disinfectants on Staphylococcus
albus and Escherichia coli determined by drug
drugs 2. AT IR A SR AEAE  sensitive

2. JHAEBRENE &N H & RN

2. Determination of the potency of

G RIARSIITE 1. SRR E B A R
S H S RN T v

In vitro

antibacterial of measuring antibiotic potency

experiments of using the tube disc method

2. Learn the principle and
operation of paper antibacterial
method

M 25 PERAE MR 23 1. 27 ) B2 3 B 40 78T ) O 1k
AU 5T R

Isolation, streptomycin resistant bacteria

2. BRMEN 0TV E
S (BN

purification, and
molecular biology
identification of
drug resistant of molecular biology

microorganisms identification of bacteria

method
3. SR B EAT AT B L (0 RN B OISR R TR AR ability

3. Simple staining, preserve and microscopic

2. The innovative

demonstrated
during the project

process
3. SRR O
3. Experimental
report status

ampicillin using the tube plate method

1. Bk s Al il — bR B 2 R T 25 T

1. Isolation and purification of streptomycin

1. Learn the screening strategy of resistant bacterium from the environment

2. AP AL R BE R R 2 WA T T AR
E, WERGEEW

2. Molecular biological identification of purified
2. Master the operational process streptomycin resistant bacteria and construction of
phylogenetic tree

3.2 FHEIFH

FEARR B TR RE £
YI2E st g, AR R R Ok T )
DL BT BE R TR TR IR
AT X BRI ) B BT T R A R 19 2%
1) 90.39%. 92.90%F& = F] 20 ZLHY 91.08%.
93.50%F1 21 %1 93.25%. 95%. MRFEIFHIS
L 19 HAY2EBERT 8.52% = 2 20 ZL i
4.50% K 21 HIRT 1.79%, A4 S iRE

R E R, EAERE T R BT AT O
sk, YRR PR HE R SR, B XGER . R E T
W, BB SR A R S B, SRR
P ELENREEZ”
3.3 [AEFAEERS

BT XTI 22538 bR 1 1) 26 TR A 45 S mT 40
HEES D) Tk AER02) . #eEHEE3).
P BT (JA) R 520 (I5) 45 43 5 T 4 A 4
Tt FEECERIT(J4) R it (I5) P A8 AR 1)
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Table 4 Composition of course assessment score

FRIH TG K IEAL
Assessment project Composition of achievement Weight of achievement (%)
RS E HERH  WHR R 5
Process Daily Evaluation of project design scheme
performance performance SZIGHES S 5100 K 5
evaluation Participation and performance in experimental preparation
SR A AR R R B ) BT RE 5

The innovative ability demonstrated during the experimental
operation process

SZIIC 1B B Experimental report 5
LR SRR T SR S R 10
Test report  Reliability and accuracy of experimental data
SIS 948 S Writing status of experimental reports 50
MRS E  BEE DR R R SR AR LR 20
Final score Operation  ZR3EFh
assessment exam Use of microscope and Gram staining of bacteria, binding of

experimental equipment and streaking inoculation

x5 MBRFAEXLENERINHFMFEEF IHSFERER
Table 5 Questionnaire on teacher teaching and student learning effectiveness before and after the
implementation of project-based teaching method

BB E GBS 2] AR bR

Teacher teaching indicator Learning performance indicator

J1: #2FAE J1: Teaching attitude X1: HHRBEME X1: Knowledge understanding
J2: F AR 12: Professional knowledge X2: Hife$ETE X2: Skill improvement

J3: #2AFEE 13: Teaching skills X3: FBAE1E X3: Teamwork

J4: #2FU%it 14: Teaching design X4: A7 #EAE X4: Independent operation
J5: #2#505 J5: Teaching implementation X5: fFTHE J) X5: Innovation capability

TR 1-5 Z A EHE, B MBI 75 2 7R A AT R /NI R

Please choose between 1-5, and the numbers from small to large indicate the level of recognition from small to large.

A gy BGrade19 BGrade20 B Grade 2l B o 0.914
0 0.908
- 91.4 913 0.90 |
g1} 2% el ] g 0.885
£ (.88 |
% o0 89.92 90 5 88
W ]
= go [$8-65 3 0861
= 5
= -
2 88 757 B sl
87t &
Sl 082
0.80
Test report Operation Daily Grade 19 Grade 20 Grade 21
exam performance

2 MEHFEZNERRFERSA)MHBF B IREKE B)IFEN
Figure 2 Student score (A) and goal achievement (B) before and after the reform of project-based teaching method.
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ERAE (X FBIEHE S1(X5)1843 )7 4 3271, 18
FBAAE(X3) . a7 A (X4) FNA1 B BE 71(XS)
X3 MNMEVMR TR RO B, 5500
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BRSNS AERE T LA B BE
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IFaFaEINIE

OGrade 20 O Grade 21

€

Recogn

2
1
0
J1 12 I3 J4 J5

Teacher teaching performance

S AR R AR, IRE] T U R RCR
34 MEMBEHR

ARTRFE YNGR R EE T T A B 22 A= B B
SO HERVERE 1 AT AL B4k, FAEA 30 R4
AT 2 A N £ BEAS TR B 2% 25 TR 1
i 2 AR BE AR S0 R4 2 A E AR 2528
w TAE, Anlmipis A s Fhe e, L
FeARINRA . DIAERRR B S2 56 o0 Jatl, BB
BRSINARE W H, i 3 S E K%
A A AR eASE B R B X A A A A
b RFEFN K 2 A DL I 2555050 B 2R 3R 1%
R BT (5R 6).

6 [ Gradel9 O Grade 20 O Grade 21

w1 JT 0] W

2
1
0
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Recogt

B3 mBEHFEXENRITHFRAWOHMFEFZINRB)PEERBTHFHELR

Figure 3

Investigation results on teacher teaching performance (A) and student learning effectiveness (B)

before and after the reform of project-based teaching method.

*o I3FRIMAFFNATIRZWFESHEREMFEITER

Table 6 Awards and project initiation of pharmaceutical engineering students from Jiangnan University in

the last three years

Pk i) it 3 251 i H 4 Fx REER
Time Project type Project name Grand of award
2022 O REEAY) 1 W04 B i Y ROV AR R S s 2. T GREMBEER AR 1,
B AR BT DUBI G R ATV MRS I R A Bt AN 48 1205 3. BORMRELEUM kit — 552 2 T
STk BHGJE G BT & SN RERESE
(F54E)
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Fif i) it H 251 it H 4 75k REAER
Time Project type Project name Grand of award
Design competition of 1. Development and application of a novel biomimetic gastrointestinal One second
biomedical engineering bioreactor; 2. Design and preparation process of sustained-release prize, two third
innovation for soluble microneedle patches for treating pigmentation and melanin prizes
college students in  deposition; 3. Development and performance study of hyaluronic acid
Jiangsu Province beautifying and revitalizing microneedle acne patch
20202022 EICAEEG 10 SCIEIRIRISUAL R B B 4 S AR N AT ;2. 3T AR RNase — 454 3 I,
(SR H JE3R Y58 i RO e 22 PR B A B I 5 3. BE T AR I T O figfbk 454 1 0L,
National college BER ORI 18 PERNTE B ZAPRMIESE s 4. pH I RRE2GPEAE I IBOK IBE =552 5 35
student life science A& MM HT; 5. M FIBEAY S ACRIE SRS 6. NAIEBGTIINGE —Three first
competition I3 e S S LT AL p s s 7. B RIS YA A 8 prizes, one
8. WS D mRCRA BRI L W BT s 9. TN B BEIT$2  second prize,
T+ A7 2 R AR E 1 five third
1. Preparation and in vitro and in vivo evaluation of exenatide in situ gel; prizes
2. Efficient detection of repetitive genes in neurological diseases based on
nuclease RNase H cycle amplification; 3. Research on chronic wound repair
materials based on growth factor functionalized hydrogel microspheres;
4. Research and application of pH responsive drug release bio adhesive;
5. Efficient expression and application research of keratinase; 6. Isolation and
screening of human intestinal desulfurization vibrio and its effect on liver
fibrosis; 7. Biosynthesis of stevia glycosides; 8. Construction and application
research of a highly efficient expression strain for phospholipase D;
9. Improving the thermal stability of keratinase by computer-aided design
2021 H [ <LK 4K A Baby skin: B — U] I & 0 AR R ik %1 I
AR CUE RN N3 Baby skin: a new generation of biomimetic skin for wound repair One bronze
China “internet plus” prize
undergraduate
innovation and
entrepreneurship
competition
2021-2022  RAFAE AR ALY 1. A AR RO AL Y TP 2 B RN 11 STING ffF9; 2. I 6 I
ERISY| IR LA P450 S AL CYP-cI3 ML 743 REE LR B AR S PERESY  Six projects

College student
innovation and
entrepreneurship

training program

Brs 3. WIEFALME UGT94D1 1 H1 R SRt 1 A ) e SBORE HE AL S N
s 4 IEE AR SRR T 2055 5. SR 25k
14 5 FH 37 B SRR B 1) A 5 6k 5 6. AR KN 2 45 T 2 B L4l ok
AT 1 11 R A e ) (A R

1. Research on constructing a novel stimulator of interferon genes STING;
2. Construction and performance anence visualized interferon gene
stimulating protealysis of an engineering strain for the CYP-cl3 electron
transfer system of P450 oxidase from Colletotrichum lini; 3. Study on the
efficient glycosylation reaction of rebaudioside A under the action of
glycosyltransferase UGT94D1; 4. Construction of collagen producing
bacteria and research on their fermentation process; 5. Recombination and
expression of medical hyaluronidase to enhance absorption; 6. In vitro
evaluation of composite enzyme extraction of keratin peptides and their

nanocarriers overcoming oral absorption barriers
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