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Application of flipped classroom in Microbiology Experiment
teaching: a case study of bacterial identification based on
physiological and biochemical tests

JIN Yongxin*, WEI Dongsheng, CHEN Rongrong, XU Xinxin, LI Mingchun, YU Qilin,
WU Weihui

Department of Microbiology, College of Life Sciences, Nankai University, Tianjin 300071, China

Abstract: Microbiology Experiment is an important course of microbiology in institutions of
higher education. This course aims to not only impart basic skills, verify and expand theories in
microbiology, but also train senior undergraduates for graduation projects and further research work
in their graduate education. To train the scientific research thinking of students who had mastered
the basic experimental techniques of microbiology, we designed the class of bacterial identification
based on physiological and biochemical tests in the form of a flipped classroom. The students were
guided to review textbooks and papers before class and explain the experimental principles, expect
experimental results, observe and correct the results, and analyze and discuss experimental results
during class. The teaching form of flipped classroom enlivens the classroom atmosphere, enabling
students to better access textbooks for preview before class. The analysis of experimental results
and the revision of experimental conclusions have trained the scientific literacy of meticulous

observation, scientific analysis, and rigorous conclusion drawing for the students.

Keywords: Microbiology Experiment;
biochemical tests; scientific research thinking
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#x1 AELEEPFEROEESE KR BEMHE
Table 1

Strains used in bacterial physiological and biochemical experiments

e SRR

Serial ~ Experimental names”

A1 GEFE R

Strain 1 (number of tubes)

Bl 2 (A EED)

Strain 2 (number of tubes)

X} HE (D)

Control (number of tubes)

number
1 A 2 A T KB (2) iR ZF LA T (2) AFER(1)

Glucose fermentation assay Escherichia coli (2) Bacillus subtilis (2) No inoculation (1)
5 7Lt K (2) R B2 R (2) A1)

Lactose fermentation assay E. coli (2) B. subtilis (2) No inoculation (1)
3 MR {5 KIBH#(2) i 2E AT 7 (2) AFEFR(1)

MR assay E. cali (2) B. subtilis (2) No inoculation (1)
4 VP 5 KRIGFFEI(2) iR ZF MOAT T (2) AHEFI(1)

VP assay E. coli (2) B. subtilis (2) No inoculation (1)
5 Mg R 7 A S 5 RIBHE(2) S A ATERTE (2) AFEFP(1)

Indole production assay E. cali (2) Saphylococcus aureus (2)  No inoculation (1)
6 H,S P50 ° IEF R (2) AR 2 A1 (2) AFEFR(1)

H,S production assay® Proteus vulgaris (2) B. subtilis (2) No inoculation (1)

Yo HERMEIRY . HoS A SRR SN 100 pL BT, FoAb SN SR N 200 pL B, 37 °CHRIFG RIS 24 h; ©: HLS
PEA SR T INE LRSS, AR TR 2-3 om, TR S I AE I AR A% I AT 1 A [
% Inoculation, 100 pL bacterial culture was inoculated into each tube for H,S production assay, and 200 pL bacterial culture

for the other assays, and then grown for 24 h at 37 °C with agitation. °: Filter paper strip was placed in each tube of H,S

production assay with the same 2—3 cm height above the medium surface.

FERR 100 pL B, HeAts 5o ny S 4l 200 uL
R . HoS S 5 S8 A g 4% AR BE 1 SR 2k
WA R — 2 WEET 37 CiRg b
7% 24 h,

3 oW KT P E R AT AL
R 1R B8 # IR % 15 A

RIS, NGSLIR A R 1 sl
AR BN UE & b DR 4 B 67 BT S50 50 10 S 5
L SO TUAZE A . O — R R
A A AE TS PPT BEATIR, A2
AT T 2GR A TR . R, SR R R
R LR e 308 T T OB A . PG S, 2
AT Z RSB R AR TR, X HoS AR S5
FRMAFE W, SUHZERME 2. (1) Kk

RERE R R A0, 7R S R 2 AT I
RES R A 2, BAS; 2) KIBFFE
RERE R FLIE, 77 A AR ZEMAT A
REA% I FH 2L 5 (3) AT o1 R P i 2 ™ A 1
PR R BE 8 E— 25 A = R, A o 2 A
AN =4 T OB H LR B, FIE MR it
5 P KA FE B BRI, A B 2R AT R R 4
VPRI R AR A B A 2 R 1 B
P (4) RIGHFF B BERS 43 A (0 202 = A= 5| e, T
& A BRI A BE = AR g e, DRl s | W A
S R AT B P S Al R 2 AT B A B 5
(5) ZBTEAT Dl FHOA HE 25 MO AT D 34 g 08 1) % i
IR, AR HLS, AR TEAT I 7 A 21 H,S,
i1 SR 9 A N W 1 P 5 | 2 )
RefE R S 2 kM, B HoS, A B 28 i
FFRAARERS ™ A4 HoS (3 2).
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Table 2 Expected results in bacterial physiological and biochemical experiments
hac] BN AN B 1 WA 2 X BY
Serial number  Experimental names Strain 1 Strain 2 Control
1 ikl iyd KIGFFH @ il B 2 AT T+ AT
Glucose fermentation assay E.coli & B. subtilis + No inoculation
2 FUME K KA E & i B 2 AT TR — AR
Lactose fermentation assay E.coli & B. subtilis— No inoculation
3 MR i %5 KB+ i B 2 AT TR - AT
MR assay E. coli + B. subtilis — No inoculation
4 VP {5 Kt wi— il B 2 AT TR+ AT
VP assay E. coli — B. subtilis + No inoculation
5 WG PR )™ A S KA FT B+ 5 0 (O A PR TR — AR
Indole production assay E. coli + S aureus — No inoculation
6 H,S " A 525 AT B ++/+ i B 2 AT T +/— AT
H,S production assay P. vulgaris ++/+ B. subtilis +/— No inoculation

®: R 4 PRSI - BAPESEE;

4 SR PSSR/ BHPESE R +/— BHYESR/BI PSS

®: Produce acid and gas; +: Positive result; —: Negative result; ++/+: Strong positive/positive result; +/—: Positive/negative

result.

4 oV T PR AT A
BB &R AEE ik

SN A5 Y RE (1) 2 W LA A I 52 B
H,S PP A SIS HHEMES; (2) VP ikEs: kil
B, MA 0.5 mL 40%FAMLBER, IR,
PSSR o230, R, 37 °CHR I PRI A 4,
ML (3) MR AT - ] a0 oA L2 3057
2-3 00, MEE; (4) WM AESCR: 1l mL &
Bk, #Rv7, &k 21664502, IEREEA A
IR O — T SR 2 B R TR ) 10 77, WS,

R s &85 S X6 52 6 101 A 25 SR AT 18T 5T
o H HoS RS, ASIBAT I SRR
MUAF R ARRERE 7= A2 HLS, MWiASTEAT By~ A A
Z—16 RIS AR B HoS F= A s FH++ 380K,
TR B 25 AT 8 P+ 227, 28 AR AT T DAAR B 52 56
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5 S A IR R S IR 0 7 R T Y v B 3
A BFAERE RS — 5, XA SE 5
g, Bomas 5 R EERIES B, HE—

HEHESFib R R TS0 4 g 5 0 8, g
S 38 A R A [) S 00 A R % 2 S A 1 T A
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BB A AR RE 8 45 3] 15 S50 T A ) 1 45 51
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I [ JESR — R 4R TR B0, RERES 4047 H K HT
TR TE 422 T A MR — 28 15 % 1 A 2E AT TR 1Y 1R
o XT VP IRE, AAESRRN BN, AR
AR IRLL A, A RIG AT R IR £
17 SRR HoS PP A SEBRARFE , FH 2 4~
AL A2k BbR T o XA, BB &5 FKEK,
TEMERES, 24T i A T2,
St 51T, FAEANTREME 40 It BLGE R o
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XTREHAMA Ty, A28 2R A2
Bom ik — 25| RE ARG R A 5% A
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SCHG SR AE R AR TN SR A e A
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