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Exploration and Practice of Interdisciplinary Mixed Teaching Mode
of Macrophage Phagocytosis Experiment

LI Qizhi*, ZHANG Yaowen, YUAN Yayan, LIU Yafeng, ZHOU Aiwen, RUAN Jing, LEI Min
(College of Life Sciences, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract Phagocytosis experiment is a classic experiment of cell biology, immunology and microbiology.
However, the current experimental teaching rarely considers the integration of these disciplines in content design,
and there are few applications of virtual experiments in the teaching of phagocytic experiments. The teaching team
of the author introduced mouse macrophage line RAW264.7 as the experimental object and fluorescent labeled
Escherichia coli BL21 (pET-28a-mCherry) as the tracer to explore the changes of cell morphology and phagocytic
function before and after classical activation of macrophages. According to the characteristics of the knowledge
field of the students, the content of cell biology is designed as the main line, and the disciplines of immunology
and microbiology are used as auxiliary and supplement. With the help of online learning platform and the college’s

high-quality virtual experiment platform, online learning content closely related to offline teaching is provided for
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students; at the same time, this team adopted the diversified mixed teaching mode combined traditional classical

classroom teaching with semi-open experimental teaching, and established a multi-dimensional evaluation system.

Through the implementation of these teaching reform measures, the knowledge points of cell biology, immunology,

microbiology and other disciplines related to phagocytosis are organically integrated, aiming to enable students to

comprehensively understand phagocytosis, which is a life activity, effectively stimulate students’ awareness of in-

novation and exploration, and expand the experimental teaching mode.
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Fig.1 Schemes of experimental processes
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Fig.2 Micro-course video of cell mechanical passage method recorded by teachers
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A: cell control group without any treatment; B: experimental group of LPS induced activation; here just showed one representative result from students.
E3 FIERESMENE ) FERMARRAW264.7H RS

Fig.3 The cell morphology of mouse macrophage RAW264.7 was observed by inverted phase contrast microscope
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A,B: cell control group without any treatment; C,D: experimental group of LPS induced activation; here just showed one representative result from stu-
dents.
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Fig.4 The images of control group and experimental group mouse macrophage RAW264.7 engulfing chicken blood
were observed under microscope
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Here just showed one representative result from students.
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Fig.5 The image of the experimental group RAW264.7 macrophages engulfing chicken blood
for 60 min was observed under microscope
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A,B: the fluorescence images of control mouse macrophage RAW264.7 co-incubated with E. coli BL21 (pET-28a-mCherry) for 30 min and 60 min;

C,D: the fluorescence images of the experimental group at 30 min and 60 min, respectively; it could be observed that macrophages in the experimental

group phagocytose more fluorescent E. coli than the control group; blue fluorescence for Hoest33258-1abeled nuclei, red fluorescence for E. coli BL21

(PET-28a-mCherry); here just showed one representative result from students.
Ele YOLRMIRT/NREMEZEBERAW264. 775 LHTE FME AT EBL21(pET-28a-m Cherry)H) B {5
Fig.6 Image of phagocytosis of E. coli BL21 (pET-28a-mCherry) by mouse macrophage RAW264.7 was observed
before and after activation under fluorescence microscope
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Table 1 Phagocytosis percentage and phagocytosis index of chicken red blood cells and E. coli BL21 (pET-28a-mCherry)

by mouse macrophage RAW264.7
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Fig.7 The framework of blended teaching model
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A-C: partial screenshots of the mouse peritoneal macrophage sampling process, inverted fluorescence microscope operation and flow cytometry opera-

tion on the virtual experimental platform.
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Fig.10 Part of the screenshots of the virtual experiment on the student virtual experiment platform
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Table 2 Evaluation system of cell biology experiment course

AR PO H AR P A bR B
Evaluation type Evaluation objective Evaluation content Quantitative criteria Weight
A TEVEAN HE 16 TRSTRE R 3 A 7 VA [ 2 T =) AR e g ] 5%

5 2 KRS A 47 VR SCHR RS 5 2R S DR N JE 2 R fiA e 5%

VR A £ R 2 2] A5 READ7 LSRR FEASIZ IR 1) 56 FURE 5%

EEH AT AME ik ARV & 5%
VAN FNIRR B AR SR 5 AT 15 1R BRI FIIR S SR8 I GRS A AT 2 T i e 5%

3 i 71
e ERAE SEERERAE IR G VAN SRR BAE L SR IR B 1A 20%
LR I
BT 4 5 2RI R 18 H S 2 E R A R sz g ) 2Bk ] 10%
TERFE I EilUNTN(ESRapii] FBAH i R DTk 4 H R R R TR R A 5%
papiii sl
RlERILRET) PMInE e Rt AR RIS TR AR 0TS 15%
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Table 3 Students’ evaluation of interdisciplinary and blended teaching effects
NHL(PIT o L A81/%)
PR Number of people (proportion /%)
Evaluation dimension E[Settipey [ 5 ANV =
Very satisfactory Satisfactory Dissatisfied

B H AR ARG, ARBL TS AR A 174 (96.6) 6(3.4) 0
BOMES A RHCE BT N R TERE, BE T BOE TR RN iRA R 171 (95.0) 9 (5.0) 0
FUMAGAS R Z R A RO R & 3R & e 100 0 0
BTG EARTEL AT G M T, NS R BUH R L3 R 164 (91.1) 16 (8.9) 0
FOM B AL 27 5T BEUR AR A I 3 F T2 AR s 2 R ) 100 0 0
MR S BLR LH, MR AR S S 168 (93.3) 12 (6.7) 0
RESIZG IR ZRo 2 T eI A IR H e STt 173 (96.1) 7(3.9) 0
FOMR 2 TCA B TV E IR 53 W45, i R s 2 b SR S 100 0 0
PRERENEIR . B A R AU A Ak 100 0 0
Red R T ) . W ) HARSE H =¥ I Re 170 (94.4) 10 (5.6) 0
A Be A A = AR, R IR TR B BE &AL ] A 162 (90.0) 18 (10.0) 0
SEAERENG R BV IS, BT R T 1 166 (92.2) 14(7.8) 0
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Table 4 Comparison of the scores of interdisciplinary and mixed teaching experiment courses
PP RSE(80%) S BURS(20%)
2 AR g Usual performance (80%) Final exam results (20%)
Student Teaching 5> Ak 25y Fhe#1%  woy A% Rk YR ERD
grade method Highest Lowest Average Pass rate /%  Highest Lowest Average Pass rate /%
score score score score score score
20204 LAY 92 75 84 100.00 92 52 82 72.73
(n=177)
20222 PERHE 94 80 88 100.00 98 73 86 100.00
H
(n=180)
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HH 48 A 2 S 36 5 A 14D [ B AR R e o 2 A 7
(VER AR RN N, A Bh T 855 77 5 A2 R §E 1 R0 61 8
Bk,

A0 T H AE A R/ BB W 4E L RAW264.7,
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