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process for biotechnology majors, this paper presents the development and implementation
process of the course entitled “Virtual Simulation Experiment of Recombinant Human
Erythropoiesis Manufacturing Process”. The experiment combines modern biological
manufacturing technology and three-dimensional information technology, with recombinant
human erythropoiesis drug serving as the focal point. This paper elaborates on the teaching
concepts, objectives, contents, implementation methods, experimental procedures, interactive
steps, and assessment criteria used in the experiment. Through innovative experimental scheme
design, teaching methodologies, and evaluation systems, this course aims to cultivate students’
analytical and problem-solving skills in the field of biopharmaceutical engineering, while also
broadening students’ perspective and expanding their vision.

Keywords: recombinant human erythropoietin; virtual simulation; bioengineering; teaching reform
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Figure 2 Operation interface of production environment cognition module.
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Figure 3  Operation interface of bioreactor cultivation.
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Figure 4 The operation interface of microfiltration (left) and chromatography (right).
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Figure 5 Operation interface of liquid preparation.
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Figure 6  Structure of bioreactor.
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Figure 8 Learning mode of virtual simulation experiment.
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Table 1 Interactive operation steps and scoring
%> R GRS FI b7 B T A5 Y AR
No. Interactive operation steps Scoring model for goal achievement  Full score of
degree steps
1 HEABCHRIE](C 2R), #iM C Pl X ZOR PEATHLEE . B W RS e TEPE A0k 10
FTH B S HE Qualitative scoring method for right
Enter the liquid preparation room (class C) and change shoes, and wrong
change clothes, and perform disinfection operations according
to the requirements of the class C clean area
2 HEAVELE(A/B ), %R A/B i BRSPS e PRI ATk 10
BEACHINH # S A Qualitative scoring method for right
Enter the filling room (class A/B) and change shoes, change  and wrong
clothes, and perform disinfection operations according to the
requirements of the class A/B clean area
3 FEESRARYGR 1 A/B i1 X1 C/D Zk X X PV 2 5
Exit the class A/B clean area and class C/D clean area in Qualitative scoring method for right
sequence as required and wrong
4 A W) S 4 K TR X EE PEPE o B R AR S AT 9
Sterilization of bioreactors FE P
Qualitative scoring method for right
and wrong/Quantitative scoring
method for deviation degree
distribution
5 S AR R X R E PP/ B R R IE S A 10
Animal cell inoculation culture EmTER R
Qualitative scoring method for right and
wrong/quantitative scoring method for
deviation degree distribution
6 g . B TR RAR Xof i E P31 6
Microfiltration and ion exchange chromatography operations  Qualitative scoring method for right
and wrong
7 A 7 HAG A X REVEPE 5
Pre-production inspection Qualitative scoring method for right
and wrong
8 W . TR X E PV 15
Concentrated and diluted blending operations Qualitative scoring method for right
and wrong
9 ERZEE X E P31 5
Clearance operation Qualitative scoring method for right
and wrong
10 FeA AR S5, TR R SONE i B PRI ) BB R R s PR VE 200 B R IE S 40 10
F, BRI BRI, TR FE T
Calculate the main structural dimensions of the enlarged Qualitative scoring method for right
reactor and its stirring paddle according to the production task, and wrong/quantitative scoring
select the appropriate amplification principle, and calculate the method for deviation degree
stirring speed distribution
11 B ER AR R, AR . pH ISR W RE T 10
¥ Qualitative scoring method for right
Reasonably select the type and number of mixing paddles, and and wrong
select and establish control systems such as temperature and
pH meters
12 VPR BT S N AR Iy =X X E VE VR 5

Select or design reactor operation mode

Qualitative scoring method for right
and wrong
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Figure 9 A “trinity” virtual simulation experiment evaluation system.
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o S BRI RS DL AT, TR 2E AT TR R 2= 2

Table 2 Survey results of virtual simulation experiment teaching effectiveness

G5 [ 252 W E  CFE
Number Problem Full score  Average score
1 PRAE HARIIEG, e s R Sibri ok 10 10.0
The course objectives are clear and meets the actual needs of students
2 FINA I, KGR, HAROE . QU RPN, I ERREAER 20 19.5
SLRRRE T

The experimental content is rich, organized, and highly advanced, innovative, and

challenging, emphasizing the exercise of students’ practical abilities

3 PRI, A5t T Fah ik

20 19.0

Innovative and easy to implement teaching methods, enhancing learning initiative

4 BT, S, 2817 P

10 9.3

The software is easy to operate, with a beautiful interface and smooth operation
5 A B TR A MR | fifp R 2 A W R 2 TR S BRI 20 18.8

Helps to improve students’ ability to analyze problems and solve complex

biopharmaceutical engineering practical problems

6 AU TEFRFALS . BOTRETT . BIHRE 20 18.3
Helps to cultivate students’ comprehensive design and innovation abilities

7 HoAtb gl
Other recommendations
By 100 94.9

Total score
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