DOI: 10.11844/cjcb.2026.06.0009
i E A AE ) 2424 3] Chinese Journal of Cell Biology 2026, 48(6): 1599—1609 CSTR: 32200.14.¢jcb.2026.06.0009

HFEMR -

OBEIE & TMHTRBIEZN 8 S M 4B £ 15 520
HFES LK

R HE A%

(= REF A RSB, B 650504)

WE A GmRAE N T R F PRI SRR, FARSETRRR S LA A
B BB 4 FIAR, iz AR AR T R 518 2 F (outcome-based education, OBE)ZE &, vA AT % A5 2] £
“C0rf72 3 B BLIR 3T S AR A W) KA By ik ) RAEAE R A £ &, THR T — 11 % FA k& 50 454
M RERAE, RAERR IR LR AT IO, 7| 55 A TEZ MR- SRR SR
S LER AT ARE R T A RAR, FILRAR SIS TEIRAAIGER . HF REREAY, ZAERA L
P T RIF HAL IR 6 R ak S, A A A S K G FZ I TRAZ PRI T T 09 52563812,
KH#iA OBEXE BRI R IREN; w4 M A 7 S, 256 M s i vR

Reform and Practice of Higher-Order Cell Biology Experimental
Teaching Driven by Research Projects
under the OBE (Outcome-Based Education) Model

JIANG Shanshan’, ZHAO Qirui*, WANG Yonghua*
(School of Life Sciences, Yunnan University, Kunming 650504, China)

Abstract To address the fragmented skill training, insufficient student engagement, and disconnection
from authentic research contexts in traditional cell biology experimental courses, this study established an ad-
vanced, multidisciplinary, comprehensive laboratory course grounded in the OBE (outcome-based education) mod-
el, centered on the cutting-edge scientific question: the regulatory role of C90rf72 gene knockout in exosome bio-
genesis and secretion. A “research project-scaffolding” instructional design was adopted to guide students through a
complete research workflow, including project design, experimental operation, data integration, result interpretation,
and report writing, thereby promoting a shift from passive verification to active inquiry. Practical implementation
demonstrates that this model effectively fosters the deep integration of experimental teaching and research innova-
tion, offering a practical reference for the reform of higher-order experimental courses in the life sciences.
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Fig.1 Schematic diagram of the curriculum design
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Table 1 Correspondence between experimental techniques and core research competencies
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Table 2 Expected learning outcomes of the course based on taxonomy of instructional objectives
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. S8 B AN ,'
A: WT HeLaZlifg; B: C9 KO HeLaZliffl. PAFI4IIU{EIE S S AKRES LM EZES . s FovEA s gt RIARRE.

A: WT HelLa cells; B: C9 KO HeLa cells. No obvious differences in morphology or growth status were observed between the two cell lines. Represen-

@ ) | 1ss

1

tative images from students’ experimental results.
E2 WT5C9 KO HeLaZBfIH) & M 7S XL
Fig.2 Morphological comparison of WT and C9 KO HeLa cells

(A) LAMP1 CD63 Merge Zoom in
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=
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(=)}
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(B)
* © s :
300 000 — —
=
° 'E L]
13} -
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k7] = 0.4 -
g H'H o
= =
- i S
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Q » § 0.2 -
am Ay L
0 | T 0 T T
WT C9KO WT C9KO

A: WTHIC9 KO ECD63FILAMP LI A BEHOL A (45 AL B: CDO3 MBI ESE i ; C: CDO3MILAMPLIGSE M GE it I8l BhaE RN AL
SRR #P<0.05.
A: immunofluorescence staining of CD63 and LAMP1 in WT and C9 KO cells; B: quantification of CD63 fluorescence intensity; C: quantification of
CD63 and LAMPI co-localization. Representative images from students’ experimental results. *P<0.05.
El3 WT5C9 KOMACD63FILAMPIH) G E R ARt Lh
Fig.3 Immunofluorescence staining of CD63 and LAMP1 in WT and C9 KO cells
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A: FEH g CD63-pHluorin (¥ 5L [ HeLaZll il 1, CD63 %20 5 5 B i S5 (AR MR A PR - B: BN & AR IR i, SoR
CD63-pHluorinf& 5 IIRIF(ATR L, AERADMFFLERF E(W). C: FUR B A R [E RN S0, RAKFIL100 s, §7kFonmt 905, D:
EICTTWTHICO KO M R34 1L 100 sERL & S-SRI E BT LSS AN R SIS AR B . *P<0.05,

A: representative live-cell images of CD63 vesicle fusion with the plasma membrane in HeLa cells transfected with CD63-pHluorin; B: representative

profile of a single fusion event showing amplitude (A intensity, arbitrary units) and duration (frames) of the CD63-pHluorin signal; C: time-cumulated

fusion events up to 100 s (arrows indicate fusion events); D: quantification of fusion events per cell over 100 s in WT and C9 KO cells. Representative

images from students’ experimental results. *P<0.05.
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Fig.4 Live-cell imaging of CD63 vesicle fusion with the plasma membrane in WT and C9 KO cells
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A: Western blot detection of exosomal marker proteins in cell lysates and exosomes (SEVs) from WT and C9 KO cells; B: quantification of exosomal

markers in A; C,D: volcano plot of differentially expressed proteins and KEGG pathway enrichment analysis in WT and C9 KO HeLa cells. Representa-

tive images from students’ experimental results. **P<0.01.
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Fig.5 Western blot analysis of exosomal marker proteins in WT and C9 KO cells
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A: teaching satisfaction; B: effectiveness of teaching format; C: novelty of teaching approach; D: research enthusiasm; E: team collaboration; F: self-

assessment of skill acquisition. ns indicates no significant difference; *P<0.05; **P<0.01.
Ee LLIXEMAMEMF LIRS MAMEEDF LI IROBF YR

Fig.6 Comparison of teaching effectiveness between the Conventional and Higher-Order Cell Biology Experiment courses
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