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Fig. 1 Instructional design for Al-assisted case—based learning on

“ structure and function of proteins ”
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Table 1 The present teaching design involves the class hour allocation plan for the teaching content
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Table 2 Al-assisted genomics intelligent analysis system
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Fig.2 The SWISS—-MODEL platform was used to construct the interface of ALK protein structure
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Fig. 3 Different observation surfaces of the three—
dimensional structure of ALK protein constructed by
SWISS-MODEL
E3 SWISS-MODELMZHALKE A =4 4R R XNE
(a) DAALKZR O DI e A 20 M TE DAL £ 5 (b) MR

P BRG0P B2 DX R AL A7 o

TEMCEERS L, R nlos /N, B2 4~6
N, /N FISE ALK 5 250 73 M T 3 4Lkt
hisle HOMG| 4 BUHKIRIRTT 3 A SR} 27 ) L .

T ALK 2 AR R 52 R ThRE M (1, &
ROTHT— AR BB R AT A, 58 X)
ALK ZE & A 5o ;. HORERT a5 N o 12
e B AT 1A M HEA RRAE s )5 BT ALK &
(ARIR L 25 Aa o0 T B AT P Mg, 45/ N
IS T MR, WA g5 n B R &
1~3 F SCHESCIROE B Wiy, F 5 BH 2544 - T fig
KL o BHTEATT, ladJ2 Rk ) s | 2
AERAE T BB, T B /N BT A SOk
RIGUEVLR, . SEFHEUERE Sy o XA, ~AAEREREHLAL
HERBEATUIZREEAN, SRR BT AR %
ik, HBNIMERIHEAIME B AERE ST

24 AIBEEALKE A REM-ThEE X RAT 4L
B

YR F 2 R AR RE, 24 P1k
250 FEYIRE 2 MGG . MR E AR R S5
REMY SN IR T AW A 2F DR D RIE S DA
NSCLCHHC ALK & 1A, &4 82w iz IR
TGRS R SRR, X LR B S R T
PR FIIRAE R AT AN s, 3t E X 4
MYCEDIRE” BN AR A R . ATEOAR Y
I, R — 2 R B At T 5 P i
UE 3

e CEWi2E S50 FEw2E) G100 #bf
BT N R BTRMUE T G RER T 2
A, N T ikEA EU TR ALK 5875 Q] 5 0
P TR EERG , YET A A S i —ad
e, BATRAZETIREZ T F IR S (n
PyMOL-AlphaFold ¥ & - &

. ) SEPL ALK K 454 14 50
SIENT SR RET 1 FEHAER, 5l Eg
I VR 28 H £ SE I EML4-ALK @il 2 (11
SRS . AR R L v R R T A
PR B AR B | R 23 A G ks . i, 24
FOM /R L1196M S5 CHENT pi AR RT, ARG RIATA=
R GEAR RN LS TN . Ry T 2 B2 e
LB ALK 30 G X A sh S 428k, O
Al DL B YASARA # 4 ( ) AT
ALK E ATl Sl th F50F 3 )1 22540
T BRI, RERRE R T ) B K
JEG AR, FERTRCK . BIL, TEBCESO L, R
O URATBME R H IR R SRR SRS . B0
TEVR AT R F NOVA 7735 78 /K ¥ 70 PR 45 Hh s n g+
bR fr s RIS TR R BRI/ ME, JFEIE


https://alphafold.ebi.ac.uk/
https://pymol.org/
www.yasara.org

2178 EMUEEEYIEER

Prog. Biochem. Biophys. 2025; 52 (®)

M £&%% (canonical ensemble, NVT) FIEEREER
2% (isobaric-isothermal ensemble, NPT) ZCHL 7543
VA7 BE, P2 fs YIRS G2 AT A K 100 ns
FIBAEL, JFRERR 10 psid st — IR BT EE , A
Bl rh IO 2 AR A BRI SR RS R vt . 7
PRI, ZUNE SR 3l TS B R EE A
JRFE, OCHUPIR (Wi, WAk, P, Ak
PR MCEARREE (WNOVA #1375, 100 ns i
K. 260K, SRR AT S ALK 8 7R3
AR B ShAAT R . SRS, B SRR
JCRTTEE AP 7 B, [RIE & NS [m] Bsf ] s i 45
M EOCH R S 50 (MR e PR RS . M B ARBAE)
A Bl T R ALK PG S PR X ZE Bl ARt s 2
FROE . A5 G A8 kA LA R nT BRI AR RS . XX b
AVRRER B ATk, (2 netl B “/&H”
MR G AR R

TEXFR Sy EEEh, B v UAE R b & &
BUHEIARTT, $2H LN ALK 55 R 45 H)-ThRE R N
O 5 SR SN e, filan . “ALK
R A 25 B G AR A e 5 e SRR A0 175 5 1%
AR NGERY A RS, S — 4 ALK $E [ 1)
W5 Canveme s e ) a5 ALK & A 456 kK #
SPR 2" DN A A S, A A
LA o FEICEEAN b, 2 A ChimeraX ML
2 ) BEHERE M ALK 2R 15 5 R Je 4 41 i 55
MIZEG HARRHIE, 88 AR+ R 45 &
A e 259 5 F 5 R AR S G Re ) Y. B
KI5, {41 AMBER J137, &% NPT (fiif
300 K, fHJE 1 atm), FF@AIAKE AR T LIh
KRR, SVBTLET R 100 ns, B ALK 2
R TEh 1o EAT R, 245G MM-PBSA J5 A1t
Haha Amee, MM 2h 5 AR RS & 1)
FRENE . [AIBT SR A AR R G0 i ST Je FoR
WSt e Y2 B A P S B e B SR, AL
PR SRR 5 A A A m eSS, BEEA
PR ALK 578 B 455 ST IR B S . 3%
Fh2 s . ATOLI R RE R, TEMTHbIR R T “45
ARSI Re SR, TR B2 1R
AR, il A T R A 24 ) Al 3E 2k T ALK 2R
SR SINRITRCR , SR AR R T A R ) AT
RS WEBYT I AIHT A
25 HBRESEM

R TNEIHRG, BUNTE S A RS

10 e 171 o ) 3 B 5T S ]
B, LIRS BB RCR . R, 20 E g5
AR IC N B, R A L e 2 R L TRk
AR . BRI EBR EET R, — T, #
ISR AR TROTFE CR , Pkt A AR R UL
MR T B, i 2 IE A SR A BRAR I T 4h 5
WA S35, BT E SR e &
8 AT AR5 2 B2 48 5 T REAH SC A BEIS R
AT ARG, B ) P R SR A I
Hb, FOWATLITERRIG A & — 2 2 b i i) 5
1 B2 TR A R AR 3k e H 1T DA
5 BRI AR 2y HHESE W 8 1 Wb — ik &
FI o — R A AR far ke HoAs TR 47 Il R FH A R
PRI G ARRG M AR AR LE 2 B ALK FE[FI 51, NSCLC
HISAEEMP LR B S R 58 7 B Rl , ZEERER
FIZE Hbn, TEREIRERRER AR, 2R 454
BERN—R B AR —P R BRI, 515
A0 7 Z AR, RSl A DU
T VE T K HILTR F BRAR
2.6 AMEWALKERFEKNSEIE
WA 50T R AR B SR P
N CEM 507 EY ) (5510 )
St /\F Y QPCROZZHUF R P Y H S B A
Z— o LY AL HE RNA Y42 B . 308 #% 5% -PCR
(reverse transcription-polymerase chain reaction, RT-
PCR) F1qPCR. SEE#H, ilid gPCRY I ALK
FER . FEPCRGIWIBCT . RS R4 34
Jri, A ATT BB )5 gPCR 2% 51W3eit s
M ESFAMMAETHREE N TH (I
DeepPrime,
) RIFHT R B A, T ALK E R
I SEAR LS AR v, AR BART AN
[i) B ) AR 22 R 28 (40 IDT OligoAnalyzer :
Y ALRLHR ) T 51 4 —
Rk Kdhty, AT %) GC & BRI ik
(T ) o RN AT : A HIPLAS 7 ) A5 2
(i Thermo Fisher Connect,
VI VT e € (6 3 g
B IR EEE R . R FH LabOPUSAI £ G5 4D [l 11
IEOO Py R R, S B HE  BUR AR
PEGRAT o SEA I R IR BE 2 I AL (A
qPCR.ai) R4 38 e b it 5 e gl (il 551


https://www.thermofisher.com/us/en/home/digital-science/thermo-fisher-connect.html
https://deepcrispr.info/DeepPrime/page/help_web
https://sg.idtdna.com/calc/analyzer

2025; 52 (&)

MEE, & ATEREEEVUZESSTFENZEROBFNRRE LK

2179

T BdRbEm ), IR TR R-HAIT A
( 41 QuantStudio Cloud,
) R RAFE E C M EE, WA
F AR 25 . [RIBTAE ALK FER Y BEHH[E], 48 5
AR B LS 5 USRS — LA AR 5 qPCR 4=
R, RS S R T A S I, R AR AR X
qPCR SZ55 J5 2R A PR
AL QPCR LI HF, 0% TGRS I3
SR, SCE T MR B B LN . XY
T TSI A, R T A B TR AR S Y
SFIEWUEYE, R R A B SRR AL T AT

{2

3 HEHRE: AHBHNALKEBREH5I)
BER G AR B

BRT CEARNSHSI6ET X5, AR
Rl ] LITERZIR . HEIE . MREEASCE T e
ANATEOR, dd it = e sl Al . AU 2
REAME S R N A N RS TR (3R3), EHW
M AR A AR SR R, ey
Pl SRR, s A R X 1A o S B A S
e

Table 3 The application of Al-assisted case—based learning method in the teaching of other chapters related to biological

macromolecules
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Fig. 4 The questionnaire survey results of students’ evaluation of the AI+ teaching mode of

Biochemistry and Molecular Biology
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Table 4 Teacher’s feedback form on students’ classroom

performance
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Fig.5 Advantages of applying AI technology in the case—
based teaching of Biochemistry and Molecular Biology
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In recent years, the deep integration of artificial intelligence (AI) into medical education has created

Abstract

new opportunities for teaching Biochemistry and Molecular Biology, while also offering innovative solutions to
the pedagogical challenges associated with protein structure and function. Focusing on the case of anaplastic
lymphoma kinase (4LK) gene mutations in non-small-cell lung cancer (NSCLC), this study integrates Al into
case-based learning (CBL) to develop an AI-CBL hybrid teaching model. This model features an intelligent case-

generation system that dynamically constructs ALK mutation scenarios using real-world clinical data, closely
linking molecular biology concepts with clinical applications. It incorporates Al-powered protein structure
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prediction tools to accurately visualize the three-dimensional structures of both wild-type and mutant ALK
proteins, dynamically simulating functional abnormalities resulting from conformational changes. Additionally, a
virtual simulation platform replicates the ALK gene detection workflow, bridging theoretical knowledge with
practical skills. As a result, a multidimensional teaching system is established—driven by clinical cases and
integrating molecular structural analysis with experimental validation. Teaching outcomes indicate that the three-
dimensional visualization, dynamic interactivity, and intelligent analytical capabilities provided by Al
significantly enhance students’ understanding of molecular mechanisms, classroom engagement, and capacity for
innovative research. This model establishes a coherent training pathway linking “fundamental theory-scientific
research thinking-clinical practice”, offering an effective approach to addressing teaching challenges and

advancing the intelligent transformation of medical education.

Key words artificial intelligence, case-based learning, biochemistry and molecular biology, teaching efficiency,
research innovation capability
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