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Abstract

To address the challenges of knowledge fragmentation and diverse learner profiles in fully English-
taught courses under Sino-foreign cooperative education, this study explores an innovative pedagog-
ical model integrating knowledge graphs and artificial intelligence (Al) for a General Biochemistry
course. Supported by intelligent educational platforms, a multi-dimensional hierarchical knowledge
graph was constructed to facilitate cross-disciplinary and inter-chapter knowledge connections.
Large language models (LLMs) were employed to assist in the construction of the knowledge graph
and the design of Problem-Based Learning (PBL) instructional contexts. Furthermore, a cross-cul-
tural collaborative approach was adopted by Chinese and Australian instructors to co-construct
high-order, value-shaping educational nodes. By combining complementary digital tools (Chaoxing
Xuexitong and EchoPoll), a data-driven, closed-loop interactive teaching environment was imple-
mented, alongside the establishment of clear ethical guidelines for Al usage. Empirical results from
student surveys indicate a 100% overall satisfaction rate with the proposed teaching model. Specif-
ically, 96.43% of the participants reported that the digital tools significantly enhanced the class par-
ticipation, and an equal percentage (96.43%) acknowledged the knowledge graph’s effectiveness in
facilitating content comprehension. These findings suggest that the “Graph-Driven, AI-Empowered,
and Cross-Culturally Collaborative” teaching framework effectively overcomes the limitations of
traditional English-taught courses and significantly mitigates cross-linguistic cognitive load. This
study provides a highly valuable practical paradigm for fully English-taught courses in Sino-foreign
cooperative education in the Al era.
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EN TR READ S BA BT LA R EE R & I A =T, R (Knowledge Graph) £ H 2 BN
P AR HUE HOA AT AL O ST BOR 1] AR — R LU SR I I A 2 L S S N AE S R R
WPE, FREE R W ER e R R, B REVERHR YA . B RHRM 2 AL . B BL “HRHE” 1T
XNEMRZIARAR SR AT 500K, B ACRRE R 2], B R > AR LRI 3] A LA AL
SV 415 AL TR KRR SR 52 S .

CGEREYLT) RAEVREARIZORER. ZRFEK LR, BEARTEED Y. R
SEIEERSER, RESCEN A R TRE SN IREE, AR T A R IR B R T R
FEAT BB 5] PSR AEECT, R &SI Z IR, B a EH P a8 A4 1
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(1) FHR2IE L, REERG = RGEMEAR R ¥

FE R FARME R BE TR N AR AR AL, B FEH R H0I D 0 HE 2H A o) b A P 2 s 2
fR[7]. SR, FESERRECET, WRARRAEAEAAE “RRINE” IR . DAPE R RFE IS = AR Tl
B, WRAEE A A E PR 2806 (Lehninger Principles of Biochemistry) il P 555 [ K& X KAk 22 A4 ML
A ZEER R (B A A A . ER TR = SRR I EDUL IR Ik 4% DG B, AR PR AR Rl B A A ST TH
W HANTTEERE” KN, XF R E R E A, AUEI 722 R B T, ™ 555
T AR NTES SN W TR RE 22, 1) 22 AR AL R R AR R S A O R, AR “Hn
FOR” ERS “RNICATLVR” , RIETHRFEZCA IR O

(2) FAEEEE AL, MELUH R MMEL S/ et 7 ) 7ok

CHBRAIAL %) UREE S LR R R L T ™55 L A 22 A 2R S SRR (8] EZ A v,
BAVRI, FAES ] CGERAEMNS) RN AR 28 GRSty 77, MELUE R Gt
PIFIRAELE . oAk, BT AMEIE R = N H AR IHE K 5 TR A E R 2 =, (648 “FebiE”
Gt B SO HME DUIE B 4 1 30 R RS RS W 2 AR AN X, R H 2 T Re )1 5%
R, AHE S E AN A2 ST BRAR 9] AT R R R T Bt b mbit . RIVIRE AR 27 ) S st AT S 3 R
T, A PR SO T I P S — B R Bk AR

EEXT RO A, ARSCR N TR + 208 7 HIK RS, DL R P S B A AR Ll A,
W E RIS LR AMEEFEE 5T, GRS SRARFNRERE A h FA 77, FRRA T H
5 AT HARRBERA R BRI AT, B A R RAE B A SO R B e 228 5 St e K

2. (EmEPHE) MREEhEIRE

N BB T RRPE AL 5 21 22 AL R o, S BIBA R & 3R B I BoR 5 A & 702
P, TR T (CERIAEYS:) AR EE R R TR, TRRC“JRZ RIIRIKES-AL S B - i B
R VA N0 N7 NEIE /A <:S v

2.1. FRERANAEKLE, MR SHEBRAIRARLE

CEEAEAEDA ) AT CUTHE T F & MR RIRE IR TR TR, SR EEA 2
T BT S5 RN IR Be R SE R A0 BRI AT 1 S8 LS AR E A

T, WKHEAT IR B AR 285, SRS RS A o )= . IRARZE DAZOM AR KN R i
FEHUZ 0 R B, R ENR R R 3 S St (B RE A A FR) M PR 2 ZE IR 7 145 44) AR Mk
BRI L) 5 R A 8 By S A A DU RS, Rk IRFE @ B A, AR A B EEZ )R
R FIR SR o

UeAh, EFNRERE g AR T, RH R TR G M E =8, SN 7B S S5 4R R
FCEE, DURBD S AR AT IR A R S GRIE . — 07T, MRS A YR A A . e, K AR AL
527 B )k (308 (Hypochromic effect)5 “I2iE &7 i (¥1iK 12 (Hypotonic)/ =12 (Hypertonic) &
BT IRL  E I A IR AR hypo-(1K)5 hyper-(B) N AIE X, 51 S22 ERIRS 8, KON IRe R L
MR ANt gy S R e BRI IR 2E . Sy —T5 T, A RS R IR AR . AR ARt
TR Z2E Wi, TS AL &R (Leucine) 5 57 72 & R (Isoleucine) BN I ELXT 5 1, 51 S A% 4> F X
KR 58 (Isomer) A fi, ¥ Isoleucine HHIATER Iso-5 HBEEMAFIEIRBEGRE » XM T F AR
BITE X 2 e 4, A7 B T REERE AL IR ICAZ, s IR A AR o T 44 5 23 (R S5 84 1) R Gu it o g
7 SRS
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Fok, $ToRAEE 2, AL S AT B AR RIS . AR EIEA DGR IR T AL A, SEEO) TS
TREERS RN A R B, EIER <2555 L/D WM R4A” 5 VL) i) “FE(Chirality)”
MRS AHIESS : ¥ “Buffering against pH Changes in Biological Systems” %1iH S5 (CKZELE) A1) “VHR
pH THE” MRS . X TP A T AR A ROE R 7224 AR Z D9 Ja Sk mbi A 3 1 27 > S5 B it

B, BCEmPrAFIEYE, L EaE” SR FI iR R R . AR BT RUR R RCE b, B A
X7r 7 “icte. B R SERARIEDSR . S0 R R REERI AL B E LR A R A A s
BH. Lh “20 Common Amino Acids” X — 1R s, VR gwti] B H Wi R -

Which of the following amino acids has a side chain group that can form ionic interactions with other amino
acids side chains?

Asp, Gln, Lys, Thr

(a) All of them

(b) Asp, Gln and Lys

(c) Asp and Lys

(d) Gln and Thr

BT TEGRPEICHEE, ZORPA TR VUNEIERN =7 8485, s a0, %
JE T RESE AT IR AT AR, RET M PN B IXMIAIAARIIR R R, 5] e A AR R R 2% ot
1T B4

XA, %1%+ Column Chromatography X —&1iR i, #A2H w8 H 4R

Consider two peptides undergoing separation via ion-exchange chromatography. At the operational pH, Pep-
tide A is predominantly negatively charged (—3) due to its abundance of Glu and Asp, whereas Peptide B holds a
net charge of +1. Predict the first peptide to elute when utilizing (a) a cation-exchange resin, and (b) an anion-
exchange resin.

X IX—18 8 H RS, AR EE Y T T4 /& cation-exchange resin, 14 72 anion-exchange resin,
DL IX S resin 43 BE#S 55y o] B FLT 1) peptide KAEAREAERT, HEi B WA peptide elute first, T DA%
Fo EHERYE, B H A BCERMEINR R, 5T RIRE R, ARSI RIS LK
"o

22. BN SR, WHEIEERIMNERR

FEHF R FIR RN TR AR, Dy B8R I SR TH I R0k, RAEA 51N T DeepSeck.
ChatGPT Kifi S HAU(LLM)FFJe “ AMLE A MR e . B “ioK L& ¥)(Carbohydrate) ” #1544, R
SALR BRI SN AL TR, I3t 18543205 17 (Prompt):
I have uploaded my lecture notes on “Carbohydrate”. Please:
e Extract the key concepts and their hierarchical relationships;
. Create a knowledge map in Mermaid syntax.
AT B2 AR $h 254 5 B0 T AR ER A RR B8 AH TG . HOMAN TS, A RERTT 1 B 1 i
SRR 1) R AL AR IS AR R A 2 . T UL AR EOEREVR, FUERIBGH T — &
AR - B - ABIE - IER” BN ANLER R AR . BT S, BUmE I, SRR S HEeeH
PRTCRIT R, PRGSO R I . IR, 7 205 W7 B0 3 73 7 6 5] 22 1 490 9 i ) T
Bo MITFRAFREILHIH RSN “Hih” o B BIBAE T RIS, R0t T i miig —
ko BRHXIR)E, ARBREUTICER SAGEE X FR EBE AT E IR 354
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The Families of
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7

Glycosaminoglycans
Are ...

Figure 1. Example diagram of the carbohydrate section in the knowledge graph
[ 1. Carbohydrate 343 #1iR Ei& 7~ {5l [E

2.3. RSN EUTERE, HEREREHEDLR

TEVU R KPS B R AN VE IR 5 N, SRR AE P Ak SRR £h 78 R K 22 35 R 2 R P YRR 22 4%
ISR PHZ, ORI S A IR T R (s SO IS . RSB — R, AMRIITTE “SR[FAF
SRR AR R, AT R S T A S BTG W N RIR %, SEILIE AL BRI AR E AL
®.

—REEEA LRI, EATIE “HR ) RLZT % (Sickle Cell Anemia)” KIVR™T i, w7 BOMHE HP K
HE “DSEPmir” Kk “ B RMEE R @ EEL . 5l AR EEE L R, G5t
RN R L E

TORREERRAIC A A “IRIEE F(Collagen)” T AN, MU BUBEUCK “4EER C7 5 IR
M (Scurvy)” 1E R EE > 3N RN« X —5 iR, AMURZIFFRE T AR LB (4EAE R CAE
NHEERRIIE ), SR E N AR S IR S EVE R ) B R T IUEE e, WK T TR
NS AR AL AR SGEET .

3. AREES Al SIARBNRERNHF LR

FBHAG B BRSSO BOE TIRZ 2, Mk L 58 #8ee THIREM A, HIER
BETRTOCRE, RATAERNZLURK.
3.0. fRIEANAEER “RET - R - RE7 BREEHETEHF AR

SR P AN RLAE TR s BRI A N Bh 25 2 1 S B0 BB “ i /2 27 2J 3 “ Cloud campus
oI BREEET G, M TR T RRERE R “URATH) - SRR - WE R B AR B E N e

SN
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URAT: ARIRZUTAKYE HR BRSO FRFNEE A, 1) 2 AR RS HEE AR OC B BT P R 5 2 2] B k). Bkl
AR I s S E A G TR M . B, ZUE IR S0 AE RN A AL B
RGUHAT I E AU AERNINGR, TR AT BhZBUR A AR E R AR Ak 25l 1n) /W20 e

v PR b, UM E s s ERE eI R R, BB A MR R S 2 R AR R
[EJARAR, PRGNSR R RIRAS . FEMCHESE S, TP “BERZR>]7 5 “ FNR” , BAHEFRVAEEER
WX 28 gtk 25 ) R

WiE: WENE, S “ALBIZE JFRS RN R Z, SERENRIILE . X AL TGk
AERR AR T KR ) LB R o 1) A, 20T e BAG & R B H S AT N LR . SO EE, fEks:]
RAHT BT AUUIE TR E OIS SIAT A EE (a1 s s I B 208 E iR 2 55 o Jl I A s ML o)
K, BUMBRAGHEZWIRH AN AE X B, £ “BRoRkaWSAEy s SR REEREE T, KAk
FLIR: FAELE “[FZ P (Homopolysaccharides)” 5 “ %% £ #li(Heteropolysaccharides)” ™ B HE G 55
IR “OP5 58 iZE(Avg completion rate)” FFF, (HJEFE T P EYE 2 (Avg mastery rate)” 2 E
(B 2)o FETIX—REAERI S SO, FTAE 5 2R A S SO IR T SN A 2, S AR 2 BRI 7 TR R 5 44
SOIRERAT TR IR TS Ak, AR SEEL T EE SR AN R 2

Heteropolysaccharides Details > Homopolysaccharides Details >

Overview Related  JAssociated test Overview Related  JAssociated test
Resources questions Resources questions

Associated leaming resources: Associated learning resources:

Associated test questions: Associated test questions:

88.89% v '

Avg completion rate: Avg mastery rate: Avg completion rate: Avg mastery rate:

Analysis of Knowledge Points Analysis of Knowledge Points

Knowledge Point Name Mastery Knowledge Point Name Mastery
rate e—— r@,gle
Relating Nomenclature 0.0%

Figure 2. Learning data comparison: Heteropolysaccharides vs. Homopolysaccharides

B2 “HRZHE 5 “REHE mOKETRFE BRI
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3.2. ETEEEREMENE, £RA Al BEFREHF T

FEMIE S — T RIUIE AU ORI RO AT AR o DA G 2 AR P N BRAE R AU, EHIRAE T
FERERY “ RLFPET 07, A RS SRR A0 10 AR A R BT S SR R B JE, DAMRTH AR £l
RS o) /. B, P MILHE” T AT R R R RS BALRRR L o
“SDS-PAGE & & H 7075 ” SERER @ HHTEBORRIRTH NI

MR A BT, BERHIBGI N ERAAN T b, B A G 8on i, R AL
SN RS R 5155 A A Re 71, PUE A% PBL (Problem-Based Learning) #2224 .

PL “SR7K 1 (Hydrophilic)/Bi K 1% (Hydrophobic) " 3X — KR mUABI, #UMIH AT TikfE4, BRI
5 2GS I B A R R A AT O SR B o BT AT IR, Her BB R A R LK) <A
ANIPNSIEIE e C oAl

BUBANRIPR I 2o 22 A S P A AT PR (IR SR KA, L 5 B o 2 /K IA 356), T 7
JE — SE AR K B AT TCTAR 5 38 L Wi, 110 56 4 /K (9 24 WD AL LR A 2808 3%

PO, R TR R SOE 2 0, ELBERE TR (LiiEd) AE K (5B
Bk 7

SINRHERB]: SN “ /e 2 B (L-Dopa)iayr H &A% 7 IV S, 1 WIEE L 58 4 SRk [ B 4
GG A ) 5 SoEE AR

BN RIS BT, A TR R R R, TSI 57 TR AR
TN O B SR BB, SERESR T i R SRR R SR BR o  2  LAR R A

33. PHOMIFUBFTRAEHN, RAREERNERS

FE T AR A A B R, e i (1 S AN AT ety R 1A 2E T 0 U . BRI —
L, AN IV AR R G 3% IR, SR B ISR, BT RSAA R TR TR
etk “22 5] %m”

AN BT TE o KA A M 2R, SIANZU T REMRE LS. P Uikt 2+
S “BERLRS 7 5 CIENT ThRg, FARBHT IR, EE SE R AL B e AR A R, IREUE
PR AR 22 0T 2 s 2 1 D7 BTN 5N E Bid@ F ) EchoPoll HAIRIFHFERS, Wit 34 a9 OB 5 et

SR 3). XA “hPiEE S MBTAC T RS, BOREE VIRE AR S5EA, AR T
FHEMNNSEESTORE, BEFEC T2 ERE TIREZAIER, TRM 7 miGRE . w3 a5
MR AR

4. FHRELES Al AR RERNEEFSSE

B “Al+ HH” FRERL G, HFRPAR “ Al RIR(AI Literacy)” SN Fi=F 20 AN AT 1) 4y
Al HEARIAGRSS “ A MEEHE, BUT51 %4 “H ALART AL, HOsrEsoR
R TEAEE A . ABTEEORE A SR BN FIIE R S ARG, BRI A SR KN S SE A Y
I T AL, M T “Eih - BE - 2R M E AL

RIS L : T CGERAEYI ) Sl 4 9B, AERBTX 22 AR T AL AT 22 RS
B AB AT R Z R 2 RS 8 TGS . Sl A4 ALy “REESY SIm” , B BT 2 21
o, AEEERRREE R 5 A IR T I . ELRIN BER AR AR 00 AT SR B0 B Sk 5o P PR AT 28 UIRAIE

TRHIHG T AR IR IR KL S EHER S IR AR, BIIAH AR AT N BUTERE L
BIIBE T “TEA7, AR AR M AT SO P AR 0 “ REE R 5“2 iR

SN
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0

POINTS

(® Multiple Choice

Which statement is

CORRECT regarding
cellular high energy
compounds?

A The high energy component of 0%
ATP is a single phosphoanhydri
de bond.

B NADH carries two high ene 85.5% @
rgy electrons from sugar o @
xidation and donates them

to the electron transport ¢
hain.

C Acetyl CoA contains a sulfu 14.5%
r high energy bond.

D FADH; is oxidised to carry an 0%
additional hydrogen.

INETGi @l EIEIN My Answer

N .
=) ol K|
car (eADERBOARD ot

& ATERBONANG, NI B2 SHAIVE 2R A4 =

<

&=

243 =

A biochemist wants to separate two pepti

des by ion
11-05 15:58 @BL&RHRIE
1.[8%E]

A biochemist wants to separate two peptide
s by ion-exchange chromatography. At the
pH of the mobile phase to be used on the ¢
olumn, one peptide (A) has a net charge of
-3, due to the presence of more Glu and As
p residues than Arg, Lys, and His residues. P
eptide B has a net charge of +1. Which pept
ide would elute first from a cation-exchang
e resin?

A.Peptide A

.|
B.Peptide B

BEBER

Figure 3. Implementing EchoPoll and Chaoxing Xuexitong for interactive teaching

& 3. EchoPoll 5HBE% 3]

BAERE BRI SFREL A

=AY IR BIBAKRIE T AN B AL AR SE R TR B AR AR R ARG AT A2 K

FIRCB N2 ERRAELI S HEE &,

A A HAE AT AT T H . seAh, 2o BIBGER I T

e AE, MmEREAERAE D ARA RATFRIHEE S HBUEE B MAZ A3 ALK A, 2 7E

S HIBERITCIETEMW I E AL T S, A

Answer from Human Being

i S AR BUTICARIF TR 48 3

Answer from AL

Q: In a reversible reaction between A and B, the activation free energy change for
the conversion of B to A in an uncatalysed reaction is +25 keal-mol"!' (AG,") and AG
for the conversion of A to B is -5 kcal-mol L. The free energy of the transition state
tor the enzyme-catalysed reaction is 10 keal mol lower than that of the transition
state for the uncatalysed reaction. What is the activation free energy change (AG")
for the conversion of A to B in the uncatalysed reaction?

ChatGPT + GetPlus x 12 Memory full

TSREIBEIELURIAE: In a reversible reaction between A and B,
the activation free energy change for the conversion of B to Ain
an uncatalysed reaction is +20 k}mol-1 (AGrt) and AG for the
conversion of A to Bis -4 kimol-1. The free energy of the
transition state for the enzyme catalysed reaction is 7 ki-mol-

1 lower than that of the transition state for the uncatalysed
reaction. What is the activation free energy change (AGft) for the
conversion of A to B in the uncatalysed reaction?

Ans.
To answer this question, we need to draw a plot as below:

" WEMESE, E. REECSHERRRR
(Fgfrrg.e)v , (uncatalysed) Ayt~ ACiyae = AGraion(4 - B)
RNTHER: AC, ., = + 20 kJicdotpmol ', AG (A > B) = 4 kJcdotpmol ',
on wm = o (ENZYMe-CatalySEC) AL

AGH,pa = 20+ (—1) = 16 kJ'cdotpmol .

P KELEET, A-B HIELADE AG] = 16 kTicdotpmol ',

(MiE: EXEMEEABETR 7 omol?, MAHLEMMIEIZHASH 16 - 7 = 9 kT cdotpmol %, )

Reaction Parameter
Then, AG,’=25-5=20 keal mol

Figure 4. Comparison of manual and Al problem-solving steps: Identifying limitations in Al logic
4. SIPRMERR LIRS Al BEELRELRS, 7R Al RRRGRRE
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5. BFEHRITFNMEBFERE

NTEM. RGHER CGEREYE:) FIREES AL & Bee B sebr iR, EREEHE,
Hr AT 170 P8 R K PO B S B AR DDA T AR 4Rk IR2 A, R T BE AL A PR IR
5.1. VBRI 5 LHER

I 25 Y A AN A R BRSO R D URR, BlSe “IRIRBEA R “CRE LA 5 “ iR
MR AERCR " = A SRR FEREAT R R BT . R 28 B ) T 902 o5 3R (Likert Scale), 18 U 2 TS AT
(F “ARFE W R ARRE /AT AR R B CARE AR VTR RTT” ), DGR RS X ) 5
M. MBRITHEY @6 THRSG Al #AEABHEXIRS . ARRERCRR, FARRA
RAFAIFRFRNE, B R SEMR 22 A 0 A S SRR L PR B I 2 20 0

5.2. ¥L%EE R SCIERR 4

(1) XA <A + FREE + AL Fih” AR AR X — W, WS R
R 53.57%MFAERR CAEERET , 46.43%MFARR HE” . WEEATHAR 100%, HIGEM
C R B ARV X — R ZEVE” ARECEIE A JIUE B R HE R A SO IR A O A
PR, ARTAERTREER “ ANLEE” 5 “HoMihE” 2 48080, RHEITED T 9 ROR AR I 52 2 I
S5EZBME, R T BEEEE A .

(2) TEVAA RS HAN(F R E T B B B NTE BN ROR T, 50.00% 15 A2 0N B8l “dEH 78
37, 46.43% NN “TE7 , TR (5 L 96.43%. 31X —HdE A A ENAIE T R SO IR () H K
W — By “S51@” 57 “EchoPoll” XUk T HEM AN, REIHFIHE T 4% 58 4 08 S IR I ek
AR R R Re S N T HRIR” AN T “HZNER” , KIBFET TR FIUTRIER S YRR A .

(3) EFxd “RniR B RS o B AR N R I IR X — O U B, 42.86% 1A I B “ B THARE
K7, 53.57% WK “HIRFA” , GiF 96.43% )% AN HIEFREEIEH . xR, K TEREEKZ)Z
RS, VISERIET ARSI MIhRE. BRI R AR . ISR RE B EMAT T
AR, AROEMR T FAERWEIE X, IR T RAEMRNSRHA R .

53. HFRBSFEK#

SCUERE A DU AR SO B B €, BN R SR A R S R 1t TSRS . R A TR b
IR EI7E 96%LL L, (HEHRER R R, /£ “RELD” 5 “HiRENE IR A BB P
YR L, A% 3.57% Ak T “— 7 .

KA SRR EUERI A R R AL I I e SRR AL S, PANE R R
SRR (ST TR BALSEIB IR M 2 R ARORAFAE . RSk, HIBKEE— D2 Al TR EE
S 7T, RBEFET AW RBIRN T AT MECEREAEE; R4, REEZREX
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