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Abstract “Molecules and Cells” is an integrated course formed by the fusion of “Biochemistry, Molecular
Biology and Cell Biology”. The main goal of this curriculum reform in clinical specialty is to closely follow the
pace of the time, implant cutting-edge biomedical theories into the teaching system, and guide students to use the
knowledge they have learned to analyze the diagnosis and treatment of new diseases and cultivate students’ higher
order thinking ability. This study took the enzymology content as an example to explore how to reconstruct a cross-
chapter (protein, enzymology and transcription) integrated teaching content system with cutting-edge literature as

the carrier, disease case as the guidance, and “molecular structure-biological function-metabolism-cell fate” as the
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logical axis. On the one hand, the content system could help students develop the logic link of holistic knowledge

through comprehensive literature cases and strengthen the use of basic knowledge by studying the key points in the

literature. This content system could integrate all the “scattered” sections in the course content. On the other hand,

this teaching model could build a bridge between biochemical knowledge and clinical disease treatment, expand

students’ scientific vision in biomedical field, help students to establish thinking mode from theory to application,

and train their ability to analyze clinical problems in order to solve the “difficulty” problem of biochemistry and

clinical disconnection. Years of practice and summary from the author’s team prove that the teaching mode can

substantially improve students’ comprehensive quality and has good teaching feedback. This teaching mode is thus

advised to be promoted in more basic biology teaching of clinical medicine specialties.
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Table 1 Integrated teaching content of the literature intensive reading course in Molecules and Cells

)
Chapter

VIESY

Disease case

Literature resources

FEHR AU
Main knowledge points and period

Chapter 3 protein

Chapter 4 nucleic acid

Chapter 5 vitamin &
enzyme

Chapter 7 lipid me-
tabolism

Chapter 11 transcript
Chapter 19 cell signal
transduction

Chapter 21 cell dif-

ferentiation

Protein structure of SARS-CoV-2
virus

Nucleic acid structure of SARS-
CoV-2 virus

SARS-CoV-2 virus RNA RdRp

Hyperlipidemia

SARS-CoV-2 inhibition of transcription
SARS-CoV-2 virus and ACE2

Stem cell therapy for COVID-19

WALLS et al., 20205
YAN et al., 20201
YAO et al., 20215

GAO et al., 2020

ARSENAULT et al.,
201217

YIN et al., 2020%
YAN et al., 20201

JAYARAMAYY et al.,
2020
XU et al., 2020

§3.2 Protein conformation (two classes)

§4.3 Structure and function of RNA (one class)

§5.3 Active center of enzyme (two classes)

§7.6 Structure and function of lipoprotein (two classes)

§11.6 Transcriptional regulation (one class)
§19.1 Ligand and receptor (one class)

§21.2 Characteristics of adult stem cells (two classes)

SARS-CoV-2: 20198 B AR T 755 ACE2: M 5K 3R Fe AL liE2; COVID-19: 201987 R AR B Ml 2 o
SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; ACE2: angiotensin-converting enzyme 2; COVID-19: corona virus disease 2019.

HHA B — P B0 T B, BB A HEE 1
R I R R ET R, TUAGRA B
iz AN [F M AR I RE 7, 3577 5 A2 I AT 7% Re
M FEAR R, FRATIEFE L7y -5 240 i A 2R
7 B i RN g E 1 0T —— Pl 9 R SR
RPN o AN B R R S AP R T DL T A vt
B, A9 R S AT B AR NI, R
WOR SR 2 2] 08, 56—, R e e di ) 2L
FIR S A= N . W TR, S50 e il 28 (P A
KA TN A Nl 27— B 95 S 491 LA L 1) 32
HREAAREM. #E Z0E, ATKRERAR.
BEHENR A N 7E PubMed Fl Google & A i i3k
TR, 5l %, RRFREMEEME, REREFR
BFF R SR T s PR iR R b o, 38 3% HH P R AR MR SR, &
A2 SCHR[6] R SCRR[8]. GAOZE b 7t 3 B )ik 1
B R 5 2 SARS-CoV-2 1 RNA K fill il 11 2 [A] 45
o YINSESRHIT 70 32 ZL R 187 ek il 58 245 ) Jifi 41
P T RNA S il B s i B . X R AR 1Y)
CRECHREWIEESS T EA . BAIRNAR KA
TR A
2.2 ET ol I ET iR S ERRIREE
ARIEARS B RO

E i 55797 A AT 32 2 DLk oA #UAR, < 14
K=" Dy Re— B AR — 4l B dmia a8 i 2k, <Inl
B NE R EITTE RTINS, REERENE
b T (51O 1= s 1 3¢ S = R IS 7 NI S

AT AR EE RN E A (). FEBEJE M E T2, 18
H4 3% I SCHR Z ik — DR SR S NG5 5
o O FE A R 40 MR A A ELE FH 5 R g
Je(4 Hfr iz )55, 4390 25 4 T 45 1 BIRNA K
I D R (1) B AR 15 DU, IR T SRR IO T 45 1
— W - FR A - R s B R (E .
RYESCRR[6]I N2, AT — L E T 1018}
Sn) R, Tl N TR ARG 4E R SARS-CoV-2
RNAS il 2 (B S5 R AL 2 0 PR, 5k,
PE RO R RNARR RS RNA S A BEES: 5 2 AR R
R BN PERARN . Bk, g5, 3
T B 3 T RO AT S B I RNA R A 45
HIHS o TESCHER[8]H, S B T 124 FF 2 1) i, A4
FERNAE IR HER . AYmME S5, Hhfl
75 5 5 RN A il Bl 1 45 6 152 50 DL S RN A K il g (1)
SHITHED . EH RS, SRR
B R R AR AR i 0 DA
FTIENTH RNARAGBELS M. RNAMKH ) RNA
SRR A AR SE (B ). Bk nr L, PA“SARS-
CoV-2 RNAK il i iz a0 SCHR ZE 51, M S L EI Th
fe, TR, BB TR AR, MR A
ANTF) T BRI AL, TR T % <) RUEE 20 7 1D 7 Bl
KRN 28, R T RE G20 B R, 5 B 5 AR
ST T AT R OC R (E2). SHIZE A
FOAR AR 7R B S8 = 2R A IR N 25, 00T
T BB S 28 B AR A S AR TG R AT SR,



1782

OB -

COVID-19: SARS-CoV-2

Reference 1: GAO et al., 2020
Structure of the RNA-dependent
RNA polymerase

Reference 2: YIN et al., 2020
Structure basis for inhibition of
the RNA-dependent

. RNA polymerase from SARS-
from COVID-19888 CoV-2 by remdesivir
Chapter 3 Chapter 5 Chapter 15
Protein Enzymology Transcription
Chemical bonds of Active center RNA-dependent RNA
protein L polymerase
The binding model of
Motif and domain substrate The replication
progress of RNA
Structure levels of The inhibitor of
protein enzyme The inhibition of RNA
replication

[ Molecular structure
y

[ Biological function ]

Metabolism

Bl BT S R BB T5 A
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Fig1 The diagram of fusion knowledge point of chapter enzymology based on COVID-19 literature case

The binding substance: substrate or analogue

©D The binding to the enzyme active center[ The binding mode: pockets and cleft

o The binding of enzyme to small
molecules

© The binding outside the active center of the enzyme[ center)

Example: SARS-COV-2 RNA replicase binds the drug
remdesivir

The binding substance: drug or posion

The binding mode: the pocket outside the active

Enzyme

‘ The binding of enzyme to
‘ nucleic acid

© Formation of protein polymers

The binding to RNA

Example: the binding of the anticancer drug
prabrine with tubulin

The binding mode: thumb-palm-finger

Example: the binding of SARS-CoV-2 virus RNA replicase to virus template RNA

The binding mode: proteins rely on weak secondary bonds to form polymers

The binding of protein to ’
(3} .
protein

Example: homologous trimer of SARS-CoV-2 virus S protein

The binding mode: binding to receptor by receptor binding domain RBD

@D The binding of ligand to receptor

Example: recognition of SARS-CoV-2 virus S protein with ACE2

membrane protein receptor

B2 ETHMEDXHNMEFARANZOAERTHAZESAR)

Fig.2 Fusion knowledge network based on chapter enzymology literature (the five-pointed star is marked as the key content)

P 46 i, B IBGES AR R L, TR T IR AT
FRTRAESE, M BT RO FIIR I 5. BeAb, B w] it
SERRRIIT S P PR FERIAR, BRNFA T, AT 4 8 0
L,\“Jﬂ?%”o Hy b AT L, LR T R, SCRRE] R R

TR AR A RE AR, F5 3 ROBIR A R HK, T A
ﬁ&ﬁﬁﬁ%%%%&ﬁ “CHI ) ]

2.3 %ﬂ:i&,ﬁiﬁﬁﬁ’\]ﬁﬂéﬁﬂ' ANARRBEET
ZIKE)T?E BT RHR A IR PR Tl o3 5 4
R ARE EE AL, ARSHM PRE L ES
107570, BATIEIR 1 B fE LR A (R A, Biltn, i el
CAMEDuR AR R 290, Z9WDRE R5E, FEBOWIRTT



S RS BT AT SOk R & AR 7 T S AR R B T S SR B —— DA A 9 1783

AR Z M, R AEE AR E BN
BT e AR T Hm R ) 2, A 45 & S bn = 41
JEFF DI85 A M DB g Bl LE i V8 97 i
YEF EBE . ZHAOSE W30 ish Bk 1 5005 49 1 25
6 & B, SREL CBL-PBL(case-based learning/
problem-based learning)ZH [ % A= (1) bb % 38 20 1) 22 A
FLA T 1 i PRSI R i 0 R B R SRR 2 ) DR, e
HHCBL# % T B AE i IR ol S Bk 2% >0 v B AR )
TR, v ST AR IR B 4ERe ). fEAR
e, FRATT LA e Bt 8 AH G BRI 9T SR S48, B AT
PRI} 7 SARS-CoV-2 RNA K il g )41 1) 771 B 422 74 3
(RZ 7 2L )38 3 FU 6 RINA A 1) 1140 3 2 R 400 1) 95
BEE WML, BAA BRI EEIRTE/ER . — 5,
ek il 96 AE A ERORIRAT B B ET S 229,
0T T 9298 55 B R B T30 7 AR (R BRI SR %N
B Ty —J7 1, e I ek il 2% s BRIt 7T S48 ) N AT
LA R 25 A 6k -1 Il 00 o) 750 6 Nl PR 2 FH Hh i 17 i, A
FOONFN B A MDA 57 B AE W e 25 R IR YT Y
HEME, AT Do B, RIBCEH B 4E LR
Tt H A Bl ) 00 ) VR AL Bt eT W, X — A
A TH2HE M PR LMk =22 1 = B 22 21 W fe, 3271l
PR B4 B A BT R 2R FH, AT A ok A A 5 1 PR
) 850 I )M ]

3 HFHRIEN

31 MARBFAFRAEZCIMSEE
RIS 2 A, A1 E BRI T & BT

AR AT MR T RS A B

12 2 [ EREAE, AR R G T

BRTH . FRATIR P (05T R SCHR 9 ) i e

BRI R 1 AR A R I R B R, R
VTR 5 9 ) L R — A, 3R T AR I IR R 4
e ). HUAROR— DT A B 22 R A A T I 45
A IR B3 15 5 B E 5T, HH20194F (144531
TNZE20214E (1843 (s 43 104y); 3 — 5 i it bh A [
Joi 2 A PO B T AR R AR Al S L, RIS TR R
AR AR R T ORIR AR T, BB AI3 R R
20214 B 740 (S 4313 )(B13) 03Xt 78 45 150 B e i
QI 207 O, 2 A R B R R T R 1) R 4 A e
HAFE T BT
32 FENTREASMMEEINHEE KIEE
AN

e T S, SR A BER — 21
PR, AT DL SR A VR T, WOR AR R
PREREBAF ., R RAR A Sk 3 213, AR e
Z M, LLUNBU N M ) P L S 4y e A DA
TR UL K P 75 R AR5 1) L DAL, AN 9 2 0K S
BRRE 13 5 A IR R R R BIEHAT A LR G, i
K 43 BT R B S At R U il N SRR 491 R 2 ) T LA
B 0 R 6 SR R R R B AR RS R, O T R 2
LR NIR A A S A B R . A, S0
il TBL(team-based learning) =B P22 2], vl #h Jg 52 2E
AR 2 AT P AT VR AT, BT 2% 2E 10 2 210 2 K
T = A R AE 2k 0] 25 U8 25 H0 20 A R B, AR T
IHBCEEAT IR . OB X 1 = S5 A0 R
SEXEIN(E4) . HeAh, FRATIE R I A T iZAR e
TIES S CEH. HERES) TN HES T T &
P B R, 202 14F100% 4 22 A I\ iz BUF A AT
RIS ) A R P (35 Bl o 33kt A T S Bk, % 20
2 W i U s e S SR Ao i i (A

9 -
8 -
7 =
6 -
4
B2 4
1 A
0
Wi REE B AT F4 73
02019

02020

I AR = AR P2 70
@ 2021

E3 E=FAHBFRALREFEFRNE NG

Fig.3 Statistics of students’ test scores after the implementation of innovative teaching mode in the past three years
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Fig.4 Statistics of students’ satisfaction after the implementation of innovative teaching mode in the past three years
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