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the attention of students, we divided the course into small units and then made full use of “micro-teaching”
resources such as multimedia slides, pictures, objects, experimental demonstrations and animations of the
biochemical principles. The method created a “micro-teaching” environment, which combined boring static
knowledge with vivid dynamic elements, thus producing a strong sensory impact on students, highlighting
the knowledge in their mind, prompting students’ participation, and greatly improving the teaching effects.
This article introduces the goals and development process of this teaching method, and takes “Protein
Denaturation and Renaturation” as an example to demonstrate the design and implementation process of the
“micro-teaching”, which seems to be of great significance to the improvement of the teaching quality of

biochemistry course and serves as a reference for reform in other courses.

Keywords: static biochemistry; unitized “micro-teaching”; integration of multiple means; dynamic
demonstration
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Table 1

Renaturation”

“ERREMSEM IR S5 SRIER R IR 3 B X MK R

Knowledge, experimental videos and animations of biochemical principles in “Protein Denaturation and

HrNE
Teaching contents

o 7SI 56 AR A
Experimental videos

ot o7 JEUHH 2 T

Animations of principles

1

THRZE: &R
Denaturing factor: high

SEEGARAR 1. RIS EE
Video 1: frying eggs
temperature

PERIR . R
Denaturing factor: vigorous stirring
Denaturing factors: acids, bases
ARPER R

Denaturing factor: salt

TEAN 2. EATR

SR 3. FRYH K N

SEHR AT 4. IR
Video 4: making tofu

5 APERER: AHLEH

Denaturing factor: organic solvent

6 YRR EhEL

Denaturing factor: heavy metal salt

RADLVE

Video 6: precipitation occurs when

egg white meets CuSQO,

7 EHEREEREL
Changes during protein
denaturation

8 S Rk nEAL R
Example: the biochemical principle

of perming

SCYHUIR S5 - A L

Video 5: making traditional cheese

SCHG AT 6. XSFE A GE CuSO,

I 1: 5T HIE Sk
Animation 1: the acceleration of thermal

movements of molecules

Video 2: stirring the egg whites

Video 3: yogurt fermentation

B 2. EHEIRE TR
Animation 2: salt destroys the intermolecular
repulsion of protein

Sy 3. AP R

Animation 3: organic solvent destroys
hydrogen bonds

B 4: CTEREIREE A1 2 T KA
Animation 4: ethanol destroys the hydration
film on the surface of protein molecules
5. ARG ESE S TR, JIE
Animation 5: protein reacts with heavy metal

ions to precipitate

Shim 6: YR A5 L
Animation 6: structural changes after
denaturation

Sl 7: KA EEA

Animation 7: basic principle of perming

TR B, i A NS /R G AR
HAEPE AR . DhREESR 3 U7 4 S IR B
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VSRV R . A AR A AR
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TR B N A MRLE 7 AR PR AR IR AR 1
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Table 2 Course unit of “Protein Denaturation and Renaturation”

) HrNE A HFEOR )

Teaching Teaching contents Teaching objectives Hsf B 43 B

interactions Requirement
and time
arrangement

fR 4N [E] i . 27 [ (1 BT — R A5 | 2[R EAR

EABWN—%  EARIEAHEERAMgER ENRER ) g, kg, A5, BiKIEMS%, Mastering

4kl | 2 [MHI A Review: AR 1 min

MYEZAEF S the structural hierarchy of protein and the forces that maintain Students recall the primary

Hints: them structure, spatial conformation,

the primary peptide bonds, hydrogen bonds, and

structure, spatial

conformation,

and maintaining

forces of the
protein
%4
O E
Example:
frying eggs

ZEE R Rk
Teaching with
pictures

Eliciting the topic: protein denaturation

hydrophobic interactions, efc., to

pave the way for this lesson

EIRE S R S 10 e VARG E N SLH), SIIMERE 0.5 min
P, BRAD), Gk AR
Taking frying eggs as an vivid

example to elicit the concept of
protein denaturation and to arouse

students’ interest

=

VARG A (LA 1), R3S fifas ey [ e
AR SR, 51 A TR X —

Taking frying eggs as an example (experimental video 1), to
demonstrate the transition of egg white from liquid to solid
state, so as to elicit the topic of protein denaturation

1. EABUEVERIAR P T2 TR P SUR RN TR

1777 4, BEMF R EEUR, “Eat R B, DI EERER TR Understanding
1839 4F, fif 2= AK2E R BURTE, “HEH R Let students understand the 1 min

1920s, HEAb2ER R, “EABAEMERE”, #7251 progressive understanding of

SE IR PS protein denaturation and the

1. Progressive understanding of protein denaturation contributions made by major

In 1777, French chemist Macquer, “proteinous substances”  scientists

In 1839, Dutch chemist Mulder, “protein”
1920s, Chinese biochemist Hsien Wu proposed “protein
denaturation theory”, proving that denaturation is related to

structural changes

(2h)
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23R 2)
HeEH D) PR oA B P BOR St
Teaching Teaching contents Teaching objectives (] 53-Hic
interactions Requirement
and time
arrangement

Macquer Mulder 5% Hsien Wu
B AR E S EVE . (1) ARSI RIAb2EIRN R R
EHAJFAYE (protein denaturation) JEF5 8 HRTERLEYFE BIERT, (2) 4FEMZSBIASHE Mastering
FE2E N R AVE R T e RS M S, M SE0 t2s, 3) SRR AL 1 min

HIA MBS R A P TE A Rl 2R FIAE PG ek

definition of protein denaturation: To emphasize the following points:

protein denaturation refers to the change of the specific (1) under the influence of certain

spatial conformation of the protein under the action of certain physical and chemical factors, (2)

physical and chemical factors, resulting in the change in the spatial conformation has been

protein’s physical and chemical properties and the loss of changed, (3) leading to changes in

biological activity its physical and chemical properties

and loss of biological activity

St R AR ER BT R BEEE X, 3 3TN VR IEIS AR
HEHBFENE v SERRESUE . R ML, B RE, AP
S T p e Combining the definition, Mastering
1k? introducing and explaining the
Question: changes after denaturation in three | pin

what changes aspects, one by one clearly
have occurred

after protein ~ v* FMPVEFEAL (HTHURECE/N . WM N . RhBEHY
denaturation? K. ZKZUE. KD PEIKE)

v YRR
B N Changes after protein denaturation:
ZS[BIF5 978 v The spatial conformation has been changed, but the
1k primary structure has not changed
Animation: v’ Changes in physical and chemical properties (with both

demonstrating ~ diffusion coefficient and solubility becoming smaller,
the changes of  viscosity increasing, being easy to precipitate and to be

spatial hydrolyzed by enzymes)

conformation ¥ Loss of biological activity
2. GIEARERRR BN A5 EEABRVEIERINER, E4#
2. Factors causing denaturation: IREHCEEAT L R B S A LA Mastering
e W, B, WA, (7% 8 min
Physical factors: A AR

el s AR B TR A R R L, SR 4> U2 3)) Introducing the factors causing
o, REEERZS R AR A SRR, SIEAS: ()il protein denaturation. The classroom
L. A FHIssimey) teaching is supplemented by
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Teaching
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Teaching contents Teaching objectives

B sk I
FF i) i
Requirement
and time
arrangement

High temperature: protein denaturation under high animations of biochemicals
temperature is the most common example in cooking. Under principles and experimental videos
high temperature, molecular thermal motion accelerates, which are vivid, close to life, and
secondary bonds and spatial structure are easily destroyed,  convenient for students to
causing denaturation (Animation 1: the acceleration of understand and remember
thermal movement of molecules)

S ZRERE . BEFERT LUIMRBEIA R G, 512 I 4k

A, SECBME RO 2. EATER)

Sk X SAMNRSF TN A, SR PR,

Fofty: Ve, ARG AT LU A e

Vigorous stirring: stirring can accelerate the destruction of

secondary bonds, causing changes in spatial conformation,

and leading to denaturation (Experimental video 2: stirring

the egg whites)

Rays: X-rays, ultraviolet rays, etc. can break hydrogen bonds

and cause protein denaturation

Others: freezing, ultrasound, etc. can also denature proteins

AR

B2 W PRANGRAENS Sl B R SEBORISE ik, kAR

AL, WA BT RESE, MR AR (SERRAL 3:

R Y K1)

Chemical factors:

Acids and bases: acids and bases can form salts with free

amino or carboxyl groups, undergo chemical changes, break

hydrogen bonds in proteins, and denature proteins

(Experimental video 3: yogurt fermentation)

e BEABTEAREEMERE, 7E—& pH (HZ T B ik

RIECHA AT, MHEHER, ARESSE T b

it, KPR ZIE RS T, B0 TR HE T

MR PR A EEAE (S 2: B E A 5rFRF 7, 5%

oA 4: SIERIHIE) . ATTEK SR, HOR RS

AR 1 SEE, Rk MgCly, MgSO, il

NaCl, fFF#) 2 CaSO,

Salt: due to the carboxyl and amino groups, the protein’s

surface has the same charge under a certain pH value, so the

molecules repel each other and cannot be combined, nor can

they sink. Salt is an electrolyte, which will form many

positive and negative ions in water, destroy the repulsion

between molecules, and finally cause protein binding and

aggregation (Animation 2: salt destroys protein

intermolecular repulsion, Experimental video 4: making tofu).

The methods for making gypsum tofu or brine tofu are almost

the same, but the salts used to denature the protein are

different. The brine is a mixture of MgCl,, MgSO, and NaCl,

while the main component of gypsum is CaSO,

&: 010-64807509
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Teaching
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AN HeEAm

Teaching contents Teaching objectives

HorEOR K
B 1] 73 P
Requirement
and time
arrangement

AU Sl VB, B R HLIA R AT DASR A Rk
Bk A BCA SRR, MBI FU50H s A
B, AEHARYE S XSGR SRR KR, Al LA
BT FRIERK , WA 1SR AT Ay 7K A
M 73T IRAEDVE (Shim 3: AL RN 2, Zhim 4:
MRS T RIKAME, SEERRU 5: RIS l)
7i%)

Organic solvents: organic solvents such as ethanol, acetone,
and methanol can provide hydrogen or oxygen on the
hydroxyl or carbonyl group to form hydrogen bonds, thereby
destroying the original hydrogen bonds in the protein and
denaturing it. In addition, these organic solvents are also strong
hydrophilic reagents which can compete for water on the
surface of protein molecules, destroy the hydration film on
the surface of protein molecules, and cause protein molecules
to aggregate and precipitate (Animation 3: organic solvent
destroys hydrogen bonds, Animation 4: ethanol destroys the
hydration film on the surface of protein molecules,
Experimental video 5: making traditional cheese)

Fplath: EREHET LIS EA RIS A
VERER , R ATTHE (SEERAUA 6: WER FIAE CuSO, K4
POE, Zhim 5 EABRSESRE T, T0E). HEES
th— BARERESREEEPERREN, ATRLEE 25475,
SRy, MR BT A e B R
PROL, AT R Bk BE T o AR 3

Heavy metal salts: heavy metal cations can form insoluble
salts with free carboxyl groups in proteins and precipitate
(Experimental video 6: precipitation occurs when the egg
white meets CuSO,, Animation 5: the protein reacts with
heavy metal ions to precipitate). In our daily life, once heavy
metal salts are accidentally eaten, we can drink large amount
of milk or soy milk to detoxify them. The denatured protein
precipitates and wraps the heavy metal ions and then can be
excreted, thus decreasing the concentration of heavy metals
and reducing the harm on the human body

ERRRIK, PREK : PREFERRRNTE v B I RE T 2L, []
I, AT A R B K Z R TR BETE A T VA AR, %
TRE KA EAE R, W2 R 25 M poRe e, AT 25 B
A AR RE S A 1

Guanidine hydrochloride and urea: urea and guanidine
hydrochloride at high concentration can break hydrogen
bonds. At the same time, they can also increase the solubility
of hydrophobic amino acid residues in the water phase, reduce
hydrophobic interactions, and destroy the stability of the
spatial conformation, thereby leading to protein denaturation

http://journals.im.ac.cn/cjben
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interactions Requirement
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P VR - G TR S, TR S v )
VRIS HERESAIFEARENE, XEZEETEFERENE F, WSEABEMERNIFALL . R
JEEEE? WHR, ZVEERE ARG, TSR, EE I, SrESEgEmssk, e
Question: HH T, ARG E | RIFRBRYT AT SR AR R . FRRIE T T 5 AR
is denaturation  FFRMME. EXTTAELAEYINRERE ST, W B HR, RN, SRR
goodorbad?  HUKZE ., HIABKAY), AHESBOEMK, WTREST] BEABLAGEIT S RN R,

A R H R SRR T A ORI 2 2] B8

The impacts of denaturation: R FEA]

Protein denaturation is a common biochemical phenomenon List examples in daily life,

taking place during cooking process. The denatured protein  especially examples in cooking, to

has a looser structure, so it is easier to be enzymatically indicate the benefits of protein

digested, and thus easier for people to digest. For example,  denaturation. It is also clear that

boiled eggs and fermented yogurt have higher nutrition value. denaturation leads to loss of

However, as for proteins with important biological functions, activity, which may have adverse

such as enzymes, antibodies, and protein drugs, denaturation consequences. The factors that

leads to loss of activity, which may cause serious cause denaturation are reviewed

consequences again, and it is also implied that in
7]« AL REIFLL E T RRRE A L BRI 3R, /R AEAR order to obtain active protein, the
ekt R IR, BRI, k. IRRIAYIREE PR AR R factors causing denaturation must
JAEYE? Suggestion: avoid all the above factors that can denature be avoided, which lays the
Question: protein, and try to preserve the protein in a cool, neutral, and foundation for the coming study of
how to avoid ~ mild environment with low temperature protein preparation technology
protein
denaturation?

3. EABENE
Pfe) : v ARSI ZE A, A SRR AN AT (R
FEARAENRE  ARXGE, JRIEICAR MRS R A S )
FACI BN v MRS AN EN, ARV AR T o IR 2
Question: PERER, TadE Y40 T AR A BT DU LR AR A
is protein AN, RGN R R R
denaturation 3. Renaturation of protein
reversible? v" If the denaturation conditions are severe and long lasting,

the denaturation of the protein is irreversible (Boiled eggs can
never change back to liquid raw eggs)

v If the denaturation conditions are not severe, the
denaturation is reversible. When the denaturation factor is
removed, the denatured protein can restore its natural
conformation and biological activity under appropriate
conditions. This phenomenon is called protein renaturation
2p. HEAMAE-EYE (@ 6: R4 L)
Example: pepsin denaturation-renaturation (Animation 6:
structural changes after denaturation)

VLB EARENG], N R
KR, —HEHASFARZIZEN Mastering
BTN H—JrHik#A 1 min
TR AT LUk, 51 A

P&
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23K 2)
HerH ) HEENE HerH B B sk
Teaching Teaching contents Teaching objectives st 5] 43+ i
interactions Requirement
and time
arrangement

Taking pepsin as an example to
introduce the relationship between
denaturation and renaturation for
two purposes: firstly, teaching
students that severe denaturation is
irreversible; secondly, helping
students to understand that partial

denaturation can be reversed, thus

BHEAMPNAE] 80 CHY, K& T ME, ek TIHILE facilitating their understanding of
FIE\%H"JAE‘E (@‘@) ) ﬁﬂ%ﬁfﬁﬁ]‘%ﬁ?ﬂ 37 GC P} muxﬂ L‘J\ the concept ()f renaturation

I PRI B RR T, RAE T R

When pepsin is heated to 80 °C, it loses the solubility and

ability to digest protein (denaturation). If the temperature is

lowered to 37 °C, the solubility and ability to digest protein

can be restored, and renaturation occurs

ZNVER S ;AR A A IS R T, A BT TR
M RIETE  Examples: biochemical basis of perming R X —ANTE RS B S R

28 LIPS
AR, 12
EHL, AR5

Inspiration from

AR, {2 A BT M 2R A PR Understanding
HEIRAG RS, ORI 1.5 min
RABIAGER , BT LA AR Y35 A

AR, WA LG, A

SR AEEA R | B8R

BORBN A R, HBL R

K, ASRIYIE R AT

Through the example of perming,

this section:

it is fun and
pleasure to learn
the biochemical
principles from %2 & 4 —FRER IO R, FESIR T, BT UHTHR KR M
the daily EESTRE —GEE, BURRAEALTH, SRR, 1 phenomenon of protein denaturation
phenomena and  [{fi 5 (I REIRS AR A, TURRERE M 2 A SELE BT A AL, B
apply those 2GR [ E T Rk (I 7: 2R AR
principles
flexibly

students can understand another

in life and the biochemical
principles hidden behind. Let
students understand keratin tends to
restore its original conformation,
because the natural conformation is
the most stable. The styling of
permed hair is not permanent. After
a few months the styling will
disappear. There be no need to perm
from the perspectives of health,
Perm agent has a special smell. At high temperature, itcan ~ money, and effectiveness as natural
open the disulfide bonds in the hair keratin molecule, change conformation is the best

the original structure, and cause denaturation. In the

subsequent cooling process, the disulfide bonds will
automatically be paired and formed nearby, and the shape of
the roll will be fixed accordingly (Animation 7: basic
principle of perming)

http://journals.im.ac.cn/cjben
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i 27 A B X AN () 265 7 R H <8 1 A R S AR
B FeAz 16 8 AR M A T BRI, 4
B 4-5 NBIBA, ERRE EiEFT 5-10 min AR
g, PUZE A R =4 R ) R, M AT s
PERZE . FEYREh s MER AT, 2R A 0
RBEPA sR ORI TS, At AR A RS e
ffJE AT R X EE M B AR R AR
E BB E LR R KA F R
T AE R o o TR BE R VA W AR AR VR B, IR
KACRE, g A BRI e, 3R
FIBUTTERT H o AR 000 88 (25 # |
Ak 5 EZVER EW AR, A REH RS T
R AR RTINS, XA — T T E ok BR v ER AT
LN R 2 1 A 1 5 S PR AR DG N 2 AT R
B, A AT R AR R ) AR ARl s —
11, 2F A g s a2 AR AL ol F2 8l 2s ) HNA,
W B SR L AREU, AT LA IR i 2 >
BUR o SEA AR G A 1 B B 1 TR MR
ZEH TR Z AL, Xt BT A 5 B
Frla &, WESATERER, S T B,
BN A o m A 8 iR s E N, 70 A
FZVERPER A, Nz IR JLAS 5 TH HE— A~ HTHR
SUREW), Qo7 f ARk e S I 2R K ok
EFERBAS (22 AR, AR %8, R
SRR, TUREEREEA . ERTOR . o Ef
BRCOMRE N EN, XA PR, AT
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AR AL R -

6 K%

EEHIN RGBT 5 H AW B AE T
PATR 3 A (1) Xf2p A ARSI I vERf 292 . 27
A RREAFNN M EESSE, 24ARE
AR HITH R 2 e P R D AR E . 2T
MR R i A, T e A SRR K |
SRS PTTE , A BUR MR T R A e,
18 o 2 8 46 5 A 15 S5 YD AH 5 B9 S5 AN R i ) T
B8 5 TH S A B2 S B M . (2) “flF e
AR ATE i B AR B S AR R TE 20
SHASEER, T LUHS Bh 2 A 18 Sk i b Z 1 1 v
BOHERENIE, SR T B HIMAEE R A AN
A PR IR B IR L B AnAS SCA Y <R
AP 5 VECRZAILE 15 min R T 7 MR
S 6 AN/NSZEG AT 7 AN B S, MR, %
Fh L A R T R B BT
BOBE], ARk eA IR AR 2 AN RO,
R E HN T AT B R RRE I mss e
TR FFRAIME, AREiLERSAR R RS,
IRENFUROCR . (3) & T IR PR BT A SE
i ZOMRHEE BT S, T M
2FOINEE B AN A, TS B R G R ) P 1
THAIRS WESZ it . R b 20U B E 5 5 st 1) ks
LR . R, 2. SRIRER . RS
HETFEREAEES TN, MAgOMEs. i
SRR, IRRVIRE S| ERMERT, s B
. Gl S 505, A RiRES
H5EZ ROES, EERAWER, B
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o) MIRIKARE ST, MR te gidk ERRH v bk
Z 5.3 S BOMAE LR 2 e 2 ST R DL AN AL
FOm AT IAELZE MR A 8 g B, AR
o A B — I 1] R A 2T ORI 2 A 9
B, BRIA R BUNEAROR . UG X A AT
ARG, AR Foufbdes A
AT I AE 7 AR L T A 2
FPERREAR Y ZTERIMNINIEERA
TR AN GICAZ . RIS RN 3 P

*3 BERUHFHEERER

Table 3 Assessment of unitized teaching

TN, SRR 86.47%, FLABEIRI 5
12.30%, &l 98.77%, "I LEIAEE S, &
INHCFBCE RS T RAFEOR, /A8 T2 AT

ARG T # AR 0 BT b Tl
R0 B AR RO R, JEL B A A
S RITNE B, R T “EF T
St 2, Az P Ah 2 R R 0 o (R 4 T
HAREZEMER, (R F A SRR ) 280 O
RUETSHRELE,

AR (%) B HAERER(%) C H57(%) D AVHIRE(%)

Strongly Agree (%) Neutral — Disagree
agree (%) (%) (%)
10-15 min BB A PR I AL 7 86.89 11.48 0 1.63
Is the 10—15 minutes unitized teaching clear?
PRIN A BT AE v P B B T BUR 5 22 85.24 11.48 3.28 0
Do you think the teaching methods used in unitized teaching are
appropriate?
Z T Bl i ik R A B 1 B R ERC L 90.16 9.84 0 0
Do the interspersed multi-methods help you understand the knowledge
and deepen the memory?
PRI [ 4 TR TE A WA~ R A T AR SR X Bl oAb B i X7 83.60 16.40 0 0

Do you agree to use this unitized teaching method in biochemistry course

in the future?
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