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Teaching practice of molecular biology in a mode of scientific story-directed
Morigen XING Wan-in FAN LiHfei Hada Hasi Agula
( School of Life Sciences Inner Mongolia University Hohhot 010021 China)

Abstract  Using " the central dogma" as a main stream five domains of structure and function of DNA  RNA and protein DNA repli-
cation damage repair and transposition transcription control translation regulation synthetic biology and molecular operation are de—
signed for teaching of molecular biology. A scientific-story—directed teaching mode where the theories can be discussed through telling
stories behind the discoveries has been practiced. The story-directed teaching mode is found to be good for students to learn the biologi—
cal theories and methods in an interesting and easy way to understand the logic and reasoning behind the theories as well.
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Table 1 Five teaching domains of molecular biology and credit hour allocation
An introduction to molecular biology I
1 The central dogma 1
DNA DNA structure 5
RNA RNA structure and function 5
Protein structure and function 2
2 DNA DNA replication 4
DNA N DNA repair and recombination 4
Gene transposition 2
Genomics )
3 Transcription |
RNA Prokaryotic RNA polymerases and promoters 5
Transcription control of the lac operon 5
Transcription control of the trp operon 1
Transcription control of the ara regulon 1
RNA Eukaryotic RNA polymerases and promoters )
Eukaryotic gene transcription 3
Gene modification and epigenetics 2
RNA RNA processing and splicing 4
4 Genetic code and translation 2
“tRNA Ribosome tRNA and function 3
Trans-translation 1
5 Molecular manipulation 3
Synthetic biology I
DNA scher
Watson ( nuclein)
Crick . 1868 Mie- ; DNA. 1944

113



33 5 Vol. 33 No.5
2016 10 JOURNAL OF BIOLOGY Oct 2016
Avery DNA DNA DNA,
' Chargaff 0 DNA
DNA 1950 DNA “ 7PN
A T G C ;1 DNA “ 7PN
“ YN 1 DNA NN (
“Chargaff S Chargaff “ 7PN “ 7HEN) 0
DNA AT  GC ATGC “ 7PN DNA “N
“Chargaff » DNA °N DNA ;2 DNA
DNA 172 "N-'N  DNA 1/2
ATG C “N-*N DNA ;
. Chargaff 1 NN DNA
Watson  Crick “Chargaff i Watson 1 DNA o Mesleson  Stahl
Crick DNA
. 1953 Pauling o 1958  Mesleson  Stahl
Watson  Crick DNA
. o DNA ", Mesleson
1953  Watson  Crick  Wilkins Stahl
Franklin ~ DNA X- o
Photo 51 DNA " . DNA DNA ?
:1) DNA o 1958
DNA 12) A. Kornberg DNA I 1516
DNA “The Journal of Biological Chemistry”
:3) AC ) G6( Q) “
T A) C( G) 2 3 DNA ”( Tt is very doubt—
ful that the authors are entitled to speak of the enzymatic
DNA Watson  Crick o synthesis of DN4) ; “Polymerase " ( Pol-
DNA Watson.Crick ~ Wilkins ymerase is a poor namg ;
1962 o DNA -++”( Perhaps as important as the elimination of certain
. DNA « Chargaff DNA banalities*-+) ” o 1958 5
Franklin ~ Photo 51 Watson Edsall
Crick( 1953 ) A. Kornberg 1958 7
o DNA o
o A. Kornberg T. Kornberg 1971 1972
3.2 DNA “ 7 DNA " DNA " .
Watson  Crick  DNA DNA o A. Kornberg
DNA DNA R. D. Kornberg 20 70 Crick
o 3 DNA 1974 ¥ 20
( semiconservative replication) | 90 X
( conservative replication) ( dispersive rep— RNA Pol 11
lication) . ? 2006 o Kornberg
Mesleson ~ Stahl 1957 o DNA DNA DNA
“ 7PN 53 DNA .
DNA °N Crick Crick
DNA “« BN, 1958 20 1970 “
N (0 ) ”( the central dogma of molecular biology) *' &
“ 7UN 1 2 “ 7 DNA

114



33 5 Vol. 33 No.5
2016 10 JOURNAL OF BIOLOGY Oct 2016
( transcription) DNA 3.4
RNA ( translation)
RNA o RNA ? Niren—
RNA DNA berg o
RNA RNA RNA 1959
RNA ; DNA DNA
DNA 2. RNA ?
3.3 Nirenberg ~ Matthaei 1961
( poly-U RNA)
“ 7 DNA.RNA
DNA #
DNA “ i ( poly-U RNA) DNA
DNA RNA DNA,
? 19 o
o o RNA
Monod 1941 U o
Nirenberg AAA
CCC o Leder Nirenberg
1964 tRNA
o Monod 10
o 50 o Khorana
1958 RNA o
Lederberg 1950 B Nirenberg ~ Khorana
» . Monod Holley 1968
1955 B # . DNA
1955 #1959 RNA “
%1958 Monod Jacob Pardee 7
B
( Polynucleotide phosphorylase)
1960 “operon” ( ) 7 Ja- RNA A. Kornberg 1959
cob  Monod Ochoa Nirenberg
( NIH)
lac DNA RNA o Nirenberg
Lac 1) o o
Lac lac DNA 4
DNA “ ”
12)
Lac Lac o
lac DNA lac
o Jacob  Monod N N
( feedback loop) - o 2015
22 18 “«r
. 1965 4 “oo
Lwoff “ v

115



2016 10

33 5

DNA
o DNA

RNA N N

PCR N

CRISPR/Cas9 *  CRISPR /Cfpl *'

“ »”

. 2614 31(3) 104 —107.
. 5015 37(4) : 402 - 406.
J. 2014 36(7) ;732—738‘
I .2011 33(6) : 661 —664.
( ) 2012 2(1):33 -35.

J. ( ) 2014 4(4):13 -15.
“DNA 7 I

2014 49( 8) :27 -29.
MIESCHER F. Ueber die chemische Zusammensetzung der Eiterzellen ( On
the chemical composition of pus cellj J . Medicinisch-chemische Unter—
suchungen 1871 4:441 -460.
AVERY O T MACLEOD CM MCCARTY M. Studies on the chemical na—
ture of the substance inducing transformation of pneumococcal types: induc—
tion of transformation by a desoxyribonucleic acid fraction isolated from pneu—
mococcus type I J .
1979 149(2) :297 - 326.
CHARGAFF E ZAMENHOF S GREEN C. Composition of human des—
oxypentose nucleic acid J . Nature 1950 165 (4202):756 -757.
RUDNER R KARKAS J D CHARGAFF E. Separation of B. Subtilis

International Journal of Clinical and Experimental

Medicine

DNA into complementary strands. 3. Direct analysis J . Proceedings of
the National Academy of Sciences 1968 60(3) :921 —922.

PAULING L COREY R B. A proposed structure for the nucleic acids J .
Proceedings of the National Academy of Sciences 1953 39 (2): 84 —97.
WATSON J D CRICK F H. Molecular structure of nucleic acids: a struc—
1953 171 (4356) : 737 -

ture for deoxyribose nucleic acid J . Nature

116

JOURNAL OF BIOLOGY

14

16

17

18

20

21

22

23

24

25

26

27

28

29

30

31

Vol.33 No.5
Oct 2016

738.

MESELSON M STAHL F W. The replication of DNA in E. coli J . Pro-
ceedings of the National Academy of Sciences of the United States of Ameri—
ca 1958 44(7): 671 -682.

LEHMAN I R BESSMAN M J SIMMS E S et al. Enzymatic synthesis of
deoxyribonucleic acid. 1. Preparation of substrates and partial purification
of an enzyme from Escherichia coli
1958 233(1): 163 -170.
BESSMAN M J LEHMANIR SIMMSES et al. Enzymatic synthesis of
deoxyribonucleic acid. II. General properties of the reaction ]
of Biological Chemistry 1958 233(1):171 -177.
KORNBERG T GEFTER M L. Purification and DNA synthesis in cell4ree
extracts: properties of DNA polymerase II ] . Proceedings of the National
Academy of Sciences of the United States of America 1971 68 (4) :761
-764.

KORNBERG T GEFTER M L. Deoxyribonucleic acid synthesis in cell-
free extracts. 1V. Purification and catalytic properties of deoxyribonucleic
1972 247

J . Journal of Biological Chemistry

. Journal

acid polymerase III ] .
(17) 15369 -5375.
KORNBERG R D. Chromatin structure: a repeating unit of histones and
DNA ] 1974 184(4139) : 868 - 871.

CRICK F H. On protein synthesis J . Symp Soc Exp Biol 1958 12:138
-163.

CRICK F. Central dogma of molecular biology J .
(5258) : 561 -563.

MCCARTHY B J HOLLAND ] J. Denatured DNA as a direct template for

in vitro protein synthesis

Journal of Biological Chemistry

. Science

1970 227

Nature

J . Proceedings of the National Academy of Sci—

ences of the United States of America 1965 54 (3) : 880 - 886.

LEDERBERG J. The beta-d-galactosidase of Escherichia coli strain K42
J . Journal of Bacteriology 1950 60(4):381 —392.

HOGNESS DS COHN M MONOD J. Studies on the induced synthesis of

beta—galactosidase in Escherichia coli: the kinetics and mechanism of sul-

phur incorporation J . Biochim Biophys Acta 1989 1000: 113 -130.

COHEN G N MONOD J. Bacterial permeases J . Bacteriol Rev 1957

21(3): 169 - 194.

ZABIN 1 KEPES A MONOD J. On the enzymic acetylation of isopropyl—

B-d-thiogalactoside and its association with galactoside-permease J . Bio—

chem Biophys Res Commun 1959 1(6) :289 -292.

JACOB F PERRIN D SaNCHEZ C

expression coordonnée par un opérateur"

et al. L’opéron: groupe de genes &
Operon: a group of genes with
the expression coordinated by an operator ] . Comptes Rendus Hebdom—
adaires des Seances de 1"Academie des Sciences 1960 250 (6) : 1727 —
1729.
NIRENBERG M W MATTHAEI J H. The dependence of cell{ree protein
synthesis in E. coli upon naturally occurring or synthetic polyribonucleoti—
des J . Proceedings of the National Academy of Sciences of the United
States of America 1961 47 (/10) : 1588 —1602.
LEDER P NIRENBERG M W. RNA codewords and protein synthesis 3.
On the nucleotide sequence of a cysteine and a leucine RNA codeword
J . Proceedings of the National Academy of Sciences of the United States
of America 1964 52: 1521 -1529.
JINEK M CHYLINSKI K FONFARA I
RNA-guided DNA endonuclease in adaptive bacterial immunity J
ence 2012 337(6096) : 816 —821.
ZETSCHE B GOOTENBERG J S ABUDAYYEH O O
single RNA-guided endonuclease of a class 2 CRISPR-Cas system J .
Cell 2015 163(3):759 -771.

et al. A programmable dual-

. Sci-

et al. Cpfl is a



