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Elements

m two monomers and two polymers

nucleic acids
m DNA : stores information
m RNA : transmits information

amino acids
m protein : catalytic capacity

Flow of Genetic Information
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Nucleic acid : DNA

®m main function
1 store information o ==l
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structure and organization

m double helix

minor groove

major groove

A-DNA

more compact left-handed
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Figure 4-55.

Chromatin i \I r//" ¥
packing f"m;fa:‘“:ivgui.\ / e
orm chromatin
(Alberts et al,

2002)

30-nm chromatin
fiber of packed
nucleosomes

m chromatin : supercoiling

section of
chromosome in
extended form 300 nm

i

entire T
mitotic 1400 nm
chromosome _‘_

MET RESULT: EACH DNA MOLECULE HAS BEEN
PACKAGED INTO A MITOTIC CHROMOQSOME THAT
IS 10,000-FOLD SHORTER THAN ITS EXTENDED LENGTH

m chromosome

condensed section
of chromosome
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genome

m whole genetic material necessary for the
survival of a given cell

Bacterial DNA Plasmids

g 7
genome : chromosomes
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genome : plasmids

m autonomous genetic elements
m not essential —(generally) bacteria survives without
m interesting properties

CIsurvival on a special condition
"1 pathogenicity island Bacterial DNA Plasmids

m characteristic copy number
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Nucleic acid : RNA

(a) Comparison of RNA and DNA nucleotides

RNA nucleotide DNA nucleotide
base base
urac|l o thyrnme

HO—P—0—CH; HO— Fl’ —0—CH,
sugar sugar
phc}sphate 4. ,, ribose phosphate i deoxyrlbose

group OH  OH group e

(b) Comparison of RNA and DNA three-dimensional structure

RNA 5
7 —sugar-phosphate -sugar-phosphate
ateand handrails handrails
bases: -bases:
cytosine (C) cytosine (C)
guanine (G) guanine (G)
adenine (A) adenine (A)
uracil (U) t




Type of RNA Functions in Function

Messenger RNA (mMRNA) Nucleus, migrates Carries DNA sequence
to ribosomes information to ribosomes
in cytoplasm

Transfer RNA (tRNA) Cytoplasm Provides linkage between

mRMNA and amino acids;
transfers amino acids to

ribosomes
Ribosomal RNA (rRNA) Cytoplasm Structural component
P of ribosomes

microRNA, has been shown to regulate gene expression.

Krogh, 2004 Flow of Genetic Information
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Amino acid : building block

General structure of Amino Acids
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Amino acid : side chain
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Amino acid :

0 e iy

protein

_ D
m 2ary structure

[ alpha helix
[] beta sheet

m 3ary structure

1 domains
Figure 3-9. The
Y regular
conformation of

; the polypeptide
backbone observed
in the a helix and

; the B sheet.
. ¥ (Alberts et al, 2002)

The sequence of amino
acids determines the
structure, and therefore
the function, of a protein.
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Amino acid : examples e
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Figure 7-17. One type of zinc
finger protein.

(Alberts et al, 2002) the structure of one-chain and

four-chain globins.

faur-chain globin binds four

(Alberts et a,' 2002) oxygen molecules in &

cooperative way
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Amino acid : protein and function

ON-PATHWAY OFF-PATHWAY IRRETRIEVABLE
FOLDING FOLDING ACCIDENTS
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nanpolar can form hydrogen +
unfolded polypeptide folded conformation in agueous environment

protease

side chains bonds to water
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-
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\ . /
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correctly |
-~

Figure 3-6. How a protein folds
into a compact conformation.

(Alberts et al, 2002) il
Correct folding is critical for Figure 6-82. A current view of
correct function protein folding. (Alberts et al,

2002)
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Central Dogma of Molecular
Biology
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Central Dogma of Molecular Biology
replication
DNA1
l transcription
RNA replication
l translation
protein
Francis Crick, Ideas on
protein synthesis. Symp
Soc Exp Biol., 1956
- [
qreplication
DNA . .
=== Replication : DNA to DNA
RNA replication
l translation
wotein | DNA polymerase DNA

dependent
1DNA nucleotides

Imany enzymes more!
m helicase, topoisomerase, etc

Growing

\F,

fork
5%?”5 — ‘) Daughter plasmids
% £ A
%ﬂf‘»- g{mj& S ﬁ
Plasmid

Figure 7-2. Plasmid DNA replication.
(Lodish et al, 2000)
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Figure 5.11. Model of
the E. coli replication
fork. (Cooper, 2000)

Replication
fork movement
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Figure 5-4. DNA synthesis catalyzed by DNA

polymerase. (Alberts et al, 2002)
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RMNA primer

from multiple primers.

DNA primase

Figure 5-12. RNA primer

synthesis. (Albert et al, 2002)
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movie : replication

Molecular Cell Biology 4.0 ==
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Dﬂ@ Replication : RNA to RNA

replication

RNA
translation

RNA polymerase RNA dependent

RNA viruses
m have RNA as information

storage
m live in the RNA world

protein

use cell machinery

Flow of Genetic Information
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Dfn Transcription : DNA to RNA

RNA replication
l translation
protein Enzyme movement
C1RNA polymerase DNA dependent e
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movie : transcription

Molecular Cell Biology 4.0 Do
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RNA polymerase 11
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Ch4anim1. Lodish et al, 2000
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@replication .
] RNA processing

RNA replication
ﬂ translation
protein
m mRNA gets processed, mainly in eukaryotes
Z-methyiguanecine L.

HEY OH

5"Capping v;s,,_lf‘,lqj

triphosphate

m protection from degradation = e

Figure 6-22. A comparison of the structures of
procaryotic and eucaryotic mRNA molecules.
(Alberts et al, 2002)
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RNA processing

m mMRNA gets processed, mainly in eukaryotes

C1splicing
exon 1 intron exon 2 intron exon 3
e — 1 primary transcript

\ /
1 enzymes cut out the introns

N .

\_ 1

< : Q
1 ~enzyme 1

1 messenger RNA

Krogh, 2004
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RNA processing

m mMRNA gets processed, mainly in eukaryotes

Tlalternative splicing

ex
son ! e yon & 8xon § protein A
< tron % €Xon 3 S
in’ Mitrgy, o3 intran 1 a3 5
fa i } — v P
primary transcript edited mANA transcripts

protein B

Krogh, 2004
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RNA processing

m MRNA gets processed, mainly in eukaryotes

3’-polyadenylation
m protection from degradation

G-L rich
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Upstream element Diownstream element
Transcription
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Upstream element Diownstream element
Endonuclease
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Figure 6.40. Formation of 5 A Y
2 . Upstream element
the 3 ' ends of eukaryotic PolyA
polymerase
mMRNAs. (Cooper, 2000) | .. - o mm——— s AAAA L ¥
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@replication .
] RNA processing

replication

RNA

ﬂ translation

P MRNA gets processed, mainly in eukaryotes
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splicing, alternative splicing
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movie : RNA processing
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qreplication . .
= Translation : RNA to protein

replication
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TITmRNA
CIribosomes
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C1amino acids
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Translation : RNA to protein
(a) Transfer RNA binding (b) The 3-D shape of tRNA
. In'::;:i::
tRNA ,/
molecule (‘
mBNA attachment site %.% % P
QOG
anticodon 2
'
HEN |,!,'||'. Y
| - 8, .. ,I.'{."‘f[r
Krogh, 2004 ‘ CG J ik MANA
codon
" NN [

Translation : genetic code

second base

UuG S P | g uac " UiiGiUi icvs
U ser :
UUA } i UCA UAA_ Stop
UUG UcG UGG Tp
Cuu ccu CAU }his cGu
g CuC | cce CAC CcGC |
@ CUA [ =4 CCA (P CAA CGA [29
8 CUG cca CAG }9'" CGG
o AUU ACU AAU AGU
2 AWC ¢l ACC }thr AAC J 25" A [
AUA ACA AAA 1, AGA
AAG}VS AGG [ ©
GUU GCU GAU | GGU
4 cuc | GCC | . GAC J 2P GGC | o\
GUA GCA GAA GGA
GUG GCG GAG } glu GGG

Krogh, 2004
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The Triplet Code
DNA
transcription
mRNA
translation
protein

Krogh, 2004
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DNnreplication .
j===  from DNA to protein

RNA replication

l translation

protein

DNA promoter intron intron intron
RNA

AAAAA

protein 00000000000000000000000000000000

Flow of Genetic Information
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movie : traduction

Molecular Cell Biology 4.0 Q@@
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Dogma, revisited

@ replication
DNA
@ transcription

replication

RNA As it turned out, the use of the word dogma
caused almost more trouble than it was
@ translation worth.... | used the word the way | myself
thought about it, not as most of the world

. does, and simply applied it to a grand
p rotein hypothesis that, however plausible, had
little direct experimental support.

-Francis Crick, What Mad Pursuit, 1988

Flow of Genetic Information

@replication o
] Dogma, revisited

RNA replication

translation

protein @ DNA reverse transcriptase

t 1 INTEGRATION
retroviruses OF DNA COPY
INTO HOST
DNA CHROMOSOME integrated DNA
T ona Figure 5-73. The life
cycle of a retrovirus.
REVERSE TRANSCRIPTASE RNA (Alberts et al, 2002)
MAKES DNARNA AND —
THEN DNADNA DNA
DOUBLE HELIX
bttt t TRANSCRIPTION l
RNA
many —_—
RNA R s
: X
transcriptase TRANSLATION J %\%\&
capsid.. h‘_(')‘
- .
% capsid protein W If,' ASSEMBLY OF MANY
NEW VIRUS PARTICLES,
ENTRY INTO : ¢ 377 Eﬂnﬁ%ﬂ&%w&
R A 3
CELL AND LOSS envelope protein  ¢'% {inry INTO PROTEIN COATS
OF ENVELOPE N Ll
reverse transcriptase ....
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qreplication . .
] e Dogma, revisited,

replication

RNA

translation

protein @ DNA reverse transcriptase
“1telomeres

parental strand
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1 cg—“mmmnlnm, newly synthesized lagging strand t loop
) [P

TELOMERASE
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30-nm chromatin fiber
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1EEaccee mees
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EXTENDS 3" END " ==
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DMNA synthesis)
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5 .
COMPLETION OF a at the end of mammalian

LAGGING STRAND
8 DNA POLYMERASE chromosomes.
{DNA-templated
DNA synthesis} o . (Alberts et al, 2002)
1 TTGGGGTTGGGGTTGGGETTGEGETTGGGETTG Flgure 5-43.
TEEEEENAACCCC CCCCAACCCCAACCCE .
@ e Telomere replication.

polymerase (Alberts et al, 2002)
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DN@repllcatlon . .
[ o Dogma, revisited

RNA replication

ﬂ translation

protein prionS
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conformational
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o Ehange o
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Figure 6-89. Protein
aggregates that cause
human disease.
(Alberts et al, 2002)
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Dogma, revisited

replication
oA ¥

reversetranscription' transcription

replication

RNA

ﬁ translation

_ . t protein
protein aggregation

Crick, Central Dogma of Molecular
Biology, Nature, 1970
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Dogma’s overview
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transcription and translation

Mucleus

Primary
transcript

Cytosol

Ribosome )
Ribosome
Mascent
protein Nascent

protein

PROKARYOTE EUKARYOTE

Figure 28.15. Transcription and Translation. (Berg et al, 2002)
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m special in prokaryotes

m transformation
B conjugation
m transduction

Flow of Genetic Information

Horizontal transference

Horizontal transference

m conjugation

F plasmid & tra genes

(a) Conjugation
F factor

&

@ Baclerium F factor

| with alleles origin
B B a b ¢ a & b,
Al + - | o e T

%I | Transbar during e " |.’,‘I

c c conjugation, after

integration F factor
tarminus
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Recombination !
C

Figure 7-35.
(Griffiths et al, 2000)
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m transformation

(b} Transformation

Horizontal transference

bacteria recombines free DNA as its own

8
f8
ey o=
[}
B ~ al ¢ b 8
. Pl o, . | &=
} A ! o, S -a . -
Cell lysis i A Fragment | Recombination .
T L -y taken up by G &
iy new bactarium
Free DNA
fragments Figure 7-35.
(Griffiths et al, 2000)
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m transduction
phage lysis

Bacterium

Horizontal transference

phage encapsulates bacterial DNA

(c) Transduction A
Virus Empty Bactorial
- viral coal A, chromosome { A
‘ -~ < fragment -
- o+ 1p ~
e I #! : 2
Infection = Coll lysis Infection Fecombination <
7 Y
; H ih' BA
&
MNaw virus Naw
Viral DNA particies bacterium
Figure 7-35.

(Griffiths et al, 2000)
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m vcell.ndsu.edu
transcription

MRNA processing
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