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Gene is just a small part of DNA. The gene expression
follows the process of:
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Transcription from DNA to RNA is based on the base pair.
However RNA doesn’t have “T”, instead it has “U”,
which pairs with “A” just as “T” does.
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The Process of Transcri:tion
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Binding
Initiation
Elongation

Termination

The energy transfer
is accomplished by
ATP hydrolysis. This
results in the phos-
phorylation of the
Poll Il complex and
the transformation
of ATP into ADP.

Once the ATP activates
the complex, the helicase
activities of two TFIIH sub-
units results in the separation
of the DNA strands.

Unwinding the DNA allows
mRNA elongation to begin.

@ Nonspecific binding of
polymerase holoenzyme and
migration to the promoter

" DNA
template

© Formation of a
closed-promoter

© Formation of an
open-promoter

© Initiation of mMRNA
. synthesis, almost
always with a purine

:

>10 um fNTPs
PPP

© Elongation of mRNA
by about 8 more
nucleotides

Most initiations are

abortive, releasing
oligonucleotides that are
2 to 9 residues long

of o as poly
procoeds down the template

z;

Promoter

Initiation figure
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 Transcription is carried out by the enzyme RNA
Polymerase (RNAP)
« Several types of RNA are produced
* mRNAs
* rRNAs
«  tRNAs
« Small RNAs (can regulate transcription)
 Transcription occurs only on one strand of DNA

TFIID and TBP are
still bound to the
TATA-box.

TFIIA, after being released
e with the rest of the general
transcription factors.

—

Once transcription has begun and
mRNA elongation is under way, Once the end of the transcription
all of the general transcription " unit has been reached, the rest of

factors, except TBP (and TFIID), the comp prepare to

are released. ( E L p (
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* In Prokaryotic cells, mRNA can be immediately
translated by ribosomes.

* In Eukaryotic cells, RNA has to be processed and then
transported to cytoplasm.

DNA (The Gene)

Transcription

5 EXon 1] Tnfron A
Capping ([])

[JEXORA] Tnton &

\

Excision of introns and* splicing of exons

* Polyadenylation
> BN EXSN2NEXSNSIN|POA)] 3' mRNA

To cytosol for translationl by ribosomes

3’ pre-mRNA




(C' Si E
Translation: From RNA to Protein

Computational Science and Engineering

An mRNA sequence is decoded in sets of three
nucleotides, called codon.

Amino acids are specified by codons (not one by one).
Amino acids and codons are connected by tRNAs.

Alanine
' ’ l .
RNA code AUGUUUGGAGUG .
1
G—%
Transfer RNAs B .
used in translation . e \
1(‘. c.\’ ;{] é
{0
\c\ D{E;I/A J . »
1
. \_’|/ [.?EII'
Each amino acid s
is attached to a tRNA ATTcSdon

tRNA



Translation: From RNA to Protein
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« Genetic Code is universal
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Messenger

RNA code

The genetic code

Second Position

First Position Y] C A G Third Position
Phe Ser Tyr Cys U
Phe Ser Tyr Cys C
U Lev Ser Stop Stop A
Lev Ser Stop Trp G
lev Pro His Arg U
Leu Pro His Arg €
G Leu Pro Gln Arg A
Leu Pro Gln Arg G
lle Thr Asn Ser U
lle Thr Asn Ser C
A lle Thr lys Arg 3
Met Thr l_ys Arg G
Val Ala Asp Gl), U
Val Ala Asp Gly C
G Val Ala Glu Gly 7
VO' A'Cl GlU GIY G

Note: A sequence of three nucleotides forms the nucleic acid codon for a single amino acid. The four nucleotides
U, C, A, G can produce 64 different three-nucleotide combinations. All the amino acids except methionine (Met) and
tryptophan (Trp) have more than one codon. The “stop” codons UAA, UAG, and UGA do not code for amino acids

but signal the end of a protein. All proteins start with methionine.

The codons are given as they appear in messenger RNA. The four bases in the nucleoides of ribonucleic acids are
uracil (U), cytosine (C), adenosine (A), and guanine (G). The amino acids specified by the genetic code are alanine
(Ala), arginine (Arg), asparagine (Asn), aspartic acid (Asp), cysteine (Cys), glycine (Gly), glutamine (GIn), glutamic
acid (Glu), histidine (His), isoleucine (lle), leucine (Leu), lysine (Lys), methionine (Met), phenylalanine (Phe), proline

(Pro). cerina (Serl thraanina (Thel truntanhen (Trnd kracina (T and valine (Val)

50

AUGUUUGGAGUG
UAC

AUG = Met
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Translation: From RNA to Protein
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« RNA message is decoded by Ribosomes
« Initiation starts at binding site (prokaryotic) or “AUG”
 Elongation
 Termination

3 Sitew A site

ERNA,

g [RNA
||

Ribosomal

subunits 2

mRNA  Ribosome released [ \
\ ‘oA

||
scAUUAUGGCCUGGACUUGAAAGC 3

A =

'@ @ -  ANA

RNA ERNA Il

Trp

1 [ |
AUUAUGGCCUGGACUUGAAAGTC

GrowingL——"

polypeptide

Ribosome shifts 1 codon in 37 direction

'@ Thr

empty

Completed”” ERNA -_ At =iTep
pOlypeptlde o ERNA  ERNA FANA
(b) released o

| A
AUUAsaUGGCCUGGACUUGAAAGTC




A Model for Prokaryotic Gene Expression ¥
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1. Transcription Initiation (the binding and initiation)

P+RNAP — P  RNAP k, =10°M"s™'
P e RNAP — P+RNAP k, =10s™"
P« RNAP — TrRNAP ky=1s~"

2. Elongation (RBS is available before elongation terminates

TrRNAP — RBS + P+ EIRNAP  k, =1s"

3. Translation Initiation

Ribosome +RBS — RibRBS ks =10"M"s"
RibRBS — Ribosome +RBS k¢ =2.25s~

RibRBS — EIRib +RBS k, =0.5s7"
RBS — decay k,=03s"

4. Elongation |
EIRib —Protein ky =0.015s

Protein — decay ki, =642x107s""



Simulation Results
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Kierzek, A. M. et al. J. Biol. Chem. 2001;276:8165-8172
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« The elongation process

TrRNAP — RBS + P + EIRNAP
RibRBS — EIRib +RBS

EIR1b —Protein

« A more detailed model for that
R * RNAP — TrRNAP,

TrRNAP, — TrRNAP, |
TrRNAP, — RBS + P + EIRNAP

SO
) VB [ B—C
n n+1 N

0
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1. From Exponential distribution to Gamma distribution

Ay —= 4 —=-— Ay, — Ay

N
= Et"’ where ¢, < E(a),thent <T'(a,N) =

2. RNAP collision may happen

O
e - — [AE- - —
n n+1 N

L g
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« Gene Expression
 Translation
 Transcription
« A biochemical Model

 Gene Regulation
 Repressor
 Activator
 Feedback Control
 Models for gene regulation network



Some History: Lac Operon &
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During World War Il, Monod was & 1:: |

testing the effects of combinations

of sugars as nutrient sources for @ 997

E. coli. He found that bacteria S 40

grown with two different sugars < 204 /1

often displayed two phases of o — T
growth. For example, if glucose °© 2 4 6 8
and lactose were both provided, Time (hours)

glucose would be metabolized first
(growth phase I, see Figure 2) and
then lactose (growth phase Il). But
why was there a delay between
the two growth phases?

Discovered by Francois Jacob and Jacques Monod, They got
Nobel Prize in Physiology or Medicine in 1965
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(b) Transcription

Polymerase

| | |

Promoter Silencer/Operator

Operator
(Binding site for fac repressor)

57 .00k GCTATGACCATS. . .3°
37 L CCTTTCECCCETTACTOSCETTECETTAN roRE = i el [ ADSANCCITCAGTAT REACACET TAACACTEECCTAT TET TAAMGTS TG T CCT TTGTCEATACTGGTAS . . .5 ?

End of fgene Start of
Zgene

1 gene encodes mRBNA
facrepressor o
; Binding site Promoter Z gene encodef
for CAP (Binding site for RNA polymerase) beta-galactosidase
promoter promoter operatar

- W
facsl for Y
A~
NO TRANSCRIPTION
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« Activator

(a)

Polymerase

Carbon source Operon status
fecrepressor

‘———1: OFF

Transcription

Glucose only

/CAP /RNA polymerase
Lactose only ON
mRBNA S5

Neither + =—c_——__;" OFF
Glucose
gy ¢ ey OFF
lactose T T I 1

CAP Promoter Operator Z gene

site

An inducible operon
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Regulation Reactions in Gene Models =
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Gene expression becomes interesting when regulation system
Is added into it.

Add the following reaction set
O+R —=0_R
OR—=0+R
I+R—=1R
I R—I1I+R

into the initiation of transcription

P+RNAP L P ¢ RNAP

or written as:

P+RNAP+O —=P*RNAP+0O



Trp Corespressor: A negative feedback system
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Structure of the frp Operon

Computational Science and Engineering

FpR | P‘ 0‘ kpl I pE rpD kpC pB rpA
N Altenuator
repressor mRNA clement
. ' High levels Low levels
e of tryptophan of tryptophan
B trp
i ¥
! —= Attenuated mRNA
tryptophan | ¥
synthesis | -

copyright 1996 M.WKING

trp mRNA

A repressible operon
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%’ o 10 a b
rbs E o8
o " 06
§ 504
R1 *g g 0.2
ST 00
rbs B 01 23456 01234756
TqT IPTG induction (h) 42°C induction (h)
C
GFPmut3 § 3h 4h 5h 6h
3
T{T2 3
102 104 102 104 102 104 102 104
GFP fluorescence
Inducer 2
Promoter 1 J_
Repressor 2 Repressor 1 Reporter
T Promoter 2

Inducer 1

Gardner TS, Cantor CR, Collins JJ, Construction of a genetic toggle switch in
Escherichia coli, NATURE 403 (6767): 339-342 JAN 20 2000
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The toggle model

The behaviour of the toggle switch and the conditions for bistability can
be understood using the following dimensionless model for the network:

au oy
& 14+ = (1)
dV a2
& 14u v (1b)

where u is the concentration of repressor 1, v is the concentration of
repressor 2, a4 is the effective rate of synthesis of repressor 1, «2 is the
effective rate of synthesis of repressor 2, 8 is the cooperativity of
repression of promoter 2 and +y is the cooperativity of repression of
promoter 1. The above modelis derived from a biochemical rate equation
formulation of gene expression®?’. The final form of the toggle equations
preserves the two most fundamental aspects of the network: cooperative
repression of constitutively transcribed promoters (the first term in each
equation), and degradation/dilution of the repressors (the second term in
each equation).
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M ™
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Og promoter g2

“

promoter

AND




Yes! Circuits!

State node symbols

Protein
Receptor

lon channel
(closed)

name

lon channel
(open)

D.

Truncated
protein

i

Gene

RNA

Anti-sense
RNA

lon

Simple
molecule

Unknown

Phenotype

000 oflil

Homodimer /
N-mer with
N stacked
symbols

9‘
2
3

i)

Active
protein

Arc symbols
(Transit node and edges)

State transition —_—
Known transition

omitted N L
Unknown transition  eccccccccccccces =
Bidirectional transition --———§
Translocation —>

Association

Dissociation

Truncation

Promote

transition —’?
Inhibit
transition .|.

Add reactant
Add product

AND

- T

Computational Science and Engineering

. &

Reduced notation symbols

Category-l reduced notation

Degradation

Transcription

Translation

Module

Co—
B
[ e )

Q!
CO— - )

Category-ll reduced notation (viewer only)

Activation/
inhibition/
modification

Residue
modification

Complex
state

Promotor
and coding
structure
for gene

Exon structure
for RNA

oY=

index

D > )

Node structure

(® phosphorylated

name (o) acetylated
ubiquitinated
omply (> methylated
don't care
ko @ hyaroxyiatea

= Connoctivity
(binding. etc

_Q_&( rogeont p—{ regronz }_E coong }—
gene_name

Kitano H, Funahashi A, Matsuoka Y, et al., Using process diagrams for the graphical representation
of biological networks, NATURE BIOTECHNOLOGY 23 (8): 961-966 AUG 2005



