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B10230/255

Evaluation
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Regulation of Genome Expression

How can the genome create and
maintain a living organism?

30% Laboratories, Bibliography, and Quizzes

Labs
11.5% lab work
Quizzes
7.5% lab quizzes
2%  textbook reading on-line quizzes
Assignments
4% annotated bibliography
5% revised annotated bibliography

70% Exams
30% Mid-term (October) covering Section 1 of the lectures

40% IFigal exam (December) covering Section 2 of the lectures and all
abs

Course Website

Your BIO230 Learning Tools...

Blackboard (Bb) site on Portal

o Course News

o Lecture Notes

o Textbook Reading Quizzes

o MP3 Lecture Recordings

o Extra Lab Notes

o Electronic Discussion Board for Questions



Lecture Notes iClickers

Guided notes | BIO230H / 8

Fill-ins of key points *
(provided in = Introductory course to Molecular Life . Not for marks
lectures) Sciences at the University of Toronto = Encourage active learning in class

= Overaii Objective: = Exploration of a wide range of topics

» Provide know!edg_e &_pr(_apgration for 31 and 4t
You will need to add year courses in this discipline = Available at UofT Bookstore—check Bb for details
. -8 need to taf,

additional notes on | . o0 e e e b,

i noles from my fentfioof,
your own .

Textbook Textbook Reading Quizzes

= Molecular Biology of the Cell, 5th ed. Alberts et al.
2008. Garland Science, New York. = 5 questions on Bb for each week’s readings

=  Same text as for BIO130
m  UofT Bookstore also has textbook

Maolecular Biology of

THECELL = Objectives of quizzes are to help you to:

o learn course materials
rental programme
m 11 copies on Reserve at Gerstein, 3 2 gauge depth required

at Noranda Library (ESC) o keep up with lecture materials

First quiz is for practice




B10230/255 Bulletin Board

Bonus features.....

= Lecture, Lab and Administration Forums

m Forlectures, clearly label your thread with
the slide # and put in right place

m  Check to make sure your question is a new
one

= High quality mp3s posted after lectures
= Bulletin board questions answered regularly
= 11 copies of textbook on reserve in

Gerstein; 3 in Noranda (Earth Sciences)

= 3 hours of lecture time per week

o Extra hour used in a variety of ways

Labs

Welcome to BI0230/255!

Dr. Melody Neumann
Course and Lab Coordinator

= Lab topics:

RNA isolation and electrophoresis
Gene Regulation Part 1 and Annotated
Bibliographies

Gene Regulation Part 2

Live Cell Imaging

Cytoskeleton and Development
(transgenic fly)



What you need for labs...

When do labs start?

L

Department of Cell and Systems Biology,
University of Toronto

US E

GO |

Safety goggles Lab coat
2012 Course Manual $12 $16
ourse Manua Both: $25

U of T Bookstore $ 12.75

Lab conflict? No lab?

= Lab section Pxx01x — cycle 1 — week of Sept. 17t
= Lab section Pxx02x — cycle 2 — week of Sept. 24th

m All labs start at 10 minutes after the hour

®  No Quizin Lab 1!

Where can | get help?

All lab enrollments and changes have to be
requested through the BI0230 office (ES3053)

this week

Mon 2-4, Tues — Thurs 10-12 am and 2-4 pm

You should have 2 potential lab times

= Discussion Board--monitored by course staff

m Tuesday lecture tutorials with course Professors

= Ms. Nyla Maharaj Cabrera--administrative issues

= Dr. Melody Neumann--lab content and other
academic issues



Final Reminders B I O 230

Course manual and i-clickers at U of T bookstore
Textbook

Check Blackboard site regularly SeCtlon 1 )

Have lab coat and goggles for wet labs

rc::rcnk;afk;rg;';;p on PORTAL/Blackboard to get Reg U |at|0n Of Genome
Expression

Again, welcome to BI0230/255!!
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BIO 230 ...first a little review

- The tree of life has three primary branches

Lecture 1:
Review and Overview mwmmacmmmm,
. &y,
\| C,
1) Review of Cell Types &%\v suiobes maim.,:it o 449,,%
2) Genomes Q;Q%v cyanobacteri ‘ewr::'/ /Mgeimn hermobacter ARl 3
. . = illus
3) Regulation of Genome Expression & e oo — bictyosteium
I E.coli— —_— ———Euglena
2 \T nnnnnnn
) ] Thermotoga / il ) \\G“"”‘W
Readings (Alberts et al., 5" ed.) e Vgl e

Chapter 1: pages 1-8; 14-16

23 24



Two Main Cell Types

Prokaryotic Cell

1) Prokaryotic Cells
® Eubacteria, and archaea

2) Eukaryotic Cells
®lants, fungi, animals, humans

25

Eukaryotic Cell

flagellum

plasma DNA cell wall
mem

T 1 ]

o

ribosomes

Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Animation

microtubule

e centrosome with
'T pair of centrioles ¢y, matin (DNA)
\ nuclear pore

nuclear envelope

extracellular matrix

actin
filaments

peroxisome

intermediate

ribosomes
in cytosol Golgi
parat

27

Figure 1-30 Molecular Biolagy of the Cell 5/e |© Garland Science 2008)

http://aimediaserver.com/studiodaily/videoplayer
/?src=harvard/harvard.swf&width=640&height=5

20

OR

http://www.studiodaily.com/main/technique/tproj
ects/6850.html

Inner Life of the Cell

Animation conception and scientific content by Alain Viel
and Robert A. Lue.

Animation by John Liebler/XVIVO



Genomes

Genome Expression

-All known life forms possess a genome

-Encodes the information to construct and maintain
an organism

-Most genomes are made of @
(except some viruses have RNA genomes)

-Release of the biological information stored in the
genome requires: @

29

Genome Expression

- The first product of genome expression is:

unknown leukemia stomach

. prostate 1Iung brain |renal| ovarian breast liver
r T T T T T T

-The repertoire of
RNA molecules
present in a cell at
a particular time

DNA Microarray

igare 7-1 Molecular Biology of the Cell $/e (© Garland Science 2008)

Genome Expression

30

The transcriptome is maintained by the
process of: ¢

DNA

B HHATH TH HAT S

RNA synthesis
(transcription)

RNA

T T TIr T T

31

- The second product of genome expression is:
®
- The collection of proteins in a cell; define the
biochemical functions of the cell

(A) human brain (B) human liver
=
=) - L DR = —— e Rppe—-—
£ » Tine e -
“-. =2 ' . - " ® < e -
|- . - - 5l - :-. - - - 2 r o
£ - - .‘.-,'.'- ? . '_"_'j'_ . .."l‘..'__'- SELE : '_-
Sip- =B _Spwk o bleS - e et
E T essega, T o & = = i e A Al 5
in, 2 e® o = " Saply
- s w. T - L 5 7
- -
1.9% .,
D . ea E "o . ¥ . -
acidic isoelectric point basic
Figure 7-4 y of the Cell 5. 2008)

2D gel electrophoresis

32



Genome Expression

Genome Expression

The proteome is maintained by the process of:
®

l RNA

™I TrTmTTY

protein synthesis
(translation)

PROTEIN
amino acids

- Genome (DNA) =>»Transcriptome (RNA) =»Proteome
(Protein) also known as: e 33

Genome Expression

The different cell types of a muticellular organism
contain e

How to produce different cell types?

| S—
25 um
IAY
WSy
AN
e {"‘.r’q’
"s‘_' .-"} 2
neuron lymphocyte
Figure 7-1 Molecular Bislogy of the Cell 5/e (0 Garland Science 2008)
Differences in ¢ 34

Regulation of Genome Expression

Human genome ~25 000 genes
At any one time only 30-60% of genes expressed
Expression of almost all genes varies from one cell type to another

{A) human brain (B) human liver
“-. . - - g y =
By w7 egpisia v . aeFAi..d e 7' red: common
892 . 2 amn .oz suwee e P e - R . ifi
$9i.am s D THRTY L. o bluer specific
R e .
3= 22 & -
acidic isoelectric point basic

Figure 74 sy 2008

Genome expression is regulated at many steps from DNA to protein

35

Transcriptome Proteome

Genome
Post-Transcriptional

{3 B e

Organization J

Post-Translational

Splicing Localization
Metabolome ¢mmmm . Interactome

36



Question

BIO 230

Question 1: The bacterial toxin cylcohexamide inhibits
eukaryotic translation. Which type of molecule would you
expect to accumulate to high levels in human cells
treated with cyclohexamide:

A) DNA
B) RNA
C) Protein

37

Regulation of Genome Expression

Lecture 2 :

Prokaryotic Transcriptional Regulation
1) Genetic Switches
a) Trp Operon
b) Lac Operon

Readings (Alberts et al., 51" ed.)
Chapter 4: pages 411-416; 432-438

38

Transcriptional Regulation

Genome Transcriptome Proteome
{\ Post-Transcriptional Post-Translational
\DNA RNA Protein

J \l \ ISorting
Organization Splicing Localization
N

Interactome
39

Metabolome < P

Regulation of gene
expression is crucial for:




Transcriptional Regulation Transcriptional Regulation

Recall prokaryotic transcription .
Recall that DNA is transcribed into RNA by the POATYBHE Tanserp Region ol DNA hal
Wi Yy T g start site

enzyme e
y Transcription h‘u‘ Xgﬁ
termination » V &’AJ \|Q
RNA polymerase

3'5' direction of DNA double = RNA polymerase (
RNA pr:ilymerase transcription Ftelix — > t :ul—:’@ holoenzyme

~JJ DNA o RNA polymerase
5 Oy 3 Transcription core enzyme 2\
| elongation ‘

; - ) 7triphosphates |
NI .mg.,m.andl — - ~ . e
| ‘ TRANSCRIPTION —W =
"\ T Once ~10 1/ 3 o :
ribonucleoside nucleotides “.\s / Transcription begins
e R—
) -8 _
RNA

k\‘ - —
, RNA exit active site triphosphate RNA ‘
5" channel uptake channel e ————— synthesized
newly synthesized short region of P y ’ ‘ oo =
DNA/RNA helix sigma factor ==
RNA 42

RNA transcript
41 is released

RNA polymerase
3 Unwinds DNA

Figure 40

Figure 6-11 Molecular Biology of

Transcriptional Regulation Transcriptional Regulation

Table 6-1 Principal Types of RMAs Produced in Cells

Transcription initiation in eukaryotes requires many proteins: Cells produce several

Y 1ATA by 20T FRRSCHptION types of RNA: w mwmmd-_l:rmlu —
L] RNAS m:"“ . 1 “‘A- a3 adaptors
Help position RNA polymerase at - ™" i A
eukaryotic promoters e Gl smoRAs malouielr AR, s 10 procss and chmica
TFHIB — " p—
Tabile 6-3 Th, ] ion Initiati ic RMA Polymerase 1| miRNAs i late gene exp n typ lly by
L e T R sias eteing RGRs, by
™o T directing degradation of selective mRNAS and the
TBP subunit 1 recognizes TATA box: @ \ W . L
TAF subsnits -11 DHA-binding ‘I'FIlE‘_ E— ;u, ding a,,.a:_:.:'nl 1l p osses, ”- ».Mu-“
o ! :::n—nw-n il %" m“ll e e et e 2 hmo ek
E 2 attracts and regulates TFIH L A AL Table 6-2 The Three RNA Polymerases in Eucaryotic Cells
T —— ;Q-—m ——— Different RNAS transcribed (i omemel 555 165 and 285 inagenes
- i e T -, by different RNA polymerases ™ Gincs,SANA Geres, and most oA o
. o e in euk i W
Required by nearly all promoters used by FACTORS ¢ in eukaryotes T e e
- P sedimentation in an ultracentrifuge. The larger the 5 value, the larger the rRNA.
(G ‘w- """"""""" —
¢ ™ Prokaryotes have a single type of RNA polymerase

Figure 6-16 008)



Transcriptional Regulation Transcriptional Regulation

Gene expression in both prokaryotes and

Genes can be transcribed at different efficiencies .
eukaryotes is regulated by:

®
gene A gene B : . e .
- . Tow Which bind specifically to:
lTRANSCRIPTION l TRANSCRIPTION ¢
s RNA messsssssssn RNA
SE— Gene regulatory proteins can turn genes:
S— -ON; Positive regulators; @
T How? -OFF; Negative regulators; @
(eg. Trp operon)
45 46
Transcriptional Regulation Bacterial Gene Regulation
Gene regulatory proteins were discovered using E coli:
bacterial genetics. @ nepom e s g s - unicellular prokaryote
R - one chromosome of circular DNA
- encodes about 4300 proteins

Jacgues Menod

- many transcriptionally regulated
“Anything found to by food availability
be true of E. coli
must also be true Prokaryotic feature:

of elephants.” -Multiple genes can be transcribed

JvaueS MonOd Frangois Jacob AndréLvlvoff o acque Moned - Into a Slngle RNA mOIeCUIe

The Nobel Prize in Physiclogy or Medicine 1965 was awarded jointly to Frangois
Jacob, André Lwoff and Jacques Monod "for their discoveries concerning genetic .
control of enzyme and virus synthesis".

47 Figure 1-18b Molecular Biclogy of the Cell 5/e (€ Garland Science 2008)



Example 1: The Tryptophan Operon

The Tryptophan Operon

Tryptophan operon

- Five genes

- Encode enzymes for tryptophan biosynthesis
- Transcription regulated by a single promoter

promoter
EEEED. E D C B A

= T I m————— E.coli chromosome
operator l
s MRNA molecule

{ { A

L @ & o A &
enzymes for tryptophan biosynthesis
Figure 7-34 Molecular Biology of the Cell 5/e (0 Garland Science 2008) 49

The Tryptophan Operon

Tryptophan (Trp) operon promoter
Two protein-bound states:
1) Bound by RNA polymerase

2) Bound by a tryptophan repressor protein
[

The tryptophan repressor binds a specific DNA sequence
of the promoter called an @

promoter

1
start of transcription
—

-60 =35 L =10 +1 +20
operator 50
Figure 7-35 Molecular Biology of the Cell 5/e (© Garland Science 2008)

The Tryptophan Operon

Tryptophan (Trp) operon promoter
Tryptophan repressor binding blocks promoter access

BUT, Tryptophan repressor DNA-binding activity is
regulated:
)

Repressor and operator provide a simple switch to control
tryptophan biosynthesis according to the availability of free
tryptophan

51

promoter

1
start of transcription
—

-60 =35 —
operator

A\

tryptophan

=10 +1 +20

&

"., active repressor

inactive repressor

‘ R/Nﬁ polymerase

D =

MRNA sl
GENES ARE ON

Figure 7-35 Molecular Biology of the Cell 5/e (© Garland Sclence 2008)

GENES ARE OFF

Tryptophan Levels

52

) Tryptophan Levels @



Example 1: The Tryptophan Operon

Example 2: The Lac Operon

Tryptophan repressor contains a @
DNA binding motif (most common DNA-binding motif)

Tryptophan Repressor

Helix-Turn-Helix

E. coli Lac operon:

- three genes required for transport of lactose into the
cell and for its catabolism
- enables use of lactose in the absence of glucose

fg\\/l? - dual regulation: both positive and negative control
| o | s ‘\
.;‘j\'i:t:;gnmnn L 1) ACtlvatOI’ .
4| Promotes Lac expression @
Blnds in e Tryptophan binding induces 2) Repressor: @ _
groove of DNA ° Inhibits Lac expression @
double helix ° 5 54
The Lac Operon The Lac Operon
RNA-

CAP-  polymerase- startsite for RNA synthesis
binding binding site | -
site (promoter)

. 1st gene of Lac
_i ] _ operon; encodes

' B-galactosidase;
l \operator

SIS ERE breaks down
L— lactose to glucose
Where CAP Where RNA Where Lac
binds polymerase repressor

and galactose
binds binds

55

u\ repressor
e

OPERON OFF both because
Lac repressor bound and
because CAP not bound

+GLUCOSE

[ ===
~LACTOSE —_

When lactose levels are e Lac repressor is

bound to the operator

Lac operon gene expression is @

Increased lactose removes repressor from operator- How?
56



The Lac Operon The Lac Operon

Increases in lactose increase levels of allolactose,

_ _ Why need an activator?
related to lactose; requires B-galactosidase

- RNA polymerase binding is inefficient to Lac promoter

Allolactose binds to Lac repressor: -Efficient RNA polymerase binding to Lac promoter

® requires CAP to be bound

) - CAP contains a helix-turn-helix DNA binding domain

o

, R ——— ] E:fat‘z:'f:: not bound
- Essssssamm— OPERON OFF
+tactose = VR, - How is CAP binding regulated?
repressor

+ GLUCOSE & OPERON OFF both because

—LACTOSE e B S | . repressor bound and
because CAP not bound .
by

The Lac Operon The Lac Operon

- CAP DNA-binding activity is activated by

) glucose - How?
- Decreasing glucose levels increase the levels ofa CAP ./cAMP RNA ST
signaling molecule called ® 7/
i i COLUCOSE . “HEL)
- CAMP binds CAP protein: +LACTOSE OPERON ON
i RNA mmssssss—)
. Figure 7-39 Molecular Biclogy of the Cell 5/e (© Garland Science 2008)
L

- CAP recruits RNA polymerase to the Lac promoter

59 60



The Lac Operon

Question 1: Under conditions where both glucose and
lactose levels are low you would expect expression of
the Lac operon to be:

A) ON
B) OFF

61



