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PREVIOUS TWO LECTURES

* Age of DNA
* Genetic Engineering Origins
* What Can Be Done With Genetic
Engineering?
* Classical vs. Molecular Genetic
Engineering
* Demonstrations
= Spooling DNA
" Bacterial “Cloning”

" Gel Electrophoresis
" Classical Genetic Engineering
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THEMES FOR TODAY'S LECTURE

Gene Structure & Function
Part One

What is the Function of a Gene?
What are the Properties of Genes?

What is the Evidence That DNA is the Genetic
Material (Griffith and Avery Experiments)?

Is Transformation Universal?

What is the Structure of DNA?

What is the Structure of a Chromosome?
What is the Anatomy of a Gene?

What is the Colinearity Between Genes & Proteins
(how does DNA—protein)?

How Do Switches Work to Control Gene Activity?

What Are the Possibilities For Manipulating Genes in
the Future?




WHAT ARE THE PROPERTIES OF
A GENE?

DNA
Genetic Code of Life

1. Replication
2. Stability (Mutations)

Entire Genetic Code 3 Universalify
of a Bacteria :
a) All Cells

b) All Organisms
4. Direct Cell Function/Phenotype

DNA Fingerprinting

How Show That DNA is The
Genetic Material?

Cloning: Ethical Issues
and Future Consequences

* How Can These Properties Be Tested Experimentally?
* What Predictions Follow From These Properties?

If DNA is the Genetic Material, THEN What.....?

Plants of Tomorrow



The Spanish Flu Pandemic - 1918 to 1920

It is estimated that anywhere from 20 to 100 million people were
killed worldwide,or the approximate equivalent of one third of the
population of Europe, more than double the number killed in World
War I. This extraordinary toll resulted from a high death rate of up
to 50%.

Characterization of the 1918 “Spanish” influenza
virus neuraminidase gene PNAS June 6, 2000

Ann H. Reid,* Thomas G. Fanning, Thomas A. Janczewski, and Jeffery K. Taubenberger

Researchers detect deadly Spanish flu genes

A team of researchers in Japan and the United States have determined the causative
genes for the Spanish flu that reportedly claimed the lives of some 40 million people

around the worldin1918. PNAS January, 2009

By Sequencing the Virus Genome From Victims Dead ‘ v
For 80 Years & Synthesizing the "Original”

—

Flu Virus By Genetic Engineering




How Many People Died Worldwide
During the 2009 H1N1 Pandemic?

Influenza A(H1N1) a. 130
b. 1,300
How to ProtectYoursglfand Others c. 13' OOO
d. 130,000

e. 1,300,000

H1N1

T
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Virus
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January 29, 1922 - New York City

PNEUMONIA KILLS 990 IN CITY SINCE JAN. 1; Forty-
Eight Die in Twenty-Four Hours, Four Fewer Than on

Previous Day. 387 INFLUENZA CASES Six More Deaths
Reported, but Copeland Sees Chief Danger in First-Named
Disease.

Bacter'ial Pneumonia Was Also a “Killer'" a'r This Time!

4 \ B - -
’i j you could ’5*"”’“"“&”5 Ly
| monia .a ¥

seethegerms, = B zf -

you 'd wash
your hands

2011 ‘
And still is...1,000,000 Deaths/Year TODAY! Mostly Children



Major Causes of Death

1920

1. Typhoid Fever
2. Malaria

3. Small Pox (virus)
4. Measles

5. Scarlet Fever
6. Whooping Cough
7. Diphtheria

8. Flu

9. Mumps

10. Cholera

Note: A/l of these diseases are
treatable or preventable with
antibiotics or vaccines/ll!
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2002

Heart Disease

Infectious & Parasitic
Diseases

Cancer
Stroke
Respiratory Diseases

Unintended Injuries (e.g.,
Cars)

HIV/AIDS
Digestive Diseases
Diarrheal Diseases

0. Intentional Injuries

(Murder, War, etc.)




Frederick Griffith & The Transforming Principle
The First Genetic Engineering Experiment

Heal‘l‘hg
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QuickTime™ and a

lecompressor.
are needed to see this picture.

1879-1941

Invented the Word “"Transformation”
Not Understood For Another 50 Years




A Typical Bacterial Cell

Cell Wall/, Bacterial Virus

\| - Circular
\\ Plasmid

Plasmids: 2,000-150,000 bp (1-100 genes)
Chromosome: 500,000-5,000,000 bp (500-5,000 genes)

Plasmid DNA: ~1.4 ym (10-° m) in circumference (Genetic Engineering Vectors)
Chromosome: ~ 1.4 mm (10-3 m) in circumference

1 um = 3.94 x 10-5inches



Bacterial Genome Projects Have Provided Remarkable Insight
Into Bacterial Genomes and Cell Functions

Table 1-1 Some Genomes That Have Been Completely Sequenced

Mycoplasma genitalium has one of the smallest of all human genital tract 580 468
known cell genomes

Synechocystis sp. photosynthetic, oxygen-generating lakes and streams 3573 3168
{ H )

Escherichia coli laboratory favorite human gut 4639 4289

Helicobacter pylori causes stomach ulcers and human stomach 1667 1590
predisposes to stomach cancer

Bacillus anthracis causes anthrax soil 5227 5634

Aquifex aeolicus lithotrophic; lives at high hydrothermal vents 1551 1544
temperatures

Streptomyces coelicolor source of antibiotics; giant genome soil 8667 7825

Treponema pallidum spirochete; causes syphilis human tissues 1138 1041

Rickettsia prowazekii bacterium most closely related to  lice and humans 1111 834
mitochondria; causes typhus (intracellular parasite)

Thermotoga maritima organotrophic; lives at very high hydrothermal vents 1860 1877
temperatures

1400 Bacterial Genomes Have Been Sequenced to Date (January, 2011)

Table 1-1 (part 1 of 2) Molecular Biology of the Cell, Fifth Edition (© Garland Science 2008)



Streptococcus pneumoniae

Sugar ]
T Capsule :
wy . e
Capsule > Cytopiasm Capsule

A *

Ribosomes
Nucleoid

Plasma
membrang

Flagellum

Plasma
_— membrane

Peptidoglycan

2

Cell wall Quter membrane
(absent in some bacteria)

The Sugar Capsule Protects the Bacteria From Mammalian Host Antibodies



Streptococcus pneumoniae Genome Has Been Sequenced!

Virulence

Noteczenes.on BOTH
are nw&%%dﬂ

2,046,115 bp and 1,987 Genes

J. Bacteriology
2001



The Griffith Experiment
With Smooth and Rough Pneumonia Bacteria

Rough # &#
° ‘ -
Avirulent -,

Form

Spontaneous Mutations

> No Sugar
< Capsule

J. Hygiene, 1928



The Griffiths Experiment (152

EXPERIMENT

HYPOTHESIS: Material in dead bacterial cells can genetically transform living bacterial cells.

Kill the virulent S strain Mix dead S strain cells with living,
bacteria by heating. nonvirulert R strain bacteria.

METHOD

Living
S strain
(virulent) |

= g ——
3 Lb aa_::\ e g

RESULTS Mouse dies Mouse healthy Mouse healthy

Mouse dies

Living S strain cells No bacterial cells No bacterial cells
found in heart found in heart found in heart

Living S strain cells
found in heart

CONCLUSION: A chemical substance from one cell is capable of genetically transforming another cell.

LIVE Rough Cells TRANSFORMED by DEAD Smooth Celis!ll
HOW? What Was the Transforming Principle? Hypothesis?




Griffiths, 1928, J. of Hygiene, 28 (2), 113-157

VorLome XXVII JANUARY, 1928 No. 2

THE SIGNIFICANCE OF/PNEUMOCOCCAL TYPES.
By FRED. GRIFFITH, M.B.
(A Medical Officer of the Ministry of Health.)

(From the Ministry's Pathological Laboratory.)

Inoculation experiments with heated virulent Type I culture and attenuated
R strains of Types I and I1.

Conversion of R Type II into S Type I. In the experiment in Table VII
two out of eight mice injected with heated virulent Type I culture together
with an attenuated R culture derived from Type II died of pneumococcal
septicaemia and yielded pure S colonies of Type I from the blood; plates from

Note: R

the lesions at the seat of inoculation showed a mixture of R and S colonies. Strain II
Transformed
Type of culture in‘l‘o SmOOTh
Killed S Living R No. obtained from .
pneumococci pneumococei S0 Result mouse STr‘Clln I
Type I heated 2 hours at J@MNone Killed 5 days Qg None
60° C. Dose =deposit of P 342 S [ PN
50 c.e. of broth culture R 3
’ ' G, " . epe
As above R 4, Type I1. Dose Died 3 days QS colonies, Type 1 S'g"lf'CG"Ce?

=025 c.e, of blood Killed 5 ,, R cols. from local
broth culture lesion
| L.
" G . "

As above R 4, Type LI, grown Killed 5 days @R cols. from loeal
in the heated Type lesion
I deposit, Dose = Died S colonies, Type 1
036 c.c, Killed

"




DNA
Genetic Code of Life

‘ Change of Rough II Strain to Smooth I Strain Indicates

Entire Genetic Code that the Change is Due to Mutation or “"Something” Else

of a Bacteria

- a. Mutation
b. "Something” Else

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



What Was The Transforming Principle?
Experiments of Avery, McCleod, & McCarty
Fast Forward to the 1940s!

. QuickTime™ and a
Hecompreseor - decompressor
d to see this picture. - .
are needed to see this picture.
QuickTime™ and a

are needed to see this picture.

DNA is the Genetic Material!

One of the Major Reasons Watson and Crick
Considered DNA As the Genetic Material
J. Exp. Med. 1944 In Order to Solve DNA Structure



DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

STUDIES ON THE CHEMICAL
NATURE OF THE SUBSTANCE

INDUCING TRANSFORMATION
OF PNEUMOCOCCAL TYPES

OSWALD T. AVERY, COLIN M. MacLEOD, anp
MACLYN McCARTY

[ 7. Of Experimental Medicine,79 (2), 137-158 (1944) |

STUDIES ON THE CHEMICAL NATURE OF THE SUBSTANCE
INDUCING TRANSFORMATION OF PNEUMOCOCCAL TYPES

INDUCTION OF TRANSFPORMATION BY A DESOXYRIBONUCLEIC ACID FrRACTION
IsoLATED rrROM PxEUumococcus Tyre III

By OSWALD T. AVERY, M.D., COLIN M. MacLEOD, M.D., axp
MACLYN McCARTY,* M.D.




Avery et al.Questions?

1. Does the Transforming Principle Come From the
Mouse or Bacteria?

2. If From the Bacteria -- What Component?

3. How Devise Techniques to Determine What is the
Transforming Principle?

a) Transformation in Test Tube
b) Isolation of Macromolecules
c) Isolation of Enzymes (e.g., DNase, RNase)

Design Experiments To Showl!l



Does the Transforming Principle Come
From the Mouse or Bacteria?

Look at Morphology
Mix in Test Tube on Agar Plate

(@) —) )

8o Heatxkilled

aal ='.\ =S components @,

33‘ &% & | in medium ko
| = ' — - . ;
 Ooe ' -y

Living R form

Time N
- Living S form
\

Hypothesis? Predictions? Experiment?



What Are the Major Chemical Components of a Bacterial Cell?
What Could Be the Transforming Principle?

Table 2-2 The Approximate Chemical Composition of a Bacterial Cell

Lweeris TGN Mok

Predicted Water

70 1

if DNA Inorganic ions 3 5

is the Sugars and precursors 1 250

Genetic Amino acids and precursors 0.4 100

Material? Nucleotides and precursors 0.4 100

Fatty acids and precursors 1 50

02 =

2. How Tt.?,S'I' Macromolecules (proteins, 26 ~3000

Hypothesis? | nucleicacids, and
polysaccharides)
Macromolecules
Monomers Polymers

SUGARS W | POLYSACCHARIDES |
FATTY ACIDS (W | _FATS, LIPIDS, MEMBRANES |
AMINO ACIDS L= PROTEINS [
NUCLEOTIDES - NUCLEIC ACIDS i

Table 2-2 Molecular Biology of the Cell (© Garland Science 2008)




Macromolecules and Their

Cellular Functions

TABLE 3.1 Macromolecules

Starch, glycogen

Cellulose
Chitin

DNA
RNA

Functional

Structural
LIPIDS
Fats

Phospholipids

Prostaglandins

Steroids

Terpenes

Macromolecule
CARBOHYDRATES

NUCLEIC ACIDS

PROTEINS

Subunit
Sugar Virulence Capsule
Glucose

Glucose

Modified glucose

Nucleotides

Nucleotides

Amino acids

Amino acids

Glycerol and three fatty acids

Glycerol, two fatty acids, phosphate, and polar
R groups

Five-carbon rings with two nonpolar tails
Four fused carbon rings

Long carbon chains

Function

Energy storage

Plant cell walls

Structural support

Encodes genes

Needed for gene expression

Catalysis; transport

Support

Energy storage

Cell membranes

Chemical messengers
Membranes; hormones

Pigments; structural support

Example

Potatoes

Paper; strings
of celery

Crab shells

Chromosomes

Messenger RNA

Hemoglobin

Hair; silk

Butter; corn oil; soap

Phosphatidylcholine

Prostaglandin E (PGE)
Cholesterol; estrogen

Carotene; rubber




Testing Macromolecules
For Transforming Activity

S strain cells

%

fractionation of cell-free
extract into classes of
purified molecules

\J
RNA

\J \J

\J

protein | DNA lipid carbohydrate

molecules tested for tfansforfhation of R strain cells

\J

O @)
R
strain

v \j v
o 0 OQ
R S R
strain strain strain
—

CONCLUSION: The molecule that
carries the heritable information
is DNA.

Figure 4-2 Molecular Biology of the Cell (© Garland Science

2008)

\

O @)
R
strain

First Transformation
Experiment With Purified
Moleculesl!



The Avery et al. Experiment Showed Conclusively
that DNA is the Genetic Material?

a. Yes
b. No



THE Critical Experiment by Avery et al.Showing
That DNA IS THE Genetic Material

Introduce into S cells

Protease Protein >
destroyed R cells (Transformation)
RNase RNA Introduce into S cells
destroyed R cells (Transformation)
DNase DNA Introduce into R cells
_— < destroyed R cells (No transformation)
Ultracentrifugation Fats Introduce into S cells
eliminated R cells (Transformation)
Purified Physical and Indicates
transforming chemical predominance
principle analysis of DNA

When DNase Destroyed DNA There Was No Transformation &
Only Rough Cells Were Found in the Culture

If Smooth DNA Not Present, Rough Cells Cannot Be
Transformed Into Smooth Cells!



HYPOTHESIS: The chemical nature of the
transforming substance from pneumococcus is DNA.

METHOD

h mogenlz and ﬂlter

THE E? ‘ﬁ”nlz’é""
Critical
Experiment by Tm \g
Avery et al. \

: a2, When
Showmg That Tg«;;;;;rgat; | DNase Destroyed
DNA

| = DNA
IS R strain Ther.e Was
(nonvirulent)

) No
the Genetic Transformation
Material &
Only Rough Cells
Virulent § strain and R strein bactsria Retreignbactsria wer.e Found
N\ / J
In Culture

Cultures treated with
RNase or protease
contain transformed
S strain bacteria...

CONCLUSION: Because only DNase destroyed the
transforming substance, the transforming substance is

RESULTS

..but the culture
treeied with DNase
does not.

DNA.




How Did Avery et al. Experiments Verify the
Hypothesis That DNA is the Genetic Material

Predictions

Replication
Phenotype
Stable

Results

Yes
Yes
Yes

DNA synthesis
(replication)

I T T

DNA

JIT LI
RNA synthesis
(transcription)

RNA

(translation)

\ protein synthesis

| e

amino acids

PROTEIN

1.

2.

Cell Processes

S DNA Taken
Up By R-Cells

S Gene
Transcribed
Into S mRNA

S mRNA
Translated
Into Smooth
Protein

Smooth
Protein Helps
Construct
Sugar Capsule
and Protects
Bacteria From
Antibodies
~.Cells

i nt

Transformation is a Basic Genetic Engineering Process Today!
Transformation=Ability of Cell Phenotype To Be Changed by DNA!



Can Bacteria Be Transformed With
Other Genes/Traits?

—IEIETHET——

HYPOTHESIS: Biologically functional recombinant

chromosomes can be made in the laboratory.

METHOD  E coli plasmids carrying a gene for resistance
to either the antibiotic kanamycin or tetracycline
are cut with a restriction enzyme.

Plasmids are not cut

KI' Tf

Cohen & Boyer Q0 00

} |
Experiment That OO
“Invented” ¥

The cut plagmids
Genetic Engineering el K’OT’ OO

recombinant DNA,

The plasmids are &

put into E. coli. = O

RESULTS @
Some E coli resistant to | No E. coli doubly
both antibiotics. resistant.

CONCLUSION: Two DNA fragments with different

genes can be joined to make a recombinant DNA
molecule, and the resulting DNA is functional.

Because the Transforming Principle is DNA
Any Gene Can Be Transformed (e.g.,AntibioticR to AntibioticS)



How Do Antibiotics Kill Bacterial Cells?

Inhibition of cell wall synthesii Inhibition of protein synthesis

Translation
.

5 T Transcription
o 3 -
,..‘. “V.Q.' A
s ~ Protein
- @ . ,

Replication I
Inhibition of

7
' A

Inhibition of enzymatic
nucl.elc‘amd activity required
replication and for cell
transcription

metabolism

Damage plasma
membrane

Copyrgre © 2000 Pairson Eauce 8

By Inhibiting Basic Microbial Cell Processes



Selected Antibiotics and Their Cell Targets

cell membrane DNA gyrase
polymixins

quinolones
RNA polymerase

cell wall synthesis —___ rifampin

_vancomycin_

penicillins
cephalosporins

DNA NN . .
protem synthe5|s,

30S ribosome inhibitors

Ltetracycline

streptomycin

folic acid biosynthesis

trimethoprim

X protein synthesis,
sulfonamides

%) 50S ribosome inhibitors

erxthromxcin

chloramphenicél




How Do Bacterial Plasmid Antibiotic Resistance Genes Work?

antibiotic critical

/ h enzyme

Penicillin chrysogenum <

(A) antibiotic kills wild-type bacterium

altered critical enzyme R-gene product

(B) antibiotic resistance (C) antibiotic resistance (D) antibiotic resistance
Bacterial Enzyme Alters Target Bacterial Protein Alters Bacterial Protein Pumps
Enzyme So Antibiotic Antibiotic Antibiotic
Can't Affect It Making it Inactive Out of Cell




Engineering "Mighty Mouse” With a Rat Growth Hormone Gene

I How Does This Experiment Show That DNA is the Genetic Material? I

Holding Pig

AR
Needle With - %
DNA " .-

Specifies a Trait &
DNA g Replicates



All Organisms Can Be Transformed//
Genetic Engineering Has Come a Long Way Since Griffiths
Experiments in 1928/

‘.Strgpfoca({ us,

pne umomd




Genotype

Phenotype

Genetic Engineering/Transformation Involves

Incorporating Engineered DNA or Genes Into

Different Organisms

/ Engineered Gene MUST\

1. Enter Target Cell

2.Use Target Cell Machinery
Enzymes to Become Part of
Chromosome

3. Replicate with Target Cell
Chromosome

4. Use Target Cell Protein Synthesis
Machinery to Make a New Protein

Glgineer‘ed Gene CAN BB

1. From Same Organism

2. From Different Organism

3. From a Combination of
Organisms stitched
together by Genetic
Engineering

= Phenotype Trait!

\_ /

\_ /

Gene Engineering Shows that Gene Processes Are Universallll

Just Like The GlowGene

Experimentsll|



Transformation of Cells With DNA Uses Normal Cellular Processes to

can Intervene -

in This Process in
cells

Genetic Engineering
Is not "Hocus Pocus.
It Uses "Natural”

*

Cell Processes//ll BNA|

Produce a New Phenotype

;mm Replication

Information

PUNINTUN I TN N 7N

DN
Information A

|

<

Information

All Organisms Use
The SAME Processes
And "RULES” to
Generate Traits!! And
The SAME Molecules
& Chemistryll

Transcription
(RNA synthesis)

Information mRNA

Translation
(protein synthesis)

Ribosome

Protein —Trait (eg , Smooth
Bacteria)



5l

Sequence or
Order of
Nucleotides
Coding DNA
Strand

Begm ——>TGRAARRTCCARARRRATAGGA

GTTTGGTGTTTGGETTTTAGS
TAGGARATAATTTGGGTCTTT
TTTAGGTTTCGGGTTTGGGTT
ATTTGAGTGTTTGACATTTGA
AATTTCGGTGTTTCATCTTCG
TGEGTGTGCCAGTEGCGTGAG
TGTTCCCCGGTTTCGTCAACT
TACGSTTTAGGETTTACCAAG
TTAGGGTTTAGGGTTTGAGAT
GGCGGCCATTTCTCATGTTTG
ARACARFAGCCTGAARATCAAA
TGEGTGTGCCGETEGECGTGAG
CGTTCCCCGGTTCCGTCAACT

What is A Gene?

The B-globin Gene

Blood Protein Carries Oxygen to
All Genes From Lungs & Energy

ATCARGTACCCATGTTTGEGH
TGARCGTCARTGAACACGARR
ARARAAATAGGARATCGACCT
AGARAAGGGAGGETGECCATT
ACTATCACGTARCARCARAAC
ATTTTTTTGCOTGEGTETGOD

A Gene is a Unique Sequence of
Nucleotides Specifying a Function

ATARATAGATTTTTCCCTTGT
CCTTTTCCATSTTCARGTACE
TTTCTCATGTTTTGAAGTCAR
CCTGAARAT CCARARARAATAG
CAGTGECGTGAGACAT TGGAG
GATACGTCARCTARCACGTAR
CATGTTTGGGATTTTTTTCCS
AGARCCCARRARAARTAGTCT
GRAAATCGRACCCTTTTCCATGT
GGGCAGCCATTTCTCTTGTTT
ARARCARAGCCTGARTATCTHA
GTGAGTGTGCCAGTGOCGTGH
TCGTTCCCCGETTCCTTCARD
GTTCARGTACCCATGTTTGEE
TTGGACGTCARRGARFACCARR
CARRAARATAGGAARTCGACT
AGARAATGGAGGECGEECCART
CTGACACGTARRAACARAGCT
TTTTTTCGCGTGEETGTGOCH
ARAATAGTCCCGTTCCCCGTT
TTTTCCATGTTCAATTACCCH
TCTCATATT TGGACGTCARRG

DNA Sequence = Biology!
What If Sequence Changed?

SEQUENCE & FUNCTION

Relative to Coding or
3 Sense Strand of Gene

End




o Genes & Genomes Differ Because

‘ the Sequence of DNA Differs

Entire Genetic Code
of a Bacteria

DNA Sequence Biological

@] & — s

DNA Fingerprinting

-

—»,. If You Know the DNA Sequence, You
= Can Engineer Anything! Even Make
Cloning: Ethical Issues

and Future Consequences New Genes & Gename!

Creation of a Bacterial Cell Controlled
by a Chemically Synthesized Genome

Plants of Tomorrow



| M | Unnatural Genes Used to Replace
vyl | Missing DNA Keep Cells Alive

Genetic Code of Life
In another step for synthetic biology, genes designed in the lab and not

seen in nature have been used by researchers to rescue bacterial cells
from death
OPEN (& ACCESS Freely available online = PLOS ONe

Entire Genetic Code
of a Bacteria

De Novo Designed Proteins from a Library of Artificial

Sequences Function in Escherichia Coli and Enable Cell
Growth

1)
DNA Fingerprinting
Hi

. I gl =2
5521:2(:_» ’ : > Evolution
, Protein ’ ‘ ‘ ‘
Cloning: Ethical Issues
and Future Consequences ' ‘ ’ : i

At
Work

i

Minimal medium

4

Plants of Tomorrow



DNA and Genes Consist of Nucleotides Joined By Bonds

(A) building block of DNA (D) double-stranded DNA
phosphate Note Unique Order
sugar

/ 5 3
- + 8 _’p' Note Polarity
sugar base

phosphate nucleotide

(B) DNA strand
Note Umque Order sugar-phosphate  hydrogen-bonded

\ T T . backbone base pairs
5 3

(E)_DNA double helix
1. A Nucleotide = Sugar + Base + Phosphate

2. Nucleotides Are Linked In Order By
5 to 3' Phosphodiester Bonds

3. Two Strands of DNA Are Complementary
And Have Different Sequences!

Figure 1-2 Molecular Biology of the Cell, Fifth Edition (© Garland Science 2008)



There Are Four Different Nucleotides in DNA

Base Base
The base may Base| + . - ‘ " @ - I
be 9\"!2? a ) Riboseor  Nucleoside Phosphate Nucieotide
pym.‘!l ne or N deoxyribose Note Number-ing
a purine. N :
, . & Polarity of Sugar

[ Pyrimidines J
INTD

N X
H
yiosine (C)

O

I
No_ /Q

4
NT NP
H N
Adenine (A) Guanine (G)

[ Purines NH,
\\

crE S
| B
CQIZC

H

Note Chemical Differences in Bases -- Chemistry Leads to Biology!!



The Chemical Structure of Four Nucleotides Differs Because of
Differences in the Bases

Structures of the four DNA nucleotides

Purine nucleotides

Phosphate

<— Nitrogenous base
(Adenine, A)

Deoxyadenosine 5-monophosphate (dAMP)

Pyrimidine nucleotides

<— Thymine (T)
0]

H H
OH H OH H
Deoxycytidine 5’-monophosphate (dCMP) Deoxythymidine 5’-monophosphate (dTMP)



Nucleotides Have Polarity
Based on What is Bonded to the Five-Carbon Sugar
Phosphate on 5'Carbon and OH on 3'Carbon

phosphate Note Polarity

\ sugar 5 . 3
/ —
I

“5. . OH 3
Beginni End

sugar base

phosphate nucleotide

The Sugar is the HUB
DNA Sequence Defined By Nucleotide Order

DNA Sequence = Functional Uniqueness = Biology

Figure 1-2a Molecular Biology of the Cell, Fifth Edition (© Garland Science 2008)



Note Structure and Polarity of Deoxyribose Sugar

Phosphate Attaches

2-Deoxyribose



Nucleotides Are Joined By 5' to 3' Phosphodiester Bonds

C (R) Phospho-
diester <
A D bond
G |E
R
Phospho-
diester <
bond
v

T\
3. ,
Cell Biology, Sixth Edition

Polarity Defined Wn Hreeman aod Company
Sugars & Order Specified By Bases

(b)
E e
3 |3 |3 Short-Hand Notation
OH
5 5' 5
5 C-A-G 3’

The Order is Specified by the
Nucleotides That Join 5’ to 3’

This is the Basis For All of Biology

Order is Maintained During DNA
Replication

Basis of All Genetic Engineering




Clues to the Double Helix-Chargaff's Rules
Purines = Pyrimidines

LGN e Chargaff's Data on Nucleotide Base Composition in the DNA of Various Organisms

Percentage of Base in DNA

~

Organism A T G & AT G:C
Staphylococcus afermentams 12.8 12.9 36.9 37.5 0.99 0.99
Escherichia coli 26.0 23.9 24.9 25.2 1.09 0.99
Yeast 31.3 32.9 18.7 17.1 0.95 1.09
Caenorhabditis elegans* 31.2 29.1 19.3 20.5 1.07 0.96
Arabadopsis thaliana* 29.1 29.7 20.5 20.7 0.98 0.99
Drosophila melanogaster 27.3 27.6 22.5 22.5 0.99 1.00
Honeybee 34.4 33.0 16.2 16.4 1.04 0.99
Mus musculus (mouse) 29.2 29.4 21.7 19.7 0.99 1.10
Human (liver) 30.7 31.2 19.3 18.8 0.98 1.03

*Data for C. elegans and A. thaliana are based on those for close relative organisms.

\_

J

Note that even though the level of any one nucleotide is different in different organisms, the amount of A always approximately equals the amount of T,

and the level of G is always similar to that of C. Moreover, as you can calculate for yourself, the total amount of purines (A plus G) nearly always equals

the total amount of pyrimidines (C plus T).

What Would You Predict For a Single-Stranded DNA?



DNA is a Double Helix of Two Complementary
Chains of DNA Wound Around Each Other

double-stranded DNA
50
3'
sugar-phosphate  hydrogen-bonded
backbone base pairs
DNA double helix
5l
3l

Watson and Crick, Nature, 1953

AW

o

Complementary Strands
A=T and 6=C

Sequence of Strands Differ
Bases to Interior

Phosphate-Sugar Backbone
on Exterior

DNA Strands in Opposite
Direction (Only Way Helix
Fits)

Sequence of One Chain
Automatically Specifies

Sequence of Complementary
Chain (Basis of Replication!)




The Double Helix

(a)

Major
groove

Minor
groove

Read Book by Same Namel



Properties of DNA

DNA

LU UANE 1. Four Different Nucleotides
2. Nucleotides Linked by Phosphodiester Bonds
3. Nucleotides Linked in Order 5' = 3’
4. Two Chains Complementary in Antiparallel
Entire Genetic Code Dif'eCTion 5 —3
of a Bacteria 3e———5

Sequence differs & only way bases fit in "middle”.
5. Bases In Interior Stacked & Bonded by H-bonds
- Complementary “rungs” on “"Ladder”.

6. BACKBONE - Sugar/Phosphate Bonds
7. No Constraint on Sequence

n= n # Sequences
8. DNA has dimensions:

DNA Fingerprinting

R s From X-Ray Diffraction Pictures = .
aﬂl Funfgt.lifg:msle:uenccs KnOW # bD - KnOW lenq.rh! ° ZOA diameter
' > - 3.4A/bp

9. Order & Biology + 10bp/turn

Plants of Tomorrow



Research Article

DNA A Bacterium That Can Grow by Using Arsenic Instead of Phosphorus Science, December 2, 2010
Genetic Code of Life

December 2, 2010

Subsisting on Arsenic, a Microbe May Redefine Life

Fuv NENNIS NVERRYF New York Times, December 2, 2010

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

The newfound bacteria thrives in the arsenic-rich waters of Mono Lake in California.

Plants of Tomorrow



The Mysterious Case of Arsenic DNA

DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

| Arsenic |

\ sugar

a1 B

\
/7 L
sugar base
H, \ _o
\ w b /P\o
o<’ -0 4

0
DNA Fingerprinting % - o =
)
o o

\ Py
0 M 0’
. "'\ ¢ CH,
Cloning: Ethical Issues ? M’ o
and Future Consequences O MN
6] H
5'CH o\
-~ . 2
A 5 P;oo

Plants of Tomorrow



DNA
Genetic Code of Life

Entire Genetic Code

Does Growing Bacteria on Arsenic and Showing that
Radioactive Arsenic is Associated With a DNA Fraction of

of a Bacteria the Cell Demonstrate Unambiguously That the Nucleotides in

Arsenic?
a. Yes
DNA Fingerprinting b. No

_ Whatdo  They think we are
W SUYys in town

Cloning: Ethical Issues

and Future Consequences

the Double Helix are Bound Together by Bonds Containing

DNA MADE WITH POISON



A Chromosome Contains One (or Twoll)
Continuous DNA Molecule(s)

DNA in Human &
Eukaryotic Chromosomes is
Linear!

DNA in Most Bacteria is
Circular!



Each of These Chromosomes Contains
One or Two DNA Molecules?

Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

a. one
b. two

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow



The Circular £. Col/i Chromosome
One DNA Circle

3' strand
Ori 5 et .
origin of . , &)‘h .
replication ! @,
& .
" Opposite 3%
polarities! \ A
# = 5. %
—— : _’"" " ’
(A) Escherichia coliK-12
4,639,221 nucleotide pairs
terminus of
replication
(B)

Figure 1-29 Molecular Biology of the Cell, Fifth Edition (© Garland Science 2008)



A Chromosome Contains Many Genes That
Reside at Specific Positions and Have Unique
Functions

Why Arrows in Different Directions?

Defi\:‘\g;a;ene gene A geneB gene C
Positions? —=1 1 —1
Pi—
DNA
double
. helix
gene expression
— - —

protein A proteinB proteinC

Because DNA Contains Two Strands--Genes Can Be Transcribed
From Either Strand--But Only One Per Gene



Genes Reside at Specific
Positions or Loci

Gene Position = Locus = Unique DNA
Sequence




Genes Reside at Specific Locations

——— Ichthyosis (scaly skin)

———— Albinism of the eye

Duchenne muscular dystrophy

Retinitis pigmentosa

A form of hemolytic anemia

Cleft palate, X-linked

Some forms of gout
Lesch-Nyhan syndrome
Hemophilia B '

/ Fragile X mental retardation

ol

Manic-depressive iliness
Colorblindness

Hemophilia A

Diabetes insipidus
Linear DNA Circular DNA
How Know? How Know?

* Note Marker Bands - What are these?
e How Know Gene Positions? Chromosome Number?



Alleles Reside at the Same Position on a Chromosome

Alleles [ é® @ ]
e > ‘: e

z‘ﬁ m '{,
Different ‘rbﬁ .*50
Genes 3|~

1B Oe v i
10 oal mokg '.‘“ < oat mons from
(ol J "“‘ | Potentate ¥2

i

)

N!\ae
_0!®

Normal (MY N\ /7 Nipphe o (v

Gene Engineering Can
: . Generate New Forms of
d ) | Alleles of a Gene and,
‘ b ‘ S F therefore, Results in
"
tooss  Comoad More Genetic Diversity
J*‘ J" -
4l e

SN Droad
Oty a0
No)

mutations result in
genetic diversity!!!

Alleles Are Different Forms of the Same Gene

That Arise By Mutation & Can be Made in a
Laboratory By Modern Genetic Engineering!



Organization of Genes on Human Chromosome 22

(A)  human chromosome 22 in its mitotic conformation,
composed of two DNA molecules, each 48 X 10° nucleotide pairs long

- —l il

heterochromatin
X10

10% of chromosome arm ~40 genes

e | (B1l EER B 1L !l BB Il HI!HE
. L x Genes Are
x1 [ ] [ ]
Gene - ezne . . Gene Gene ‘l Defmed/ PPCCISZ
of chromosome con almng genes R °
egions of DNA

Structural
onegeneof34xlo‘np
(D) o - : One Large Gene!
5 regulatory DNA exon mtron lgeneexpressson 3
sequences proteln
©. folded protein
Genes Act As Individual Units?
How Know? Experiment! Genetic Engineering AntibioticR

Figure 4-15 Molecular Biology of the Cell (© Garland Science 2008)



A Conceptualized Gene

Beginning - =
Transcription Coding sequence

Promoter
\ | I /
2 e T T 2,
3’ 5’
-20 -10 +10 +20 +30

+1

Upstream Downstream

Sense Strand
Nontemplate strand 5’ CTGCCATTGTCAGACATGTATACCCCGTACGTCTTCCCGAGCGAAAACGATCTGCEGCTGL 3’/
DNA
Templatg strand 3’ GACGGTAACAGTCTGTACATATGGGGCATGCAGAAGGGCTCGCTTTTGCTAGACGCGACG S’
Transcribed Strand l

Sl

3’ Primary RNA
transcript

Figure 4-10b
Molecular Cell Biology, Sixth Edition
© 2008 W.H. Freeman and Company

Recall -- “Making Proteins in Recombinant Bacteria” Article by Gilbert



A Gene is a Specific DNA Sequence That
Directs the Expression of a Unique Trait

Gene X
Beginning> _End >
5° END > 3°END

START

SENSE STRAND)

TERMINATION
“SWITCH”

TATAAT YAGCTCGAAC ATTTT )

Z

Downstream

Next Gene

3’END COMPLEMENTARY

Upstream “SWITCH” Genetic Code (Function)
OR
Next Gene PROMOTER rimuscmsen STRAND)
ATATTA TCGAGCTTG TIAAAA
~ S AGCUCGAAC,
CONTROLS 5’ END
When & MRNA X
Where a gene
becomes
active? START

TRANSCRIPTION

kUNIQUE CELLS!

END

TO TRANSCRIBED
STRAND
=TEMPLATE

FOR RNA

TRANSCRIPTION

Note: mRNA Sequence = Sense Strand Sequence




DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

A "Simple” Gene Reviewed

. Sense Strand = Genetic Code
. Sense Strand = 5' = 3’ Direction (all DNA

sequences specified 5’ = 3')
AntiSense Strand = Complement of Sense Strand

. & is Transcribed Strand
. MRNA = Same Sequence As Sense Strand &

Complementary to AntiSense Strand

. mRNA = 5" = 3
. Switch Turns Gene On - Not Transcribed But

Upstrez{lm of Coding Region

Genes Function As Independent Units -
Design Experiment to Show!

“Everything” Follows the Double Helix & Its Rules -
Anti-parallel Chains & Complementary Base Pairing!



A Chromosome Contains Many Genes Operating Independently
Evidence?

’c What delineates each gene?
Ny Helix
Tf’
Ve J \ J \

~ A = ) _
s gene 1 gene 2 gene 3.....
e g o COd|ng 5 AGCTGGTCCACGT'ICGTAATCCAGCAGACGCAGTCGGAICCTAAGCC un%visted
Position of Genes CCCTTLTCTTTET T T EELOTCT T LT TR TL T T untwiste
1 2 &3in Template 3 —isnUBINIEINL | 5
chromosome Notice sequence of each gene
Discrete Unitsl! Vv % ¥
5 mRNA1 3'5; mHJf:lAZ 3'5 mRNA3.3.
. 5' r N r o s 3.
Notice- Each gene, mRNA, & TRTTITT TTrTT T TOCTTreT, T e
protein has a unique ¥ & ¥
order/sequence of monomeric . .
. protein 1 protein 2 ﬁotengh&..
M N N protein
N Arg Pro Val lle Cys| " C Arg| ¥
Central Dogma Function 1 Function 2 Function 3
-.Genes -> Functions in Cells Note sequence of each profein

via Proteins
Cells duplicate & stay the same
-> DNA replication

VERY IMPORTANT CONCEPT!
COLINEARITY BETWEEN GENE SEQUENCE AND PROTEIN SEQUENCE




Control Switches Are Unique DNA Sequences

“Control”
Switch

& Can Be Cloned

AND used to Re-Engineer Organisms!!
Switches Act Independently of Genell

7

DNA [ﬂ:ﬁ

Activators N\
(e.g. hormone/receplor protein)

A

Starf site

" n
On oz b

s . | Pr!motor 7
» Gdhe
I .

|
— . [ —
Enhancers (e.g. TGTTCT) A CAAT box TATA box
1) Activator proteins bind 1o ILB() nt |
enhancer sequences In
the DNA
2) DNA bending brings the LT o 1‘, — o ©
bound activators closer to [/ B 1 w ) 0
the promoter. Other L_:a'nscfnp LA
transcription factors A ctors € (
and RNA polymerase NN
Wy S | — r
7~ ~<—RNA
: Y polymerase
\ /
\_\ o :
3) Protein-binding domans
an the activators attach to '
certain transcription factors '}_-. <= ~BNA
and help them form an ‘ - n I .
AT\ - polymerase
active transcription iniiation ) b ) AN
compiex on the promoter tha! o -
stimulates RNA synthesis by Transcelption Nty -

RNA polymerase,

Wy e B I P

Initiation Complex

RNA synthesis



Control Switches Are Unique DNA Sequences
& Can Be Cloned
AND used to re-engineer organisms!|
Switches act independently of genell

Control Switches

Upstream Regulatory Region Promoter  GENE —
When/Wherel (Switch)

RE1REZ  RE3 RE4 RES __ RE6 ‘
A X

Regulat
] © 0§ l ® .

A
Turn genes Jr:ms I?ene iam‘rol 'I'lrnlng of When appropriate transcription factors
on g off & Inbran gene expression are boiund at RE1, RE4, and RE5,
@ SRY Gene binding of this transcription factor to
@ Eye Gene Increases rate  Turns gene OFF in REG allows RNA polymerase to begin
of transcription  most other tissues transcription

Genome Projects | | Each Switch = Unique DNA Sequence | | No "Hocus
Reveal Both the Pocus”
Genes & the Logic Yol It's in
that Controls them! RULE: Sequence > Biology! the DNAI




Switches Control Where & When A Gene Is
Active — Unique Functions — Unique Cells

Insulin
Gene

Myeloid stem cell Lymphoid stem cell

\

Myeloblast

L
D TEes. 209

Natural

cells o —— & T lymphocyte  killer cell

. ;
~intestine

= small
Wy ‘ intestine

Platelets White blood cells



DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

THE GENE AND SWITCHES ARE
UNIQUE DNA SEQUENCES

. They Can Be Cloned & "Shuffled” & Engineered

Creating| New G[anzslhaLI:Iaxe_Nn_C.mTTer'parfs
in Nature. & |Genetic Engineering

. These New Genes Can Be Transcribed in New Cell

Types (Switch Change) &/or Organisms &/or Both.
(e.g., Human Genes in Plant Leaves)
L

Human Genes + Plant Leaf Switch

. All Genes are Regulated & Controlled by Switches.

Genome Projects Reveal Both The Genes & The
Switches & Wiring Together of All Switches in

Gene. & Program of Life From Birth to Death

Yo! It's in the Sequences!!



The Eye Gene Can Be Expressed in
Different Parts of the FI¥ by Engineering
the Eye Switch

Replace the Head
Switch With the
Leg Switch by
Genetic
Engineering

Eye Gene

Eye Gene

+ = dk'.u'/.' . ' : :V' |
Leg Switch  [RZCLISET I

{f' tissue

Abhnavmal acindie of the gyele=a gena Nas
qeevened an oye an e Teg o1 a iy




Eye Regulatory Network

Control Genes Like The Eye Gene Control The
‘ Activity of Other Genes!

5' 3' gy Prote", Gene 1——|Protein 1

—
v

switch | Eve Gene Gene 3___,|Protein 3
——__Gene 4 |Protein 4

Entire Genetic Code
of a Bacteria Eye

|—»Wor'ks in .
Head| Eye Protein Binds to 1

DNA Fingerprinting Switches to Turn Genes

I
onl Eye on Head!

gye Prote,_ Gene 1—— | Protein 1
_,Gene 2____, |Protein 2
~Gene 3__, |Protein 3

——__Gene 4 |Protein 4
Normally Eye Gene is ]

OFF in Leg. Switch only |
Works in Leg. Eye on Leg!

Leg

Cfoning: Ethical Issues . E e Gene
and Future Consequences SWITCh Y

Plants of Tomorrow



DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

Ultimate Goal:To Dissect Genetic Regulatory Networks

Programming Human Development From Birth to Death!

e noudod o e e petee.

QuickTime™ and a
decompressor
are needed to see this picture.

Genetic Networks Programming Early
Sea Urchin Development

Quadin™ anga
Ecompresso
oo 400 o e,



DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

100 Years Into The Future

. If the Entire Human Genome is Sequenced?
. If the Function/Protein of All Genes Are Known?
. If All the Switches Are Identified & How They

Go On & Off From Birth to Death?

. If We Understand How Genes Are Choreographed

& All the Sequences That Program them

What Does the Future Hold?

We Will Know at the DNA Level What Biological
Information Programs Life to Death!

What Does This Mean For The Future of
Humanity?

Remember - Mendel’'s Law Were Only Rediscovered
100 Years Ago & Look What We Can Do & Now!




