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THEMES FOR TODAY’ S LECTURE
Gene Structure & Function
Par‘f One (Text Chapter 2)

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 Colinear‘i'ry Between Genes & Proteins
(how does DNA—protein)?

How Do We Know That Genes Function Independently
of One Another?

What is the Anatomy of a Gene?
How Do Switches Work to Control Gene Activity?

What Are the Possibilities For Manipulating Genes in
the Future?

Demonstration: “Bacterial Cloning”

Recall....Science is NOT “Hocus Pocus”

or Based on Opinions and Beliefs

-Science is Based on

Observation, Hypothesis Testing,

Rigorous Experimentation, and
Verification

°Technology, or the Application

of Scientific Knowledge, Has

Transformed Dramatically Our
Lives and How We Live




And.....Genetic Engineering Is
Manipulating DNA Either Classically or By
Exciting Modern Approaches (6E 1.0 and 2.0)
It's a Scientific Process
Not Hocus Pocus

Understanding Genetic Engineering
Requires a Basic Understanding of Genes
And How They Work

Understanding the Properties of Genes & How
Genes Can Specify Traits Is the “"Key" to
Understanding Genetic Engineering!

% X w)t Replication
Q Information
Can Intervene DNA | YXOXROIONRX
in This Process in = | DNA All Organisms Use

Cells '"f°'i"a“°" The SAME Processes

6 . . . 00 a0 Transcription Aﬂd RULES ”TO

enetic Engineering 7 (RNA synthesis) &éenerate Traits!l And

B e et | o
Cell Processes!lll 'BNA| I mRNA

Information

Translation
(protein synthesis)

J Ribosome

Protein

ProteinI Trait (e.g., eye color) |




WHAT ARE THE PROPERTIES OF
A GENE?

DNA
Genetic Code of Life

1. Replication
2. Stability (Mutations)

Entire Genetic Cod . .
T 3. Universality
a) All Cells

b) All Organisms
4. Direct Cell Function/Phenotype

DNA Fingerprinting

Design an Experiment to 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

Evidence That DNA Is the Genetic Material Starts With Pneumonia

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. January 29, 1922 - New York City

SNECZING. DO NOT ENTER THIS THEATRE

mmmmmnmmmm

Spanish Flu

(viral) Was

also “Killer”
at This Timel
N ]
g Spanish Influenza @
INFLUENZA e 2
of the in ==
I B B i argocases i the Navy Yard =
P":um'o"""""l B 50 deaths have already resulted =
s oo v ! SPITTING SPREADS SPANISH =
" You must po ME = INFLUENZA DONT SPIT =

YOU MUST DO THE S |
IF YOU HAVE A COLD AND ARE mn:‘f ! ‘ 3
i

Epldennc Closing
Order Is Sweeping

~The Ntate Board of Health_order,
cloaing achools, theatres, cderches,
saloons, etc., in an effort to pre-
\murmmwutmm-
ish Influenga epidemic, is a fweoep-
Ing one, All clubs must close, in-
cluding _ bowlll;’ alleys_and_pool
rooms.No socidly, club or organi-
zation meeting can_bo_hold, _not
even al ho-e-.

This Theatre has agreed to cooperate with
the Department Of Health in dissemina
the truth about Influenza. and thus serve
it educational purpose.

HELP US TO KEEP CHICAGO THE
HEALTHIEST CITY IN TEE WORLD
JOHN DILL ROBERTSON

COMMISSIONER OF HEALTH

Spanish Flu Killed 50-100 million people world-wide from 1918 to 1920 - Most From Secondary Bacterial Infections




The Spanish Flu Pandemic - 1918 to 1920

It is estimated that anywhere from 50 to 100 million people were
killed world wide - 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

around the world in 1918.

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

PNAS January, 2009

By Sequencing the Virus Genome From Victims Dead
For 80 Years & Synthesizing the “Original”
Flu Virus By Genetic Engineering

J ()

Major Causes of Death in USA
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1920 (¢cpo)
Pneumonia
Heart Disease
Tuberculosis
Stroke
Kidney Disease
Cancer

Unintentional Accidents
(excluding cars)

Diarrhea, Enteritis,
Intestinal Lesions

Premature Birth

10. Maternal Death Giving Birth

Note: Based on 1.1 M Deaths (1,300

100,000). Child Morfality =
185 192 1%l i Mortaly

—

w N
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10.

11.

2011 (coo)
Heart Disease
Cancer

Chronic Respiratory Diseases
(e.g. ,Emphysema & Bronchitis)

Stroke

Unintentional Accidents
(e.g.,Cars)

Alzheimer's Disease
Diabetes

Kidney Disease
Influenza & Pneumonia

Intentional Self Harm
(Suicide)

Septicemia (Bacteria)

Note: Based on 2.5M Deaths (741 per
100,000). Child Mortality 6 per 1,000




Frederick Griffith & The Transforming Principle
The First Genetic Engineering Experiment (unintentionall)

ol $tpepfococ cus

- %lkumoni‘ae '

T ‘
Smooth

1879-1941

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

Streptococcus pneumoniae

Capsule Biosynthesis

o gq%ar
V; _- le : L CAD5UIE —
Clal"u kb __— Cytoplasm —_ Capsule Gle6P
' P ,:7 Ribosomes ‘\_7\‘\ / 3 phosphoglucomutase Cps3M
Nucleoid ~__ " Gle-1-P

___—Plasma glucose-1-phosphate

membrane uridylyltransferase Cps3U
UDP-Glc + PPi

Flageflum - NAD*

UDPG dehydrogenase Cps3D
NADH
UDP-GIcA
Plasma
membrane UDP-glc type 3 capsular

polysaccharide synthase Cps3S

Peptidoglycan
Cell wall{ Quter membrane

(absent in some bacteria)

(GleAGle), Sugar Capsule

J. Exp. Med. 181, 973, 1995

The Sugar Capsule Protects the Bacteria From Mammalian Host Antibodies
Capsule = Virulence No Capsule = Avirulence




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 Made Synthetically!

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

[ Escherichia coli laboratory favorite human gut 4639 423]

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

12,982 Bacterial Genomes Have Been Sequenced to Date (January, 2014)

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

Streptococcus pneumoniae Genome Has Been Sequenced!

Virulence

1600 kbp

3 Note Genes on BOTHm

= isoou DNA Strands!

2,160,837 bp and 2,236 Genes
At Least 13 Genes Specify Capsule Formation
What Happens If One of These Genes Is Mutated?

Science 293,498 (2001)




Correlation of Streptococcus Genes With Biological Functions
(i.e.,Genome Annotation)

Virulence Capsule Genes
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Science 293,498 (2001)

The 6riffith Experiment
With Smooth and Rough Pneumonia Bacteria
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@ @ G
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Rough  #&% 4"
H P ®
Avirulent A

Y
Form P

Spontaneous Mutations

> No Sugar
< Capsule

J. Hygiene, 1928




The Griffith Experiment (s2s)

EXPERIMENT

Kill the virulent S strain BOILING KILLS Mix dead S strain cells with living,
bacteria by heating. SMOOTH CELLS nonvirulent R strain bacteria.

R strain
(nonvirulent)

Injection f :

Y

RESQLTS Mouse dies Mouse healthy Mouse healthy Mouse dies

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

. . : . MOUSE DLES -
CONCLUSION: A chemical substance from one cell is capable of genetically transforming another cell. SMOOTH CELLS

FOUND IN HEART

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

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

VoLume XXVII JANUARY, 1928 No. 2
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THE SIGNIFICANCE OW EUMOCOCCAL TYPES.

By FRED. GRIFFITH, M.B.
(A Medical Officer of the Ministry of Health.)

(From the Ministry’s Pathological Laboratory.)

T

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

Conversion of R Type 1T winto S ’yp? I. In the experiment in Table VIT
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 NOTC_- R

the lesions at the seat of inoculation showed a mixture of R and S colonies. Strain IT
Transformed

WVII.

Ta

Type of culture into Smooth
Killed 8 Living R No. of obtained from .
pneumococci pneumococei nouse Result mouse Strain I

None 641  Killed 5days §None
642 w6, "
643 ” 6 "
G44 " 6, ” . cpe
645 Died  3days [IS colonies, Type I Significance?

646 Killed 5 ,, R cols. from local

Tvpe I heated 2 hours at
(ﬁ!‘ T. Dose =deposit of
50 c.c. of broth culture

As above

R 4, Typell. Dose
=025 c.c. of blood

broth culture lesion
647 ”» G,
648 w6, " "
As above R4, Typell, grown 649 Killed 5 days QR cols. from local
in the heated Type lesion
1 deposit, Dose = 650 Died 4 S colonies, Type 1
0-36 c.c. 651 Killed 6 ,, None
LI T




DNA
Genetic Code of Life

Change of Rough II Strain to Smooth I Strain Indicates
SiS il that the Change is Due to Mutation or “Something” Else

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!

\

y

!
Oswald Avery Col1| McCleod
1877-1955 1909-1972

-

DNA is the Genetic Materiall

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




STUDIES ON THE CHEMICAL
NATURE OF THE SUBSTANCE

’ INDUCING TRANSFORMATION
OF PNEUMOCOCCAL TYPES

Entire Genetic Code
of a Bacteria

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

DNA Fingerprinting

DNA
Genetic Code of Life

J. Of Experimental Medicine,79 (2), 137-158 (1944)

»_
——
J STUDIES ON THE CHEMICAL NATURE OF THE SUBSTANCE
INDUCING TRANSFORMATION OF PNEUMOCOCCAL TYPES
Cloning: Ethical Issues
and Future Consequences INDUCTION OF TRANSFORMATION BY A DESOXYRIBONUCLEIC ACID FRACTION
IsoLaTED FrROM PNEUMOCOCCUs Type III

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

Plants of Tomorrow

Avery et al.Questions?

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

2.If From the Bacteria -- What Substance?

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?

Mix in Test Tube

Look at Morphology
on Agar Plate

(a) CRE=

Heat-killed
= | S components
in medium

Time !
\

Bacterial Extract Can Transform
Rough to Smoothl!

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

S e e

Predicted ' \yater 70 3
if DNA Inorganic ions 1 20
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 ~300
2. How Test x
. Macromolecules (proteins, 26 ~3000
HYPOThCSS? nucleic acids, and
polysaccharides)

Macromolecules
Monomers Polymers

SUGARS |» | POLYSACCHARIDES W
FATTY ACIDS |» | FATS, LIPIDS, MEMBRANES ﬂ
AMINO ACIDS |» | PROTEINS ﬁ
NUCLEOTIDES |» | NUCLEIC ACIDS W

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




Testing Macromolecules
For Transforming Activity

S strain cells

8%.-

fractionation of cell-free
extract into classes of
purified molecules

|

RNA

1
|

protein

J
]

DNA Iipid carbohydrate

+ R CELLS molecules tested for tlansformatlon of R strain cells

0® ©o
R R
strain strain

=]

S R R

strain

strain

CONCLUSION: The molecule that
carries the heritable information

is DNA.

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

2008)

strain

First Transformation

Experiment With Purified

Molecules!!

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

Protease o Protein . Introduce into S cells
" destroyed R cells (Transformation)
RNase . RNA Introduce into S cells
" destroyed R cells ’ (Transformation)
DNase . DNA Introduce into R cells
e < " 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!

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

Cell Processes
DNA synthesis
(replication) ) 1. S DNA Taken
DNA Up By R-Cells
_ [T |2 SSene oy
Predictions | Results RNA synthesis Into S mRNA
Replication Yes {iranscriptian] 3. s mRr\IIA
RNA Translated
Phenotype Yes Py, Into Smooth
Stable Yes in svnthesi Protein
rotein synthesis
z:ranslati)c,m) I 4, |s—|mf°th Protein
elps
LECTEIE Construct
- * ’ Sugar Capsule
amino acids and Protects
Bacteria From
Antibodies
~.Cells
Virulent

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 and Traits?

HYPOTHESIS: Biologically functional recombinant
chromosomes can be made in the laboratory.

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

Plasmids are not cut

Cohen & Boyer comar ) O O C

Experiment That LA
“Invented” I

Genetic Engineering| =it " «

The plasmids are
put into E. coll.

RESULTS — u
-—

Some E coli resistant to |  No E. coli doubly
resistant.

003
&

both antibiotics.

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)

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




Genetic Engineering/Transformation Involves
Incorporating Engineered DNA or Genes Into
Different Organisms

Engineered Gene MUST\
Genotype / 9 @gineered Gene CAN BB

1.Enter Target Cell '

2.Use Target Cell Machinery 1.From nge Organism '
Enzymes to Become Part of 2.From Different Organism
Chromosome 3.From a Combination of

3.Replicate with Target Cell Organisms stitched
Chromosome together by Genetic

4.Use Target Cell Protein Synthesis Engineering

' Machinery to Make a New Protein
Phenotype = Phenotype Trait! K j

/

Gene Engineering Shows that Gene Processes Are Universallll

Just Like The GlowGene Experimentsli!!

Transformation of Cells With DNA Uses Normal Cellular
Processes To Produce a New Phenotype

m}orm Replication

Information

Can Intervene \]

DNA| XXX

in This Process in = |  bNa
Cells '"f°’i“at'°“ All Organisms Use
6 . . . 00 a0 Transcription The ‘ZAZ“ E FZ.'oiesses
enetic Engineering U @NA synthesisy  And "RUL 5 to
Is not “Hosus Pocu.i. J L. Generate Traits!l And
It Uses “Natural i The SAME Molecules

Cell Processes!lll ENA] mANA & Chemistryll

Information

Translation
(protein synthesis)

J Ribosome

Protein

Protein —*Trait (e.g., Smooth Bacteria)




5’

Sequence or
Order of
Nucleotides
Coding DNA
Strand

What is A Gene?

Begm |—>TGAARATCCARRRARATAGGA

GTTTGGTGTTTGGGTTTTAGG
TAGGARATARTTTGGGTCTTT
TTTAGGTTTCGGGTTTGGGTT
ATTTGAGTGTTTGACATTTGA
AATTTCGGTGTTTCATCTTCG
TGGGTGTGCCAGTGGCGTGAG

The p-globin Gene

Blood Protein Carries Oxygen to
All Genes From Lungs = Energy

TGTTCCCCGGTTTCGTCARCT
TACGGTTTAGGGTTTACCARG
TTAGGGTTTAGGGTTTGAGAT
GGCGGCCATTTCTCATGTTTG
AAARCARRGCCTGARARATCAAR
TGGGTGTGCCGGTGGCGTGAG
CGTTCCCCGGTTCCGTCARCT

ATCARGTACCCATGTTTGGGA
TGAARCGTCAATGARCACGAARA
AARRARARTAGGARATCGACCC
AGAARAGGGAGGGTGGCCATT
ACTATCACGTAACARCAARAC
ATTTTTTTGCGTGGGTGTGCC

A Gene is a Unique Sequence of
Nucleotides Specifying a Function

ATAARTAGATTTTTCCCTTGT
CCTTTTCCATGTTCAAGTACC
TTTCTCATGTTTTGAARGTCAA

CCTGARRATCCARARAAARTAG
CAGTGGCGTGAGACATTGGAG
GATACGTCAACTRACACGTAA
CATGTTTGGGATTTTTTTCCG
AGARCCCARRARRARTAGTCT
GARATCGACCCTTTTCCATGT
GGGCAGCCATTTCTCTTGTTT
AARRACARAGCCTGARTATCTA
GTGAGTGTGCCAGTGGCGTGA
TCGTTCCCCGGTTCCTTCAARC
GTTCAAGTACCCATGTTTGGG
TTGGACGTCARRGARACCARA

DNA Sequence = Biology!
What If Sequence Changed?

SEQUENCE + FUNCTION

CARRARRATAGGRARTCGACC
AGAARRATGGAGGGCGGCCAAT
CTGACACGTARARACARAGCT
TTTTTTCGCGTGGGTGTGCCA
AARRTAGTCCCGTTCCCCGTT
TTTTCCATGTTCARTTACCCA
TCTCATATTTGGACGTCARAG <

Relative to Coding or
Sense Strand of Gene

End

DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues

and Future Consequences

Plants of Tomorrow

Genes & Genomes Differ Because
the Sequence of DNA Differs

DNA Sequence

5ginning - E@ —

If You Know the DNA Sequence, You
Can Engineer Anything! Even Make New
Genes & Genome!

Biological
Uniqueness

Creation of a Bacterial Cell Controlled
by a Chemically Synthesized Genome




There Are Four Different Nucleotides in DNA

The base may Base| + . = @ &
heothea: Riboseor  Nucleoside  Phosphate Nucleofide
:Wmne i deoxyricose Note Numbering
apurine. h
& Polarity of Sugar
Pyrimidines
1)) o) O
N ;
3
- B ‘
HC (o HC C HC C
H H H
Cytasine (C) Thymine (T) Uracil {U)
Purines NH, 0
| Il
C C
No e No i
// C N o // C NH
& e
N/(/\ 4CH N/'U\N¢\.4\NH2
H ’ H
Adenine (A) Guanine (G)

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

TAUTOMERS CHANEGE BASE PAIRING RULES

Normal Forms - Keto & Amino

= E\Q = E@ {ﬁ Inl
w{ ﬂ<m*—" S,
w— )= by ¥u ..N~< ¢

And Lead To Mistakes in DNA

Replication & Mutations 3 Genetic
Diversity
Chemistry Leads to Biology!!




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
\ g

n o+ B e
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 oH Base Attaches

1I
H

F 2-Deoxyribose
P

hosphodiester
Bonding to Adjacent
Nucleotide




Nucleotides Are Joined By 5° to 3’ Phosphodiester Bonds

Short-Hand Notation

C g Phospho-
diester < 5" C-A-G 3’
A D bond
G E 1. The Order is Specified by the
R A Nucleotides That Join 5’ to 3’
~ H \ H
3? H 2. This is the Basis For All of Biology
prohe | odo
bond 3. Order is Maintained During DNA
Replication

3 A 4. Basis of All Genetic Engineering
cular Cell Biology, Sixth Edition

Polarity Defined B rcnmmconom,
Sugars & Order Specified By Bases

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

17:0:] 4 A% I Chargaff's Data on Nucleotide Base Composition in the DNA of Various Organisms

Percentage of Base in DNA Ratios \
Organism A i 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 22117 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. \ )

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?

THE COMPOSITION OF THE DESOXYPENTOSE NUCLEIC
ACIDS OF THYMUS AND SPLEEN* J. Bia/ogica/ Chemisfryl

y ERWIN CHARGAFF, ERNST VISCHER,} RUTH DONIGER, CHARLOTTI July, 1948
GREEN. anp FERNANDA MISANI




The New YJork Tumes Obituaries

Erwin Chargaff, 96, Pioneer In DNA Chemical Research

By NIOHOLAS WACE

Erwin Chargaff, whase research into the chemical composition of DNA helped lay the groundwork for James Watson and Francis Criek's
discovery of its double-helix structure - the pivotal finding of 20th-century biology - died 0n June 20 in s New York haspital. He was 96.

As 2 bicchemist at Columbia University in the 1940's, Dr. Changaff discovered regularities among the four chemical units of DNA known as bases,
pointing directly 1o its role as the hereditary material of living organisms. But he was unable to interpret the meaning of his finding, a failure that
allowed Dr, Watson and Dr, Crick to do so when they ascertained the structure of DNA,

Dr. Chargaff's data helped both in the two young scientists’ discovery and even more in its acceptance by other scientists. “The base composition
was an essential clue for finding the structure of DNA, there's no doubt about that,” Dr, Watsen sald in an knterview, “We could have come up
with the answer, but po ope would have believed it"

Dr. Chargaff later became a forceful if lonely eritic of molecular biology, sccusing its practitioners of “practicing blology without & license”™ when
they learned to move genes from one organism to another,

A man of wide culture and Jearning, he did not fit easily into the sharply focused workd of scientific specialists. Ever the Evropean, he found
much in American life to criticize, despite his loag and productive tenure at Columbla. He cherished the outsider’s role, modeling his sardonie
view of the world on the writings of Karl Kraus, the Viennese satirist,

T have not fitted well,” Dr. Changaff wrote in 1975, "into the courtry and the society in which 1 had to live; into the language in which T had to
converse; yes, even into the century in which 1 was born."

Erwin Chargaff was born on Aug. 13, 1905, In Caernowitz, then & provincial capital of the Austrian moparchy, His father, Hermann, was a banker
who later Jost his busiress. Of his mother, Rosa Silberstein, he wrote that she ded, "only God knows where and when, having been deported into
rothingness from Vienna in 1943." He is survived by his oaly son, Thomas.

As a young, man, Dr. Chargaff studied chemistry st the University of Vienna, He worked at the University of Berlin and then at the Pasteur
Irstitute in Paris before arriving at Columbia University in 1935. After reading the 1944 report by Oswald Avery that identified DNA as the
heseditary material, Dr. Changaf¥ switched his Lsboratory to the stucy of DNA and the four bases, or chemical groups, of which it is composed -
adenine, cytosine, guanine and thymine.

He s00r noticed a striking regularity about the base composition of DNA: from whatever plant or animal he derived DNA, the amounts of
adenine and thymine were almost the same, ard so were the amounts of cytosine and guanine.

Dr. Chargaff published the result but made little progress in understanding the reason for the regularity, which is that adenine an one of the DNA
molecule’s two strands is always paired with thymine on the other, as s cyvtosine with guanine, But in a fateful and testy lunch in May 1952, be
discussed his results with Dr. Watson and Mr. Crick (who did not yet have his doctorate).

“They impressed me by their extreme ignorance,” be later told Horaoe Judson, the historian of the discovery of DNA. “They told me they wanted

to construct a helix, a polynucleotide to rival Pauling's alpha helix, They talked so much sbout ‘pitch’ that I remember [ wrote down afterwards,
“Two pitchmen in search of a helix.""

e later wrote that *1 bedieve that the double-stranded model of DNA came about as a consequence of our conversation,” Mr, Judson, however,
fin an appendix to a new edition of his book “The Eighth Day of Creation™ (Cold Spring Harbor Press, 1996), concluded that Dr, Chargaff's claim
jwas something of a stretch, since Dr. Watson and Dr. Crick had not at that time hit on the concept of base pairing, nor had Dr. Changaff alluded
Keitinhs Enbhramns‘
Though Dr, Chargaff tended toward the sardanic, it was hard for observers to understand the depth of his bitterness in his attitude to his fellow
scientists. The reason, besides his disappointment at having missed discovering the structure of DNA, was that he was pushed to the sidelines by
Dr. Crick in the worldwide effort to interpret the structure,

“By 1958," Mr. Judson writes, *Dr. Chargaff was denouncing molecular biology and its practitioness for arrogance, ignorance, reductionism and
self-serving sensatioralism.”

“The
technology of
genetic
engineering
poses a
greater
threat to the
world than
the advent
of nuclear
technology”

double-stranded DNA

DNA double helix

Watson and Crick, Nature, 1953

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

. Bases to Interior

Exterior

1. Complementary Strands

2. A=T and G=C (Four Bases)

3. Sequence of Strands Differ
4

5

. Phosphate-Sugar Backbone on

sugar-phosphate  hydrogen-bonded 6. DNA Strands in OPPOSH'C
backbone bass pairs Direction (Only Way Helix Fits)

(4"=n # sequences)

3 10bp/turn)

10.Sequence = Biology

7. Sequence of One Chain
Automatically Specifies
Sequence of Complementary

5’ Chain (Basis of Replicationl)

8. No Constraint on Sequence

9. DNA has dimensions (Know # bp
Know Length: 204 diameter,3.4A/bp,
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Reflections on The “Race For
the Double Helix” Film
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest a structure for the salt

of deoxyribose nucleic acid (D.N.A.). This
gtructure has novel features which are of considerable
biological interest. Nature, April 25, 1953

Entire Genetic Code
of a Bacteria

DNA Fingerprinting We are much indebted to Dr. Jerry Donohue for
constant advice and criticism, especially on inter-

atomic distances.

We have also been stimulated b
a knowledgoe of the gencral nature of the unpublished
ex rlmen%al resu[%s and 1deas OF Dr. Ni H. K.

Ol CO-WOTrKeErs at

Cloning: Ethical Issues
and Future Consequences

o
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GENETICAL IMPLICATIONS OF
THE STRUCTURE OF
DEOXYRIBONUCLEIC ACID

By J. D. WATSON and F. H. C. CRICK

- Medical Research Council Unit for the Study of the
Molecular Structure of Biological Systems, Cavendish

Laboratory, Cambridge Nature, May 30, 1953

DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

Our model suggests possible explanations for a
number of other phenomena. For example, spon-
taneous mutation may be due to a base occasionally
occurring in one of its less likely tautomeric forms.
Again, the pairing between homologous chromosomes
at meiosis may depend on pairing between specific
bases. We shall discuss these ideas in detail else-
where.

‘or the moment, the general scheme we have
proposed for the reproduction of deoxyribonucleic
acid must be regarded as speculative. Even if it is
correct, it is clear from whm said that much
remains to be discovered before the picture of genetic
duplication can be described in detail. What are the
polynucleotide precursors ? What makes the pair of
chains unwind and separate ? What is the precise
role of the protein ? Is the chromosome one long pair
of deoxyribonucleic acid chains, or does it consist of

May 30, 1953

No. 4361
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PHOSPHATE

N\

BASE™™ SUGAR

/

PHOSPHATE

BASE —SUGAR

7/ N\

PHOSPHATE

AN

BASE —SUGAR

Cloning: Ethical Issues
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PHOSPHATE

N

at our pro-
2. This figure is purely

o

Plants of Tomorrow

Tig. 1. Chemical formula of a  Fig.
e

single  chain of _deoxyrib
nuclele acid

holding the chains together.
The vertical line marks the
fibre axis

posed structure for deoxyribonucleic acid may help
to solve one of the fundamental biological problems—
the molecular basis of the template needed for genetic
replication. The hypothesis we are suggesting is that
the template is the pattern of bases formed by one
chain of the deoxyribonucleic acid and that the gene
contains & complementary pair of such templates.




W\ Molecular Structure of Deoxypentose
DNA Nucleic Acids

Genetic Code of Life

M. H. F. WiLKINS
Medical Research Council Biophysics
Research Unit,
A. R. StokEs

Entire Genetic Fode ) H. R. WiLson
of a Bacteria Wheatstone Physics Laboratory,

King’s College, London. Nature, April 25, 1953
April 2,

PNA Fingerprinting Molecular Configuration in Sodium
Thymonucleate

Rosarinn E. FRANKLIN*

Cloning: Ethical Issues

and Future Consequences R. G. Gosiing
— Wheatstone Physics Laboratory,

King’s College, L.ondon. s
Aprik2. Nature, April 25, 1953

W\ ST You Were on the Nobel Prize Committee,
Ll Who Would Be Your Choice(s) For Being
Awarded the Nobel Prize For Discovering the

‘ Structure of DNA?

Entire Genetic Code . WOTSOH
of a Bacteria o
. Crick

. Wilkins
. Franklin
DNA Fingerprinting . Gosling
. Chargaff

| Note: Nobel Prize Rules Allow Only Three
ikl People To Share a Prize

and Future Consequences
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@Mh ROSALIND FRANKLIN

DNA
Genetic Code of Life AND DNA

ANNE SATYRIE

Entire Genetic Code
of a Bacteria

ISBN
3933-32044-8
1975

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

DNA in Human &
Eukaryotic
Chromosomes is Linear!

DNA in Most Bacteria
is Circular!

nnnnnnnnnnnnnnnnnn




A Chromosome Contains Many Genes Operating Independently
What is the Evidence?

What delineates each gene?

%,—) J
gene 1 gene 2 gene 3.....
. ’ —_———r N1 ’
eg e COdlng 5 AGCTGGTCCACGT!CGTAATCCAGCAGACGCAGTCGGAICCTAAGCC....... ur?wisted
Position of Genes CTTTTATTTA T T TRy vntste
1,2, &3 in Template 3 — b B B
chromosome Notice sequence of each gene
Discrete Units! v 2 ¥
5’ 5 mRNA1 3’5 mRNA2 3,5, mRNA33 Aa’
Notice- Each gene, mRNA, & TR T, o
protein has a unique order/ ¥ ¥
sequence of monomeric units orotoin 1 orotein 2 —_—
r N N r
L L7 N — — — N — protein
N e MR Ve
Central Dogma Function 1 Function 2 Function 3
-.6enes -> Functions in Cells Note sequence of each profgin

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

VERY IMPORTANT CONCEPT!
COLINEARITY BETWEEN GENE SEQUENCE AND PROTEIN SEQUENCE

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

Functions
What Why Arrows in Different Directions?
Defines Gene gene A gene B gene C
Positions? —1 1 —1
—
DNA
double
- helix

gene expression

S

protein A proteinB protein C

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 That Can Be Mapped

.

Ichthyosis (scaly skin)

|4~ —— Albinism of the eye
<-——[Duchenne muscular dystrophy]

.

Retinitis pigmentosa

A form of hemolytic anemia

Human X
Chromosome

Cleft palate, X-linked

Some forms of gout
Lesch- Nyhan syndrome
emop ilia B

Fraglle X mental retardation

]

Manic-depressive illness
Colorblindness
Hemophilia A

Diabetes insipidus

Linear DNA
How Know?

leu
thr |az fon

thi ”I'E:\ lac

xyl}
I Map of E. i trp

met-B ?7/ \%\gal

Rarg 'H coli Genome ;‘ j cys

\\ \ J

ser-gl &\ & ,;,//

e
el

ade ~ his

Circular DNA
How Know?

* Note Marker Bands - What are these? How are they useful?
* How Determine Gene Positions? Chromosome Number?




Alleles Reside at the Same Position on a Chromosome

Alle/es

Allele Phenotypes
Specify
Markers For Each
Gene Location!

Gene Engineering Can
Generate New Forms of
Alleles of a Gene and,
therefore, Results in
More Genetic Diversity

Different

il
Normal (8) | Broad ()

Jointed (J)

Genes

p'bHy

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 chr 22 in its mitotic conformation,
composed of two DNA molecules, each 48 X 10° nucleotide pairs long

250 genes

heterochromatin
X10

10% of chromosome arm ~40 genes

Nl all et B | |l BN ||l NI}

. Genes Are Defined/
Gene Yy Gene Gene Precise Regions of
1% of chromoso contalnlng 4 genes

DNA
Structural
onegeneof34x10‘,Ip
o — I One Large Genel
5, regulatoryDNA exon |ntron lgeneexpresswn 3
sequences proteln
2. 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 » End
Promoter Teanscription Coding sequence
_——

5’ 3
PO T e

-30 -20 -10 p +10 +20 +30

+
Downstream

Upstream

Sense Strand
Nontemplate strand 5' CTGCCATTGTCAGACATGTATACCCCGTACGTCTTCCCGAGCGAAAACGATCTGCGCTGC 3'}
DNA

Template strand 3' GACGGTAACAGTCTGTACATATGGGGCATGCAGAAGGGCTCGCTTTTGCTAGACGCGACG 5’

Transcribed Strand l

5’ CUGCCAUUGUCAGACAUGUAUACCCCGUACGUCUUCCCGAGCGAAAACGAUCUGCGCUGC 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

5 END > 3’ END

TATAAT YAGCTCGAAC ATTTT

“SWITCH" Genetic Code (Function) | TERMINATION Downstream
Upstream OR “SWITCH” _—
Next Gene

ATATTA JCGAGCTTG TKAAAA

yd SAGCUCGAAC,,

3" END COMPLEMENTARY
TO TRANSCRIBED

When & mRNA X ‘ STRAND
Where a gene =TEMPLATE
becomes FOR RNA
active? START END
TRANSCRIPTION TRANSCRIPTION

kUNIQUE CELLS!

Note: mRNA Sequence = Sense Strand Sequence




A “Simple” Gene Reviewed

DNA
Genetic Code of Life 1

. Sense Strand = Genetic Code

2. Sense Strand = 5 = 3’ Direction (all DNA
sequences specified 5° - 3)

3. AntiSense Strand = Complement of Sense Strand

Entire Genetic Code & is Transcribed Strand

of a Bacteria 4. mRNA = Same Sequence As Sense Strand &

Complementary to AntiSense Strand

5. mRNA = 5 -+ 3’

6. Switch Turns Gene On - Not Transcribed But

Upstream of Coding Region

DNA Fingerprinting

Genes Function As Independent Units! How

Cloning: Ethical I ? i i |
S Know? Design Experiment to Show!

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

Plants of Tomorrow

Control Switches Are Unique DNA Sequences
& Can Be Cloned

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

~
“ ” i

(Ae?g‘./:taorr:\one/recepwr protein) On P f:agg:;e

“Control” o Switch™ " coe

' ona LM i . \
SWIfCh Enh \_('_‘ TGTTCT) AR box TATA D H
ancers (e.g. ) \_ CAAT box TATA box ) 1 EOCh SW”'Ch HGS a
Y, o .
1) Activator proteins bind to }80'"—| Unique DNA sequence
enhancer sequences in

the DNA.

2. Genome Projects
Reveal Genes & Logic
Controlled by the
Switches

' | 3. Sequence = Biology

@ »m== | 4. No Hocus Pocus

5. Yol It's in the DNAIl

2) DNA bending brings the
bound activators closer to
the promoter. Other
transcription factors
and RNA polymerase
are nearby.

TN
3) Protein-binding domains // \\
[/ % X
{1 \ \

on the activators attach to
certain transcription factors LA \\\ -
and help them form an \\ N\

active transcription initiation —
complex on the promoter that —
stimulates RNA synthesis by Transcription
RNA polymerase. Initiation Complex

Copyrioht ©2009 Pearson Egcatio, .

RNA
polymerase

e
RNA synthesis




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

&

Myeloid stem cell

Red blood

35 ¢
&

_— @ N Gene
..‘\\’ Blood stem cell @

Myeloblast

Granulocytes

e
Q Eosinophilgf’{ ,"’&
&

Basophil
e o

a@-@@@

‘%

cells o Neutrophil

Insulin

Esophagus —
Lymphoid stem cell ‘

@

Lyrﬁphoblast

A ‘
PN M ey Large
] intestine
R
3 » % 2
\ 7

Pancreas

> ——Small

] "_‘: A intestine
B lymphocyte (&97 Natural

T lymphocyte Kkiller cell

J

Platelets

T
White blood cells
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Entire Genetic Code
of a Bacteria

DNA Fingerprinting
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THE GENE AND SWITCHES ARE
UNIQUE DNA SEQUENCES

. They Can Be Cloned & “Shuffled” & Engineered

Cr'eaﬁngé‘;enzs_ﬂmj_l:lm_Nn_Caquer‘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)
U
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

@1" s in the Sequen@




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

Replace the Head
Switch With the
Leg Switch by
Genetic
Engineering

Eye Gene

Eye Gene
+ |

. ll n':(
Leg Switch  |LCTUNCT I

9/' tissue

o Abnovmal acindie of the pyelr=a gana Y63
L genacerec an eye an the g cla ity

Eye Regulatory Network

DNA
Genetic Code of Life

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

5’ 3 gye prote™  Gene 1——|Protein 1
— . Gene 2, |Protein 2

Switch | EYe Gene | Gene3__, Pr'o'rein 3
L —— ,Gene 4___|Protein 4
W':r'elzs dlm Eye Protein Binds to |

Entire Genetic Code
of a Bacteria Eye

DNA Fingerprinting Switches to Turn Genes Eye on Head!
, Onl

»

"',' Eye prote® Gene 1——|Protein 1

: Leg — . Gene 2___,|Protein 2
Cloning: Ethical Issues Switch Eye Gene \Gene 3 Pf‘o'l'ein 3

and Future Consequences .
——___Gene 4 Protein 4
Normally Eye Gene is

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

Plants of Tomorrow




Ultimate Goal:To Dissect Genetic Regulatory Networks
Programming Human Development From Birth to Death!

DNA
Genetic Code of Life

[0 -

Mict/Nue
Ej O np=TCF

_H 3 Maternal
E wes e 4_¢ Lo =
Krox B a™= nteractons
¥
Entire Genetic Code 110 Colored bowes indcate post gestruter domas of expression gewes x ek
of a Bacteria S (1) = GKIppfle try ey Mesodem  Endodem terrRories
nB-TCF [ ]
-b =,
Late Wars

DNA Fingerprinting

B

Cloning: Ethical Issues
and Future Consequences

i

it

Genetic Networks Programming Early
Sea Urchin Development

Plants of Tomorrow hn

100 Years Into The Future

oA
Genetic Code of Life . 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?

Entire Genetic Code . If We Understand How Genes Are Choreographed
of a Bacterie & All the Sequences That Program them

‘ What Does the Future Hold?
ONA Fin i We Will Know at the DNA Level What Biological
ingerprinting
Information Programs Life to Death!

What Does This Mean For The Future of
Humanity?

Cloning: Ethical Issues
and Future Consequences

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

Plants of Tomorrow




