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Modern man is perhaps 50,000 years old, civilization

has existed for scarcely 10,000 years and the United

States for only just over 200 years; but DNA and

RNA have been around for at least several billion

years.

All that time the double helix has been there,
and active, and yet we are tHest creatures on Earth
12 0SO02YS Il NBE 2F Ada SEAAGSYOS

Francis Crick (1982004)
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The first person to isolate DNA

A FriedrichMiescher

I Born with poor hearing

I Father was a doctor and refuse
to allowFreidrichto become a
priest

A Graduated as a doctor in 186¢

I Persuaded by his uncle not to
become a practising doctor and
Instead pursue natural science

i.dz0 KS gl a NIBf dzZDedridhmesghex




Biology PhD angst in the 1800s

o

aL Ift NBIRée KIR
had so little experience with 5
YFGKSYFOAOa | YR
reason many facts still remained
20a0dzNB G2 YS®é

His uncle counselled:

6L 6SEASQHS &2
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1869- First iIsolation of DNA

Worked in Felix Hoppg S & flaBdxdey in
Tubingen, Germany
I The founding father of biochemistry

The lab was one of the first to crystallise
haemoglobin and describe the interaction Felix HoppeSeyler
between haemoglobin and oxygen

Friedrich was interested in the chemistry of the
nucleus
FreidrichS E (i NJn@@ifR 24 O2f R 6 A
nights
I Initially from human leukocytes extracted from
bandage pus from the local hospital FriedrichMiescher
I Later from salmon sperm




a S A a Ogolatiedréchnique

A Cells from surgical
bandages or salmon
sperm

A Alcohol to remove
outer cell membrane

A Pepsin from pig

~ Q | Alcohol wash

stomachs . ®
A Basic solution to & o ®
dissolvenucleinin the &
nucleus o
A Acid solution to | sk

precipitate thenuclein

A Difficult to do without
also precipitating
bound protein

http://www.howdoweknowit.com/2013/07/03/howdo-we-know-the-geneticcodepart-2/
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Biology PhD angst in the 1800s

His student remembered

G CNASRNAOK Tl AfSR (2
We went off to look for him. We found him
j dzZA St e g2NJAYy3I AY KA

aL 32 d plY 2 GKS f
unheated room. No solution can be left standing
F2NJ Y2NB GKFYy p YAYdz
fFa0S Ayd2 GKS yAIKIGDE

FriedrichMiescher



1874- First hints to composition

A By 1874Meischerhad determined
that nucleinwas
I A basic acid
I High molecular weight
i Nucleing & 0 2 geyfdiin@ 2
A Came close to guessing its function
iaLFT 2yS glyida G2
substance is the specific cause of
fertilisation, the one should

undoubtedly first and foremost
considemucleire

I Discarded the idea because he
thought it unlikely thatnucleincould FriedrichMiescher
encode sufficient information




1881- Discovering the composition of
nuclein

A Kossel worked in the same lab as
FreidrichMiescher

A Wanted to relate chemical composition
to biological function

A Discovered fundamental building blocks
of nuclein
I Adenine,Cytosine Guanine,Thymine,
andUracill

I Identified histone proteins and thatuclein
was bound to histone in the nucleus

I Inferred that nucleinwas not used for energy
storage but was linked to cell growth

Albrecht Kossel



1890s- Molecular basis of heredity

A How are characteristics
transmitted between generations?

A Lots of theories
I Sterecisomers
I Asymmetric atoms
I Complex molecules
A Realisation that hereditary

Information is transmitted by one
or more molecules

A 1893 August Weismanngerm
plasm theory

A 1894 Eduardbtrashurgerd y dzOf S A
FNRY ydzOf SAé

EduardStrasburger



1900- What we knew

Known Unknown
A Distinction between AaSyRStQa f2ai
proteins and nucleic acids A Base composition of nucleic
A Somehownucleinwas acids
involved in cell growth A Role of the nucleus
A Distinction between RNA

A Somehow the nucleus was

. : . and DNA
Involved In cell division A Siqnifi e of
AWSRAZO20SNE 27 oV ES0a

laws A That enzymes were proteins

A Most of biochemistry



1902¢ Linking chromosome count to
somatic andyameticcells

A Walter Sutton using grasshopper gametes
A TheodoreBoveriusing sea urchins

a may finally call attention to the probability that the association of
paternal and maternal chromosomes in pairs and their subsequent
separation during the reducing division as indicated above may _
constitute the physical basis of the Mendelian law of hereblity Walter Sutton and Theodoigoveri

TheodoreBoveri sutton W. S. 1903, The chromosomes in heredity. Biological Bulletin:26231
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1910s- More on the composition of
DNA

/

L
[
phosphate
sugar*base
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Ammonia breaks - phosphate

' J’ [y '
S bande Phoebud evene
N
breaks the blue
sugar * base bond
:'3% - \
. / Close relative of TNT explosive

3

phosphate

sugar * base
o
i,

A Enabled the discovery of DNA and RNA bases

A Unfortunately, this method can destroy bases and bias results
A Made it impossible to compare composition between species
A Phoebud_eveneproposed thetetranucleotidehypothesis

A DNA consisted of repeating units of thymine, guanine adenine and cytosine
A E.g. GACGACTGACT

A Convinced many that DNA could not be a carrier of hereditary information

A Led to the assumption that DNA was just a structural component of cells



191030s- Chromosome theory of
heredity

A Chromosome as a unit of heritability
confirmed by Thomas Morgan and
his student Alfred Sturtevant creates
the first genetic map in 19235 in
Drosophila

A Hypothesized that crossirgyer
during meiosis could explain
variations in progeny phenotype
after crossing over

A Genetic recombination shown to be
caused by physical recombination of
chromosomes by Barbara
McClintock & Harriet Creighton in

1930 Barbara
McClintock

"Drosophila Gene Linkage Map" by Twaanders@Wn work. Licensed under CG®X 4.0 via CommoRs
https://commons.wikimedia.org/wiki/File:Drosophila_Gene_Linkage_Map.svg#/media/File:Drosophila_Gene_Linkage_Map.svg



1928- Inheritance of virulence

A Established that nowirulent
pneumococci bacteria could be
converted be made virulent by
exposure to lysed virulent bacteria

Mixing pieces of the bacteria

HD;—u'irulent ‘u"irulllant from the virulent strain with
train Strain bacteria from the non-virulent
.- .
o * strain
o0 * e ® -
0%0 * X % ,;’g!"t
é % . P
\ \ \ FrederickGriffiths
1, ™,

3 -r'.? P r'.;. G/ 2dzf R R2 Y2NB
tin and a primus stove than mos
l l l men could do with a palage
Hedley Wright
L o

Live and Happy! Dead and Unhappy Dead and Unhappy

A2KFEGO ¢6Fa GKS WINIYYaF2NXYAY3I LINAYOA LI S¢
which underlay this observation?

http://mic.sgmjournals.org/content/73/1/1 full.pdf



1944¢c What is life?

Al'Y W LISNAZ2ZRAO &az2f )
could code for an organism
Aa! @r8dretl association of
atoms endowed with sufficient
resistivity to keep its order 4
LJS NJY | )/ S )f uf ec Erwin Schrodinger
A Also placed living systems into
a thermodynamic framework

A Served as inspiration for
Watson & Crick



1944 ¢ Establishing DNA as the
transforming principle

A Separated cellular components and
repeated Griffiths experiments

A9yl of SR 0 ySg Wdzd i NJ
OSYGNAFdAlI A2y Q GSOKy2ft
A Extended Griffiths work to prove
that nucleic acids were the tothal
WINFYAF2NYAY I LINRYO )\.LJf ogwald Avery
A Also demonstrated that DNA, not o
RNA was the genetic material v
A Incredibly small amounts 1 in 600
million were sufficient to induce AR 2 2 A
transformation N 4 v oW
Vo VoW

harmless harmless harmless lethal

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2135445
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1945¢ 1952 Critique

A Alfred Mirksywas a pioneer of s
molecular biology o

A Isolated chromatin from a wide m 9"
variety of cells N

AlS sla O2y0SNYSR ai-wl

results could be the result of
protein contamination

A Fought a battle against Avery

A Convinced the Nobel panel not to
award a prize to Avery

A Later,Mirskywould actually =~ ] §
RSY2YAaiuN} 0SS GKS w/ 2yaidl yoec
DNA throughout somatic cells

Alfred Mirsky



1950¢ Base composition between
organisms

A Erwin Chargaff hit back Mirsky
and developed the base
complementarity hypothesis with
Masson Gulland

A Determined that the molar ratio of |
A/T and G/C were always very
closeto 1

A Relative proportions of bases
varied between species but was
the same within species

A Refuted] S @ S30 ge@rild
tetranucleotidehypothesis

Erwin Chargaff



1952/ 2V FANXLF GA2Y
experiment

Grow bacteriophage using
radioactive substrates
I Protein with radioactive sulphur suttur iabéied protein

i DNA with radioactive epeule (e
phosphorous

Bacteriophages

phosphorus labeled
DNA (green)

()
1. Infection

R 7
© 2. Blending
l

s

Bacteriophages infected bacteri
by injecting DNA, not protein

Was taken as confirmation of th |
role of DNA as genetic material

Q% - @@ 3. Centrifugation
Yet there was still the possibility At centiitugationno At csntfugetion

protein contamination here
Hershey Chase experiment

http:// en.wikipedia.org/wiki/Hershey%E2%80%93Chase_experiment



1952¢ X-ray diffraction patterns of
DNA

A Wilkins, Franklin and |
GOSling W
A Much improved Xay

diffraction patterns of the
B-form of DNA

A Wilkins developed a
method to obtain
Improved diffraction
patterns using sodium
thymonucleateto draw
out long thin strands of
DNA

Photo Number 51
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1953¢ Watson & Crick obtain a
structure for DNA

A B-model of DNA

A Relied upon data from Maurice  [jee=
Wilkins and Rosalind Franklin via R&.
MazPerutz i

A "It has not escaped our notice that

Francis Crick &

the specific pairing we have James Watson
postulated immediately suggests a

possible copying mechanism for

the genetic materiab a

A Broad acceptance of the structure
did not occur until around 1960



1958¢ Evidence for the mechanism of
DNA replication

A Meselson& Stahl

A{dzLILR2NISR 2FGaz2zy g9 [/ NAO|lQa KeLRUuUKSaaAa
semiconservative DNA replication

Three postulated methods of DNA Replication

DODPDPDODP <7 &M P

Semi-Conservative

W@@W<‘Q@M@®M}@‘

Conservative™
Dispersive*
Newly, synthesized strand
. Original template strand * not found to be

biologically significant

http:// en.wikipedia.org/wiki/Meselson%E2%80%93Stahl_experiment
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1958¢ Evidence for thsemt
conservative mechaniswf DNA
replication

transferred
to "N (light)
medmm
———

bacteria grown
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0 minutes

generation
0
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generation
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Other developments in molecular
biology

A 1954- George Gamow proposed déter code
A 1955¢ Polynucleotidgohosphorylaseliscovered

I Enabled synthesis of homogeneous nucleotide polymers
A 1957¢/ NA O]l flFeéea 2dzi WOSYUuUNrt R23
A 19571963

I RNA structure

I Work on DNARNA hybridization
A 1960s

I Crystal structures dRNAs

I Role in protein synthesis

I Role of ribosomes

A{SO GKS adlF3as ¥F2NX



1961- Deciphering the genetic code

How did DNA code for proteins?

Nirenberg andMatthaei

Used polynucleotid@hophorylasdo
construct a polyuracil polymer

Added to a celfree system containing
ribosomes, nucleotides, amino acids, energy

This produced an amino acid chain of
phenylalanine

Completed in mid 1960s byar Gobind
Khohrana —



Other key figures

Max Delbruck
I Physicist who helped found molecular biology

Salvador Luria
i WEYSa 2F0az2yQa t K5 &adzZLJSNIOA &2 NJ
I Demonstrated with Delbruck that inheritance in
bacteria was Darwinian and nbamarkian

Linus Pauling
I Proposed triple helix model for DNA

Lawrence Bragg
I Hosted Watson & Crick
i WAGFE 2F tI dzZ Ay3Qa
Jerry Donohue, WilliarAstbury Raymond Gosling,
John Randall, Frddeufield | SNDO SN 2 At azyX



