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Introduction to
X-ray Crystallography

X-ray Crystallography

X-ray crystallography - highest resolution and reliability
structures

NMR - enables widely varying solution conditions;
characterisation of motions and dynamic, weakly interacting
systems, molecules with no ordered structure

B A R T — At BT IR K —— NMRE T 2] 43¢ 4 5 -

AXARFALER, XATHRRITFHIE i
NMR is about 25 years younger than X-ray crystallography-# & % #5444 Complemental‘lty of Methods 362

X-ray Crystallography “X-G14%” HIRIM (18954F)

Wilhelm Roentgen (1845-1923, 19015i% R R4 F L)% &k sbip
HTWEFREFORBANETHOFEH, HYARAAXKESNE
& IT KRR T #ikfk. X-rays (Roentgen rays)

The Father of Diagnostic Radiography {£2 (Wilhelm Konrad Rontgen)
LU AT Z X €100 most influential people in the world)

®EINFE7142 QBRKRT2)

X-4t & Ae L3 69 R BOR
RETIZH#
190154 Bt N RpER
BPTRAX-HEGHRE

William Conrad Rontgen
1895F10 A B E % HEFF Rontgen Al —F A It M RIMJETRX
AWGFGRE, BT FORFREMIREARR. BHEHAEIARZ—

5 (1845—1923)48

. o s -
IR, Rontgen?&ﬂ. A BARA XA A A B E AR, In 2004 the International Union of Pure and Applied Chemistry
AARFAX-HE B 5EIT AR T Hi&HE. "X-rays have radically named element 111, Rg, a radioactive element with multiple unstable
changed the way we see and understand our world - our bodies in particubss" isotopes, after him. X-H & L# Y0 T20H# L4 5 EXHFE KA.
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MR RFERN RbEFE.
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19245, BHEFEAEX-HEABFFTDOTKER T EARDEPE,
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19465F, FHEARAX-MHEBANRALBERERREAREZESR
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1119625, AL FEAFiEd AX-HETRITEGTABARNZ T LBy
Felirk Qo) RREM RS FTEN RLFE,

12.19645F, EHLBAEBAX-MHETHERRNZ FERMELERBI2ALENH

TR RILFE,
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13. 19694, % ERECHE AX-HAATHIMIE “HESH” WRZFKEN RALFEX,

14.1973%, BREAERKRANAREALFOFLLHRKRELREN RLFX.

15. 19765, #1404 B R IKBX-H BATH A 23R 4 5 AF LA 09 5 4 B A
WHERTREFEN RREL,

16. 19794, # RN RAEEF RIS T HX-HEBERBA (CT) 15 Aok FTak) &0
FREAAGAXALERENERZANAER.

17.1980%, AAHHTFX-HEPMEEETREH, BREARTRER T LEHADNAKYE
BORA AR LB MR AFER RILEL,

18. 19814, DLEMLEHTALTFRBLSBNFARIHRETERL RWEPR,

19. 19824, &AM EARZ LB RGLERT B6OR B TRREEN RAFX.

20.1985%, &ERHREFRPWERARKSHERF R, PFTENRRFR,

21.1988%, RAEH. PAR. KERAAX-HERKIHEARZT AL RTRESBRRALY
B AW S5, HFTHENRLER.

22.1997%, HiAtEHMAALRRH A BN REOX-HE, EAK@BASFHRETDY
AR M EEEN RLFR,

23.2002%, FHABDERFTHEX-HER, SREN. PRIVARSFTHER RIEFEX,

24.2003%, M#FRELREZAMOBEABE, AR ML KT B8 LA UL A H
AR TRERFEN FLPR ENYARAX-MHEDERBURESR) .

25.2006%, #RAABBBRFEN RLFR, ALHRE “REH TGOS TEA” 5 LATRA b
B (REX-HETHBERLELAM A RYRRFEFR) .

X-5 e B RIS

X-ray scattering, X-ray spectroscopy

Carbon

?xygen
Aluminum

Silicon

1 2
Charles Glt:ver Barkla X-ray Energy (keV)
(1877—1944) — Be N 2% = S S BE
TF A IE R K GRIRER)
19065 B & AX-H & H A A& P E P

RARFINTHFER BRI £

X-S R R iF R TS

% K 3E(1868-1951)

Max Theodor Felix Von Laue (1879~1960)
FR: 19125 RAX-RATA, AT X-ALH B GHK
X-HATH @M. von LaueF 19124 KA, 19145 N R4
HE, ANFRIAMNBEHELT S (AR) 2%
X —RAMAH “BMNHRBEAEL. EXRFRGLA” .
AT X-HER AR, IXHEGIGRER T XEH0—F .

Arnold Sommerfeld

LIGHT IS A MESSENGER

o 18 et of Wil Lavene o

Light Is A Messenger

191351 A # — & XS & A#HN A X-ray spectroscopy

Bragg, W. H. The X-ray spectra given by crystals of sulphur and quartz. Proc.

R. Soc. Lond. A 1914, 89, 575-580. R B T 474 H ) Habth 2z Mg X R .
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X_ad'g%*u E-E{thim Bragg's law: 2dsin O=kA

A Father, A Son, A Law and A Nobel Prize

Sir William Lawrence Bragg
(1890 —1971) 1915 NP

VI3 FE—4&
X4 £ L

Sir William Henry Bragg
(1862 -1942)

F) R X AT A5 7 25 Ty Ak 45 M7 69 - W. H. Bragg #t = AR AL 65 )LF L. W.
Braggf+, 77 XHEATHA T RksM A R 1912-135), B8
THROGERFE. YT RS AX-HERERX TFRKEHGE L,

Lawrence Bragg's work in crystallography
changed the way we see the world

® Nobel Prize in Physics in 1915

7= :
BRIBLA: TEFA T HRT /AN E v BRA RHEP 62538
"For their services in the analysis of crystal structure by means of X-ray

"', an important step in the development of X-ray crystallography.
Bragg was the director of the Cavendish Laboratory, Cambridge,
when the discovery of the structure of DNA was reported by Watson and

Crick in February 1953. R18744F £1989F — 3£ # £ 72945 N RELF £,

William Lawrence Bragg:
The Pioneer of X - ray

P g PSSRV | [ —

W. Lawrence Bragg
1890-1971

The begin of X - ray

Crystallograph 1912

1927 Solvay Conference “Electrons and Photons™
“Probably the mostintelligent picture ever taken....."

17 out of the 29 individuals were or would be Nobel laureates

incl Compten, Pauli, Niel Bohr, Max Planck , Marie Curie, Lorentz,
Einstein and Lawrence Bragg

"'Standing on the shoulders of giants"

X-ray crystallography and Structure

X-Ray Crystallography:
crystals scatter X-rays and spots
reflect arrangement of atoms

X-ray crystallography is an imaging
technique first described in 1913 by the
father-and-son duo of William Henry
Bragg (1862-1942) and William
Lawrence Bragg (1890-1971), in which x-
rays are projected onto a crystalline solid
. . . X-Ray Diffraction Photograph
to determine atomic positioning and N

molecular structure.

o

19245 By DURYBERF

. m'.JL' Liul 1 !1%
23 | R—N
(@l
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A cansciéristigue

Karl Manne Georg Siegbahn
1886-1978,1924 NP

R PERF T 1924509 R R EFE, RIBRC LB
, X—RBEX-REFHTRAKRER RYEFRGDEFE,

X-ray crystallography and Structure

MERFNGHT . WX FRGAY: B, FK?
ESN ﬂﬂ

Lars Onsager
1903—1976
A&EIT41968 NP

Linus Carl Pauling
1901—1994
A& A1954NP

Peter Joseph William Debye 1884-1966
HLEFULRAREN FAFEGHFR
1936 NP, 4 AT M BLaG $l3& K& T Hak
“ P AHBILIE AR AR T GG XA B A 0T AT H TR T Mo TLEH”
F1936 FRFERNRILFR. HT o, RABMEGELEMRY “HHE7 .

P.J. W. Dedye & £ —ABIBRAX-HTE 7 BB NURLE LA E R,
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“EFMEFERET N X-HH2%i% & 1R R R

19465F N RAFEF-EF 3

Gouble sirand break

() lonizing raciaton (o) Non-donizing radiation

-4 (1890-1967)
Hermann Josepn Muller

%30 B R AX-H & AN #if KA RE ®ARR T 1946

- B T FENRERFESR, FPRFHERAMHETARGEZEA
BEEAERBEUBY (1927) , =+ o e EZEfh@ES L RS FH—K %
BRI, X ELREAM: —H A1 B (1936 NP), Nicls Bohrk #%—. LEHER.

X-ray crystallography-
Knowing what you do not Know

X-ray Crystallography

¢

I
|

Intensity Electron density Molecular
1 (hil') plr) Model

By measuring the angles and intensities of diffracted beams, produced as
the X-ray beams contact a single crystal, a 3-D picture of the density of
electrons within the crystal is produced and and from this the positions of the
atoms within the crystals, their chemical bonds, can be determined.

This works a little like trying to figure out how tall a person is by looking at his shadow.

FEEHECS “HHSErZA R JWBAEE (Tetrodotoxin, TTX)

R (1841-1909)
HAF—ANBEERE
LECE A =88

19755 aeF &R 8 L
g&ﬁz&iﬁiﬁaﬁﬁ\i
e T W T A AT AR, . .
SECLE ¥ 8- By 3R A B4R R & B 69400042

Yoshimasa Hirata ~ "RBL3EA 10045 KCN& 1 65125048

R. Woodword
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Dorothy Crowfoot Hodgkin

Using X-ray crystallography to “see” atoms

Cholesterol
H
N, tl s
SRP=YS
o] 3
0?‘OH

Penicillin G

E 4 £(1910-1994)

Vitamin B12
Figured out something organic chemists could not! 385

‘Went beyond “feasible limits”

Dorothy Crowfoot Hodgkin

Dorothy Hodgkin, one of the outstanding scientists of
the 20th century, solved the structures of n\gﬁ}xi
Penicillin, 1945 M;) ) Hon
Vitamin B12, 1954 e
Nobel Priz, 1964 ™
——Insulin, 1969

These achievements had an immense impact on chemistry,
biochemistry and medical science, establishing the power of
X-ray crystallography, and changing the practice of synthetic

chemistry.

« Established use of molecular structure to
¢ Worked to improve relations between East
¢ Interested in World Peace:

¢ Is the “Cleverest woman in England”

« Has been called “Gentle Genius”

Even More Important She...

S
a

Dorothy’s remarkable personality

* Reinvented crystallography

— From black art scientific tool

explain biological function

and West

Early Interests of a “Gentle Genius”...
Dorothy Hodgkin: Structure as Art

Chemistry, especially crystals

Crystals — atoms arranged in regular
and repeated pattern

“A diamond is a girl’s best friend!”

16t Birthday Party:

— Received X-ray crystallography book
Accepted to Oxford University in 1928

On vacation, studied patterns of mosaic
floors

“You’re finding what’s there and then
trying to make sense of what you find.” Synagogue mosaic
floor in Jerusalem.

She liked to “think with her hands”...

AREFETFHTERY

Oxford graduation, 1932
X-ray studies at Cambridge
PhD with J.D. Bernal 1934
Own Lab at Oxford in 1934
Good News: Complex
proteins could be analyzed
Bad News: Diagnosed with

rheumatoid arthritis

Rheumatoid arthritis never slowed her determined pursuit of science

* Took teaching job at Oxford.
* Primitive lab in basement

« Investigated sterols

* Went beyond “feasible limits”

* Figured out something organic

Going beyond the limits...
HARR, BHPHH G

chemists could not!

Victory Dance!

cholesterol - planar structure

Storucture of Cholesterol

YL AR S SR
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Questions of a “Gentle Genius”...

* Wondered if chemists were right

* Wanted to “see” molecules for herself

* Decided to specialize in new field of
X-ray crystallography

* X-Ray Crystallography: crystals scatter

X-rays and spots reflect arrangement
of atoms

X-Ray Diffraction Photograph

Even Geniuses Fall In Love...

¢ 1937 married Thomas L. Hodgkin

Thomas L.Hodgkin
(1910-1982), historian

Hodgkin disease

Max Perutz

« He decided she was
more creative

¢ Three children

e (1938, 1941, 1946)

“Dorothy in love”

“Combining two careers and three
children proved “reasonably easy”...

A devoted couple with 3 children
9 grandchildren,
3 great-grandchildren
* Thomas also taught at Oxford
« Her arthritis improved w/each
pregnancy
* She made time for her kids

* She could switch easily from
deep calculations to kid talk!

1940 Britain at war

* Penicillin — “high security secret”
¢ Structure looked hopeless

« Started from scratch 1942

¢ 1946 Mission Accomplished

* Proved she was “master crystallographer”

Structure of Penicillin G

Dorothy Hodgkin Determined the
Chemical Structure of Penicillin

4
e
Ny
Molecular model of penicillin by
Dorothy Hodgkin, c. 1945
R FAFE LR TR Z
A EHFEEAFERST

SMey T ERE, REXE
ATeFE, RABHEA
AedEdr i R AT 2R T

Penicillin Chemical Formula

“A magnificent start to a new e N
era of crystallography”

jpred

HooC
H

H,Ph

B-lactam

CH,Ph
oxazolone

1946

® f-loctam ctomic positions
© Onozolone atamic positions

REIMA 2B S SLIR IR
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Life after WW II got complicated...

A teacher, mother, friend, and guide all rolled into
one-"warm, simple, affectionate, and caring"
* Commuter spouses

* Dorothy’s sister and family

moved in

* Always had guests:

— Third World leaders
Sir Robert Robinson did not like the B-lactam structure because this would be
unstable, unlike penicillin. All they were taken aback when a young woman solved... — Scientists
N . . .
John W. Cornforth said “If penicillin turns out to have the B-lactam structure I Children’s friends
shall give up chemistry and grow mushrooms.” He did not keep his threat but later « Christmas parties il
g P N g P p Dorothy with husband and daughte
received a Nobel prize for his enzyme work 30 years later, in 1975.
O t B_ d Nobel Prize Given for Vitamin B, Studies
n to b1 er an Dorothy Crowfoot Hodgkin honared for determining structure . . .
88 o i 0w AR e s Going Beyond the Limits...

Better Things...

® Developed unbeatable repertoire of skills
8 years, 2500 X-ray photographs

® 10,000 calculations by hand took
months/years

® Beevers and Lipson Strips — the early
computer system

® Vitamin B12, published in Nature
in 1954
Fellow of the Royal Society in1947

harder to achieve than the Nobel

Beevers and Lipson Strips

Hodgkin et al., Nature 1955, 176, 325

Vitamin B,, Structure (1948-1957) Winning the Nobel Prize...

Vitamin B,, Synthesis (1960-1976) s
= q 'Grandmother wins Nobel Prize' “F#EZERF[THERRL”

Nobel prize for a
1964 Nobel Prize in Chemistry y & vife from fourd
Did not share prize o g
= o :

L e i3

5t Woman
1% British Woman e B Y g F2L
Did not stop research

Next project: Insulin (777 atoms)

cobryic acid
oH

*  In 1956, Dorothy Hodgkin was able I
to obtain and solve the X-ray crystal Topn ra Ny s
structure of vitamin B2 .
i, ek
= Wilhelm Friedrich and Konrad R
Bernhauer from Stutigart ek bes
successfully converted cobryic acid
to vitamin B2
Total synthesized by Woodward " Dorothy Hodgkin
N J Won the Nobel Prize in 1964 for her advancement of X-ray crystaliographic
& A. Eschenmoser technigues in the structural delermination of biglogical molecules

FARZEIIL 4T3 s S
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“Late Night News from Dorothy... Insulin-A Storytelling Molecule

The three-dimensional structure of insulin 1934-1969

« Computers now available

¢ Structure is “so complicated and
irregular”

¢ 1969 “...Insulin Is Solved
* 70,000 X-ray spots

e “Crisis in Organic Chemistry”

o
A L SRt
Dorothy C. Hodgkin
1910-1994, 1964 NP

B Disd i Frederick Banting and Frederick Sanger
Atomic Structure of Charles Best with one of 1918-2013,1958 NP

i i the first diabetic dogs to
6 insulin molecules s e . % The human insulin
receive insulin, 1923 NP A d
Dorothy's greatest scientific protein is compose
achievement of 51 amino acids

A Woman as Clear as A Crystal
TEAER, B, £TEAE

| Dorothy C. Hodgkin——
EHe “PEARBHZEMA”

‘, %
A7 A

Hemswmwenn

FAEXEHT. LK,
EAET RBEAR

Chemical Grystellogashy
T

Btk

Chemin  Tumape  Seualleont Dbapr
Eweldh Dl 80 beell. KRy
Mwdma GTn TNT Toris P Coman

AREE Ak

(1905-1998)

3

JURRITRER “FEARBEZERL” HEREFERL

t”ﬁ

E5eATH

REMFRE
FEEKIR

Linus Pauling

FARZEIIL 4T3 s S
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“Cleverest Woman in England”... President of Pugwash

A devoted protagonist of world peace

Royal Society at the youthful age of 37

1965 Queen Elizabeth gave her the
Order of Merit, second

1960s and 70s worked for Peace
organizations for 13 years

Elected chancellor of Bristol
University in 1970-88 7 BHH#EAS

1975-1988

Thinkers' Lodge, Pugwash, Bertrand Russell
« Effect on Margaret Thatcher and Nova Scotia, Canada, (1872-1970)
Mikhail Gorbachev site of the first Pugwash conference in 1957
* The first woman to win the Copley N lllﬁﬁiiﬂ'ﬂ:?%n'ﬂiﬂ$ %4
Medal (RS) in 1976 Edd (1910.1994) (Pugwash Conferences on Science and World Affairs)

Nobel Peace Prize in 1995

Faith In the Socialist HYIREANTNESE

Social and political activism

Lomonosov Gold Medal
Russian Academy's
highest accolade

in 1982

Fe Rl $p At B A8 Hn
RERAZ K 19914

Lenin Peace Prize

_in1986 , Her list of students, colleagues and co-workers includes the
g 2 Russian Academy's names of over 110 men and women from over 20 countries
Linus Paulingin 1970 1950 highest accolade '

The End of A Beautiful Life... The Life of A “Gentle Genius”...

e 1977 retired to house near Oxford
* Thomas died 1982 &Iy \

« Traveled to scientific and peace
conferences

* Wheelchair bound from arthritis
and broken pelvis

Dorothy Crowfoot
* Died at home July 29, 1994 at the Hodgkin, 1910-1994

age of 84

FARZEIIL 4T3 s S
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“BEUEERR"
“ERIFEARIB"

Among the 71 British Nobel Prize

winners for science,

"I was captured for
life by chemistry
and by crystals."

Dorothy Hodgkin

ww dorothybodgkinproject.com

et N

What are major works and discoveries by Dorothy?

How did you become familiar with the work of Dorothy Hodgkin?
Why do you think that Dorothy is considered a heroine of science?
What inspires you about Dorothy?

What do you find the most fascinating about

the work of Dorothy Hodgkin?

Why is Dorothy Hodgkin our heroine of science?

The Role of the X-ray in the Elucidation of
the Structure of DNA

DNASFIIR LM KA, LAXBFTATH “F
HEA” | RNELETHEHBWAR. HFELR, “F
FEE” QER, BAXFRE K@, 47

2 A Structure for Deoxyribose Nucleic Acid
o 2

J.D. Watson and F. H. C. Crick (1)

April 25, 1953 (2), Nature (3), 171, 737-738
saitaf.

Two unknown scientists

% AxJames Watson#fe £ 2 % F. H. C. Crick

RAMALN R -FRFF  Nature, 1953 April 25

Donohue and Chargaff's Input
Turned out to be Critical

Erwin Chargaff

‘ (1905-2002) Jerry Donohue
- . Chargaff’s rules 1950 (1920 - 1985)
The original DNA model A=T, G=C Pauling Assistant

""We are much indebted to Dr. Jerry Donohue for constant advice and
criticism, especially on interatomic distances'" Donohue knew structural
chemistry inside and out.

Man Who Opened the Door to DNA

s N FR LRI H MIBRER
: N N-H-----
sl Erwin Chargaff S\z/_{N " N\>_\é
1905-2002 AN\ N -
2 ( ) R N=/ ,)—N\
o] R
RS
Adenine Thymine
H
Chargaff's Rules O-----H-N

@ ATE ™ g

Adenine  Thymine Cymsine Guanine Guanine Cytosine
By o ag o s

GG EE BT . S SRR
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The Double Helix: A Personal Account of
the Discovery of the Structure of DNA

Life Story (known as
fthe The Race for the
Double Double Helix in

=Y e the United States) is g
+[L ll:\ a 1987 TV film

In 1998, the Modern Library placed The Double Helix at number 7 on its
list of the 100 best nonfiction books of the 20th century. In 2012, The Double
Helix was named as one of the 88 "Books That Shaped America" by the
Library of Congress. But both Crick and Wilkins protested publication.

(R : XERSE EREFWIIE20KAY

2012

0¥ ZRELZKX
FE LA Fxtie,
F 7 FADNASIR %

K #ir-%4%& (James Watson) DNAZ X, #144%

Albert Einstein % 1142 Steve Jobs #1742

Lies, Thieves and DNA

“There's a myth which is, you know, that Francis and | basically stole the structure from
the people at King's. | was shown Rosalind Franklin's x-ray photograph and, whooo! that
was a helix, and a month later we had the structure, and Wilkins should never have
shown me the thing. | didn't go into the drawer and steal it, it was shown to me, and |
was told the dimensions, a repeat of 34 angstroms, so, you know, | knew roughly what it
meant and, uh, but it was that the Franklin photograph was the key event. It was,
psychologically, it mobilized us..."

James Watson. james Watson, Center for Genomic Research Inauguration, Harvard.
September 30, 1999.

sssssessessseee

—Photo 51

e my mouth fell open and

Great Scientists aren't always Great People

'Father of DNA' James Watson Stripped of Honors Over
More Ugly Racism Comments

- M
“RALATREELFL”
Nobel medal for DNA discovery nets $4.7M at auction in 2014

Watson expressed the belief that some races are inherently less intelligent

than others-# ¥4 X & Fdm LA %R (FhER)

"DNAZ R " B BHT AR ST
HREREET R D

ONA ERY o

provegen N

Women should have the right to have abortions if tests could
determine their children would be homosexual.
He has previously argued that stupidity is a disease that should be
cured "it would be great" if women were genetically engineered to be pretty.

Mae groove

Major groove

"Why You Are You. Nearer Secret of Life"

Crick and Watson’s DNA molecular model, 1953

¢ Hydrogen
© Omygen

@ Carton
© Prosghorus

Pynmidines  Purives

Unlike Franklin and Wilkins who favored data collection,
measureable results and interpretation, Watson and Crick utilized
the model building approach.

YL AR S SR
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What Mad Pursuit-A Personal View
of Scientific Discovery

Francis Crick
:6
What
Mad
Pursuut

APersonal View o
of Scientific Discovery:

Francis Crick
1916-2004

In this book, Crick gives important insights into his work on the DNA
structure, along with the Central Dogma of molecular biology and the
genetic code, and his later work on neuroscience.

"It may be the most famous [scientific] drawing of
the 20™ century, in that it defines modern biology"

EX R

Crick's Nobel prize sold at
auction for a cool $2 M 2013
SN

Francis Harry C. Crick (1916-2004)
“The Secret of Life”
A twisted ladder

Odile Crick (1920-2007) British artist

Francis Crick’s $5.3 Million Letter to Son

“We have discovered the secret of life”

In 1953, Francis Crick wrote a letter to his 12-year-old son Michael,
describing his discovery. Michael Crick put that letter up for auction on April
2013-the 60th anniversary of the historic discovery of the structure of DNA .

Within their paper, Watson and Crick stated that they were indebted to certain
individuals for assisting in their research:

Dr. Jerry Donohue for his advice and criticism on the model il
Specifically with respects to interatomic distances

Jerry Donohue
(1920-1985)

Wilkins and Franklin for their published works

Maurice Wilkins ~ Rosalind Franklin
1916-2004 1920-1958

History of DNA

1869 DNA isolated by Friedrich Miescher

1919 Defining the composition of DNA
Phoebus A. Theodore Levene

1938 DNA polymer Rudolf Signer Miescher Levene

Student of W. Lawrence Bragg

1944 DNA carries the genetic code
Oswald Avery
1950 DNA pattern Erwin Chargaff

1953 Structure for DNA
J. Watson and F. Crick

Chargaff

The "Third Man'"—Maurice Wilkins

The Nobel Prize in Physiology or Medicine 1962
Maurice Wilkins did not enjoy the limelight

Maurice Wilkin
(1916-2004)
B R EH

Rosalind Franklin
1920-1958

‘What if Wilkins and Franklin had been
able to work together?
Was Wilkins qualified?

DI SR SR
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The Great Race and Lessons

John T.

Randall Wilking
L ¢ o N8 87 f

i)

W. Lawrence Bragg
Cavendish Lab 29 NP

The structure of DNA:
Cooperation and competition

From Triple Helix to Double Helix

Frankins Xay photograph shovs
ORAS B-form (1952)

Raymond G. Gosling  Photo 51
(1926-2015)

Maurice Wilkins
(1916-2004)

James D. Watson
1928—
“A questioning
attitude is a greater
scientific asset”

Max F. Perutz Linus C. Pauling
(1914-2002) 1901-1994

Rosalind Franklin

Do You Know her ?

Her Research on the
resulted in the Real Evidence of
and Watson and crick
conclude about the Double Helical

What Secret Behind “The Secret of Life”
BREZF AR K. REAFBRREM, RAKA FLAKMALZA?

e
ict
—.. B
S
-

A rough sketch of photo 51 in May 1952,
A photo that changed the world

Rosalind Elsie Franklin

(1920 -1958) “The most beautiful X-ray photographs of any

Y Y e eVe en.”
substance ever taken. John Desmond Bernal

The most important advance in biology during the 20" centpyy

Why Wilkins and Franklin Did not Able
to Work Together?

“World's Worst Boss”

DNA from R. Signer

Rudolf Signe
1903-1990

Sir John T. Randall N
(1905 - 1984) P
Sir John Turton Randall was an English physicist and biophysicist,
credited with radical improvement of the cavity magnetron, an essential
component of centimetric wavelength radar, which was one of the keys to
the Allied victory in the Second World War. It is also the key component of
microwave ovens.

A Master of X-Ray Techniques

Wilkins Franklin
Thought : Thought

Randall . Randall

| — |
Wilkins — Wilkins
|

Franklin Franklin

Gosling

IR 2O 3 Sk S
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“SERE 4 {H” (Dark Lady)
— - B

Rosalind Elsie Franklin (1920-1958) WAt F 9 DNAS T X-H7 4 B 1953
L EMACLEETDONAKSIRREN, RRALARARLARIHL.
AREARBRART A REEOEALT, RALREWRRYNE (AK1962F
ER) FRTRAFMALANS . ReFALLA£1953F48250, FAE
{Nature) EX A —BARRATFHERFB L,

439

Rosalind Franklin: The Dark Lady of DNA

URE MADDOX
ROSALIND
FRANKLIN

Rosalind Franklin - Great Minds in Science Article

teature
e deuble helix and the ‘wronged hercine’

BAERTL HABDOL

RosLino FrANKLIN

"Mother of DNA'-Behind the Scenes of DNA

“REZAMYF A Y, g
BRE— AR EARE L .

T\

™ECrystallographer

Rosalind Franklin

From left to right: Anne Cullis, Francis Crick, Donald Caspar, Aaron
Klug, Rosalind Franklin, Odile Crick, and John Kendrew.

Ray Gosling, Herbert Wilson and Maurice Wilkins
and Alexander Stokes at a reunion at King's in 1993

3 papers were published in Nature, April 1953, to announce a structure for DNA

DI SR SR
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Rosalind Franklin - Wronged Heroine

lot of research, hard werk and x-ray
she helped determine that DNA really

Rosalind Franklin: DNA's Unsung Hero

2013, Google honoured Rosalind Franklin with a doodle
‘9241 Rosfranklin’

the unsung mother of the double helix

'"The double helix model was supported by the work of|
Rosalind Franklin and Maurice Wilkins'

2005, the DNA sculpture (donated by James Watson) in Cambridge

Rosalind Franklin University

2004 USA

Franklin-Wilkins Building in
King's College London

She's Worth Another Look

Without Rosalind Franklin's groundbreaking work, it may
have taken another decade before the double helix structure of
DNA had been fully realized

k.
Ronald G. W. Norrish
(189 -1978) NP 1967

Jacques Merin
(1904-1973)

Received her PhD from Cambridge
in 1945 with five scientific papers

REIMA 2B S SLIR IR
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Linus Pauling-the acknowledged world master
at solving complex molecular structures

Lmus Pauling 5 s 7
The Triple Helix of DNA (19011994 alpha helix

Linus Pauling did not have access to Franklin's high-quality x-ray
diffraction images, which were key factors in Watson and Crick's
development of the correct model. In 1954, Pauling won the Nobel Prize in
chemistry “...for his research into the nature of the chemical bond and its
application to the elucidation of the structure of complex substances”

Pauling announced structure of DNA

The Race for DNA

The PNAS description 14 pages appears in February 1953 and
a Nature note appeared in the journal’ s February 21 issue.

Lessons-Humility should not be underrated. A questioning attitude is
ultimately a greater scientific asset.

From Proteins to DNA

’ Linus Pauling
Oswald Theodore Avery  William Lawrence Bragg Chemistry-molecular

(1877-1955) Physics-molecular biology
biology

In 1951, both Bragg and Linus Pauling wanted to find the structure of the
master molecule of life, the gene. But both were focused on proteins, although
Oswald Theodore Avery published genetic traits of DNA in 1944.

Why Did Pauling Lose the “Race”
to James Watson and Francis Crick?

vk LAFE
of LINUS

pAVLING

AShadows Bocks

Why did Pauling fail to discover the double helix?

1901 s pnueig uw. - ; i
F 1,,3 m:ma o
s
. g @
“‘dv :lnizﬂn
Mc:nl::uillnu *ﬂﬂ"-ﬁmﬁl’l bt
- 5

He lalee weat,

Pabyagt

o o g
v G STk
o) 15'&& e Mu CHEMISTRY fo o
1 1454 Ling e e Pz o
unn_the NOBEL PR @ S ALFHWR o

" tuwrshs T discaery

Linus Pauling, one of the most
important scientists of all time

FARZEIIL 4T3 s S

EFR 197350198 14E A X i el th E

1991 & & P Aadtiik
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SN 3B T BT A Linus Pauling i fE 3%

“I have a rather small foot for these shoes”

20184, ERRRFLARTHL LE A AUFE——MNELF
P2 69 Frances H. Arnold#ig, £ “Estd 2 @tiL” 9 Rak

What Is A Protein Structure?

Isit a:
* pretty cartoon...
 space-filling set of spheres...

« picture of the protein in the crystal...

* computational picture of the protein...
* representation of atoms that satisfies experimental constraints...

* model!!!

458

From the Electron Density to the
Structural Model

Electron density

The calculation of the electron density map (left) allows the building of
the atomic model step by step (middle) and leads to the three-dimensional
model of the structure (right)

B L Rl Over 25 erystal
- . structures per day

Using X-rays to Crack Nature's Codes
1962 Nobel Prize in Chemistry

Myoglobin

Hemoglobin
Max Perutz and J.C. Kendrew

The first protein crystal structures were reported by Max Perutz and Sir
John Kendrew in 1960. The Lab. of Molecular Biology (LMB) at Cambridge,
14 of whose scientists have won NPs.

Franklin and Wilkins would have been awarded this Nobel Prize ?

1982 Nobel Prize in Chemistry

She would have shared the Nobel Prize

nucleic acid-
protein complexes

=

Sir Aaron Klug (1926-2018) Rosalind Frankli 1920-1958
She Was The Best In Everything
He development of crystallographic electron microscopy and his structural

elucidation of biologically important nucleic acid-protein complexes.

DI SR SR
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The Sage of Science—J. D. Bernal

Rosalind Franklin
(1920-1958)

Dorothy Hodgkin
(1910-1994)
John Desmond Bernal

HEFEEA

John Desmond Bernal
1901-1971

Discovery of DNA's structure opened the door
of genetic research and application

Collaboratiion and communication — sharing pieces of the
puzzle — has played a critical role in many scientific discoveries

Computer Assisted Tomography (CT)
TR BN X -5 5B B AR AR Y

197952 N REERESFE

Allan M. Cormack

Godfrey N. Hounsfield 1924-1998

1919-2004
1970547 4 & A T ERATHRHES
K AFEHCTIU

FAELRRERTREFHF, 274 T EFHU R

1961554 $ F Tk

X-ray Computed Tomography (CT)

TR X5 R AR &L
.
{e3] @ &

}*‘In‘n‘-‘&y
CT detectors

o1
imaging

Radiographic

g
.uf L '?

Radiographic 20 axial CT socT
images images images

MRI Vs X-CT

MRI# B R EEX-CTRF

CTRAX-HMERBHAK, X-HEFIAKRTRAGDEARELRE
T RAR A6 T, ) 2 BB KD AW SRR, AR IR R E
Ha%Bg.

MRIB] & i 3548 837 ¥ 69 AR 340 46 20 E 6 40 pRF, R
AR ERTF O LR TH)L B K 7 K ENMR, & ¥ LS B, K
F RS IAE T R4 EMRIE S RARL. B, 5X-HERCTFRBEHAK
A6, MRIR & A B & B 58 5 AR, A5 F o, X R LR B F 640 5.

MRISE 45 25 % B #AT R4 07, BABELRARLBIEMNAKA
HLFTLRRNAARLR, X-HEAX-CTRBEHERRZBLAKRAGH
E@HB)ERRRAAAKRLR, BEAERARARTLRARE T ALK,

The More You Know
MRI, CT and X-Ray

AR SR AR
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What’s Next ? Reading Brain?
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QQ 46897262 Tel 86261270
http://202.206.48.213:8091/
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