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Mitosis

Interphase (G,) Prophase Prometaphase
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Life is based on reproduction. The basic proc
19% entury. Hi stol ogi cal studies had demonstr at
process the material in-lt keomdosdmes. cOme ewsed
comeosn f he mGrttesrkead. Cl ose examination showed t
chromatids joined at the centromere The chro
chromosomes in thétreuclceil |ef. the two daug
video is from

https:// www. youtube. com/ watch?v=AhgRhXI| 7w_g
The video presents the process in terms of wh
of t'MCenzury, all that was known was dturaitngt he

mi t osi s.


https://www.youtube.com/watch?v=AhgRhXl7w_g
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Walter Stanborougt8utton

(1877 1916)

The Chromosome
Theory of Inheritance

As a graduate student in zoology at
Columbia University, Sutton proposed
in 1902 and 1903 that the chromo
somescould be the biological basis fo
the Mendelian laws of inheritance. Heg
later studied medicine and became a
surgeon. A German biologist Theodor|
Boveriproposed similar principles,
and their ideas are the foundations of]
the SuttorBoveritheory that states
that the chromosomes are the carrier
of the genetic material.

Wal t er Sutton

wa s

to the

Drosophila melanogaster

In 1908, Thomaslunt Morgan(18661945) at Columbia University began
to study the inheritance of different traits in the fruit fly. He examined the
patterns of inheritance for mutations such as white eyes, and related the
chromosomes. He demonstra
sections during meiosis and noted how this provided genetic variation.

Drosophilia
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Production of Gametes Eﬁggnﬁzr
Through Meiosis ‘
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Me i osfirsohne @Greeo®kliesssa) specialized type of cell
sexually reproducing organism durgameimar py)od
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During the early phases of meiosis chr omosome
recombination). This explains wheg dihfef erherotmofsr
those of either toh mot her or father chromoso

h obtaining on

When the spe
t the zygote. T

contribute
chromosom

m and the egg (ea
eir chromosomes t

o 0

r
hei

Macromolecules

o' P
A eF of o °® or | o ¢ o

§¢D¢b

» » . . R
e e g8 6 % g0
.

Nylon Hydrogen

In the early 28 Century, scientists considered all molecules to be compose
a small number of atoms. The material inside biological cells was though o
a colloidal suspension of small molecules. In 19%2&mannStaudinger
(1881:-1965) reported that many different compounds such as rubber and
proteins wer e iiongaxlainsoommwmleailarwritelinked
together by covalent bonds. Ultracentrifuge studies of Theodor Svedberg
(18841971) and his student Arne Tiselius (190271) confirmed the large
size of molecules such as hemoglobin and serum proteins.

Col | oi da]t hcohuegnhi si.tmdye r leistttilng r el evance for bi ol
Af al se bpadt enmioc olf resear ch.
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Staudingerés work | ed to the | ater industrial
Staudi ngaerrd ema st haew No b e | Aroi6Besdr efddore r @h @ mic et rvye di
Pri O dént t hi s was awarded for his earlier andc
moti on. Tiselius n®d&8i ved the Nobel Prize in
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saccharides DNA/RNA

proteins phospholipids
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This il lustraenonkshdwsofthbeidi bfercal macr omol
repeating units |Iinked together to from | ong
both the building bl ocksf aoccfi Itihteathbeo dcylragatmydc atlh e e
acd dare |inked into fats and the phospholipids:s
combine to f oyramm dp onluycsl aecocth adreisdef or m t he nucl ei c

Nikolai Koltsov
(18721940)

Koltsov, a Russian biologist and geneticist, was long persecuted for promd
bourgeois science in opposition to the proletarian theori€otim Lysenko
who claimed that learned characteristics could be inherited. INKIGI&ov
proposed that each chromatiohsistedf one giant hereditamnolecule made
up of two mirror strandthatwould replicate in a semionservativdashion
usingeach strand astamplate
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Photograph from 1944

Oswald Avery (187#1955)

Avery was born in Halifax and moved
with his family to New York when he
was 10 yr. After training in medicine he
worked at the Rockefeller University
Hospital. He carefully analyzed the
nature of the transforming factor that
had mediated the effects reported by
Griffith. By treating it with protease he
demonstrated that the transformation
was not due to a protein, which had been
the initial hypothesis. The transforming
factor was nullified after treatment with
deoxyribonucleasendicating that it was
DNA'i deoxyribonucleai@cid.
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Bacteriophages

Bacteriophages are viruses that infect bacteria
and then replicate themselves within the bacteria.
In 1952 Alfred Hershey and Martha Chase
demonstrated that the material that the phages
injected into the bacteria (and which led to their
replication) was DNA. This confirmed the work
of Oswald Avery and his colleagues.

The il lustration on the right shows the struc
shows bacteriophages attached to an Escherich

These experiments confirmed that DNA was the
inheritance but how was this done? To underst.
had to be determined. Cruci al information cam

Water Crystals

Molecules can bind together to form repeating

geometric structures called crystals. Examining TR

these crystals can thus tell us much about '

molecules. The distances between atoms in a

crystal are of the same order as the wavelength covalent radi: H 0.032 am

of x-rays: 0.0410 nm. 9 QLI

;
9@* 9

I n order to find out how DNA worked we needed
was most hel pful in this endeavor was crystal
The il lustrations a molecule of water (upper
wi tths ioverri ding hexagonal geometry. The water
Ahydrogen bondso between the hydrogen atoms a
right)
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The hexagonal structure of t hewfilcek esg.y sMiadnorde
variations in temperature and wind cause vari
infinite variety of snowfl akes.

But we should return to how we might fAl ooko a
Abeam-roffysX i s deglsitvaér echdata aledrect or measures t
scattered by the crystal

X-Ray Diffractioni Br aggdés L a

Reflected waves
are in phase when

ni = 2dsin®

where A is the
wavelength of
the x-rays

and d is the
distance between
crystal layers.

When -t Agsxscattered by the different | ayers o
detector is exposed and shows @ pdhaarske stphoety. c am
each other and do not expose the fil m.
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William Bragg
(18621942)

LawrenceBragg
(18901971)

Father and son were born and educated in Adelaide, Australia. They came
Britain in 1908 when William Bragg accepted a professorship at Leeds
University, and began investigating theray diffraction by crystals, which
had just been reported by the German physicist Max von Laue-{809.
Lawrence Bragg proposed an equation to analyze the diffraction patterns.
1915 Nobel Prize for Physics went to both William and Lawrence Bragg.

Von Laue received thaodldble Prize for Physics
The Braggs arseon hjeoionntl ywifnantehresr of t he Nobel Pr
youngest ever Nobelggr evaispi2éntyeakbswonémncehBma he
went on to become the director of the- Cavendi

1954). While there, he supervised Max Perutz
and he waosr twhhee nd iWad cston 1anxd ICk ichk HONA ( KNeb el P
Physiology d29pMedicine in

hic research concerned

The early crystall ograp
i sphlsi copdtdt dramg | gr a heced yls)

I
while before scient
mol ecul es.

en Lelnds7dla)l ewa(sl %X0h3e first crystallographe
he showed the structure of the benzene
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many dimbfifecehntar model s. She was the one of th
Royal SbedeAy well as being a productive sci el
paci fist. She was i mprisoned for her pacifism

Using crystallography, Hodgkin was able to
determine the molecular structure of numero
complex molecules such as cholesterol,
penicillin and finally in 1948 vitamin B12:

Dorothy Hodgkin ( 1914.994)
photograph 1937

Dor oHohdyk i n was the second female crystallogracg
understanding of molecular structure. She was
her wor ks. Why crystall ography washpobut hat w
was because it was a new field in physics, on
established hierarchy.

the vitamin B12 is cobalt

The green a i n
the vitamins.

t
compl ex of a

Dorothy Hodgkin
(19101994)

Insulin

Maggi Hambling 1985
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And so we now come to our third female crysta

Rosalind Franklin
(19201958)

Born to a prominent Jewish family in
London, Franklin obtained her
doctorate at Cambridge University in
Physical Chemistry in 1945. After
postdoctoral work in Paris in-pay
crystallographysh e j oi ned Ki
College London in 1951. While there
she began her studies of DNA using
the nucleic acids isolated from calf
thymus. Her results suggested that its
molecular structure was helical in
nature, but she was cautious about
interpreting her results.

Photograph 1946

Rosalind mroarkkiInign twaget her with Maurice Wil kin
scientists did not get along, and she |l eft to
used crystallography to study virusestoAaron
work with her at Birkbeck. He | at er9 §vbars haiwsa r d
work on the structure of viruses.
;
Photo 51

In 1952 Rosalind Franklin and her student Raymond Gosling obtained a ¢
xray diffraction i mage o fthyniphudleafer o
type BO0). This was to prove cruci
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Francis Crick
(19162004)

and

James Watson
(1928)

Francis Crick began his Ph.D. in London but his work was cut short by Wo
War Il, when he worked in the Admiralty Research Laboratory on mines al
minesweepers. After the war he decided to study biology, focusing on DNA
In 1951 James Watson who had recently finished his Ph.D. at Indiana
University came to Cambridge and they began to collaborate.

The photograph shows Crick and Watson wal king
Chapel is in theabakKkggosndol Nege Cambri dge (1
14%1is quite independent of Kingoés 1XBop9 ege Lo
Crick finally obtaineti9o®fsePhhbs fwook Gambmhid

Cavendish Laboratory

Established in 1874 by the Duke of
Devonshire to commemorate an
Henry Cavendish, the laboratory was
home to many important develop
mentsin physics and chemistry. In its
first century it was directed by James
Clerk Maxwell, Baron Rayleigh, J. J.
Thomson, Ernest Rutherford and
Lawrence Bragg. 29 Nobel Prize
winners worked in the Laboratory. On
the door is inscribedvlagnaopera
Domini exquisita in omnes voluntates
eius(Psalms 111:%reat are the
worksof the Lord, wherein all his
meanings can be sought.)

Henry Calv7edhl}i 8 ht e man who weighed the worl d,
related to the Duke of Devonshire.
My transl ation from the Latin differs from th

12



