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How elephants avoid cancer?

natU»re International weekly journal of science
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How elephants avoid cancer

Pachyderms have extra copies of a key tumour-fighting gene.

Ewen Callaway

M3E1E 1L (Peto’s Paradox):
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Multiple copies of a tumour-suppressor gene help elephants avoid cancer.
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nature

communications Search Login

Content v Journal Info v Publish v

nature > nature communications > articles ?

article

Article ] Open Access | Published: 12 February 2021

EGCG binds intrinsically
disordered N-terminal domain of
p53 and disrupts p53-MDM2
interaction

Jing Zhao, Alan Blayney, [...] Chunyu Wang &3

Nature Communications 12, Article number: 986
(2021) | Cite this article
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Milestones of molecular biology

Friedrich Miescher
KEHUR (1844-1895)
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¥ 2= (nuclein)

Albrecht Kossel
7} #2£/R (1853-1927)

{.; 1 i The Nobel Prize in Physiology or
WY Medicine 1910

"in recognition of the contributions to our knowledge of cell
chemistry made through his work on proteins, including the
nucleic substances”

1885-19014, Kossel5F4E 5L
ZEBRHA. T. C. Umfka i,
i BR ) R AR - IR A B BR AL AR



Milestones of molecular biology

DNA is
genetic
material

Frederick Griffith Oswald Theodore Avery
EAV R T (1879-1941) (1877-1955)
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Milestones of molecular biology
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Frederick Wilkins Rosalind Franklin James Dewey Watson Francis Harry Comton
(1916-2004) (1920-1958) (1928-) Crick (1916-2004)

DNAXUEZhELEH (1953)

The foundation of molecular biology




James Dewey Watson, Francis Harry Compton Crick

- MOLECULAR STRUCTURE OF = -
NUCLEIC ACIDS

“ A Structure for Deoxyribose Nucleic Acid
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of deoxyribose nueleic acid (D.N.AL).  This oo

gtructure has novel features which are of considerable 2=
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Central Dogma

Transcription Translation

DNA—nRNA— Protein

Proteins have regulatory
and structural functions

Y

Duplication

Genes are passed

on to next generatio
of cells

y :
Ribosome
TRANSLATION ;:;‘ ~

Polypeptide
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Unwinding of

dnaB (helicase) the replication fork

_—

Poly 1l

Poly | (erases
primer, fills gap)

DNA ligase
(connects Rr?n‘:ers
loose ends) ___ P
Leading
strand/
™ Okazaki LY

5~ , 3 T fragment in

A 3 strand - B 8 lagging strand

Fig. 6.15 Replication fork of Escherichia coli. A, Because new DNA can be synthesized only in the 5’ — 3’ direction, one of the two new
strands (the “lagging strand”) is synthesized piecemeal. The primer has to be removed from the lagging strand by DNA polymerase |
(Poly I), and the Okazaki fragments have to be connected by DNA ligase. B, Model for the actual assembly of proteins in the bacterial
replication fork. Note that the DNA template for the lagging strand has to spool through the p clamp backward to account for the
direction of DNA synthesis. g, Clamp protein; y, clamp loader; dnaB, helicase; dnaG, primase; Poly Ill, DNA polymerase Ill.
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% The Nobel Prize in Chemistry 1980
Paul Berg, Walter Gilbert, Frederick Sanger

The Nobel Prize in
Chemistry 1980

Paul Berg Walter Gilbert Frederick Sanger

The Nobel Prize in Chemistry 1980 was divided, one half awarded to Paul
Berg "for his fundamental studies of the biochemistry of nucleic acids, with
particular regard to recombinant-DNA”, the other half jointly to Walter
Gilbert and Frederick Sanger "for their contributions concerning the
determination of base sequences in nucleic acids".



Facts

(1918-2013)

Frederick Sanger
The Nobel Prize in Chemistry 1980

Born: 13 August 1918, Rendcombe, United Kingdom
Died: 19 November 2013, Cambridge, United Kingdom

Affiliation at the time of the award: MRC Laboratory of
Molecular Biology, Cambridge, United Kingdom

Prize motivation: "for their contributions concerning the
determination of base sequences in nucleic acids.”

Prize share: 1/4

Photo from the Nobe|
Foundation archive.

Also awarded: The Nobel Prize in Chemistry 1958

work 1955 [ 5 & — S S5 H FOT 8

1958 Prize: Proteins, which are molecules made up of chains of amino acids, play a pivotal role in
life processes in our cells. One important protein is insulin, a hormone that regulates sugar
content in blood. Beginning in the 1940s, Frederick Sanger studied the composition of the insulin
molecule. He used acids to break the molecule into smaller parts, which were separated from one
another with the help of electrophoresis and chromatography. Further analyses determined the
amino acid sequences in the molecule's two chains, and in 1955 Frederick Sanger identified how
the chains are linked together.

1978 Sanger | F 12

1980 Prize: An organism's genome is stored in the form of long rows of building blocks, known
as nucleotides, which form DNA molecules. An organism's genome can be mapped by
establishing the order of the nucleotides within the DNA molecule. In 1977, Frederick Sanger
developed a method based on using small amounts of what are known as dideoxynucleotides.
These can be inserted into the DNA chain, but at a certain nucleotide they stop growth of the
chain so that fragments of different lengths are created. After undergoing what is known as
electrophoresis, the nucleotide sequences in a DNA sample can be identified.

1958, 19805 EN/RILZF
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Linus Carl Pauling
The Nobel Prize in Chemistry 1954

Born: 28 February 1901, Portland, OR, USA
Died: 19 August 1994, Big Sur, CA, USA

Affiliation at the time of the award: California Institute of
Technology (Caltech), Pasadena, CA, USA

Prize motivation: "for his research into the nature of the
chemical bond and its application to the elucidation of the
structure of complex substances.”

Prize share: 1/1

Also awarded: The Nobel Peace Prize 1962

o 1951 AR K —REM

1954 Prize: The development of quantum mechanics during the 1920s had a great impact not
only on the field of physics, but also on chemistry. During the 1930s Linus Pauling was among
the pioneers who used quantum mechanics to understand and describe chemical bonding - that
is, the way atoms join together to form molecules. Linus Pauling worked in a broad range of areas
within chemistry. For example, he worked on the structures of biologically important chemical
compounds. In 1951 he published the structure of the alpha helix, which is an important basic

COlTlpOﬂCnl‘ Of many pl’OtCil’lS. \ \ '
195418 IR

1962 Prize: The atom bombs dropped on Hiroshima and Nagasaki were a turning point in Linus
Pauling's life. Together with other scientists he spoke and wrote against the nuclear arms race,
and he was a driving force in the Pugwash movement. It sought to reduce the role of nuclear
arms in international politics and was awarded the Peace Prize in 1995. In 1959, Linus Pauling
drafted the famous "Hiroshima Appeal", the concluding document issued after the Fifth World
Conference against Atomic and Hydrogen Bombs. He was one of the prime movers who urged
the nuclear powers the USA, the Soviet Union and Great Britain to conclude a nuclear test ban
treaty, which entered into force on 10 October 1963. On the same day, the Norwegian Nobel
Committee announced that Linus Pauling had been awarded the Peace Prize that had been held

e 19628 IURFISEAE

One person, Linus Pauling, has been awarded two undivided Nobel Prizes. In 1954 he was
awarded the Nobel Prize in Chemistry. Eight vears later he was awarded the Nobel Peace Prize
for his opposition to weapons of mass destruction.
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ATGCCGATCGTACGACACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGATCCATTTTA
TACTGACTGCATCGTACTGACTGCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTTTACCCCATG
CATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCAGCATCCATC
CATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATGCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGG
ACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACTGACTGCATCGTACTGACTGCACATATCGTCATACATAGACT
TCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATG
ATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATA
GCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTAC
TGACTGCATCGTACTGACTGCACATATCGTCATACATAGACTTCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCAT
CGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATGCATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTC
ATCGTACTGACTGTCTAGTCTAAACACATCCCAGCATCCATCCATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTAT
GCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTAC
TGACTGCATCGTACTGACTGCACATATCGTCATACATAGACTTCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCAT
CGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATGATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACA
TATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTAT
GCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTAC
TGACTGCATCGTACTGACTGCACATATCGTCATACATAGACTTCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCAT
CGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATGATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACA
TATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATAGCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGA
CTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACGCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGA
CTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACTGACTGCATCGTACTGACTGCACATATCGTCATACATAGACTT
CGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATGC
ATCGTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCAGCATCCATCC
ATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCTATGCCGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGA
CTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACGACTGCATCGTACTGACTGCACATATCGTCATACATAGACTTC
GTACTGACTGTCTAGTCTAAACACATCCCACATATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACTTTACCCATGAT
ATCGTCATCGTACTGACTGTCTAGTCTAAACACATCCCACACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACGC
CGATCGTACGACACATATCGTCATCGTACTGCCCTACGGGACTGTCTAGTCTAAACACATCCATCGTACTGACTGCATCGTACTG
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Functional .
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~B-gal X p-gal Cloning of human insulin
] in a bacterial host

Insulin o
B chain [after Griffiths et al. 1336)

L
(E::\ ~Insulin
il A chain _
i I Transform into E. coli !
] g L[ Hurnan &- & B-chainz are cloned separately.
'.&__ % ' W :'} r— % Each iz attached to the plasmid B-gal:
- B-gal [+] coloniez cary cloned insulin genes.
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iPS (induced pluripotent stem cell)
2006 mouse iPS  Cell. 2006 Aug 25;126(4):663-76.
2007 human iPS Cell. 2007 Nov 30;131(5):861-72

Science. 2007 Dec 21;318(5858):1917-20.
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2006 mouse IPS

2007 human iPS

2008 Diseases iPS

2009 from iPS to viable mi

Nature 2009, 461:86-90. 40
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Examples of transcription factor overexpression or
ablation experiments that result in cell fate changes
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Fibroblasts Manocytic Fibroblasts B cells B cells Exocrine cells
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Muscle megakaryocytic iPS cells Macrophages | cells, Islet B-cells
cells , . macrophages
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w The Nobel Prize in Physiology or Medicine 2012
Sir John B. Gurden, Shinya Yamanaka

The Nobel Prize in
Physiology or Medicine
2012

e X & (John B. Gurdon)
L4 7% (Shinya Yamanaka)

Photo: U. Montan Photo: U. Montan

Sir John B. Gurdon Shinya Yamanaka

The Nobel Prize in Physiology or Medicine 2012 was awarded jointly to Sir
John B. Gurdon and Shinya Yamanaka "for the discovery that mature cells

can be reprogrammed to become pluripotent™ 42



CRISPR.
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Feng Zhang & Jennifer Doudna
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© Nobel Prize Qutreach. Photo:

Bernhard Ludewig
Emmanuelle
Charpentier

1968-

© Nobel Prize Qutreach. Photo:

Brittany Hosea-Small
Jennifer A. Doudna
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EERFRRDARE - WDREE
EENMZER2IESR - BEN

Ak

{1 & BB B CRISPR/Cas9 & A R {5 A T
PALBFR A R MRS RS ERERDY . 81
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The Nobel Prize in Chemistry 2020 was awarded
jointly to Emmanuelle Charpentier and Jennifer A.
Doudna "for the development of a method for

genome editing."



We may be nearing
the beginning of the
end of genetic

diseases.

Jennifer Doudna

Professaor of Chemistry and
Molecular and Cell Bioclogy
University of California
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1. % H (1980—1989)

@ Dr. Martin Cline; University of California
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2. J7F3RH (1990—1999)
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(Severe Combined Immunodeficiency, SCID)
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3. #4H] (1999—2009)

TERIE-1

Jesse Gelsinger Jim Wilson

199998 X[E University of Pennsylvania
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MEDICINE (2009-2/%\)
A Comeback for Gene Therapy

% A iﬁﬁ )\ :LSE S i cence (iid storege disorden :"; e
2009FE TRz —

2009 Eight-year-old Corey Haas, who has a rare inherited eye disease and is almost blind, gains normal vision
following gene therapy toreplace aretinal pigment protein.

2009 Progression of the degenerative disease adrenoleukodystrophy is halted in two boys using gene
therapy.

2010 An adult with blood disorder beta-thalassaemia no longer needs monthly blood transfusions following
gene therapy toinsert a corrected beta-globin gene into stem cells that make blood.

2011 Six people with clotting disorder haemophilia B see a reduction in symptoms after gene therapy on liver
cells.

2012 Glybera becomes the first gene therapy drug to be approved in the West, with European approval to

treat lipoprotein lipase deficiency. IV pa—
-based vector wi

2013 Two papers describe the treatment of children with a degenerative disorder called metachromatic therapeutic ABCD1 gene
leukodystrophy and immune disorder Wiskott-Aldrich syndrome using gene therapy (Science, doi.org/pnv;
doi.org/ppk).

Progeny of
gene-corrected
HSCs distribute

throughout

the body
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