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What is a protein?



What is a protein?




What do proteins do?

Gives structure
eg. Muscle, Hair, Silk, Spider Web

One muscle
fibre (cell)

One fascicle
(bundle of
muscle fibres)

Myofibril

Blood vessels
and nerves

http://biology-forums.com/index.php?action=gallery;sa=view;id=1185



What do proteins do?

Gives structure
eg. Muscle, Hair, Silk, Spider web
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What do proteins do?

Gives structure
eg. Hair, Muscle, Silk, Spider web

1E-2 m 1E-6 m 1E-8 m 1E-10m

http://www.nanowerk.com/spotlight/spotid=4523.php



What do proteins do?

Gives structure
eg. Hair, Muscle, Silk, Spider web

http://www.ebi.ac.uk/interpro/potm/2009 1/Protein_focus_2009_01-Collagen.html



What do proteins do?
Transport

Red blood
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Hemoglobin
molecules

Oxygen bonded
with hemoglobin molecules

https://sjhsrc.wikispaces.com/file/view/hemo.png/386264468/hemo.png



What do proteins do?
Transport

Hemoglobin

Oxygen molecule —
Red blood cell

Hemoglobin carries
oxygen thoughout

the body
FADAM.

http://www.masimo.fr/hemoglobin/anemia.htm



What do proteins do?
Transport

http://www.rcsb.org/pdb/101/motm.do?momID=41



What do proteins do?
Transports cargo
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Kinesin movie links:

Ron Vale, Lab webpage (https://valelab.ucsf.edu/external/
moviepages/moviesMolecMotors.html)
https://coub.com/view/3ddls



https://valelab.ucsf.edu/external/moviepages/moviesMolecMotors.html
https://coub.com/view/3ddls

What do proteins do?
Transports cargo

http://sitemaker.umich.edu/maybaum.pharmacology.principles/files/ionchannelanim.gif



What do proteins do?
Biological catalyst
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Enzyme + Substrate Enzyme-Substrate Enzyme + Products
Complex

http://blogs.scientificamerican.com/lab-rat/files/2014/01/Enzyme_mechanism_1.jpg



What do proteins do?
Biological catalyst
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complex

http://www.mun.ca/biology/scarr/Induced-Fit_Model.html



What do proteins do?
Biological catalyst
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http://www.nature.com/scitable/topicpage/protein-function-14123348



What do proteins do?

Structure Protein Transport Protein

T ow

Enzymes Channels
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http://askabiologist.asu.edu/venom/what-are-proteins



A protein is made up of amino acids
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A protein is made up of amino acids
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A protein is made up of amino acids
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histidine () phenylalanine (F) tyrosine (¥) ["¥GH.] arginine (R) tryptophan (W)

http://people.mbi.ucla.edu/sawaya/m230d/Modelbuilding/modelbuilding.html
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mProtein data bank (PDB) (www.rcsh.org)
e S

40000

35000

30000

25000 1

20000

15000 -

10000 1

5000 -

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1983
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

2005
2006



Protein folding

The process by which the protein takes up its native conformation

PROTEIN FOLDING

Based on original video by
PyMol animation demonstration
pymol.org




Anfinsen’s experiment (1969)

Native state;
catalytically active.

uren and
mercapto-

addition of
ethanol

Unfolded state;
inactive. Disulfide
cross-links reduced to
yield Cys residues.

urea and
mercapto- Fig. |. The amino acid sequence of bovine pancreatic ribomuciease (50).

remaoval of
I ethanol
v

Native,

g;:;n\}ﬁ::&v The information about the three-dimensional
Disulfide cross-links structure is contained in the sequence of the
correctly re-formed.

protein itself.

Principles that govern protein structure, Anfinsen, Science, 1973 (Nobel Lecture)



Protein structure prediction attempts

Understanding the principles that govern
protein folding should allow us to predict the
structure given the sequence information



A game where the score is thermodynamics!

https://en.wikipedia.org/wiki/Foldit



Proteins assemble to form bigger
structures

28 nm

http://www.pnas.org/content/suppl/2007/12/05/0709489104.DC1/09489Moviel.mov



Visualising Macromolecular Complexes
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Eukaryotic Cells Organelles  Prokaryotic Cells Cytoskeletal Elements Macromolecules Small Molecules Atoms
1A >

1mm 100 uym 10um lum 100nm 10nm 1nm

(ve )

[Light microscopy )

(Electron microscopy )

(x Ray crystallography and NMR j

- X-Ray and NMR
Amino acids <3A
Secondary structure - a- helix & B- strands 4-7A

Individual protein subunits (~ 30 kDa) 30-40A



What is cytoskeleton?

Microfilaments Intermediate filaments Microtubules
(~7 nm) (~ 8-10 nm) (~ 25 nm)
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Microfilaments

G-actin
ATP
Plus end ‘Minus end
Plus end _, fMinus end

Actin filament

©CSLS / The University of Tokyo

http://www.mechanobio.info/modules/go-0030041
http://csls-text.c.u-tokyo.ac.jp/flash/0611_1.html



Pushing by Actin filaments

Lab webpage: Julie Theriot (http:/cmgm.stanford.edu/theriot/movies.html)


http://cmgm.stanford.edu/theriot/movies.html

Microfilaments
Monomers: Tubulin dimers
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Pushing of chromosomes by
Microtubules

Lab webpages: Salmon and Ron Vale



Bacterial Flagella

Lab webpages: Howard Berg & Keiichi Namba

Proton driven motor movie
http://www.fbs.osaka-u.ac.ijp/labs/namba/npn/



http://www.fbs.osaka-u.ac.jp/labs/namba/npn/

Bacterial Type IV Pili

—  Pilin monomer

Bacte 1)
S~ e
Polymerization .

—_—

Atiachment  SESTITIIENS

—

- Piln monomer
@ =
C_‘ Retracting pilus

Depolymerization

Lab webpage: Howard Berg Lab webpages: Shi; Holtz & Kurre



A simple DNA segragating machine

Garner, et al, Science, 2007
34



Cryoelectron X-ray

TIRF microscopy

microscopy crystallography
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Macromolecular Snapshots of conformational states Dynamics of assembly/ in vitro
assembly of components reconstitution

Molecular mechanism behind fundamental biological processes



