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Proteins are Polymers
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Proteins are Composed of Amino Acids

Polypeptide Chain
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How Many Amino Acids ?

21 Amino Acids “Translated” into Proteins
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Where do we get Amino Acids from?

1 - Metabolism

2 — Food (essential aa’s)

Amino Acid Main Food Sources
Histidine soy protein, eggs, parmesan, sesame, peanuts
Isoleucine eggs, soy protein & tofu, whitefish, pork, parmesan
Leucine eggs, soy protein, whitefish, parmesan, sesame
Lysine eggs, soy protein, whitefish, parmesan, smelts
Methionine eggs, whitefish, sesame, smelts, soy protein
Cysteine eggs, soy protein, sesame, mustard seeds, peanuts
Phenylalanine eggs, soy protein, peanuts, sesame, whitefish
Tyrosine soy protein, eggs, parmesan, peanuts, sesame
Threonine eggs, soy protein, whitefish, smelts, sesame
Tryptophan soy protein, sesame, eggs, winged beans, chia seeds
Valine eggs, soy protein, parmesan, sesame, beef




Why So Many Amino Acids?

Permutations of 21 amino acids in a protein
with 50 amino acids:

1.3 x 10°%¢6

Possible proteins with 50 aa

Structure = Function



Protein Structure: Nomenclature
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Protein Structures

https://www.rcsb.org/

147073 protein structures!



How many human proteins?

19,000-20,000 human protein-coding genes

isomerases; 94; 0,5%
receptors; 1076; 6,3%
storage proteins; 15; 0,1%

extracellular matrix proteins; 72; 0,4%

unclassified; 4061; 23,6%

proteases; 476; 2,8%

cytoskeletal proteins; 441; 2,6%
structural proteins; 280; 1,6% /

surfactants; 15; 0,1%
cell junction proteins; 67; 0,4%

chaperones; 130; 0,8%0_/
transcription factors; 2067; 12,0%

phosphatases; 230; 1,3%—\
membrane traffic proteins; 321; 1,9%—\/"
transfer/carrier proteins; 248; 1,4% <

hydrolases; 454; 2,6%
defense/immunity proteins; 107; 0,6%

transporters; 1098; 6,4%

transmembrane receptor regulatory/
/adaptor proteins; 84; 0,5%

\\,

y transferases; 1512; 8,8%
/oxidoreductases; 550; 3,2%
lyases; 104; 0,6%

cell adhesion molecules; 93; 0,5%
ligases; 260; 1,5%

| ——nucleic acid binding; 1466; 8,5%

calcium-binding proteins; 63; 0,4% signaling molecules; 961; 5,6%

viral proteins; 7; 0,0%

enzyme modulators; 857; 5,0%
How big/long?
Titin (Connectin): ~27,000 to ~33,000 amino acids: ~ 1 um in size

Phospholamban: ~52 amino acids: <1 nm in size



What Do Proteins Do?



Support
Collagen:

the most abundant protein in humans
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Catalysts (Enzymes)

A Catalyst Accelerates a Reaction without Being Consumed in it.

Subtilisin

Protease: Protein Hydrolysis
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His Phe-Met Lys
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K-casein

Chymosin

His Phe Met Lys
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Rennet
(Podpuszczka, Reneta)

98 105 106 111
para-k-casein glycomacropeptide

Chymosin

Another Protease

6t Millenium BC

sieve vessels from of Kuyavia

M Salque et al. Nature 000, 1-4 (2012) doi:10.1038/nature11698



Transporters:
Hemoglobin Hb

Oxygen
Binding Site

Fe (11/111)

High Oxygen Concentration
(Lungs) o,

Oxygen Transport
Heme (Prostetic Group)
02

Low Oxygen Concentration
(Muscles)



More Enzymes: Oxidation

H,0, H,0
Red M Ox
Oxidation
Horseradish (chrzan)
Peroxidase (HRP)
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Recognition

Immunoglobulins (Ig): antibodies

Epitope Paratope



Change of Structure
Is it Dangerous?

Fibrils

Amyloid beta peptide (beta-APP) Stacked Helical
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Structure = Function

Change Structure to Control Function
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Protein Engineering



Modify Proteins:
Site-Directed Mutagenesis

Example: Phe to Tyr Mutation
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Combine Proteins!

Recognition

Antigen Binding Sites

Detection

Peroxidase



ELISA Test

(ELISA: Enzyme Linked Immunosorbent Assay)

Virus Sample on Surface

J ’ L How it looks like:

Colour develops only in the

l presence of compound of interest
Substrate and enzyme
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Human Chorionic Gonadotropin (hCG) Hormone

Reaction Site Control Site

Pregnancy Test

Free antibody dye dye Fixedantibody ., dye
(traps hCG) enzyme (traps hCG) substrate (traps free antibody)  substrate
*
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Reaction Site Test Site Control Site

Where you pee Determines if pregnant  Proves test Is working



Escherichia coli 0157 - Bacteria
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HIV
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Mitochondria
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Directed Evolution
Frances H. Arnold (Nobel Prize in Chemistry 2018)

Site Directed Mutagenesis — on a grand scale
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Biotechnology

Pharmaceuticals
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Phage Display
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Smith introduced a gene into The peptide produced Smithwas able to fish out the
the gene fora protein in the from the intreduced gene phage using an antibody
phage’s capsule. The phage ended up as part of the designed to attach to the peptide.
DMA was then inserted into capsule protein on the As a bonus, he got the gene for
bacteria that produced phages. surface of the phage. the peptide.

©lohan Jarnestad/The Royal Swedis h Academy of Sciences

George P. Smith and Sir Gregory P. Winter
Nobel Prize in Chemistry 2018



More questions?

luca.quaroni@uj.edu.pl
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