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Proteins



Prion Disease and Protein Misfolding

A ) Creutzfeldt-Jacob Disease CJD)
B) Bovine Spongiform Encephalopathy
C) Kuru 
D) Fatal familial insomniaD) Fatal familial insomnia

Histopathology:
spongiform changes in the brain 
degeneration of neurons 
astrocytosisastrocytosis



Prion Disease and Protein Misfolding

(pictures Adriano Aguzzi, Markus Glatzel, Fabio Montrasio, Marco Prinz & Frank L. Heppner
Nature Reviews Neuroscience 2, 745-749)



Prion Disease and Protein Misfolding



Prion Disease and Protein Misfolding

Stanley B. Prusiner
Irreversible conformational self –
replication of prion protein

y

Nobel Prize in Medicine
For the Prion Hypothesis



Prion Disease and Protein Misfolding

https://www youtube com/watch?v=6 Tz8a vgX0https://www.youtube.com/watch?v=6-Tz8a_vgX0



Amyloid Plaques and Alzheimer’s Disease

Protein oligomers form the plaque 
normally associated with Alzheimer’s Diseasenormally associated with Alzheimer s Disease

Semagacestat 
Gamma Secretase InhibitorGamma-Secretase Inhibitor



Neurofibrillary Tangles and Alzheimer’s Disease

T i t i t iTau is a protein present in 
neurons only.

Tau stabilizesmicrotubules

Hyper-phosphorylationHyper phosphorylation 
results in aggregation

T tTau aggregates are 
associated with Alzheimer
and other dementias.



Lens Proteins and Damage Accumulation

With age, covalent protein damage accumulates through pathways 
thought to include UV radiation, oxidation, deamidation, andthought to include UV radiation, oxidation, deamidation, and 
truncations.

Moreau  KL and King JA

Protein Misfolding and Aggregation in Cataract 
Disease and Prospects for Prevention

Trends Mol Med 2012 May ; 18(5): 273–282



Protein Structure, Function
and Methods of Analysis I

I. Protein Structure – Primary, Secondary, Tertiary, etc

II. Chemical Properties of  Proteins – pH, UV absorbance

III. Protein Stabilization and Denaturation

IV. Post-translational Modifications

V. Analysis or Proteins
i Electrophoresis PAGE IEFi. Electrophoresis – PAGE, IEF
ii. Fluorescence – for sub-cellular localization
iii. Chromatography
i i i iiv. Primary Structure Determination – ID
v. Glycosylation



The Basics of Protein Structure

Seq aa 3D StructureSeq. aa 3D Structure

FunctionFunction

Lehninger, Principles of Biochemistry 4th Ed. (2005) 



Primary Structure

Refers to the amino acidRefers to the amino acid 
sequence of the protein
Stabilized by the peptide bondStabilized by the peptide bond
Very stable, to “destroy” need:

6 N HCl     100 -110°C    18 - 36 
hrs.
Problem with acid hydrolysis:
• Destroys TrpDestroys Trp
• glutamine & asparagine convert into 

glutamic  acid & aspartic acid 
respectively

Devlin, Biochemistry 6th ed (2006)



Amino Acids - Structure

HH

C+H3N COO-

R



Amino Acids - Nomenclature

αε γ δ β
123456

CH

+NH

COO-CH2CH2CH2CH2

+NH3
+NH3

Lateral chainLateral chain

lysine



Absolute 
ConfigurationConfiguration



Amino Acids - Nomenclature

Williams & Wilkins, “Lippincott’s Illustrated Reviews: Biochemistry”, 3rd Ed (2005)



Amino acids found in proteins

Cα is α carboxyl & α aminoCα is α-carboxyl & α-amino
configuration L-
Only 20 can be incorporated into proteins.

Proteins can have amino acids derivatives, but those 
modifications are integrated after protein synthesis. 



Classification of amino acids

Properties of group R SynthesisProperties of group R
Non-polar
Polar uncharged

y
Essentials
Non- EssentialsPolar, uncharged

Polar, charged
• Basic

Non Essentials

Basic
• Acids 



Amino Acids

Devlin:
Fig 3 3Fig 3.3 
Page 78

Lehninger, Principles of Biochemistry 4th Ed. (2005) 



Lehninger, Principles of Biochemistry 4th Ed. (2005) 



Lehninger, Principles of Biochemistry 4th Ed. (2005) 



Lehninger, Principles of Biochemistry 4th Ed. (2005) 



Lehninger, Principles of Biochemistry 4th Ed. (2005) 



Modified amino acids

Cystinuria: incomplete
reabsorption of cysteine
during filtration in theduring filtration in the 
kidney results in high
cysteine and cystine in 

iurine. 

Excess cystine formsy
stones.

Devlin, Biochemistry 6th ed (2006)



Acid- Base Properties

HH

C

H

+H3N COO-C

H

+H3N COO-

RR



Acid- Base Properties
Zwitterion

Devlin, Biochemistry 6th ed (2006)



Acid- Base Properties

HendersonHenderson--HasselbalchHasselbalch

pKa = pH acid is 50% deprotonatedp a p p
isoelectric point- (pI)

pH where the net charge of a molecule equals zero

pK COOH+pK NH3
+

pH where the net charge of a molecule equals zero

pI= 
pKaCOOH+pKaNH3

2



Acid- Base Properties

Devlin, Biochemistry 6th ed (2006)



Glutamic Acid Devlin, Biochemistry 6th ed (2006)



Acid- Base Properties
Aspartate / Glutamate

Cysteine

Tyrosine

Histidine

Lysine

Arginine
http://www.agsci.ubc.ca/courses/fnh/410/protein/pkhis.gif

Devlin:
Table 3.3



Peptide bond

Devlin, Biochemistry 6th ed (2006)



Peptide bond
serylglicyltyrosylalanylleucine

Lehninger, Principles of Biochemistry 4th Ed.



Peptide bond

Partial double bound 
charactercharacter
Planar
trans configuration

Lehninger, Principles of Biochemistry 4th Ed.

trans- configuration



Primary Structure 
Sequence AlignmentSequence Alignment

Analogy – seq. that are 
structurally similar but nostructurally similar but no 
evolutionary relationship has 
been demonstrated.
Homology (homologous 

i )proteins) – aa sequences are 
highly alignable (proteins 
belong to the same family) –
evolve from same gene and 
h i il f ihave similar functions

Paralog – two proteins 
within a family are present 
in the same species.
Ortholog – homologs from 
different species

Lehninger, Principles of Biochemistry 4th Ed. (2005) 



Human and chimp myoglobin are ~100 % Identical 
              10        20        30        40        50        60 
Chimpa MGLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASEp
       :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Human  MGLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASE 
               10        20        30        40        50        60 
 
               70        80        90       100       110       120 
Chimpa DLKKHGATVLTALGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISECIIQVLHSKH 
       ::::::::::::::::::::::::::::::::::::::::::::::::::::::::.::: 
Human  DLKKHGATVLTALGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISECIIQVLQSKH 
               70        80        90       100       110       120
 
              130       140       150     
Chimpa PGDFGADAQGAMNKALELFRKDMASNYKELGFQG 
       :::::::::::::::::::::::::::::::::: 
Human  PGDFGADAQGAMNKALELFRKDMASNYKELGFQG 
              130       140       150     

95% of their DNA sequence, and 99% of coding 
DNA sequences are in common



Secondary Structure

Refers to local α-helixRefers to local 
conformation of some 
part of the

α helix
β-sheetpart of the 

polypeptide 
Due to the partial

β-turn
Due to the partial 
double character of 
the peptide boundthe peptide bound
Stabilized mainly by 
H b dH-bonds



Secondary Structure

alpha - helixalpha helix
3.6 aa per turn
Stabilized by H-Stabilized by H-
bonds
Right handedRight handed



Secondary Structure

β-pleated sheets

Devlin, Biochemistry 6th ed (2006)



Secondary Structure

β-pleated sheets

NN

CC

“β-bend”

CC
CC

NN
parallelparallelantianti parallelparallel pa apa aantianti--parallelparallel

Garrett & Grisham, Biochemistry 2nd Ed. 



Secondary Structure
Turns / Loops

Gly & Pro

Lehninger, Principles of Biochemistry 4th Ed. (2005) 



Amino acids occurrence in secondary structures

Lehninger, Principles of Biochemistry 4th Ed. (2005) 



Ultrasecondary Structures
Motifs / Folds – refers to particularly stable arrangements of several elements 
of secondary structure and the connections between them.
Structural Classification 

All α All β
α,β

All β



Tertiary Structure

Refers to 3D conformation 
(location of each atom in 
space)
Stabilized by:

Disulfide bonds (covalente)( )
Non-covalent interactions
• Hydrophobicy p
• H-bonds
• Ionic

Devlin, Biochemistry 6th ed (2006)



Quaternary Structure

Non-covalent 
assemblies of two 
or more monomer 
subunits.

Sub units may workSub-units may work 
independently of 
cooperatively

Voet, Voet & Pratt, Fundamentals of Biochemistry 2nd ed (2006) 

Garrett & Grisham, Biochemistry 2nd Ed. 



Protein Domains

Domains = 
Globular units 
within proteins

Different 
domains have 
different 
functions
Small proteins 
usually have 
one domainone domain



Domains



Domains



Forces that stabilize protein structure

*

*



Hydrogen 
b dbonds

Devlin, Biochemistry 6th ed (2006)



Ionic Interaction



Hydrophobic
Interactions

Increases entropy of H2O

Devlin, Biochemistry 6th ed (2006) Lodish, Molecular Cell Biology 6th Ed. 

py 2



Protein Denaturation

Anfisen
Denatured ribonuclease 
using urea and β-ME
Removed denaturatingRemoved denaturating 
agents – protein refolded 
into its native 
conformationconformation

Evidence that 3°
structure of a globular g
protein is determined by 
its aa sequence



Protein Denaturation

Temperature (heat) 
Affects weak interaction - hydrophobic

pH (Acids and Bases)
Alters net charge, cause electrostatic g
repulsion and disruption of H bonds

Organic Solvents
Detergents Disrupt 

h d h biDetergents
Urea
Heavy metal ions

hydrophobic 
interactions

Lead
Mercury



Post-translational 
modificationsmodifications



Post-translational modifications

Glycosylation
P i iProtection against proteases

N-linked O-linked

Voet, Voet & Pratt, Fundamentals of Biochemistry 2nd ed (2006) 



Post-translational modifications

Glycosilation
P i iProtection against proteases
For the detection of unfolded proteins in cells
Changes in glycosylation patterns in malignant cells
Increased branching pattern associated with malignancy

Voet, Voet & Pratt, Fundamentals of Biochemistry 2nd ed (2006) 



Glycosylation of the HIV Env Protein



Glycosylation of the HIV Env Protein



Post-translational modifications

Phosphorylation - regulation
Serine, threonine, tyrosine



Conjugated Proteins
Apoprotein + prosthetic group = Prot conjugated

Lehninger, Principles of Biochemistry 4th Ed. (2005) 



Chemical Properties of Proteins

UV LightUV Light
Fluorescence
O ti l R t t Di i & Ci lOptical Rotatory Dispersion & Circular 
Dichroism



Spectroscopic Properties

UV

Devlin, Biochemistry 6th ed (2006)



Spectroscopic Properties

Fluorescenceuo esce ce
Most relevant = 
Trpp
Used to study 
structural and 
conformational 
changes

Devlin, Biochemistry 6th ed (2006)



Spectroscopic Properties

Fluorescence is used to visualize proteins inside the cell p
and determine their localization

MitochondriaNucleus



Spectroscopic Properties

Fluorescence is used to visualize proteins inside the cell p
and determine their localization

Protein Labeling

Green Fluorescent Protein 
from jellyfish Aequorea victoria



Protein Analysis

Separation of ProteinsSeparation of Proteins
General Approach to Protein 
PurificationPurification
Determination of Amino Acid 
C i iComposition
Spectroscopic Methods
Determination of 3D Structure



Protein Analysis
(by Techniques)

Precipitation
Ultracentrifugation

Chromatography
Ion Exchangeg

Electrophoresis
Isoelectric focusing

Gel Filtration
Affinity

O hSDS-PAGE Gel 
Electrophoresis
2D l l h i

Others

2D gel electrophoresis



Electrophoresis
Based on the movement of charged molecules 
when an electric field is applied
Protein migrates according to its mass/charge g g g
ratio
Use inert matrix:Use inert matrix:

Acrylamide
• Small pore gelsSmall pore gels
• used to separate most proteins
• 5,000 to 200,000 Da

Agarose



Electrophoresis

Molecules negatively g y
charged will move 
towards the anode

Lehninger, Principles of Biochemistry 4th Ed. (2005) 



Electrophoresis

kD
170
112

87

kD

Coomassie 
Blue 

Staining

50
25

Staining

Other Stains:
Silver StainSilver Stain



Electrophoresis Pattern for Serum Proteins

Devlin, Biochemistry 6th ed (2006)



Electrophoresis Pattern for Serum Proteins

Albumin
In response to infections there is an increase
in the intensity of the α2 and γ fractions

Hypo-gamma-globulinemia is a virtual lack
of gamma-globulins and is symptomatic of

α1 α2 β γ

of gamma globulins and is symptomatic of 
immunosuppression.

Hyper-gamma-globulinemia used to diagnose
li di d l hα1 liver disease and lupus erythematosus

In hepatic cirrhosis there is a decrease in total
albumin together with an increase in the g
gamma fractions.

α1 band  indicative of antitrypsin deficiency

Devlin, Biochemistry 6th ed (2006)



Electrophoresis Pattern for Serum Proteins

Gamma fraction spikes correlate with multiple myeloma and Hodgkin’s disease 
O’Connell et al (2005) American Family PhycicianO’Connell et al. (2005) American Family Phycician 



SDS-PAGE

PAGE = PolyAcrilamide Gel ElectrophoresisPAGE  PolyAcrilamide Gel Electrophoresis
SDS = sodium dodecyl sulfate
S t t i b d iSeparate proteins based on size
All proteins will be negatively charged and will 
migrate based on size (not charge/size)



SDS - PAGE

Lehninger, Principles of Biochemistry 4th Ed. (2005) 



Western Blot

Lodish, Molecular Cell Biology 6th Ed. 



Western Blot - Example

0 1 5 10 25 50 LY294002 (μM)

MDA-MB-468

p-Akt (S473)

0         1         5         10        25    50       LY294002 (μM) 
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Unpublished data MPT & CLA



Isoelectric focusing

Lehninger, Principles of Biochemistry 4th Ed. (2005) 



pI

Devlin, Biochemistry 6th ed (2006)Voet, Voet & Pratt, Fundamentals of Biochemistry 2nd ed (2006) 



Chromatography

Group of techniques based in the separation ofGroup of techniques based in the separation of 
the components of a mixture and its detection
Chromatographic techniques are diverse butChromatographic techniques are diverse, but 
all consist of a mobile phase (gas, liquid) that 
moves the sample along a stationary phasemoves the sample along a stationary phase.
Each component of the sample will interact in 

diff t ith th bil da different manner with the mobile and 
stationary phases.  



Ion Exchange Chromatography

Anionic Exchange Cationic Exchange
resin - positive (+)
Attracts anions (-)

resin - negative (-)
Attracts cations (+)

+
++

++

+
+
+
+

--
-- ---

-
++

+ - - -
+ 
o 

neutral

-
o 

++
+

---
---

neutral

+
neutral

++
++++++

Stryer, Biochemistry 5th Ed. (2002) 



Ion Exchange Chromatography



Size-Exclusion Chromatography
aka: Gel Filtration 
Ch t hChromatography
Separates by size
Small proteins penetrate 
the pores of the gel and p g
have a larger solvent 
volume through wich to g
travel in the column thatn 
larger proteinsg p

Devlin, Biochemistry 6th ed (2006)



Size-Exclusion Chromatography

Voet, Voet & Pratt, Fundamentals of Biochemistry 2nd ed (2006) 



Other Separation Techniques: 

Affinity Chromatographyy g p y

Take advantage of specific interactions of g p
proteins
Examples:Examples:

enzyme - substrate
antigen - antibodyantigen - antibody
Any other biological pair



Affinity Chromatography

Lodish, Molecular Cell Biology 6th Ed. 



Ultracentrifugation

Measures sedimentation 
coefficientcoefficient 

Svedver units (10-13 sec)
Method to determine MW

Use a gradient
Sucrose
Cesium Chloride

Protein will migrate at a rate 
controlled by factors that 
ff t di t ti t taffect sedimentation constant

Lodish, Molecular Cell Biology 6th Ed. Devlin, Biochemistry 6th ed (2006)



Ultracentrifugation

Table 3.17 Svedberg Coefficient for some Plasma Proteinsg

Protein Svedberg 
Coefficient Mol. Weight

Lysozyme 2.19 15,000 – 16,000

Albumin 4.6 69,000Albumin 4.6 69,000

Immunoglobulin G 6.6 – 7.2 153,000

Fib i 7 63 341 000Fibrinogen 7.63 341,000

C1q 11.1 410,000



Determination of Amino Acid Sequence

Classic Method – Edman RxnClassic Method Edman Rxn.
Edman Reaction
Enzymatic FragmentationEnzymatic Fragmentation
Chemical Fragmentation

DNA S iDNA Sequencing
MS (Proteomics)



Determination of Amino Acid Sequence

Edman Rxn



Determination of Amino Acid Sequence



In the Post-Genome Era

DNADNA TranslationTranslationTranscriptionTranscription ProteinProteinpp

Method to predict the amino acid sequence of a protein
Disadvantage:

Do not predict the position of disulfide bonds 
Do not identify modified aa (post translation)Do not identify modified aa (post-translation)

Lehninger, Principles of Biochemistry 4th Ed. (2005) 



Mass Spectrometry for Protein Sequence Determination

http://www.childrenshospital.org/cfapps/research/data_admin/Site602/mainpageS602P0.htm as on August 2007l



Lehninger, Principles of Biochemistry 4th Ed. (2005) 



Lehninger, Principles of Biochemistry 4th Ed. (2005) 



Proteomics
Systematic study of the amounts, modifications, 
interactions localization and function of all or a subsetsinteractions, localization and function of all or a subsets 
of proteins at the whole-organism, tissue, cellular and 
sub-cellular levels.
Can address questions as:

In a given sample, what fraction of the proteoma is 
d?expressed?

Of those present – relative abundance?
Chemically modified?y
Protein profile change due to a condition? Cancer changes 
the profile of serum proteins? Response to tx alter profile?

Lodish, Molecular Cell Biology 6th Ed. 



2D Electrophoresis

Lehninger, Principles of Biochemistry 4th Ed. (2005) 



Symbol Structure Mass (Da)

Ala A -NH.CH.(CH3).CO- 71.0
Proteomics

2Arg R -NH.CH.[(CH2)3.NH.C(NH).NH2].CO- 156.1

Asn N -NH.CH.(CH2CONH2).CO- 114.0

Asp D -NH.CH.(CH2COOH).CO- 115.0

C C NH CH (CH SH) CO 103 0

RPLSVTAV
y1

b1 b2

y2

Cys C -NH.CH.(CH2SH).CO- 103.0

Gln Q -NH.CH.(CH2CH2CONH2).CO- 128.1

Glu E -NH.CH.(CH2CH2COOH).CO- 129.0

Gly G -NH CH CO- 57 0

b1 b2

Gly G -NH.CH2.CO- 57.0

His H -NH.CH.(CH2C3H3N2).CO- 137.1

Ile I -NH.CH.[CH.(CH3)CH2.CH3].CO- 113.1

Leu -NH.CH.[CH2CH(CH3)2].CO- 113.1[ 2 ( 3)2]

Lys K -NH.CH.[(CH2)4NH2].CO- 128.1

Met M -NH.CH.[(CH2)2.SCH3].CO- 131.0

Phe F -NH.CH.(CH2Ph).CO- 147.1

Pro P -NH.(CH2)3.CH.CO- 97.1

Ser S -NH.CH.(CH2OH).CO- 87.0

Thr T -NH.CH.[CH(OH)CH3).CO- 101.0

Trp W -NH.CH.[CH2.C8H6N].CO- 186.1

Tyr Y -NH.CH.[(CH2).C6H4.OH].CO- 163.1

Val V -NH.CH.[CH(CH3)2].CO- 99.1 http://www.childrenshospital.org/cfapps/research/data_admin/Site602/mainpageS602P0.html



Determination 3D Structure

X-ray Difrationy
NMR

http://biop.ox.ac.uk/www/mol_of_life/PFP_BV.html  - as on Aug. 2007



Crystallography

Crystalsy
Method: “salting out”



Crystallography – Data Collection

Expose crystal to X-rays



Protein Structures in Medicine

cAbl kinase
HIV protease
Essential for the

Constitutively active in
Chronic myelogenous leukemia 

maturation of HIV



NMR

Advantage: 
No crystal needed

Disadvantage: 
limited to small 
proteins 20kDa

Devlin, Biochemistry 6th ed (2006)


