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Prion Disease and Protein Misfolding

A) Creutzfeldt-Jacob Disease CJD

B) Bovine Spongiform Encephalopathy
C) Kuru

D) Fatal familial insomnia

Histopathology:

spongiform changes in the brain
degeneration of neurons
astrocytosis



Prion Disease and Protein Misfolding

Nature Reviews | Neuroscience

(pictures Adriano Aguzzi, Markus Glatzel, Fabio Montrasio, Marco Prinz & Frank L. Heppner

Nature Reviews Neuroscience 2, 745-749)



Prion Disease and Protein Misfolding

MAD COW DISEASE

And What The USDA.Is Doing About It

STILL NOT WORKING ON ToO EXPENSIVE
BETTER LOOFHOLES
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Prion Disease and Protein Misfolding

Stanley B. Prusiner

Irreversible conformational self —
replication of prion protein

Nobel Prize in Medicine
For the Prion Hypothesis



Prion Disease and Protein Misfolding

Cellular prion protein (PrP") Scrapie-associated prion protein (PrP™)
ectious infectious
nom aggregate
uble (in mild detergents) insoluble

tly a-helical structure: rich in B-sheets
K (PK) sensitive partial PK-resistant

https://www.youtube.com/watch?v=6-Tz8a vgX0




Amyloid Plagues and Alzheimer’s Disease

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

AMYLOIDOGENIC
Amyloid Plague Formation

Semagacestat
Gamma-Secretase Inhibitor



Microtubule-binding domain

Neurofibrillary Tangles and Alzheimer’s Disease

Proline-rich Projection
domain

Tau 1s a protein present in
neurons only.

Tau

terminus
phosphorylation

) Microtubule-
binding repeats

Tau stabilizesmicrotubules

C terminus

B-tubulin [

) S——— 15?59?.@{,,._;.@ Hyper-phosphorylation
Micratubule structure Iq“:zr?"nn . .
Seation results 1n aggregation

Tau aggregates are
associated with Alzheimer
and other dementias.

Neuronal dysfunction

Tau oligomers
MNFTs
Cell death

Mature Reviews | Drug Discorery



Lens Proteins and Damage Accumulation

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

truncations.
a-crystallin chaperone +
y-crystallin substrate
Truncation,
deamidation,
or other covalent
damage
Partial
unfolding

Moreau KL and King JA
Protein Misfolding and Aggregation in Cataract Aggregated and damaged

crystallins

Disease and Prospects for Prevention

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



Protein Structure, Function
and Methods of Analysis |

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
1. Electrophoresis — PAGE, IEF
11. Fluorescence — for sub-cellular localization
111. Chromatography
1v. Primary Structure Determination — ID
v. Glycosylation



The Basics of Protein Structure

Primary Secondary Tertiary Quaternary
structure structure structure structure
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Lehninger, Principles of Biochemistry 4t Ed. (2005)



Primary Structure

C-Peptide
pROGLN CEUSER GLY ALAGLY PROGLY ALY 6Ly
LEU = E
ALA = GLU
& VAL
GLN
ey
GLY & 40 AL
GLN
SER
LEU
LEU T
GLN GL
LYs ALA
#RG L .
N
& A-Chain ARG
ILE §—S5 ARG
_,——"_'_.‘_F
AL THR
ASN—C
GLN THRSER ILE CYSSERLEUTYRG NTYRCYS
/ 5/
TH
/ /
BCh: s TYR
P
/ PHE
LEUCYSGLYSERHIS LEUVALGLUALALEUTYRLEUVALCYS PHE
GLY LY
GLUARG
GLN
Prainsulin
ASN
VAL
sPHE | Proleass-calalyzed
N hydralysis
T NH3
NH3
/ 1
GLY A-Chain
ILE - B
|_ HR
io 20 pg o
GLU LYS
CYSTHRSERILE CYSSER SNTYRCYS
/ / PRO
5 THR
/ / o
||||||| s T n
/ / PHE
L AL ALEUTY VALCYS
GLY
o L o
GLN
AsN
VaL Insulin
1PHE
NHy C-Peptide

Refers to the amino acid
sequence of the protein

Stabilized by the peptide bond

Very stable, to “destroy” need:
v 6 NHCI 100-110°C 18-36

hrs.

v Problem with acid hydrolysis:

* Destroys Trp

» glutamine & asparagine convert into
glutamic acid & aspartic acid

respectively

Devlin, Biochemistry 61 ed (2006)



Amino Aclds - Structure
H
*H,N =—=C = COOr

R

~————__ Chiral
Mirror (”‘\- molecule:
image of { A ) Rotated
ariginal TR molecule
molecule cannoi be
superimposed

on its mirror

image
Original
molecule




Amino Acids - Nomenclature

6 ) 4 3 2 1
g Y 0 B o
|
"NH, "NH,
— _/
Y
Lateral chain

lysine



Absolute
Configuration

COO™ COO™
H N o C —et H Hom— C —eNH, |
1 R
L-amino Acid D-amino acid |
O O .
7 u |
H-C H-C |
|
HO i C ——] H H i C —=i OH
CH,OH CH,OH |

L-glyceraldehyde D-glyceraldehyde |




Amino Acids - Nomenclature

n Uni que first letter: B Similar sound names:
Arginine = Arg = R (“aRginine")
Cysieine = Cys = Asparagime = Asn = N (contains M)
v e 2 Aspartaie = Asp = D ("asparDic”)
i 'I"_f_“ B Glutamate = Glu = E {"glutEmate")
Isaleuicing = lle =1 Gluamine = Gin = @ (“G-tamine")
Methianine = Mel = M Pheridalansi: = Phe = F (“Fenylalanine’)
Serine = Ser = 5 Tyrosine = Tyr = ¥ (“I¥rosine™)
Valine = Val = ¥ Trypiophan = Trp = W (double ring In
| the molecule)
E Most commonly ocurring B} Letter close to initial letter:
amino acids have priority:
Alanine = Ala= A Asparfaleor = Asx = B (near A)
ey _ _ asparagine
Gm“_l : = e Glutamateor = Glx = Z
Leucine = Leus L glutamine
Proline = Prom P Lysine = Lys = K (nearl)
Threonine = Thr= T Undetermined = X
amino acid

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



Amino acids found In proteins

= Ca 1s a-carboxyl & o-amino
= configuration L-

= Only 20 can be incorporated into proteins.

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



Classification of amino acids

= Properties of group R = Synthesis
v Non-polar v Essentials

v Polar, uncharged v~ Non- Essentials

v Polar, charged

* Basic
e Acids



Nonpolar, aliphatic R groups

CO00" C00"
+ | + |
H3N—C|—H H3N—CI—H
H CH,
Glycine Alanine
C00"~
+
HsN—C —H
Devlin: CH,
:|g 3.3 CH
s
Page /3 CH; CH,
Leucine

Lehninger, Principles of Biochemistry 4" Ed. (2005)
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Aromatic R groups

COO COO COO0

+ + +
H;N—C—H H;N—C—H  H,N—C—H

CH, CH, CH,
@ <j C=CH
N\
NH
OH
\_/

Phenylalanine Tyrosine Tryptophan

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



Polar, uncharged R groups

CoO COO COO™
+ | + ;
H3N—(|:—H H;N—C—H H;N—C—H
CH,OH H—C—OH CH,
CH; SH
Serine Threonine Cysteine
COO0™ COO

= &
HsN—C —H HsN—C—H

CHz CHZ
/C\ CH,
H,N o) C
7N\
H,N o]

Asparagine Glutamine

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



Negatively charged R groups
COO0" CO0"

+

e
COO0 Cle
COO0

Aspartate Glutamate

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



Positively charged R groups

COO COO Coo
+ ¥ -+ '
HsN—C—H  H;N—C—H H;N—C—H
CH2 CHz CHZ
CH, CH, C—NH
CH, CH, i
C—N
CH, NH H
+
+NH3 C=NH2
NH,

Lysine Arginine Histidine

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



Modified amino acids

COO~

" |
NH3—(.|3— H
CH»

|
SH

+

SH
I
CHs
I
H—?—N%
COO-

Two cysteines

+
NH3—

H_

(|300_
(|3— H

o
(i:_ NH3
COO~

Cystine

Figure 3.7. Cystine bond formation.

Cystinuria: incomplete
reabsorption of cysteine
during filtration in the
kidney results 1n high
cysteine and cystine in
urine.

Excess cystine forms
stones.

Devlin, Biochemistry 6t ed (2006)



Acid- Base Properties

H Acid = ~ Fase + H

I
+H3N—(I3— COOr

R

— CO0OH = Coo- + HT

—NH3t =——= MHp  +  H¥




Acid- Base Properties

Zwitterion
COOH COO~
+ — o+ ;.
+0OH +OH
NH3—C—H NH3—C—H
+H* +Ht
CH> CHo
CH3—C—H CH3— C—H
CHsg CHj
I Il
Charge  +1 O
pH<2.4 2.4<pH< 9.6

Figure 3.14. Ionic forms of leucine.

COO~
NHo—C—H
CHo
CH3— C—H

CHg

I[
1

9.6 <pH

Devlin, Biochemistry 61 ed (2006)



Acid- Base Properties

Henderson-Hasselbalch
[conjugate base]
[conjugate acid]

pH = pK3 + log

= pK, = pH acid 1s 50% deprotonated
= 1soelectric point- (pl)
v~ pH where the net charge of a molecule equals zero
pK ,COOH+pK NH,*
2

pl=



Acid- Base Properties
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Figure 3.15. Titration curve of leucine.

Devlin, Biochemistry 61 ed (2006)
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Devlin, Biochemistry 61 ed (2006)



Acid- Base Properties

Aspartate / Glutamate

— CO0OH = = Ccoo- + HY
Cysteine —SH —— —5 & H
Tyrosine @—DH —_
C e g CHZ == — CHZ —
Histidine +Hr~!| | |
WMH NWNH
Lysine — NH3* - —NHy + H¥
MHoF MH
. . H H
Arginne _n— @ e 7 . e
MHZ \\NHE

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

Table 3.3



Peptide bond

H H

| |
rTJHS—fls—coo- ; rliHS—clz—coo—
R, R,

l —Hs0

H O R H

. | | . |

NH3—C|3—C_TI\|—?— COO~ + NHB—?—COO_
R4 H H R3

Dipeptide

Devlin, Biochemistry 6t ed (2006)



Peptide bond

serylglicyltyrosylalanylleucine

OH
7
B | CQZCHB.,
CH,OH H H CH, H CH; H CH,
H3ﬁ<I:C|\I|<I:c|ccn||<I:C|\||cc00'
B D Y Y
Amino- Carboxyl-

terminal end terminal end

Lehninger, Principles of Biochemistry 4t Ed.



Peptide bond

terminus
{—

N-Ca Ca-C C-N

= Partial double bound
character

= Planar
= trans- configuration

(b) cis configuration

Lehninger, Principles of Biochemistry 4t Ed.



Ther tengcongensis
Clos_acetobutylicum
Clos_tetani
Desu_desulfuricans
Vibr vulnificus
Caul_crescentus
Micr_ degradans
Vibr_cholerae
Shew oneidensis
Rat_betal sGC

Rat _beta2 sGC

Nost punctiforme
Nost_sp.
consensus>50

Ther_ tengcongensis
Clos_acetobutylicum
Clos_tetani

Desu desulfuricans
Vibr vulnificus
Caul_crescentus
Micr degradans
Vibr_cholerae
Shew_oneidensis
Rat_betal sGC
Rat_betaZ sGC
Nost_punctiforme
Nost_sp.
consensus>50

Ther_tengcongensis
Clos_acetobutylicum
Clos_tetani
Desu_desulfuricans
Vibr_vulnificus
Caul_crescentus
Micr degradans
Vibr cholerae
Shew_oneidensis
Rat _betal sGC
Rat_beta2 sGC
Nost_punctiforme
Nost_sp.
consensus>50

Primary Structure
Sequence Alignment
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S|LSLHFREDEEG[LITP T .« . - . NRDEGAEHqE”LVIYKPN
sMELHMoETRcGLA P 1A ..... FRETGEDHDI|[)SIKYEDSNLY
.1.m.Y.S. R..l.....Gli g a..f..aei i.q L R R
135 140 145 150 155 160 165 170 175 180 185 190 185

Analogy — seq. that are
structurally similar but no
evolutionary relationship has
been demonstrated.

Homology (homologous
proteins) — aa sequences are
highly alignable (proteins
belong to the same family) —
evolve from same gene and
have similar functions

v Paralog — two proteins

within a family are present
in the same species.

v Ortholog — homologs from
different species

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



Human and chimp myoglobin are ~100 % Identical

10 20 30 40 50 60
Chimpa MGLSDGEWQLVLNVWGKVEAD IPGHGQEVL IRLFKGHPETLEKFDKFKHLKSEDEMKASE

Human MGLSDGEWQLVLNVWGKVEAD I PGHGQEVL IRLFKGHPETLEKFDKFKHLKSEDEMKASE
10 20 30 40 50 60

70 80 90 100 110 120
Chimpa DLKKHGATVLTALGGILKKKGHHEAE IKPLAQSHATKHKIPVKYLEFISECIIQVLHSKH

Human DLKKHGATVLTALGGILKKKGHHEAE IKPLAQSHATKHKIPVKYLEFISECIIQVLQSKH
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 = o-helix
conformation of some = B-sheet
part of the
polypeptide " p-turn

= Due to the partial
double character of
the peptide bound

= Stabilized mainly by
H-bonds



Secondary Structure

= alpha - helix
v 3.6 aa per turn

v Stabilized by H-
bonds

v Right handed




Secondary Structure

= -pleated sheets

H-bond

Nitrogen O Side chain 0

Devlin, Biochemistry 6t ed (2006)



Secondary Structure

= -pleated sheets

(a)

s

. N' le
anti-parallel paratic

Garrett & Grisham, Biochemistry 2" Ed.



Secondary Structure

= Turns / Loops

v Gly & Pro

(a) 8 Turns

Typell

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



Amino acids occurrence in secondary structures

o Helix (3 Conformation B Turn

Glu
Met
Ala
Leu
Lys
Phe
GIn
Trp
lle
Val
Asp
His
Arg
Thr
Ser
Cys
Asn
Tyr
Pro
Gly

Lehninger, Principles of Biochemistry 4t 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 o All B

1LXA

Single-stranded left-handed $3 helix
Trimeric LpxA-like enzymes

UDP N-acetylglucosamine acyltransferase

UDP N-acetylglucosamine acyltransferase
§ Escherichia coli




= Refers to 3D conformation
(location of each atom 1n
space)

= Stabilized by:
v Disulfide bonds (covalente)

v Non-covalent interactions
* Hydrophobic

 H-bonds Pyruvate Kinase domain 1

e Jonic

Devlin, Biochemistry 6t ed (2006)



Quaternary Structure

= Non-covalent
assemblies of two
Or more monomer
subunits.

=  Sub-units may work
independently of
cooperatively

Garrett & Grisham, Biochemistry 2" Ed.
Voet, Voet & Pratt, Fundamentals of Biochemistry 2" ed (2006)



Protein Domains

= Domains =
Globular units
within proteins
v Different
domains have

different
functions

v Small proteins
usually have
one domain

(a)

(b)



Domains

Extracellular
domain

Intracellular
domain

Activated
Ras

Az
o
Ras pour: {GBP
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Forces that stabilize protein structure

2 : T Chemical Bonds and Interactions

NAME BASIS OF INTERACTION STRUCTURE BOND ENERGY® (KCAL/MOL)
Covalent bond Sharing of electron pairs AT 50-110
—N—C—
H
* Hydrogen bond Sharing of H atom i 2L R 3-7
H L
lonic interaction Attraction of opposite _,q';_ﬁ"'"'ﬁ'ﬁﬂ-_ 3-7
charges I
H
II“"-. ..-"'"
* van der Waals interaction  Interaction of electron H—H-=H 8T 1
clouds I
]II |'|-| III: Iil
Hydrophobic interaction Interaction of nonpolar _LI__LI-_“ EEEES 1-2
substances H H H H

*Roeid emnergy ks the amount of encrgy neoded Bo separate fwo bonded or inferacting atoms under phivsiolegical conaditions.
@ J001 Sinaiser Asscdiates, [k,



Donor Acceptor H yd ro g e n

P4
O=C\ /
N—H I Q= b d
) O=C onas
Peptide /NH
Peptide

—>C —CHs0 —H ||||||||||N'/\NH

\__{

Ser His
H
/
—CHo—S—HummQ
N
H
Cys H,O
i 7
— CHo— N+ —H OL'-‘_b—CHE—
|
H
Lys Glu

Figure 3.48. Some common hydrogen bonds found in proteins.
Devlin, Biochemistry 61 ed (2006)



lonic Interaction

Main chain Main chain

AN C1™ /
NH 2L Nat HN

- \
O=C {”’ =0

+
C CHoCHoCHoCHoNHg - -+ -+ O—C —CHyCHoCH

SN
/

HN Lysine Glutamate NH

—0) cr O=C
?\_;l-l_ H,O

N~ N
N

/



oy & Y
{ Hydrophobic * ?

-
H’Q\H f‘\b interaction
+ H20 molecules released
x H H
B to bulk solvent Yo
I -
'.1:p for uf
£ B e
o :b
T T 153

=

H’QH f‘*’*

Devlin, Biochemistry 6 ed (2006)

Hydrophobic
Interactions

Waters released into bulk
solution

Nonpolar
substance

Highly ordered
water molecules

Hydrophobic
aggregation

Unaggregated state: Aggregated state:

Water population highly ordered ~Water population less ordered
Lower entropy; energetically Higher entropy; energetically
unfavorable more favorable

= Increases entropy of H,O

Lodish, Molecular Cell Biology 6™ Ed.



Protein Denaturation

= Anfisen

v Denatured ribonuclease
using urea and 3-ME

v Removed denaturating
agents — protein refolded
into its native
conformation

= Evidence that 3°
structure of a globular
protein is determined by j::::;;{:;:,::,g;“’
1ts aa sequence

Native state;
catalytically active.

addition of urea and
mercapto-ethanol

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

Native,

catalytically

active state.
Disulfide cross-links
correctly re-formed.




Protein Denaturation

Temperature (heat)

v Affects weak interaction - hydrophobic

pH (Acids and Bases)

v Alters net charge, cause electrostatic
repulsion and disruption of H bonds

Organic Solvents
Detergents
Urea

Heavy metal 10ons
v Lead
v Mercury

\

Disrupt
> hydrophobic
interactions

7

E:H

Sty

aH

Urea and
mercapto-
ethanol SH

Sy

&H ol

Dialysis



Post-translational

modifications

Carbohydrate addition
O-glycosylation: OH of ser, thr, tyr,

-QO CH,

AC

Lipid addition
Palmitoylation: Internal SH of cys
i

H3C — (CH5)14—C—S —CH,

L1
cys

Prenylation: SH of cys

roansCys — C
I OCH3
SH

boon, H,

| |
CHS_C=13_CHz_(CHE_C=E_CH2)2_S

N-glycosylation: NHz of asn

QN ~C—CH,

AC

Myristoylation: NH of N-terminal gly

i W
HiG= (CHy)1p=C =N =CHy = Crvnne
L
aly
WW"CyS —C:
l OCH,

Phosphorylation: OH of ser, thr, tyr
0]
1]
CH,—0-P -0~

—_— 1
ser O

ADP-ribosylation: N of arg, gin; S of cys

T
Adenine CH,-0=P-0~-P~-=0~=CH,

P > o
H

HO OH

Modified amino acids

Oxidation: pro, lys

0
J\mr/N—CH—C\N\A
ro H.C CH
p 2 \C/ 2
/0N
H OH

4-Hydroxyproline

Acetylation: NH, of lys, terminus

il
CH3 —C_E_CHE_CHE_CHE_ CHE_é

Iis

NHQ
H ¢
8 TN CHy= CHy=CH, =
0. 1 ] €
arg
HO OH

Carboxylation: glu

\/

CH,
glu 1
CH

/N
“COO COO™

v-Carboxyglutamate
residue



Post-translational modifications

= Glycosylation

v Protection against proteases

CH,0H |

0 NH
R=Hor CH
H O NH— (! —CH, —(|3H Asn HEEE LHyOH —
H HO O -0, HO O_H |
OH H C=0 H H R C=0
HO H OH H H .
" 1A el S
H  NHCOCH; H OH H NHCOCH; NH
_— |
N-linked O-linked

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



Post-translational modifications

= Glycosilation

Protection against proteases

For the detection of unfolded proteins in cells
Changes 1n glycosylation patterns in malignant cells

AR NI NN

Increased branching pattern associated with malignancy

g

pZ
'DoI-PP [CJcieNac @ Man O Gle

ALG3 ALGY ALGI12 ALGY

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



Glycosylation of the HIV Env Protein

A.
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Glycosylation of the HIV Env Protein

C-C loop MPER

s I s e R o s R D 0 ) S 6 ﬂ
gp160 [ C1 [wviJve| €2 [v3 C3 V4 C4V5C5

F HR1 HR2 TM




Post-translational modifications

= Phosphorylation - regulation

v Serine, threonine, tyrosine

ATD ANnp
raii ALF i




Conjugated Proteins

= Apoprotein + prosthetic group = Prot conjugated

TABLE 3-4 Conjugated Proteins

Class Prosthetic group Example
Lipoproteins Lipids jB,-Lipoprotein
of blood
Glycoproteins Carbohydrates Immunoglobulin G
Phosphoproteins  Phosphate groups Casein of milk
Hemoproteins Heme (iron porphyrin)  Hemoglobin
Flavoproteins Flavin nucleotides Succinate
dehydrogenase
Metalloproteins lron Ferritin
Zinc Alcohol
dehydrogenase
Calcium Calmodulin
Molybdenum Dinitrogenase
Copper Plastocyanin

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



Chemical Properties of Proteins

= UV Light
= Fluorescence

= Optical Rotatory Dispersion & Circular
Dichroism



Spectroscopic Properties

UV
Peptide bond absorption Tyr and Trp side
chain absorption
C
ey —S —S—Absorption
-
o
wn
2 BE
<
N I I AN AN NN MO N S
200 250 300

Wavelength (nm)

Devlin, Biochemistry 61 ed (2006)



Spectroscopic Properties

1.5 I I I I

© Tyr
v Most relevant = s
= 1.0 8
Trp 5
g Trp
v Used to study S sl 1
structural and 8 Phe
. o
conformational 3 | |
h 280 320 360 400 440
Cnangces Wavelength (nm)

Figure 3.74. Characteristic fluorescence of aromatic groups in proteins. Redrawn from d’

Devlin, Biochemistry 61 ed (2006)



Spectroscopic Properties

Fluorescence 1s used to visualize proteins inside the cell
and determine their localization

Nucleus Mitochondria



Spectroscopic Properties

Fluorescence 1s used to visualize proteins inside the cell
and determine their localization

HO 0 0

Protein Labeling

Green Fluorescent Protein
from jellyfish Aequorea victoria



Protein Analysis

Separation of Proteins

General Approach to Protein
Purification

Determination of Amino Acid
Composition

Spectroscopic Methods
Determination of 3D Structure



Protein Analysis

(by Techniques)
= Precipitation = Chromatography
= Ultracentrifugation 7 lon EfiChaI.lge
= Electrophoresis - Gel F_ﬂtratlon
v Affinity

v Isoelectric focusing

v SDS-PAGE Gel
Electrophoresis

= Others

v" 2D gel electrophoresis



Electrophoresis

= Based on the movement of charged molecules
when an electric field 1s applied

= Protein migrates according to its mass/charge
ratio

= Use nert matrix:
v Acrylamide

e Small pore gels
* used to separate most proteins

5,000 to 200,000 Da
v Agarose



Electrophoresis

= Molecules negatively
charged will move
towards the anode

Sample
= Well
Y L’j/ Direction
wewwUJUUUU of
migration

e o0 0 © o\

@ @6 © 6 © ©

1

}#

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




Electrophoresis

= QOther Stains:

v Silver Stain

Ccoomassie

)

Blue

Staining

Q @

O mmsn

a 2006 John Wiley & Sans
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112

87| -
50| -
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Electrophoresis Pattern for Serum Proteins

0oy Olg B 0 ¥ Y2 Lysozyme
C3-Anaphylatoxin

Prealbumin

CATHODE

ANODE

oy o4/0p Uy o/
ay-Acid glycoprotein Thyroxine-binding globulin Retinol-binding protein Serum cholinesterase
oy-T Glycoprotein Zn-w-glycoprotein 5 HS glycoprotein tig-glycoprotein
oy -Antitrypsin Gc globulin Histidine-rich 3,8 S-op-glycoprotain o, fiy-glycoprotain
Transcortin Ceruloplasmin Haptoglobin Transcobalamin 111
ay-Antichymotrypsin Inter-a-trypsin inhibitor Pregnancy zona protein
wy-B Glycoprotein Antithrombin 111 az-Macroglobulin
ay-glycoprotein Factor X (Stuart-Prower) Prothrombin
Vitamin D-binding protein Transcobalamin | Antinemaophilic factor
:11—Llp0protelns ca C1 inactivator
Cis
B Ba 11 T2
Hemopexin fi-Microglobulin lgG 1gG
Steroid-binding f-globulin fi-Glycoprotein 111 IgA Clg
Transferrin [i-Glycoprotein | gD Propardin
Pregnancy-specific i;-glycoprotein Fibrinogen IgE
Cold insoluble globulin Factor XI (PTA) gt
Factor V {Accelerin) Factor XIl (Hageman) Amylase
Factor VIl (Proconvertin) Factor XIII (FSF)
Factor |X (Christmas) C3,C8, C7
Flasminogen C3 Activator {psll)
C3 Proactivator
Transcobalamin |l
p-Lipoprotains
Cir, C2
C4,Cs i ) )
Devlin, Biochemistry 6t ed (2006)



Electrophoresis Pattern for Serum Proteins

In response to infections there is an increase
in the intensity of the a2 and vy fractions

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

Hyper-gamma-globulinemia used to diagnose
liver disease and lupus erythematosus

" In hepatic cirrhosis there 1s a decrease in total
albumin together with an increase in the
gamma fractions.

al band indicative of antitrypsin deficiency

Devlin, Biochemistry 61 ed (2006)



Electrophoresis Pattern for Serum Proteins

Gamma
Albumin

\

Figure 2. Abnormal serum protein electrophoresis pattern in a patient with multiple myeloma.
Mote the large spike in the gamma region.

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



SDS-PAGE

PAGE = PolyAcrilamide Gel Electrophoresis
SDS = sodium dodecyl sulfate
Separate proteins based on size

All proteins will be negatively charged and will
migrate based on size (not charge/size)




Myosin

p-Galactosidase
(zlycogen phosphorylase b

Bovine serum albumin
Owvalbumin
Carbonic anhydrase

Sovhean trypsin inhibitor
Lvsozyme

©

200,000

116,250
97,400
66,200

45,000

41,000

21,500
14,400

®

SDS -

1 2
[ |
-

M, Unknown
standards protein

(a)

PAGE

Unknown
protein

log M,

Relative migration

(b)

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



Western Blot

[} Electrophoresis/transfer

L B

Electric
current

=

Z/Ihle

Pl

SDS- Membrane

polyacrylamide gel

Antibody detection

B3 Chromogenic detection

Incubate with
Ab, (Y);
wash excess

React with substrate
Incubate with enzyme- for Ab,-linked enzyme
linked Ab, (Y);

wash excess

Lodish, Molecular Cell Biology 6™ Ed.



Western Blot - Example

MDA-MB-468

0 1 ) 10 25 50 LY294002 (uM)

R R - p-Akt (S473)

—— A WD S we— | ) |t

120000

*p<0.02
100000

80000 -
60000 - *
40000 - *
*
0 - \ I T -_v
0 1 5 10 25 50

Cell Number

LY294002 (uM)
Unpublished data MPT & CLA



An ampholyte C D

solutionis
incorporated
into a gel.

Isoelectric focusing

pH9

pH3 @
=/

A stable pH gradient

is established in the

gel after application

of an electric field.

Decreasing pH

®

€€

AR WS

(

1

(@

® ®
4

Protein solutionis  After staining, proteins
added and electric are shown to be
field is reapplied. distributed along pH
gradient according to
their pl values.

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



ol

Tahle 5-2 Isoelectric Points of Several
Common Proteins

Protein p!

Pepsin <1.0

Ovalbumin (hen) 4.6

Serum albumin (human) 4.9

RICheiyoRT >1 " bH > pl, then protein charge negative
Insulin (bovine) 54 : -
Fibrinogen (human) sg  PH < pl then protein charge positive
v-Globulin (human) 6.6

Collagen 6.6

Myoglobin (horse) 7.0

Hemoglobin (human) 7l

Ribonuclease A (bovine) 9.4

Cytochrome ¢ (horse) 10.6

Histone (bovine) 10.8

Lysozyme (hen) 11.0

Salmine (salmon) 121

Voet, Voet & Pratt, Fundamentals of Biochemistry 2" ed (2006) Devlin, Biochemistry 6t ed (2006)



Chromatography

= Group of techniques based 1n the separation of
the components of a mixture and its detection

= Chromatographic techniques are diverse, but
all consist of a mobile phase (gas, liquid) that
moves the sample along a stationary phase.

= Each component of the sample will interact in
a different manner with the mobile and
stationary phases.



lon Exchange Chromatography

= Anionic Exchange = (Cationic Exchange
v resin - positive (+) v resin - negative (-)
v Attracts anions (-) v Attracts cations (+)
e /CHS
C HE::?.HEI _CH - +
= +
g - +
{protonated farm) +
+ ) + +
0]
neutral ©

neutral

—
—
— 1l

Stryer, Biochemistry 5t Ed. (2002)



lon Exchange Chromatography

Concentration

N |78
| "
/ 17.4
F -
e 5
1 ,,,, i 7.0
Jl,l* f
/~ —16.6
J | )\
500 1000 1500 2000

Elution volume (mL)



Size-Exclusion Chromatography

= aka: Gel Filtration
Chromatography

= Separates by size

= Small proteins penetrate
the pores of the gel and
have a larger solvent
volume through wich to
travel 1n the column thatn
larger proteins

e
SUNNCIN

Porous Small Large
bead protein protein

Devlin, Biochemistry 6t ed (2006)



Size-Exclusion Chromatography

YV

= =
Qo
@ 5
5 —— Small °
Gl /% % £ molecules .:f
beads L L ~—Large o
Oégg Gégg Géémolecules / Y=
-
— —— | — — | — | — —  — o
| | | | | i | | | e
L <
R | # | |
O/ U U U U & O U Volume of effluent

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



Other Separation Technigques:

Affinity Chromatography

= Take advantage of specific interactions of
proteins

= Examples:
v enzyme - substrate
v antigen - antibody

v Any other biological pair



Affinity Chromatography

(c) Antibody-affinity chromatography
Load in‘ X\_:/ EPTR Sy
pH 7 buffer Ef. (f QF)

@ Protein . 9 9 C?
recognized g}g 9)« Elute C:O«
by antibody O”‘ Wash - with 3

@ Protein not »é a-é pH 3 >é
recognized L 3’ OT'E) buffer Q_g)

by antibody |3\

Antibody E

3 2

Lodish, Molecular Cell Biology 6™ Ed.



Ultracentrifugation

[ Sample is layered on top of gradient

Larger particle
Smaller particle

= Measures sedimentation
coefficient

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

= Use a gradient
v Sucrose
v Cesium Chloride

= Protein will migrate at a rate
controlled by factors that
affect sedimentation constant
%
5=——
war
Equation for calculation of the Svedberg coefficient.

Devlin, Biochemistry 61 ed (2006)

Sucrose
gradient

Centrifuge

E Particles settle
according to
mass

Centrifugal force —

Stop centrifuge

Collect fractions
and do assay

1 ]

iR

J

T4

Decreasing mass of particles

Lodish, Molecular Cell Biology 6" Ed.



Ultracentrifugation

Table 3.17 Svedberg Coefficient for some Plasma Proteins

Protein (:S(;/eef?i?;ieergt Mol. Weight
Lysozyme 2.19 15,000 — 16,000
Albumin 4.6 69,000
Immunoglobulin G 6.6 —7.2 153,000
Fibrinogen /.63 341,000

C1q 11.1 410,000




Determination of Amino Acid Sequence

= Classic Method — Edman Rxn.

v Edman Reaction
v Enzymatic Fragmentation

v Chemical Fragmentation
= DNA Sequencing
= MS (Proteomics)



Determination of Amino Acid Sequence

Ry O H O Rs O H

Edman Rxn || |l |l I
QN=C=S + HgN —(|3—C—ITI—(IJ—C—IiJ—(Il—C---I?I—Cl}—COO—
H H H

H H R»o RN

Phenylisothiocyanate Polypeptide chain

ﬁ, R; O H O Ry O H

|| L | |
Ot
H H H Ry

H H H H Ro

Phenylthiocarbamoyl (PTC) peptide (or protein)

Phenylthiohydantoin Polypeptide chain (minus original NHo- terminal amino acid)



Determination of Amino Acid Sequence

i1 2 3 4 5 6 7 8 9 10 11 12
Ala - Leu - Tyr - Met - Gly - Arg - Phe - Ala - Lys - Ser - Glu - Asn

+
NH3-R1 —Rg— Rg—R4—R5—R6—R7—R8—R9—R10—R1 1— R12-COO_

Thypsin E 5 7 51 o 12!
Chymotrypsin 5 3| :4 = IB 12!

; , |
Cyanogen bromide :1 45 5 12!

Figure 3.67. Ordering of peptide fragments from overlapping sequences
produced by specific proteolysis of a peptide.



In the Post-Genome Era

DNA Transcription Translation Protein

Amino acid
sequence (protein) GIn -Tyr-Pro-Thr -lle —Trp
I | B i

DNA sequence (gene) CAGTATCCTACGATTTCG

= Method to predict the amino acid sequence of a protein

= Disadvantage:
v Do not predict the position of disulfide bonds
v Do not 1dentify modified aa (post-translation)

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



Mass Spectrometry for Protein Sequence Determination

Paptide Fragmeant

472

175
743

571
- @@|®|@@‘@ ©
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http:/mww.childrenshospital.org/cfapps/research/data_admin/Site602/mainpageS602P0.htm as on August 2007



Collision

MS-1 cell

MS-2 Detector

N
A< e (8

EEIectrospray Separation Breakage

ionization .
R" O R
|l H H |l H H | 20
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H H | | H H | |l H o~
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Lehninger, Principles of Biochemistry 4t Ed. (2005)
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Lehninger, Principles of Biochemistry 4t Ed. (2005)



Proteomics

= Systematic study of the amounts, modifications,
interactions, localization and function of all or a subsets
of proteins at the whole-organism, tissue, cellular and
sub-cellular levels.

= (Can address questions as:

v In a given sample, what fraction of the proteoma i1s
expressed?

v Of those present — relative abundance?
v Chemically modified?

v Protein profile change due to a condition? Cancer changes
the profile of serum proteins? Response to tx alter profile?

Lodish, Molecular Cell Biology 6" Ed.
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Symbol Structure Mass (Da)
Ala A -NH.CH.(CH,).CO- 71.0
ArgR -NH.CH.[(CH,),.NH.C(NH).NH,].CO- 156.1
Asn N -NH.CH.(CH,CONH,).CO- 114.0
AspD -NH.CH.(CH,COOH).CO- 115.0
Cys C -NH.CH.(CH,SH).CO- 103.0
Gln Q -NH.CH.(CH,CH,CONH,).CO- 128.1
GluE -NH.CH.(CH,CH,COOH).CO- 129.0
Gly G -NH.CH,.CO- 57.0
His H -NH.CH.(CH,C,;H,N,).CO- 137.1
le 1 -NH.CH.[CH.(CH,)CH,.CH,].CO- 113.1
Leu -NH.CH.[CH,CH(CH,),].CO- 113.1
Lys K -NH.CH.[(CH,),NH,].CO- 128.1
Met M -NH.CH.[(CH,),.SCH,].CO- 131.0
Phe F -NH.CH.(CH,Ph).CO- 147.1
Pro P -NH.(CH,),.CH.CO- 97.1
Ser S -NH.CH.(CH,OH).CO- 87.0
Thr T -NH.CH.[CH(OH)CH,).CO- 101.0
TrpW | -NH.CH.[CH,.C,HN].CO- 186.1
TyrY -NH.CH.[(CH,).C H,.OH].CO- 163.1
Val V -NH.CH.[CH(CH,),].CO- 99.1

Proteomics

RPLSVTAV

b1 by’

arginine  leucine valine alanine

proline EErine threanine| waline

0 1wy 200 300 400 500 600 TOO B

-

T

=

bl

[=

Mass (Time)

http://www.childrenshospital.org/cfapps/research/data_admin/Site602/mainpageS602P0.html



Determination 3D Structure

Amino Acid Sequence

= X-ray Difration
= NMR

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



Crystallography

= Crystals
v Method: “salting out”

Hanging
drop

Cover slip }-&
L
y X
Buffer, Z

precipitant




Crystallography — Data Collection

v Expose crystal to X-rays

i Film
Diffracted

Direct -rays B

X-ray N
beam )
&

\ Crystal
@
' &
X-ray tube




Protein Structures in Medicine

HIV protease
Essential for the cAbl kinase
maturation of HIV Constitutively active in

Chronic myelogenous leukemia



= Advantage:
v No crystal needed

= Disadvantage:

v limited to small
proteins 20kDa

Figure 3.76. NMR structure of plastocyanin from the French bean. From Moore, J.M.,

Lepre, C. A., Gippert, G. P,, Chazin, W. J., Case, D. A., and Wright, P. E. J. Mol. Biol.
221:533, 1991. Figure generously supplied by P. E. Wright.

Devlin, Biochemistry 6™ ed (2006)



