Molecular and Cellular Biology

4. Proteins: Structure and Function

. Klaus Heese

(a) MOLECULAR STRUCTURE
Primary (sequence)

3D structure

Structure defines Function

interference with proteins
via the knowledge of their

Secondary (local folding)

Tertiary Supramolecular
(long-range folding) (large-scale assembly)

Quaternary
(multimeric structure)

(a) Primary structure (b) Secondary structure

—Ala-Glu-Val-Thr-Asp-Pro-Gly - a heliw\

(c) Tertiary structure p

B sheet

Domain

(d) Quaternary structure

(b)

Signaling

= S5

@

FUNCTION
Structure Transport
L ]
Movement Catalysis p I i
= || &
I’
- B
Amino acids (a) rll ) lil cll
*H;N=C,—C— 0" + *HN—C,—~C—O
| H |
o R, R,
Peptides
H0
i 7R
Proteins ‘H;N—IIZ‘,—C N—C,—C— 0"
R, H R,
Peptide
bond
(b)
H H H
| | | | 1
*HyN— C,—C rr—c,,—(l: N Tﬁ C T-f“_f N T“—C—O’
|
R, H R, O Ry H R, O Rs
Amino end Carboxyl end
(N-terminus) (C-terminus)
(c)
aa, aa, aaz
——t— A ———
Peptide
bond
H
H)H H
o v
Peptide

bond

7/11/17



ribosoms

plain, plane, layer, platform, planar

Residue 1 Residue2 Residue3 Residue 4 Residue
Ir 1 [ 1

Ry H O Ry H Ry
Amino I | Iil I | | Iil I [Carboxy-
terminus -4 ®e.C_ _N C C___N C -~ terminus
(N terminus) HN™ Y7 T TNT Y ' C N i >coo® (Cterminus)
e H Il | I H Il | | H

O R, H (o] R4 H

synthesis direction of the protein in

— B. Resonance

@ 9 -

H
\C g
Y
3 \
Resonance
structures

— A. Peptide bonds

Mesomeric
structure

Seryl alanine
(Ser-Ala, ®H3N-Ser-Ala-CO0®, SA)

Carboxyl
terminus

Amino terminus

Carboxyl terminus

7/11/17




(a) Top view

Amino - - Carboxyl

terminus terminus
(b) Side view

Core

Folding

%D

Unfolded protein

Water

p—
Unfolding

Surface

Native protein

(a) C, backbone trace (b) Ball and stick

3D Protein
Structures

with various

Sub-Domains

bio-computational protein structure representation using e.g. ‘chimera’.

3D Protein Structures with various Sub-Domains
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3D Protein Structures with various Sub-Domains
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Protein conformation (3D structure) change induces
protein function change
http://www.youtube.com/watch?v=YAva4g3Pk6k

http://www.youtube.com/watch?v=4TGDPotbJV4

http://www.youtube.com/watch?v=CNWaMEW9QZ8&feature=w

atch_response

Moving vesicle

http://www.youtube.com/watch?v=y-uuk4Pr2i8

http://www.youtube.com/watch?v=B_zD3NxSsD8&feature=fvwp

Kinesin Walking (by Atomic Force Microscopy)

http://www.se kanazawa-

u.ac.jp/bioafm_center/movies/Walking_myosinV-2.gif
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(b) Rate-zonal centrifugation
[l Sample is layered on top of density gradient

(a) Differential centrifugation Sodium Dodecyl Su]fate _ (a) I'.Il?:.':'i‘.'.'.:'.?o'fe':'ﬁ':..ﬁ'.i.'.'l

0 Sample is poured into tube

Larger

particle

Poly-Acrylamide-Gel Electrophoresis

@

é, * 2 ® gpscoated
QS LA 2 4 protei?s oati ch

2 negative charg

ed)

f >
Low density & i A
\ (low sucrose SDS-PAGE Load samples, 2] l :::'p‘l.y I:II::'I:::;::I];I'MOIIIS on gel;
. J\\ concentration) her
Cent.r ifuge Sucrose h\ High density
::":::‘I;I’ ’::"‘ gradient o (high sucrose Wells/ s Cross-linked
] _ concentration) . . - 1 polyacrylamide
muss Centrifuge Separ ation of protelns Partially — gel
B n Particles settle . . separated: . L
\Centrifugal —> according to in a gel matrix by proteins Direction of migration
R foree mass L.
Centrifugal force —> their size (Molecular ®
[ icht (MW in kil &
Weight (MW in kilo o 5
Stain to visvalize s
H Stop centrifuge Dalton (kDa))) 3] separated bands 2 5
Stop centrifuge H Collect fractions . L8
Decant liquid and do assay Decreasing 'LI'LI'I.I'LI'LI'I.I'LI] 55
into container gre . [IHEBNEE kpa Y4
§——=_ 200
ﬁ 71 = = ( - - 1 ; ;
- —-"-
. \ & - 66— =
Supernatant 7 Q Pellet ' b < a — [ii a5
e N
Decreasing mass of particles 31
Figure 335

— 5 cell lysis to release proteins — 3 SDS-PAGE

2D-Gel Protein pH4.0 1D -
mixture
first dimension after
. . Separate Isoelectri
ration of proteins |feipe— postectiyg .
Sepa gt on of proteins i first_ (1] focusing (EF)  Separation of] a) Coloring of
by their charge due to | dimension C . .
. . by proteins in a gell proteins 66 —
different _Isoelectrlc matrix by their
points. pH 10.0 charge (pl values). Or
-]
Apply first gel

Remember, amino

o i B l

Molecular Cell Biology, Sixth Edition
©2008W.H. Freeman and Company

2D Gel analysis

b) Radioisotope

Molecular weight X 10>
-y
w
|

acids can exist as Separation of] labelling
1id 1 SO N O —" . L. -
hybrid ions, can act BH0 e PH10, oteins in a gel 30
as ampholytes, thus, g matrix by their| Or
roteins move here . . molecular weight 16 —
Y rough the pHt  smcend ; D2 oY)
rough the p dimension H - lecirophore ¢) DIG labelling O
gradient based on | py I‘ - . it ol
their specific charges. o 4.2 5.9 7.4
2D - pl

second dimension

<— SDS electrophoresis ( )




Separation of Proteins by their Size
Gel filtration chromatography

== .~ Large protein — T

3%~ Small protein

Add buffer Collect
i:.y:;h to wash , ° o |fractions b
on proteins o008
column through o %

Polymer gel bead

Separation of Proteins by their Charge

lon-exchange chromatography
Negatively charged
protein ®

Positively charged i
protein ®

Anions
retained
by beads

Elute negatively
charged protein

Separation of Proteins by their Specific Interaction — Immune-
Affinity: Antibody-Antigen-Interaction

Antibody-affinity chromatography

Load in
pH 7 buffer

@ Protein
recognized
by antibody

® Protein not
recognized
by antibody

q
Antibody G @ D

Eluted fractions

Layer _’c - _— with salt solution
sample ations (NaCl)
on P elute e
column out
Eluted
fractions
o
Positively ﬂ [os =
charged (s Eluted U] s
gel bead 3 2 1 (fractions 4 2 1
Western-blot
I Electrophoresis and transfer nAnﬁhody detecti A ct genic d
Electric —_— — 5
current
> —
SDS-polyacrylamide Membrane Incubate with React with substrate
gel Ab, (Y); Incubate with enzyme-  for Ab,-linked enzyme
wash excess linked Ab, (Y);
wash excess

7/11/17



TABLE 3-1 Radioisotopes Commonly Used in

Biological Research

ISOTOPE HALF-LIFE

Phosphorus-32 14.3 days
lodine-125 60.4 days
Sulfur-35 87.5 days

Tritium (hydrogen-3) 12.4 years

Carbon-14 5730.4 years

Box 1| Prion

a-PrP

The o-helix-rich form of PrP, represented by PrP<.

-PrP

The B-sheet-rich forms of PrP can be generated from the oxidized and from the reduced form of PrP by exposure to
various chemical treatments. They can form fibrillary struct i when ami inally truncated.

PrP¢
The physiologically occurring, mainly GPI-linked form of PrP, or prion protein, that can be glycosylated on one or both
of two asparagine residues with a variety of glycans. As shown by NMR and X-ray crystallography, it is rich in c-helical

tains only a little B-sheet structure.

PrP=

A designation I propose, for any stable form of PrP that differs from PrPC only by virtue of its conformation but not
primary structure. Such differences may currently be detected by a variety of methods, such as reactivity to certain
ibodi ? i ibility to protei including the location

of i and optical h as infra-red or circular dichroism. PrP* comprises, among others,
PrP-res, PrP= or sPrP>, as defined below.
PrPs

An isoform of PrP€ that is almost invariably detected in TSE-infected tissues and cells. [t comprises a carboxy-proximal

segment of about 140 residues that is resistant to defined conditions of PK treatment. The term PrP5¢ s used by some

interchangeably with prion, a usage that should ided. PrP= designaty ion is a functional concept.
The implication thata particular form of PrP is the only essential constituent of the prion remains to be proven.
PrP27-30

The PrP fragment remaining after controlled PK digestion of PrPs.

PrP-res

Alternative designation for PrP%, that has been proposed to generalize the term for all types of TSEs and not only scrapie.
PrP-sen

‘The designation for PrP€and forms of PrP that are equally susceptible to PK digestion.

Prp*

Ahypothetical isoform of PrP that s the essential component of the TSE agent or prion.

Prup

The gene encoding PrP.

Prup*

Genotype in which both copies of the PrP gene are inactivated or ablated.

PrP

Denotes recombinant PrP. When produced in Escherichia coli it lacks the GPI anchor and the glycan residues.

sPrPs

A term used by Prusiner ig prot PrP that is detected in prion-infected tissue.

‘This termi i ictory because PrP< iginally defined as a pi istant entity.

Prion:

The transmissible agent
that is responsible for
prion diseases, which,
according to the
‘protein-only’
hypothesis, lacks an
agent-specific nucleic
acid genome and is
composed principally or
entirely of a
conformational isomer
of cellular prion protein.
A term that was
originally coined by
Prusiner from
‘proteinaceous
infectious particle” .
Highly expressed in
brain, in neurons and
glia cells, probably anti-
oxidative stress
function, cell adhesion,
stem cell character.
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Figure 2. Prion Propagation In Vitro by PMCA and Detection of the
livity of the In Vit Prions by ion to

Hamster
: \ The conversion solution containing an excess of PrP® (green cir-
incubation cles) over the PrPS° seed (orange polygons) is subjected to multiple
cycles of ion and sonication/i ion. Such a system can
replicate prion infinitely and efficiently in vitro. PrPS¢ aggregates
grow by recruiting (incubation) and converting PrPC into newly
formed PrPS°, while in the sonication/incubation phase, PrPS® ag-
gregates are fragmented into smaller aggregates (new seeds). This
restarts the cycle overcoming the rate-limiting process of the
in vitro PrP conversion associated with the original method. Gray

In vitro p"on boxes represent tubes.
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OVERVIEW OF NEURODEGENERATION Triggers Primary responses Pathology
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The unfolded protein response (UPR), ubiquitin proteasome system (UPS
activation and its correlation with autophagy system o chaperone

= alpha-synuclein

protein substrate

autophagy

X ubiquitin
\ @ MEF2D

ii‘" {fiﬂf

. X Inclusion body in PolyQ diseases .
Impairment of the degradation of insoluble proteins (that affect proper cellular functions) leads to
NDs such as PD
CHIP: C terminal of molecular chaperone interaction protein; MEF2D: myocyte enhancer factor 2D; CMA: chaperone-
mediated autophage
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