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Conformations Functional classes:
Structural proteins Structural proteins

Scaffold protein Transport proteins

Transport protein Regulatory proteins

Regulatory protein Motor proteins

enzymes

Different conformation = different function



Hierarchical structure of proteins

Proteins are single, unbranched chains of amino acid monomers

There are 20 different amino acids; All amino acids have the same general
structure but the side chain (R group) of each is different

A protein’s amino acid sequence determines its three-dimensional structure

(conformation)
In turn, a protein’s structure determines the function of that protein
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Four levels of structure determine the shape of proteins

Primary: the linear sequence of
amino acids

Secondary: the localized
organization of parts of a
polypeptide chain (e.g., the a
helix or 3 sheet)

Tertiary: the overall, three-

dimensional arrangement of
the polypeptide chain

Quaternary: the association of
two or more polypeptides into
a multi-subunit complex

(a) MOLECULAR STRUCTURE
Primary (sequence)

Secondary (local folding)

Tertiary (long-range folding)

Quaternary (multimeric organization)

Supramolecular (large-scale assemblies)
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(a) Primary structure (b) Secondary structure

Four Ievels Of —Ala-Glu-Val-Thr-Asp-Pro-Gly- a helix f ﬁ
p rote i n (c) Tertiary structure >
hierarchy ~7

B sheet

Domain

(d) Quaternary structure

Figure 3-2
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Nelson & Cox (2000) Lehninger Principles of Biochemistry



The primary structure of a protein is its liner arrangement
of amino acid

@ g T
_ _ +H3N—$(,—c—o- + +H3N—Cla—C—O_
Peptide bond - linkage 3 S S
between amino acids is a J&m
secondary amide bond b T_Zﬂ_il’_o_
| |
Formed by condensation of ‘Peptide
. bond
the a-carboxyl of one amino
. . . H O H H H 8] H H H (o]
acid with the a-amino of 1
another amino acid (loss of R\ H RO R HRO R
H,O molecule) (N-sermino) Corormimes
Primary structure - linear 9, as, as,
sequence of amino acids in Peptide

bond

a polypeptide or protein

Peptide
bond
Figure 3-3
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Figure 3-3
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The backbone of protein (polypeptide)

aa aa aa
L1 Lz 13

Peptide
bond

- Pepﬁde
y bond

N-terminal C-terminal

N-C-C-N-C-C-N-C-C-N-C-C

Unit (B117#)

Peptide bond (%5£)



Secondary structure: the a helix

Amino terminus

Secondary structure are the core i
elements of protein architecture ;

R R, O R, O R, O R, O R, O
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3.6 residues/turn
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Carboxyl terminus



Hydrogen bonds determine water solubility of uncharged molecules

Intra-molecular
Inter-molecular

DS—_H5+ + :AS— _ DS—_H3+ ....... :A5—
TCovaIent bond T ——



(a) Top view

Amino Carboxyl
terminus terminus

(b) Side view

Figure 3-5
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Secondary structure: the beta sheet

Face view

Side view
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hydrogen
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Figure 4-10 part 2 of 2 Essential Cell Biology, 2/e. (® 2004 Garland Science)
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. Proline and glycine present
SPECIAL AMINO ACIDS
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Structure of a g turn

C, Co
A short U-shaped beta turn
Four residue

H-bond stable
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B turn

Tk b Rl s

Reverse Turns: B turn, y turn

It also related with H-bond

Mathews et al (2000) Biochemistry (3e) p.181



O1l drop model of protein folding

Hydrophobic nonpolar
Hydrophilic polar

Core
Folding
< Water
Unfoldin
¢ 9
‘_T Surface
Unfolded protein Native protein

MWm Hydrophobic interact with hydrophobic
Hydrophilic interact with hydrophilic

Uncharged hydrophilic polar side chains are found on both the
surface and inner core of protein



Integral membrane protein
Globular protein

polar nonpolar
side chains side chains £
o —
NS = N3 >
?G,ﬁ,ﬂ -.
v} »
o B8 _ j_‘ti”f _

/ﬂ" v eV hydrophobic hydrogen bonds
core region can be formed to the
contains polar side chains
nonpolar on the outside
side chains of the molecule

unfolded polypeptide folded conformationin

aqueous environment

Figure 4-5 Essential Cell Biology, 2/e. (€ 2004 Garland Science)
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Overall folding of a polypeptide chain yields its tertiary structure
Different way of depicting the conformation of proteins convey different types of

informatign =
?a) C, backbone trace (b) Ball and stick SRS

i%ﬁ?ﬂ%l‘d‘?«?l
Red: negative charge
Purple: positive charge

4

Different graphical representations of the same protein



Motifs are regular combination of secondary structures

Motif: particular combinations of secondary structures, it build up the tertiary
structure of a protein; super-secondary strucure and 2-5 secondary structure

(a) Coiled-coil motif (b) EFhand/helix-loop-helix motif  (c) Zinc-finger motif

Hydrophob Ateraction
Figure 3-9

Molecular Cell Biology, Sixth Edition
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(b) Helix-loop-helix motif

- Asp - Asp - Asp-—-Thr—- Glu-

Helix— ; ;-
Loop

Helix Helix

————————————— His - - -His -

T

(c) Zinc-finger motif




Structural and functional domains are modules of tertiary structure

3 subunit

Domalin (b) _.Sialic acid
| Globular
domain
(a) Tertiary structure
(b) Quaternary structure
PFibruus
domain

Viral
membrane

Hemagglutinin(if /= {4 X [ A o1 g 1TET- T aF e & k)



a helix

2

B sheet

Mathews et al (2000) Biochemistry (3e) p.164



Secondary structure produced Tertiary structure

o domain

Myohemerythrin

all o helices

Q turn

B domain o/ 3 domain

Flavodoxin

Plastocyanin

all B sheets helices + sheets

Kleinsmith & Kish (1995) Principles of Cell and Molecular Biology (2€) p.26



Structural and functional domains are modules of tertiary structure

domain —, 0 EGE

M Neu
precursor

Q_O__OTPA

Tissue plasminogen activator

Various proteins illustrating their modular nature

Epidermal growth factor (EGF) is generated by proteolytic cleavage of
a precursor protein.

These proteins also contain other widely distributed domains indicated
by shape and color



Quaternary structure

Two or more polypeptides or subunit — multimeric protein
Quaternary structure: a fourth level of structural organization; it describes the
number and relative positions of subunits in multimeric protein.

The highest level of protein structure is the association of protein into
macromolecular assemblies.

Folding, modification, and degradation of proteins

* A newly synthesized polypeptide chain must undergo folding and often
chemical modification to generate the final protein

« All molecules of any protein species adopt a single conformation (the
native state), which is the most stably folded form of the molecule



Proteins associate into multimeric structures and macromolecular
assemblies

The mRNA transcription-initiation machinery

General transcription factors

( i + g () @ +
RNA polymerase O
complex

Mediator

Transcription
preinitiation

%com plex



Members of protein families have a common evolutionary ancestor

Seguence homology suggests functional and evolutionary relationships
between proteins
Homology: have a common ancestry are referred to as homologs. It is
similarity in their sequence or structure.

Vertebrate
HEMOGLOBIN

& p MYOGLOBIN

Dicot Monocot
hemoglobin | LEGHEMOGLOBIN | ,, o 1y oglobin

: Insect
Annelid

Nematode

Protozoan ‘/*“\
Algal f& =
Fungal /4 éj% t-iq‘r
\/ Bacterial r)—f;)\
Ancestral %5'4
-bindi . . .
Oxyg;rgteli?w ing Leghemoglobin B subunit Myoglobin

of hemoglobin



Similarity homology homologs

Different amino acid sequence ----> different conformation -->
different function

High sequence similarity about >50 % : related structure or
function

Family and superfamily
Family protein about >30% amino acid sequence similarity



Folding, modification, and degradation of proteins

The information for protein folding is encoded in the sequence
Conformational folding can denature to polypeptides

Planar peptide bonds limit the
shapes into which protein can fold




Information directing a protein’s folding is encoded In its
amino acids sequence

X g )
. 7 7"
& —_— > o
- —" (TN - ey
b o/ A
- f | N
¢ ¢ . hydrophobic hydrogen bonds
core region can be formed to the
contains polar side chains
nonpolar on the outside
side chains of the molecule
unfolded polypeptide folded conformationin

aqueous environment

igure 4-5 Essential Cell Biology, 2/e. (2 2004 Garland Science)

Denature or denaturation : disrupt
noncolavent interaction

Only colavent bond: disulfide bond need
beta-mercaptoethanol

Figure 3-15
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company



Folding of protein in vivo is promoted by chaperones

Ribosome ]
HSP: heat shock protein
a Unfolded protein
Nucleotide-binding domain SBD
. Or Substrate-binding
i
Rapid
—_—
4—
Dnal/Hsp40
~re B
H v
_ GrpE/BAG1
' ATP ADP

Figure 3-16
Molecular Cell Biology, Sixth Edition

Chaperone-mediate protein folding



Molecular chaperone

Members of Hsp70 family (homologs)

* DnaK (bacteria)
 Hsp70 (cytosol, mitochondrial of eukaryotic cells)

* BIP (endoplasmic reticulum)

Co-chaperone : Hsp 40/Dnal



Protein folding from primary to final

Primary structure dictates final structure but most proteins cannot
assume final conformation without help.

Chaperones provide this help.

Chape FoOnes are necessary

Few proteins can achieve their active conformation unaided. (it must
need help)

During stress proteins unfold and need to reassemble. Note that
chaperones are also called heat shock proteins (Hsp).

Protein complexes may require help from a chaperone to form; other
complexes may require help to be broken down.



Chaperonin mediated protein folding

(b) _ Protein Properly
Ribosome Partially folded or foldec.i
protein

misfolded protein
a q

Figure 3-17
Molecular Cell Biology, Sixth Edition
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GroEL/Hsp60 system (Chaperonin)

Constitutively expressed and increased in response to stress
One of the key chaperone systems for most cytosolic proteins
Note that it is also important in protein translocation and degradation

GroEL is chaperone (Hsp60)
GroES is regulatory protein

Structure
— GroEL 14 x 57 kDa (2 rings of 7)
— GroES 7 x 10 kDa

Inner surface is hydrophobic interact with hydrophobic region of
polypeptides

note that native (folded ) proteins do not bind



GroES binds to GroEL

33A
e | } GroES: ;dome-shaped;
T, o heptameric ring of 10 kDa
\ subunits (7)

|

| GroEL: cylindrical ([Ef4=#})
structure ;

two heptameric rings of ~57

kDa subunits (7)

=l




Two families of molecular chaperone for protein
folding:

DnaK/DnaJ/GrpE (or hsp70) family: bind to
growing polypeptide chains while they are
being synthesized by ribosomes and prevent
premature folding (co-translational)

Chaperonin family (GroE chaperonin): assist
correct folding at a later stage (post-
translational)



 Molecular chaperons

Binds to unfolded and partially folded proteins to prevent in
proper association of exposed hydrophobic patches ( bind to
hydrophobic part)

Assist folding of larger multidomain proteins

Heat shock proteins (rate of their syntheses increases with at
elevated temperature)

Hsp70 — monomeric 70 kDa proteins

» Binds to newly synthesised protein peptide emerging from the
ribosome

Hsp90 proteins — involved in the folding of proteins participating
In signal transduction (steroid hormon receptors etc).

Chaperonins — large multisubunit proteins



Folding of protein in vivo Is promoted by chaperones

. bind and stabilize unforlded or partly folded proteins,
preventing these proteins from aggreating and being degraded

Chaperonin: directly facilitate the folding of proteins

(a)

Ribosome 0O
: ADP 0 &
= ATP
0 p— Hsp 70-ATP Partially Properly
_ Protein folded folded
protein protein
0
o Properly
Protein ADP Tolaad
— + i
protein
P, &

J 7

L.
>

GroEL

GroEL "tight"
conformation

GroEL "relaxed"
conformation



Alternatively folded proteins are implicated in slowly developing diseases

Alzheimer’s disease

Misfolding protein

Insoluble plagues composed of

amyloid protein from unknown\»' o

mechanism of proteolysis of the
amyloid precursor protein.

o-helix — beta sheet 38



Cell -
me-mhm.je 7

Beta-amyloid Plaques

Amyloid precursor protein (APP) is the
precursor to amyloid plaque.

1. APP sticks through the neuron
membrane.

2. Enzymes cut the APP into fragments
of protein, including beta-amyloid.

3. Beta-amyloid fragments come togethe
In clumps to form plagues.




Protein folding




Specific and affinity of protein-ligand binding depend on
molecular complementarity

Ligand: the molecule to which a protein binds is often called it
Specificity: the ability of molecular and molecular interaction
Affinity: tightness or strength of binding

Kd: affinity usually use dissociation constant = 1/Keq

Ligand binding site: both specificity and affinity of a protein for a
ligand depend on the structure

Kf
A + Bﬁ C Keq = -----==-----
Kr Kr

P+L— C Kd= ___[_I?_]_[_L_]____

[C]



Dissociation constants of binding reactions reflect the affinity of
Interacting molecules

Multiligand binding macromolecule (e.g., protein)

Binding site B (K g)

Ligand
(e.g., small

molecule) (e.g., small protein)

Kd: dissociation constants

Kd 1 non-specific

¢ more SpecificB'“d'“g site C (Ky¢)

Figure 2-24
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company



R+L<RL

[RI[L] K off

[RL] K on

Given [R;] = [R]+[RL]
[RL]/RT= the fraction of
receptors that have bond

Kd: dissociation constant of receptor-ligand
complex; | complex more good
RL —response

RT: total receptor number

Dissociation Constant (Kd): is the free
ligand conc at which 50% of receptor
IS occupied.

Kd represents affinity of ligand binding
to receptor (1 affinity).

ligand Each ligand has its own specific affinity
Derive the following equation: to the receptor. This can be used to
[RL] 1 define a new drug or confirm a
receptor.
R 1+ Ky/[L]



Specific and affinity of protein-ligand binding depend on molecular
complementarity

Molecular complementarity: High affinity and specific interaction to take place, the
shape and chemical surface of binding site must be complementary to ligand moleculae

Antibody

Antigen
CDR: complementarity-determining regions

Antibody

Figure 3-19b
Molecular Cell Biology, Sixth Edition
© 2008 W.H. Freeman and Company




affinity and specificity

- 0|.|...0=‘\v
@

IR0 C Pa

v ; © ?:@ bond

C=0-++HN ,;"ﬁ[‘djo en hond
- w

Protein A Protein B Protein A Protein C
Stable complex Less stable complex

Figure 2-12
Molecular Cell Biology, Sixth Edition
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Enzyme are highly efficient and specific catalysts

Transition state
(uncatalyzed)

Transition state
(catalyzed)

Free energy, G

Reactants

Products

Progress of reaction —

A reaction will take place spontaneously only if the total G of the products is less
than that of reactants.

All chemical reactions— high energy transition state— rate of reaction is inversely
to G — So need enzyme for catalysts



Active site of the enzyme trypsin

(a) Catalyticsite (b) Catalytic site Binding pocket
| \

Active
site

Enzyme

Binding pocket

Figure 3-21
Molecular Cell Biology, Sixth Edition

o 200w rreemanand company HIQNIY €fficient and specific catalysts
An enzyme active site binds substrates and carries out catalysis
Active site: specific and chemical reaction site



Michaelis-Menten equation:.

Vmax

A

RE)J1E (AR
"5‘%% i JEE )

FIHE (Vinid)
Initial velocity (Vi)

Zero-order kinetics
(rate does not depend
on concentration

of substrate)

First-order kinetics —#X&)1 1
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= L
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—
o
S

N
o
<
3
o
”

Enzyme can
enhance reaction

—
(7]
|

[E] = 1.0 unit

=3
o

[E] = 0.25 unit

2
wn

Rate of formation of reaction
product (P) (relative units)

o

Concentration of substrate [S]

(b)

L substrate

Low-affinity
substrate (S')

Rate of reaction
© © o o
N B o0 ®

Concentration of substrate ([S] or [S])

Figure 3-22
Molecular Cell Biology, Sixth Edition
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Substrate

E50

Catalytic site

Enzyme

¢

!

l Binding pocket

Enzyme-substrate
complex

Products

Enzyme

Figure 3-23
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company



No enzyme E: enzyme

(a) (b)

Transiton X* |
Enzyme-transition
state complex
O O
- ~ +*
3 S EX*_ .
2 2 | Enzyme + Enzyme —
g g substrate substrate
g v complex
('8 (s 8
i _ Enzyme +
product
Substrate ES E—P
Progress of reaction —> Progress of reaction —>
ss=Xx*—pP E+S<=ES = EX* —>E+P

Figure 3-24
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company



| Catalytic site

Ko
Substrate

Peptide bond
to be cleaved

- - - LN g
binding In the 0o m o, o
i} ] JKN)\“/N\I)\Nﬁ hole
active site of oo m
B H & \ chain (Ry)in
protease &N)K/N\(\N A
H & H
Binding site : —Side-.ch?in-
O, specificity
Guanidinium ¥ binding pocket
group
Asp-189
Val-190
H Val-216
(o)
Ser-195
Trypsin Chymotrypsin Elastase

Figure 3-25b
Molecular Cell Biology, Sixth Edition
© 2008 W.H. Freeman and Company



(a) ES complex (b) Tetrahedral intermediate (c) Acyl enzyme

(transition state) (ES' complex)
I I I
/(Asp -==-His«_ ;\ /(Asp----His’“H /(Asp----His ;\
- / /
P2"‘*N ?0 —_ P2...__N 0 E— P2.____N|'I 0
H {\ H /{\__-” J H I
c=0 c—o0 . c=0
7 / Oxyanion /
P Py hole Py
H
0
H
(f) EP complex (e) Tetrahedral intermediate (d) Acyl enzyme
(transition state) (ES' complex)
I I I
/(Asp -=--His «_ ;\ /(Asp----His’“H /ip----Hi‘s ?\
HO HO 0 I
Nc=o0 Lo "\l Lo
il / Oxyanion 7
hole P

His-57 side chain

N SN . HN/_;_\NH

et T \—/
Active Inactive (low pH)

Figure 3-26
Molecular Cell Biology, Sixth Edition
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pPH dependence of enzyme activity

Lysosomal enzyme
/ Chymotrypsin

— Enzyme inhibitor

Figure 3-27



Enzymes in a common pathway are often physically associated with
one another

(a) Reactants

/

° Products
Diffusion — very slow

/
N - ¢
E

(b) Reactants Products
) \ i o / A - t.
Comblex _o_' ’q’ SSOoclation
p. Reacteﬁ"{s \ < OR ”
subunit e | scaron
Products
(c)
Reactants Products
N\

Integration of different catalytic activities in a single protein

Evolution of multifunctional enzyme



Enzyme called molecular motors convert energy
Into motion

Molecular motors (motor protein): generate the forces necessary
for many cellular movements, cells depend on specialized

enzymes.

Mechanochemical enzyme



Regulation protein function I: PROTEIN
DEGRADATION

Synthesis
degradation

Regulation protein fuction Il: Noncovalent and
covalent modification



Ubiquitin marks cytosolic proteins for degradation in proteasomes

Degradation of protein
1. Lysosome: primarily toward
protein and
aged or defective organelles
of the cells. Membrane
organelles.

2. Proteasomes: Ubiquitin
dependent; for intracellular
unfolding, aged protein.

1. control native cytosolic
protein

2. misfolded in the course
of their synthesis in the ER

(b) £ NH,

Cytosolic
target protein

| I
E1 Ub ;A» Ub
1] 2] es] E
E2
E1 = ubiquitin-activating enzyme o

E2 = ubiquitin-conjugating enzyme

E3 = ubiquitin ligase
Ub = ubiquitin

Steps 1,2,3
(@) n i(n times)

—Ub—Ub—Ub n+1

ATP
5]

ADP

Release Recognition

ATP) o~ Unfolding

Peptides
T~ Cleavage

~— @8- Discharge

Figure 3-29
Molecular Cell Biology, Sixth Edition
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THE PROTEASOME

+
ATPases ——
Base l Lid

Ubiquitin

Unfolded
protein

Core
Particle|

265 proteasome

Nature Reviews | Molecular Cell Biology


http://www.ultranet.com/~jkimball/BiologyPages/P/proteasome.gif

UBIQUITIN

76 Amino Acid polypeptide
3 Amino acid differences between yeast and human homologues
C-Terminal Gly residue is activated via an ATP to form a thiol ester

Found only in eukaryotic organisms and is not found in either
eubacteria or archaebacteria.

Among eukaryotes, ubiquitin is highly conserved, meaning that
the amino acid sequence does not differ much when very
different organisms are compared.

Ub Is a heat-stable protein that folds up into a compact globular
structure.






Degradation of a Protein Via the Ubiquitin-Proteasome
Involves Two Successive Steps

1. Covalent attachment of multiple ubiquitin molecules to a protein
substrate.

2. Degradation of the tagged protein by the 26s proteasome.
(ubiquitin is recycled)

Ubiquitination: In general, multiple ubiquitin units are arranged in
polyubiquitin chains linked via Lys,, of ubiquitin, targeting the
protein for degradation



Ubiquitin Conjugation:
A 3 Step Mechanism

Ubiquitin (Ub) activating
enzyme E,

High energy thiol ester Is
formed between C-terminal Gly
of ubiqutin and a Cys in the E,
active site (ATP/AMP)

Ubiquitin conjugating
enzymes E,

Ub is transferred to a Cys of E,
forming a new thiol ester

Ubiquitin ligase E,

Ub forms isopeptide bond
between C-terminal Gly of Ub
and & -amino group of Lys on a
target protein




Functional design of proteins

Protein function generally involves conformational changes

Proteins are designed to bind a range of molecules (ligands)

— Binding is characterized by two properties: affinity and
specificity

Antibodies exhibit precise ligand-binding specificity
Enzymes are highly efficient and specific catalysts

— An enzyme’s active site binds substrates and carries out
catalysis



affinity and specificity

- 0|.|...0=‘\v
@

IR0 C Pa

v ; © ?:@ bond

C=0-++HN ,;"ﬁ[‘djo en hond
- w

Protein A Protein B Protein A Protein C
Stable complex Less stable complex

Figure 2-12
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Regulation protein fuction 11: Noncovalent
and covalent modification

Mechanisms that regulate protein
function

Allosteric transitions

— Release of catalytic subunits, active X> inactive states,
cooperative binding of ligands

Phosphorylation X> dephosphorylation
Proteolytic activation

Compartmentalization



Noncovalent binding permit allosteric, or
cooperative, regulation of protein

Allostery: other shape, change protein 3 or 4 structure
Allosteric protein

Allosteric effector

Allosteric binding site

Cooperativity

Factor bind to — protein A site (noncovalent)— change
protein structure — affect other binding site (activity site)
— allosteric effect ; when factor = protein, also called
allosteric protein; its binding site also celled allosteric
binding site



1E_:I b [ﬂ:E&J‘ J _ _ _
Allostey: any change in a protein’s 3 or 4 structure or both induced by

the binding of a ligand (activator, inhibitor substrate) Flexible

% Saturation

100

50

(a)

Binding
site

Blndlng/,-_-

site

=

"

0 Less stable
¥ Unstable

(b)

High affinity—» 54

|

|

|

|

|

|

E/P5O:26 e
II | | | | () V
0 20 40 60 80 100 2

1‘ pO, (torr) T m

pO, in capillaries pO, in alveoli
of active muscles of Iungs
R B e—Zpl— [HEI g: phadi £ (postive regulation)
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Allosteric protein — a protein in which the binding of a ligand to
one site affects the binding properties of
another site on the same protein (also called

Induced fit model). The conformational changes induced by the

modulator(s) interconvert more-active and less-active forms of the

protein.

The modulators for allosteric proteins may be either inhibitors or
activators

allos --- other

stereos --- solid or shape

Homotropic interaction --- liagnd = modulator
Heterotropic interaction --- ligand = modulator

O2 --- as both a normal ligand and an activating homotropic
modulator for Hb



Allosteric control: either an activator or inhibitor acts on a
portion of the enzyme other than the active site to regulate
enzyme function.

Negative allosteric control Positive allosteric control

Substrate
Unavailable Substrate
~/ active site ~ can enter

Substrate can't

' / enter

Active site

)

Negative
allosteric Positive
regulator allosteric

regulator

A




Allosteric transition between active
and Inactive states

Active
R state

il
cTP ﬁﬂj ’Lﬁ CTP

]
Inactive
T state ®



Allosteric release of catalytic subunits

_ _ _ _ _ _ NH,
Ligand-indced activation of protein kinase /é\ \
= —
_ o _ _ \
Ligand binding can induce allosteric release of Hew /(”;RN/C”
N

catalytic subunits or transition to a state with
different activity

0O=P——0 OH

“0O cyclicAMP
(cAMP)

Catalytic site
Nucleotide-
bilrjm%ienogt'gi(tae Pseudo- \_
| substrate
/|
ELAC T i,
A A A

Inactive PKA cAMP Actlve PKA



Switch mediated by Ca %*/calmodulin

In normal condition:
cytosolic calcium is
low 10" M by ER or
pump.

ER release calcium to
10-100 fold — sense
calmodulin —
conformal change —
regulated other
protein or molecule




Cycling of GTPase switch

proteins between the active Regu_latlon of protein
and inactive forms activity by |
Kinase/phosphatase switch
Active ("on")
Active
GDP ——
«—©— GAPs Fi ATP
GEFs —©@— «~—O— RGSs
—&— GDIs Protein Protein
Inactive ("off") phosphatase kinase

L
0

Inactive

GTP
H,0 0 ADP
< R—O—P—0"
D
P



Many proteins undergo chemical modification of amino acids residues

20 amino acid — chemical modification —100 up
Acetylation: about 80% chemical modification
Phosphorylation: serine, threonine, tyrosine

Glycosylation 0
hydroxylation Acetyl lysine CH3—C—N—CH2—CHZ—CHZ—CHZ—?H—COO'
Methylation NH,*
i 0
carboxylation I )
Phosphoserine *O—IT—O—CHz—(IEH—COO
o NH,*
O R O 4 ?“
" I " 3-Hydroxyproline Hz(li—CH
Mainly in collagen Hzl AH—E00
CH;—C—N—C—C yin collag
| | HC=—=C—CH,—CH—CO0O"
3-Methylhistidine I I |
H H H,C—N_ __N NH,
. . : &
. Mainly in actin H
Acetylated N-terminus - 00c
y-Carboxyglutamate >CH—CH2—CH—COO_
00

. - . . NH +
Mainly in prothrombin, an essential °

blood clotting factor






Purifying, detecting, and characterizing
proteins

A protein must be purified to determine its structure and
mechanism of action

Molecules, including proteins, can be separated from other
molecules based on differences in physical and chemical
properties



(a) Differential centrifugation (b) Rate-zonal centrifugation
I} Sample is poured into tube I Sample is layered on top of density gradient

Larger particle

o

- - B g
*. =— Larger particle  Smaller particle ——="~

* foge

.“— Smaller particle ]
& = Low density
. “; | (low sucrose
s | concentration)
Cent.rifuge Sucrose _ A High density
2 Pnrlltl.es settle gradient — ) (high sucrose
according to concentration)
mass Centrifuge
—_ ) B Particles settle
| Centrifugal —> according to
- force mass
Centrifugal force —
== N
i -
CF
H Stop centrifuge
Stop centrifuge EJ Collect fractions

and do assay

!

Decant liquid
into container [

A 4

Pellet
Figure 3-34
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Supernatant

Decreasing mass of particles



SDS-polyacrylaminde
gel electrophoresis
(SDS-PAGE)

(a) Denature sumple with
Iill sodium dodecylsulfate

w
&
a,a, (= (= SDS-coated
Qs & & ¥ proteins
® 2

Place mixture of proteins on gel;
Load samples n j’ !

apply electric field
here
%ﬁm &

Wells =~ —— Cross-linked
e 7 polyacrylamide
Partially -—- gel
separated L . '
proteins Direction of migration
<
: tcualiva (P &
H Stain to visualize S
separated bands 2 Q
g8
Decreasing M MLMLILILILI ST
size _— &
QS_— " B 200 —
- - 116 _
- 97
. - 66— =
& — 45 —
[
31—

Figure 3-35
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Two-dimensional electrophoresis  Protein [} pH4.0

mixture
Separate 0 Isoelectric
in fII'S'I. focusing (IEF)
dimension
by charge 4

pH 10.0
Apply first gel
H

to top of second

pPHAOCI—T—T¥Tr T¥rT 1 pH10.0

Separate ® e . SDS
:II: ;::losl;:n K] . 2 electrophoresis
by size . y v

Figure 3-36a
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company



Isoelectric focusing ([} ) —

(B ) sisesoydoapaje sas —>

_ 0L X wyybiam tejndajo

7.4

9

5

4.2

Figure 3-36b
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Gel filtration chromatography

— Large protein — -
%~ Small protein
Collect
Layer Add buffer o ot
le to wash o, |fractions| o
samp — | 0% —> [ 6,
on proteins \ O >
column through ° 6y
column
Eluted
Polymer gel bead fractions

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



lon-exchange chromatography

Negatively charged
protein ® = Anions —
® Positively charged retained

protein @ by beads
lu er > ® P> ®
sulvnple Cations AN, A
on elute e (& 0) &
column out Vg

Elute negatively
charged protein
with salt solution

(NaCl) @ 9

T

Positively
charged — Eluted
gel bead 2 1 fractions

Figure 3-37b
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company

Eluted
fractions



Antibody-affinity chromatography

:.;"é'i'i.;;.x‘? S @
T 7, 0 G 9t
® Protein not Q:é Q:‘é pH 3 0:9

recognized Qra buffer | Q 6

by antibody

R
D
el

Antibody G
1

Figure 3-37c
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company
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Eluted fractions



Immunoblotting

I} Electrophoresis and transfer nA\ni'ilmdy detection |J Chromogenic detection
Electric "" i i
current SEm,
—_— > —> —>
-
-
.
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
Figure 3-38

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



TABLE 3-1 Radioisotopes Commonly Used in

Biological Research

Carbon-14

ISOTOPE HALF-LIFE
Phosphorus-32 14.3 days
lodine-125 60.4 days
Sulfur-35 87.5 days
Tritium (hydrogen-3) 12.4 years

5730.4 years

Table 3-1
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company




Pulse-chase exp

L o

Low density lipoprotein receptor

To Investigate the fate of a Pulse (h) 0.5

specific newly synthesized o1 ORI e o o 8 (e

protein F : -
Normal jmm‘wmwm _

Cell + isotope for 0.5h ‘W degrade

| wash <0.5h, protein convert to mature

Different time point PTM

| Glyco..

Immunoprecipitation Mutant

¢ protein

Specific protein

|
SDS-PAGE

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

Precursor protein (p) converted to
mature protein (m) by posttranslational
carbohydrate addition



Mass spectrometry can determine the mass and sequence of proteins

Laser

’/

Metal

et I} lonization

-+
+
o +

Intensity

Lightest ions
k h J\ arrive at

detector first

Time

Figure 3-40
Molecular Cell Biology, Sixth Edition -
© 2008 W.H.Freeman and Company



Mass spectrometry can determine the mass and sequence of proteins

Electrospray

needle Atmosphere
3-5 kV " + Vacuum
é ;ﬂ ® L +
Liquid — % ©) -|-++ ++ : * . g +—>+ —> |]
— ® @ o 4 Lt d-(
" P ; Mas.ls Detector
Y Y analyzer
Droplets lons z

containing Mass spectrometer
solvated ions

Y
Electrospray ionization

Figure 3-41a
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company
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Figure 3-41b
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X-ray

source
X-ray
beam
Crystal
////7///;||“\\\
//ll [ \\
A 3 .
Detector // /l||\\ W Diffracted
(e.g., film) gy ”l, ! | beams
. N
N

; / :
-

Figure 3-42a
Molecular Cell Biology, Sixth Edition
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X-ray crystallography Is used to
determine protein structure

(a) : : b)
source
Crystal ~7
9 ’;’3’1‘1 ik 1\‘5\\
At A\
@, A A\, »
Detector gy ﬁff i || 1\\\\ W Diffracted
(e.g., film) —-’f’,; Figl )} beams

Other techniques such as cryoelectron microscopy and NMR
spectroscopy may be used to solve the structures of certain types of

proteins Figure 3-49



-

Complex
mixture of
peptides

»acs?

Protease
I (e.g.,
trypsin)

BEfis
R &)

Protein
mixture in
biological

sample

Figure 3-43
Molecular Cell Biology, Sixth Edition
© 2008 W.H. Freeman and Company

separation
into fractions
of less
complex
mixtures

Advance technique in mass spectrometry are critical to proteomic

analysis

Electrospray ionization mass spectrometer

1st MS Collision

COOH fragmentation
NH,

_ =G IICOOH.H

COOH

|
1
1
1
1
1
1
1
|
1
1
1
1
1
1
1
O~3—0- cooH i
1
1
1
1
1
1
1
|
1
1
1
1
|
1

@—0- cooH

(- cooH

———————— ———— e e e e e e S ]

Select mass of a Sequence
peptide ion from selected peptide

a fraction \_/

Repeat for other peptides in the fraction

w

Repeat for multiple fractions from the LC outflow to sequence most peptides
in the starting complex peptide mixture

y

Compare results with databases to identify proteins in the original
biological sample



Density-gradinet centrifugation and LC-MS/MS can be used to
Identify many of the protein in organelle

Cells or
tissue

Mitochondria Early
endosomes

Gradient
centrifugation

llmmunoblotting

F1 ATP synthase

Early endosome
antigen 1

Immuno-
blot

1, 2-a-mannosidase

Localization of proteins

100

lProteolysis and LC-MS/MS

Protein
correlation
profiles
Intensity

Figure 3-44a
Molecular Cell Biology, Sixth Edition
© 2008 W.H. Freeman and Company



32 gradient fractions

|

22,260 peptides

|

2,197 proteins

|

1,500 proteins quantified

1,404 proteins localized—> (Nucleus 196

I | S iy bl

" Cytosol 488) «—1,258 cytoplasmic proteins

. —
l o .
. o

|Mit0Ch0ndri0|‘! ; ( Cytoplasn“c I s Proteosome |
W 297 pr organelles \ 1

568

Endoplasmlc \ Plasma
' retlculum membrane
229 250

endosomes
\EH_ s —
ERlGoIg| w Early
vesicles | | endosomes
Figure 3-44b
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Structure of Hsp70 chaperone

«»» Structure of entire molecule
(~70 kDa) has not been solved

+» flexible linkage between
ATPase and peptide-binding
domains, and different
conformations of molecule
possible

¢ polypeptide-binding domain
consists of beta-sheet scaffold;
loops possess hydrophobic
residues that contact peptide

% domain also has an alpha-
helical ‘lid’ that is regulated by
the ATPase activity

NRLLLTG
peptide

Polypeptide binding
domain with bound
peptide ‘substrate’



Major chaperones
and their interactions with substrates

side view top view

Hsp100 (ClpB)| [Hsp90 (HtpG)| [Hsp70 (DnaK) Hsp60 (GroEL]  [sHSP (IbpA/B)

disaggregation stabilization stabilization stabilization stabilization
of folding of folding of folding of folding
intermediates intermediates intermediates intermediates
refolding unfolding ?

refolding

ED-192



Cellular processes involving
non-native proteins: refolding

cellular stress

| — —) 5N
heat/cold SRR
Native proteotoxic non-native 0
protein chemicals (unfolded) aggregated
: protein protein
intracellular

changes .
various cellular
proteins




Summary of chaperon

(a) Hihﬂsn\me ATP
a — AN > =

_~Hsp 70 \ \
Partially folded Properly folded

protein protein

) /
e ATP
AN >

Conformational
change

GroEL/TCiP

Figure 3-15a: Chaperone-mediated protein folding. Many proteins (step 1) fold into their proper three-dimensional
structure with the assistance of Hsp70,a molecular chaperone that transiently binds to a nascent polypeptide as it
emerges from a ribosome. Proper folding of some proteins (step 2) also depends on the chaperonin TCiP, a large
barrel-shaped complex of Hspa0 units,



Different protein — different function

- :REB BN Selected Molecular Machines

Machine” Main Components Cellular Location Function
Replisome (4) Helicase, primase, DNA polymerase Nucleus DNA replication
Transcription initiation Promoter-binding protein, helicase, Nucleus RNA synthesis
complex (11) general transcription factors (TFs), RNA
polymerase, large multisubunit mediator
complex
Spliceosome (12) Pre-mRNA, small nuclear RNAs Nucleus mRNA splicing
(snRNAs), protein factors
Nuclear pore Nucleoporins (50-100) Nuclear membrane Nuclear import
complex (12) and export
Ribosome (4) Ribosomal proteins (>50) and four Cytoplasm/ER membrane Protein synthesis

rRNA molecules (eukaryotes) organized
into large and small subunits; associated

mRNA and protein factors (IFs, EFs)

Chaperonin (3) GroEL, GroES (bacteria) Cytoplasm, Protein folding
mitochondria,
endoplasmic

reticulum
Proteasome (3) Core proteins, regulatory (cap) proteins Cytoplasm Protein degradation
Photosystem (8) Light-harvesting complex (multiple Thylakoid membrane Photosynthesis
proteins and pigments), reaction center in plant chloroplasts, (initial stage)
(multisubunit protein with associated plasma membrane of
pigments and electron carriers) photosynthetic bacteria
MAP kinase Scaffold protein, multiple different Cytoplasm Signal transduction
cascades (14) protein kinases
Sarcomere (19) Thick (myosin) filaments, thin (actin) Cytoplasm of Contraction
filaments, Z lines, titin/nebulin muscle cells

Numbers in parentheses indicate chapters in which various machines are discussed.



AMINO ACID

Aspartic acid  Asp
Glutamic acid Glu

Arginine Arg
Lysine Lys
Histidine His
Asparagine Asn
Glutamine GlIn
Serine Ser
Threonine Thr
Tyrosine Tyr

| POLAR AMINO ACIDS

< = O ZEEsm g

SIDE CHAIN

negative
negative
positive
positive
positive
uncharged polar
uncharged polar
uncharged polar
uncharged polar
uncharged polar

AMINO ACID
Alanine Ala
Glycine Gly
Valine Val
Leucine Leu
Isoleucine lle
Proline Pro

Phenylalanine Phe
Methionine Met
Tryptophan Trp
Cysteine Cys

Figure 4-3 Essential Cell Biology, 2/e. (2 2004 Garland Science)

nég-n'u—l—czm}

SIDE CHAIN

nonpolar
nonpolar
nonpolar
nonpolar
nonpolar
nonpolar
nonpolar
nonpolar
nonpolar
nonpolar

NONPOLAR AMINO ACIDS ——



methionine (Met) :' ' leucine (Leu)

H H ) H [ (’}B H H ) H _H I:--_.:I‘-:
@ | 7 | / @ 7 b
H=N—~—C + H=N—C—C + H—N—C—C + HaN—C—C
N O @ | N\ | N C ® ] N
H CH, © H H O H CH, ©O H H O
Lhiz aspartic acid (Asp) g tyrosine (Tyr)

G
b

CH, \\—- H,O \—- H, 0O ¥b H,O

.
.
polypeptide backbone side chains
CH
ol s 0
i i
ke Hpe o T E e NSl e etn carboxyl, or
N-, terminus | T | %y C-, terminus
H H O H H o
CH CH, ,
b peptide peptide bond
bonds d

Figure 4-2 Essential Cell Biology, 2/e. (& 2004 Garland Science)



Peptide segments of some protein are removed after synthesis

Protein targeting/localization signals

o Signal peptide

* Mitochondrial targeting peptide
e Chloroplast targeting peptide >
« Peroxisomal targeting signal (PTS2)
« Signal anchor

* Nuclear localization signal )
 ER/Golgi retention signal

« Peroxisomal targeting signal (PTS1) > Uncleaved
 Transmembrane helices

Cleaved




NI

Signal peptide or propeptide

Signal peptide Mature protein

Propeptide



Characteristics of signal peptides

Length n-region h-region c-region -3, -1
Euk 22 only slightly short, very short, no small and
Arg-rich hydrophobic pattern neutral
residues
Gram- 25 Lys+Arg-rich  slightly longer, short, almost
less hydrophobic  Ser+Ala- exclusively
rich Ala
Gram+ 32 Lys+Arg-rich very long, less longer, almost

hydrophobic Thr+Pro-  exclusively
rich Ala



Ubiquitin—Mediated Proteolysis in Cellular Processes

Regulation of:

o Cell cycle

» Differentiation & development

« Extracellular effectors

o Cell surface receptors & ion channels
* DNA repair

e Immune and inflammatory responses
» Biogenesis organelles

Proteins Targeted by Ubiquitin

o Cell cycle regulators

e Tumor suppressors & growth modulators
» Transcriptional activators & inhibitors
Cell surface receptors

Mutant and damaged proteins



The Ubiquitin Modification Pathway

o— S
N

E1 : Ub-activation enzymes. Modify Ub so that

It IS In a reactive state. Q
E2 : Ub-conjugating enzymes. Actually .

catalyze the attachment of Ub to the substrate

protein.
E3 : Ub-ligases. Usually function in concert

w/ E2. Play a role in recognizing the substrate

protein.

26s proteosome degradation



Ubiquitin Conjugation:
A 3 Step Mechanism

Ubiquitin (Ub) activating
enzyme E,

High energy thiol ester Is
formed between C-terminal Gly
of ubiqutin and a Cys in the E,
active site (ATP/AMP)

Ubiquitin conjugating
enzymes E,

Ub is transferred to a Cys of E,
forming a new thiol ester

Ubiquitin ligase E,

Ub forms isopeptide bond
between C-terminal Gly of Ub
and & -amino group of Lys on a
target protein




The life of protein

&

Chaperones
ATP
. U3 Y
0 “ Unfolded & Misfolded £
Mative Froteins
Protein

Chaperones /. 'iN Froteases

Protein Bound
to Chaperona Protein Bound
to ATPase Component

ATP
;{yﬁ'rr:
Remodeling Unfolding, Translocation
J & Degradation
Q 1
Mative Protein - L %
!

.
]

Degraded Protein



Life cycle of a protein




Cell -
me-mhm.je 7

Beta-amyloid Plaques

Amyloid precursor protein (APP) is the
precursor to amyloid plaque.

1. APP sticks through the neuron
membrane.

2. Enzymes cut the APP into fragments
of protein, including beta-amyloid.

3. Beta-amyloid fragments come togethe
In clumps to form plagues.




Enzyme are highly efficient and specific catalysts

Transition state
(uncatalyzed)

Transition state
(catalyzed)

Free energy, G

Reactants

Products

Progress of reaction —

A reaction will take place spontaneously only if the total G of the products is less
than that of reactants.

All chemical reactions— high energy transition state— rate of reaction is inversely
to G — So need enzyme for catalysts



Enzyme: formed form protein

Highly efficient and specific catalysts
An enzyme active site binds substrates and carries out catalysis
Active site: specific and chemical reaction site

Glycine lia ich

Glycine lid
Small '
domain -
Nucleotide- Active site
binding 2
pocket Large .-/ )
domain \
\\‘
Open
No ATP

Protein kinase A and conformational change induced by substrate binding



Mechanism of phosphorylation by protein kinase A

Initial state
Lys_72 ASD'184

S
®O® 06 2+

/ G
o—feg O Mo

:| ;
O=p2™ BN : Asp-166
3 2’
0 B4 @ /
‘ T -

@ g Ser or Thr of
Lys-168 target peptide

Formation of
transition state

Intermediate state
0

Y o—plg OV
Pape \ o’l‘
o ot 4 /
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Mgz @ (

}

Intermediate state
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(a)

b
(b) //o

CH3C\ HSCoA
o )@

0

CO CH c//

- 3

\

SCoA

Acetyl CoA

NAD" NADH + H*

Net reaction:
Pyruvate+ NAD" + CoA —> CO, + NADH + acetyl CoA

Structure and function of pyruvate dehydrogenase, a large
multimeric enzyme complex that converts pyruvate into acetyl CoA



Molecular motors and mechanical work of cells

Needs energy into motion

Motor proteins (mechanochemical enzymes): generate the forces necessary for many
cellular movements, cells depend on specialized enzymes commonly called motor
proteins.

Motion types: 1. linear; 2. rotor el

Thick filament or B tubule

Three general properties of the activities of (
motor proteins: ;\:TP WADP m.wyosin r
1. Transduce a source of energy (ATP or dynein
ion gradient) for two types movement O T I T —>
2. Bind and translocate along a Actin filament or A tubule
cytoskeletal filament, nucleic acids (b)

strand or protein complex
3. Move direction

Flagellum

Stator



I/ :{Nk ¥ Selected Molecular Motors

Energy

Motor® Source Structure/Components Cellular Location Movement Generated

LINEAR MOTORS

DNA polymerase (4) ATP Multisubunit polymerase & Nucleus Translocation along DNA
within replisome during replication

RNA polymerase (4) ATP Multisubunit polymerase Nucleus Translocation along DNA
within transcription during transcription
elongation complex

Ribosome (4) GTP Elongation factor 2 (EF2) Cytoplasm/ER Translocation along mRNA
bound to ribosome membrane during translation

Myosins (3, 19) ATP Heavy and light chains; Cytoplasm Transport of cargo
head domains with ATPase vesicles; contraction
activity and microfilament-
binding site

Kinesins (20) ATP Heavy and light chains; head Cytoplasm Transport of cargo
domains with ATPase activity vesicles and chromosomes
and microtubule-binding site during mitosis

Dyneins (20) ATP Multiple heavy, intermediate, Cytoplasm Transport of cargo
and light chains; head domains vesicles; beating of cilia
with ATPase activity and and eukaryotic flagella
microtubule-binding site

ROTARY MOTORS

Bacterial flagellar H*/Na* Stator and rotor proteins, Plasma membrane Rotation of flagellum

motor gradient flagellum attached to rotor

ATP synthase, H* Multiple subunits forming Inner mitochondrial Rotation of y subunit

F F,(8) gradient F,and F, particles membrane, thylakoid leading to ATP synthesis

membrane, bacterial
plasma membrane
Viral capsid motor ATP Connector, prohead Capsid Rotation of connector

RNA, ATPase leading to DNA packaging

"Numbers in parentheses indicate chapters in which various motors are discussed.



Motor protein-dependent movement of cargo

Head: myosin, dynein, kinesin motor protein (protein, DNA, RNA..)

—  Cargo binding

Tail <

(a) Head Neck Tail \ protein
Myosin | " .
¥9:\_H Neck _[ ATP hydrolysis
ESLTSS:.I.;Z Head { Fiber binding
Myosin I . TS | -
Cytoskeletal fiber

4:';\
=y
W e R R kR e R R RS e e T ki ik
T
3

F_Iegulatqry
Essential light chain
light chain

Myosin V

3l
230k

Calmodulin light chains



All myosins have head, neck, (@) Myosin |l

and tail domains with distinct

functions

Conformational changes in the

myosin head couple ATP
hydrolysis to movement

Head Neck Tail

Regulatory
light chain
7

Heavy chains

Essential
light chain

(b) Head domain

Nucleotide-
_ binding site

Regulatory
light chain

.4 Essential
A@ light chain

Heavy chain



, Thick filament

/ - - -
May be other cargo Myosin head ATP-binding
/ site
Ifr‘!:w‘::;[” 4 '; :,-.;}:}’:}:\ Actin thin filament
] _ _ _ N_ucl_eotlde ‘\
Binding ATP — disrupting binding ATP
aCtIn-bInC_“ng Slte Head dissociates
Hydrolysis ATP — head, from filament
conformational change — CRRRRLLRS
move to new position — Hydrolysis El
rebind __
Pi release — head / T
. ADPeP. binds a new
conformation second change NJ ' actin subunit
SRR

— move the actin -
Release ATP — new cycle Firelease El\”x P

Head pivots and
/g/ADP moves filament
(powver stroke)
/ﬁ(‘gﬂ%fiéx
ADP release nb‘
“~ADP

)

e,
¢ e

flash



Functional design of proteins

Protein function generally involves conformational changes
Proteins are designed to bind a range of molecules (ligands)
— Binding is characterized by two properties: affinity and specificity
Antibodies exhibit precise ligand-binding specificity
Enzymes are highly efficient and specific catalysts
— An enzyme’s active site binds substrates and carries out catalysis



Mechanisms that regulate protein
function

Allosteric transitions

— Release of catalytic subunits, active X> inactive states,
cooperative binding of ligands

Phosphorylation X> dephosphorylation
Proteolytic activation
Compartmentalization



1E_:I b [ﬂ:E&J‘ J _ _ _
Allostey: any change in a protein’s 3 or 4 structure or both induced by

the binding of a ligand (activator, inhibitor substrate) Flexible
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Allosteric protein — a protein in which the binding of a ligand to
one site affects the binding properties of
another site on the same protein (also called

Induced fit model). The conformational changes induced by the

modulator(s) interconvert more-active and less-active forms of the
protein.

The modulators for allosteric proteins may be either inhibitors or activators

allos --- other

stereos --- solid or shape

Homotropic interaction --- liagnd = modulator
Heterotropic interaction --- ligand = modulator

O2 --- as both a normal ligand and an activating homotropic
modulator for Hb



Allosteric control: either an activator or inhibitor acts on a
portion of the enzyme other than the active site to regulate
enzyme function.

Negative allosteric control Positive allosteric control

Substrate
Unavailable Substrate
~/ active site ~ can enter

Substrate can't

' / enter

Active site

)

Negative
allosteric Positive
regulator allosteric

regulator

A




Allosteric transition between active
and Inactive states

Active
R state

il
cTP ﬁﬂj ’Lﬁ CTP

]
Inactive
T state ®



Allosteric release of catalytic subunits

_ _ _ _ _ _ NH,
Ligand-indced activation of protein kinase /é\ \
= —
_ o _ _ \
Ligand binding can induce allosteric release of Hew /(”;RN/C”
N

catalytic subunits or transition to a state with
different activity

0O=P——0 OH

“0O cyclicAMP
(cAMP)

Catalytic site
Nucleotide-
bilrjm%ienogt'gi(tae Pseudo- \_
| substrate
/|
ELAC T i,
A A A

Inactive PKA cAMP Actlve PKA



Switch mediated by Ca %*/calmodulin

In normal condition:
cytosolic calcium is
low 10" M by ER or
pump.

ER release calcium to
10-100 fold — sense
calmodulin —
conformal change —
regulated other
protein or molecule




Cycling of GTPase switch

proteins between the active Regu_latlon of protein
and inactive forms activity by |
Kinase/phosphatase switch
Active ("on")
Active
GDP ——
«—©— GAPs Fi ATP
GEFs —©@— «~—O— RGSs
—&— GDIs Protein Protein
Inactive ("off") phosphatase kinase

L
0

Inactive

GTP
H,0 0 ADP
< R—O—P—0"
D
P



Purifying, detecting, and characterizing
proteins

A protein must be purified to determine its structure and
mechanism of action

Molecules, including proteins, can be separated from other
molecules based on differences in physical and chemical
properties



(a) Differential centrifugation (b) Rate-zonal centrifugation
I} Sample is poured into tube I Sample is layered on top of density gradient

Larger particle

o

- - B g
*. =— Larger particle  Smaller particle ——="~

* foge

.“— Smaller particle ]
& = Low density
. “; | (low sucrose
s | concentration)
Cent.rifuge Sucrose _ A High density
2 Pnrlltl.es settle gradient — ) (high sucrose
according to concentration)
mass Centrifuge
—_ ) B Particles settle
| Centrifugal —> according to
- force mass
Centrifugal force —
== N
i -
CF
H Stop centrifuge
Stop centrifuge EJ Collect fractions

and do assay

!

Decant liquid
into container [

A 4

Pellet
Figure 3-34
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Supernatant

Decreasing mass of particles



Analyze the Data 3-1

Control

Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company
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Control + Drug
4 pH 10 4 pH 10

+ +

Analyze the Data 3-2
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company



Control + Drug

Nuclear Cytoplasmic Nuclear Cytoplasmic
4 pH 10 4 pH 10 4 pH 10 4 pH 10
$ ) ® | | .
® | @
o ® L 2 o
+ + + +

Analyze the Data 3-3
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company
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