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Departamento de Farmacologia
Universidad de Alcala, Madrid

Interacciones entre proteinas y moléculas pequeias

1. Funciones de las proteinas y movimientos asociados.
2. Concepto de ligando y sitio de unién. Ejemplos.
3. Bases de datos estructurales y programas asociados.

4. Caracterizacion estructural de moléculas pequefas y sus complejos
con proteinas.

5. Acoplamiento ligando-receptor (“docking”): algoritmos y programas.
6. Cribado virtual.
7. Relaciones estructura-actividad: QSAR y 3D-QSAR.

8. Disefio de nuevos ligandos.




Gene expression = Protein production

Protein

Nucleotide sequence
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How Proteins Work

Proteins recognize and reversibly bind to other molecules:
cofactors, substrates, inhibitors... Also ions and other proteins.

The bound molecule is called a ligand.

The region of a protein that associates with substrates and
products is called the active site.

The region of a protein that associates with activator or
inhibitor molecules is called an allosteric site.

Proteins can have > 1 binding site for different ligands
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Proteins fold in such
a way that they
create specific sites
that are the right size,
shape, and polarity
for their ligands.
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Ligand binding is highly selective

noncovalent bonds

ligand
binding
site

protein
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Affinity chromatography is a powerful purification method:
the protein binds specifically to a ligand

=

is covalently bound to Elution of with unbound
the column

specifically binds to a
for which it has a high
affinity.

Separation of proteins by specific binding to
another molecule: affinity chromatography
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Antibodies selectively bind to antigens

antigen-

binding
site /\qo/’

heavy chain
/
antigen—&

light chain

loops that bind antigen

variable domain constant domain
of 1ight chain (v ) of light chain

(B}

€995 GARLAHD PUELISHING

Immunoglobulin McPC603 Fab-Phosphocholine Complex (2mcp.pdb)




Protein Domains

Different parts of a polypeptide
chain can fold independently to
form a stable structure called a
domain.

The different domains of a protein N )
often have different functions such e £ ¢

as the DNA binding domain (small) O

and the cyclic AMP binding domain

of the CAP protein shown. L

different domains
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Smallest ligand binding domain: His-His-His-His-His-His  His-tag

Column His-tagged protein

Advantages:

His-tags usually do not influence activity of protein, no need for removal
Allows purification in large quantities

Simple to construct

Antibodies against the His-tag are available: detection of protein without
need for specific antibodies




The binding site is determined by
~ amino acid side chains
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Proteins are:

Function Example
Enzymes DNA polymerase
Structural collagen
Transporters hemoglobin
Motors myosin

Storage molecules casein

Signalling molecules insulin

Receptor molecules rhodopsin
Regulatory molecules lactose repressor
Speciality molecules antifreeze
Defenses antibodies

Proteins are flexible
» conformational changes can be small
(molecular vibrations, small movements of amino acids);
“breathing”
* or relatively large
structural domains moving several nm

Mannose Binding Protein

“Induced fit”: the complementarity-
enhancing structural adaptation that
occurs between protein and ligand

Tar chemoreceptor

"open form" "closed form" bound form

Conformational coupling: Ligand binding orients PBP
receptor-binding face for signaling complex formation




. Motions of Fragments Smaller than Domains

A. Motion is predominantly shear - Proteins for which two or more conformations are known:
dihydrofolate reductase, insulin, thymidylate synthase, bacteriorhodopsin...

B. Motion is predominantly hinge - Proteins for which two or more conformations are known:
annexin V (Trp motion), cystatin, enolase, HIV-1 protease, Hhal methyltransferase,
immunoglobulin (CDR motion), isocitrate dehydrogenase, lactate dehydrogenase, lipase,

malate dehydrogenase, seryl-tRNA synthetase, triglyceride lipase, triose phosphate isomerase,

Yersinia protein tyrosine phosphatase, ras protein, recvinm ...

Bacteriorhodopsin

Cytosol

External
medium

(a) http://bioinfo.mbb.yale.edu/MolMovDB




Il. Domain Motions

A. Motion is predominantly shear - Proteins for which two or more conformations are known:
alcohol dehydrogenase, aspartate amino transferase, citrate synthase, endothiapepsin,
glyceraldehyde-3-phosphate dehydrogenase, glycerol kinase, hexokinase, human interleukin 5,
phosphofructokinase (not allosteric transition), Trp repressor...

CH,OH CH,0 PO,
W A0 HA Ak
|/ H / Hexokinase H
OH H/ R ——— OH H + ADP
HO OH HO OH
H OH H  OH

Glucose Glucose 6-phosphate

[l. Domain Motions

B. Motion is predominantly hinge - Proteins for which two or more conformations are known:
Acetylcholinesterase, adenylate kinase, annexin V (breathing motion), calbindin, calmodulin,
canine lymphoma immunoglobulin (Fc-Fab hinge), catabolite gene activator protein (CAP), cell
adhesion molecule CD2, DNA polymerase beta, diphtheria toxin, E. coli. periplasmic dipeptide
binding protein, family-5 endoglucanase CelC, formate dehydrogenase, glutamate
dehydrogenase, glutamine binding protein, GroEL domain, heat shock transcription factor,
interferon-gamma, iron sulfur protein (bc1 complex), lactoferrin, Lysine/Arginine/Ornithine
(LAO) binding protein, maltodextrin binding protein, phosphoglycerate kinase, recoverin, T4
lysozyme mutants (lle3->Pro & Met6->lle), TBSV coat protein, troponin-C, tryptophan synthase,
c-Src tyrosine kinase, CAMP-dependent protein kinase (catalytic domain)...

C. Motion involves partial refolding of tertiary structure - Proteins for which two or more
conformations are known: Gai, HIV-1 reverse transcriptase, haemagglutinin, serpins...




Periplasmic Binding Proteins

a structurally conserved family of bilobate, soluble receptor proteins

-~

Glucose/Galactose Dipeptide Leu, lle, Val Arabinose Binding
Binding Protein Binding Protein Binding Protein Protein

; 3 A
Maltose Ribose Leucine D-Allose
Binding Protein Binding Protein Binding Protein Binding Protein

|Il. Larger Movements than Domain Movements involving the
Motion of Subunits

A. Motion involves an allosteric transition - Proteins for which two or more conformations are
known: aspartate transcarbamoylase, fructose-1,6-biphosphatase, glycogen phosphorylase,
hemoglobin, Lac repressor core (allosteric motion), Lac repressor upon binding DNA (subunit
motion via tetramerization domain), phosphofructokinase...

(b)

B. Motion does not involve an allosteric transition - Proteins for which two or more
conformations are known: aspartate receptor, Bam HI endonuclease, immunoglobulin (VL-VH
movement), S. cerevisiae PPR1 Zn-finger DNA recognition protein, erythropoietin receptor, F1-
ATPase, polymerase processivity factor PCNA...




Dynamics and Relaxation

+ Time scales and molecular motions

Atomic fluctuations, vibrations 10510 10-2s < 1A

Group motions (covalently linked units) 102-103s  <1A-50A
Molecular rotation, reorientation 1012-109s

Molecular translation, diffusion

Rotation of methyl groups 1012-109s

Flips of aromatic rings 10°-106s

Domain motions 108 -103s

Proline isomerization >103s

Chemical exchange (e.g. two protein conformations)

Amide exchange

Ligand binding

* Time scales and molecular motions

Atomic fluctuations, vibrations Influences bond length measurements
Group motions (covalently linked units)

Molecular rotation, reorientation Relaxation, linewidths, correlation times
Molecular translation, diffusion DOSY NMR

Rotation of methyl groups 2H NMR

Flips of aromatic rings 2H NMR

Domain motions 2H NMR

Chemical exchange, Pro isomerization  Chemical shifts

Amide exchange N-H HSQC

Ligand binding Transferred NOE measurements

i ) N mm
Free

Bound




Transferred NOEs
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Molecular Mechanics

mno_., = mcoz%q t mzos.coz%q

mcoz%q = M._. mcoa + M\_. mms&m + M._. m&:m%&

E

non-bonded = M\.. mm + M¢. m<

lectrostatic an der Waals




1

60

BONDING TERMS o~ “MM
35 .|ma 100
— 30 m 80
g 25 5 1]
5 20 g 20
W»\ 15 o 0
W 10 T T T
g 5 180 -90 0 90 180
¢ 04 angle
4 20 2 4 6 8 mmsa_o = M M_Am Am Imo vm
bond length (A) \ angles 2
‘_ ) 60
mco_am = MM_AUAdldov < 50
bonds m 40 -
m 30
H 20
£ 10 -
g ¢
/ 18 90 0 90 180
dihedral
1
E hearal = M 2 Ky T +cos(p— @ x
dihedrals
NON-BONDING TERMS
electrostatic — Lennard—Jones 12 6
e o i G T
100 80
~ 157 =~ 60
S 50 1.Io
E 25 . £ 40
© repulsive S
£ 0- £ 20
> 25 attractive H o
g .50 - 3 Ve
® 75 g -20 |
-100 - T T T -40 T T _
0 5 10 15 20 0 1 2 3 4

distance (A)

distance (A)




NITNAOWTVD

(966L) 12-21:G ‘Sonsuas) pue ‘uolound ‘einjoniig :suisjold "90eung auelquisiy

e uo %y asedijoydsoyd Jo Apmg solweuAq JBNIS|O} :USHNYIS Y B NOYZ "4

0T mg T

G

e

C
! =

A Eme

Dermam

;ﬁnﬂv\

HqeCzzzZ
5_ w000
A

Bm® 3’
e

ME| PUOJSS S,UOIMBN

g Je[noajop

SOIWeUA




Sp1 — EEN ¢ 778
Sp2 == l-l. (Mic 606
Sp3 _— [T i I.-_I 697 N_ZO _H_Zﬁwmmm
Sp4 — -.- —c 784
BTEB1 N-[AA] Iﬁ 244
TIEG1 'mN 480
TIEG2 N 512
EKLF inh - 362
GKLF nn _ 470
LKLF l_ i 354
il MLl 1. i 359
AP2-REP M T TR T 402
BKLF 1080 344
BTEB2 inn 219
——
IKLF nns 446
r L‘_I_. 18 — 283
UKLF 1 e ) I -& 302
B G-rich W Acidic W 1§ Zinc fingers |

=) A Activation domain
$/T-rich EEMIP-rich g Repression domain




finger 3: finger 2: SP1
RSDHLSK RSDELOR KTSHLRA DNA binding domain
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N-terminal
Domain

Glutamate Receptor
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Nature Reviews | Neuroscience

Structural homology between PBP and S1S2 Glu R2

Periplasmic Binding Protein Glutamate Receptor 2 (+kainate)




Periplasmic Binding Protein
(closed form)

Periplasmic Binding Protein
(open form)

Characterization of the hinge region in
periplasmic glutamine-binding protein (QBP)
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open form
PBP

closed form

Glu R2 Glu R2

W molecular dynamics

U template forcing

force constant

| 0.25, 0.50, 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50

tfransmembrane segment
insertion loop.

A distance (A)

0 60 120 180 240 300 360 420 480 540 600
time (ps)

distance between Ca carbons of Ser-158 and Arg-108




Enzymes: A special case of protein function

mccmqm_m m.—on_:ﬂm
Enzyme Enzyme-substrate
complex

Enzymes bind and assist in the chemical transformation of other
molecules

Substrate: molecule acted upon by an enzyme (analogous to
ligand)

Catalytic site: substrate-binding site (analogous to ligand-binding
site)

How do enzymes catalyze reactions?

© ¢ G

(&) enzyme binds to two (B) binding of substrate CJenzyme strains the
substrate molecules and to enzyme rearranges bound substrate
orients them precisely to electrons in the substrate, maolecule, forcing it
encourage a reaction to creating partial negative toward a transition
accur between them and positive charges state to favar a

that favor a reaction reaction
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Kinetics of an enzymatic reaction are
described by V.., and K,
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Concentration of substrate ([S] or [S'])

Lysozyme catalyzes the cutting of a
polysaccharide chain
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Examples of non-hydrolyzable isosteres of the peptide bond cleaved by HIV-1 protease
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HIV-1 protease in complex with inhibitor QF-34




Enzyme activation caused by an
allosteric change
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Somewhere, something went terribly wrong

QUESTIONS WELCOME
PREGUNTAS, POR FAVOR

E-mail: federico.gagoQuah.es




