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Estructura de proteinas
Estructura primaria

Secuencia de aminoacidos en una proteina

1 2 3 4 5 126 127 128 129
Lys-Val-Phe-Gly-Arg...Gly-Cys-Arg-Leu

NH2-terminal CO0O- terminal



Estructura Secundaria

Segmentos de proteinas mantenidos por puentes
de hidroégeno

—— a-helice Estructura-f3




Estructura terclaria

Estructura tridimensional de una proteina. Estos
tipos puedenj ser por ejemplo globulares o
fibrosos.

Globular Fibroso
~ (Colageno

Yedn' o




Estructura Cuaternaria

Complejos de proteinas

glicogeno
fosforilasa
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ENZIMAS

Las enzimas son en su mayoria proteinas o
RNA (riboenzimas).

Son catalizadores que catalizan una reaccion
guimica gue involucra la formacion o la ruptura
de enlaces quimicos.

No se consume ni se modifica en las
reacciones.

Al finalizar la reaccion la enzima se libera y
gueda disponible para otra reaccion.



Mecanismo de accion de farmacos

Modificacion de proteinas estructurales
Alcaloides para el tratamiento del cancer

 Enzimas
Estreptokinasas para la disolucién de trombos

e Unidn covalente a macromoléculas
ciclofosfamida para el cancer

 Reaccion con moléculas pequenas
antiacidos

e Unidn a moléculas o atomos
Union a metales pesados



Catalisis por enzimas

Actian sobre un sustrato formando un
complejo al unirse en un
lugar especifico del sustrato, el

(en donde se hallan los grupos quimicos
responsables de la catalisis).

Las enzimas son selectivas, pocas moléculas
pueden Interactuar con el sitio activo y formar
el complejo.



Enzimas (caracteristicas)

Proteinas de (macromoléculas, 104 a 10°
g/mol, 102 a 10* aminoacidos)

Su actividad depende de la de su conformacion
proteica.

pueden formar parte de su centro activo, o de otra
parte de la enzima (co-factor).

Los reactivos de |la reacciones catalizadas por enzimas se
denominan



Caracteristicas de un catalizador

Incrementa la velocidad de reaccion al 4 E,.

Forma un complejo transitorio con el sustrato.

E + S=—ES—E + P



Efecto de un catalizador sobre |la Ea

Energia

k =A. e-Ea/RT %

Ea

Coordenada de reaccion



Trangsition state (%)
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FIGURE 6-3 Reaction coordinate diagram comparing enzyme-
catalyzed and uncatalyzed reactions. In the reaction S— P, the 5
and EF intermediates occupy minima in the energy progress curve of
the enzvme-catalyzed reaction. The terms Al S eat and AGE, corre-
spond to the activation energy for the uncatalvzed reaction and the
overall activation energy for the catalvzed reaction, respectively. The
activation energy is lower when the enzyme catalyzes the reaction.



Estructura de las enzimas

Sitio activo

Algunos residuos
aminoacidicos.

™
C,H,S,D,E &K

Cisteina, histidina, serina,
glicina, glutamico, lisina



Estructura de las enzimas

Grupo prostético
No proteico
Cofactor
Coenzima

Apoenzima
Enzima sin grupo prostetico.

Holoenzima
Enzima completa.



Especificidad enzimatica

fa) Lock-and-key model
Emil Fischer (1890)
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(b} Induced-fit model
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Mecanismo de Michaelis-Menten

I

[
K7 2

E+S —/——— ES —/——— E+P
K.y }Q

v =-d(S)/dt =d(P)/dt =k, (ES)
suposiciones: (E) << S d(ES)/dt =0

ki(E)(S) = (ky+ k1) (ES)

(ES)_  ky(E)S) Km_ (k,+k,)
(kp+ k) Ky




Ecuacion de Michaelis-Menten

V. Viax (S)

[Km + (S)]




Categorias de enzimas

Oxidoreductasas
Tranferasas
Hidrolases
Liases
Isomerasas

Ligasas



Oxidoreductasas (E.C. 1)

Catalizan reacciones de oxido-reduccion.
Dehidrogenasas
Oxidasas
Oxigenasas
Reductasas
Peroxidasas
hidroxilases

O
I

CH,—CH,—OH + NAD" — CH,—CH + NADH + H'

Alcohol
dehydrogenase




Transferasas (E.C. 2)

Catalizan la transferencia de un
grupo funcional de una
molécula a otra.

Transaminasas
Transmetilasas
Transcarboxilasas

Kinasas
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Hidrolasas (E.C. 3)

mwﬂ Catalizan reacciones de
hidrdlisis

Esterasas

Hydrolysis adds a water

molecule, breaking a bond / e @

Fosfatasas

. Peptidasas

--§-@-@-o

gh} Hy-dmlysi;s of a pnl_urmer



Lyases (E.C. 4)

Catalizan grupos son removidos o agregados a un doble
enlace.

Decarboxilasas

Hidratasas
Deaminasas
Wi I
©0—C—C—CH, + H ——» H—C—CH, + CO,
Buravats Piruvato
y decarboxilasa




Isomerasas (E.C. 5)

Catalizan rearreglos intramoleculares.

Epimerasas
Racemasas
Mutasas

D-Alanine ———= L-Alanine

Alanina
racemasa




Ligasas (E.C. 6)

Catalizan la formacion de enlaces.
Sintetasas

Carboxilasas

ATP  ADP + P,

O O oy 0

Il . _ |
CH,—C—C—0" + HCO; e L= L= = — L —k)

Pyruvale Pyruvate Oxaloacetate

carboxylasa




Catalisis enzimatica

Mecanismo catalitico
Efecto de proximidad
Efectos electroestaticos
Catalisis acido-base

Catalisis covalente



Efecto de proximidad

Distorcion del sustrato, modelo del encaje
Inducido

Distorted

Active bond(s)
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Efectos Electrostaticos

El agua es excluida del sitio activo.

Permite que el sustrato se una mas
eficientemente a la enzima, disminuyendo la E,.



MNucleophiles
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Catalisis Acido-Base

Los grupos de los
aminoacidos en el sitio
activo actuan como
dadores o aceptores
de protones.

La adicidon y remocion
de protones puede
hacer que un grupo
sea mas reactivo,
disminuyendo la E,.

Amino acid CGeneral acid form General hase form
residuss i(proton domor iproton acoeptor)
Gilu, Asp BE—CO0OH R—CO0
H 41
Lys, Arg R—ﬂ H RE=—NH-
E—C=CH B—C=0(CH
Hi HN NH I—]I"-JIIIr Ql["-]'
is :
HL#F"" ‘ML,J‘"
H H
Ser BE—OF E—0O
Tyr R@—m | R—QD




Catalisis Acido-Base

HOR'
B



Chymotrypsin

-
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T BTTT

FIGURE 6-10 Covalent and general acid-base catalysis. The first siep
in the reaction catalyzed by chvmotrypsin is the acylation step. The
bwelroeyl group of Ser'™ is the nuclecphile in a reaction aided by gen-
eral base catalysis ithe base is the side chain of His™"). This provides
a new pathway for the hydralytic cleavage of a peptide band. Catal-
vsis oocurs only if each step in the new patbway is faster than the un-
catalyred reaction, The chymatrypein reaction is described in maore

detail in Figure 6-21.



Catalisis Covalente

Un residuo del aminoacido forma un enlace
Inestable con el sustrato.

Substitucion Nucleofilica, la Enzima dona
electrones al substrato

Substitution electrofilica, el Substrato dona
electrones a la enzima. Generalmente
requiere de un cofactor.



Catalisis Covalente

H
R C N R + Enzyme——cH,0OH

2
R C o) C Enzyme

R—C—OH +  Enzyme——CH,0H



Parametros que afectan la funcién
enzimatica

Concentracion de Substrato 0 enzima
Temperatura

pH

concentracion de Sales

Grupos Prostéticos
cofactores
coenzimas

Inhibidores
Reguladores



Concentracion de Substrato
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Temperatura

ission required for reproduction or display.

Enzyme activity
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Efecto del pH en la catalisis enzimatica

Proteasa

log

Fosfatasa

log

] ] |
o 8 10
pH
b)) Gluocose G-phosphatase



Cofactores

Activadores que cambian la conformacion
de la enzima para formar el complejo
enzima-sustrato reciben el nombre de

lones metalicos
organicos se llaman



Cofactores

TABLE 6-1 Some Inorganic Elements That

: Serve as Cofactors for Enzymes
Muchas enzimas

necesitan Cu’™ Cytochrome oxidase
(co-reactivos, co- Fe?™ or Fe®™ Cytochrome oxidase, catalase, peroxidase
sustratos) para cumplir K” Pyruvate kinase
su funcién catalitica. Mg”™ Hexokinase, glucose 6-phosphatase,
pyruvate kinase
Mn?* Arginase, ribonucleotide reductase
Mo Dinitrogenase
NiZ* Urease
Se Glutathione peroxidase
Zn* ™" Carbonic anhydrase, alcohol

dehydrogenase, carboxypeptidases
A and B



Cofactores metalicos

Por gue metales de transicion
Buenos electroficos

Pueden interaccionar con mas de un ligando
para orientar el sustrato en el sitio activo.

Pueden participar en reacciones oxido-
reduccion.



Enzyme—znt..... (o)« H' = = Enzyme—znZt----o—l'—OH
e -
oO—C=0
~———— Enzyme——z7pn2+ ~
+ @ Enzyme—Zn2++ @

H+



Coenzimas

Coenzyme Reaction Catalyzed
Biotin Carboxylation
Cobalamin (B12) Alkylation transfer
Coenzyme A Acyl transfers
Flavin Oxido-Reduction
Lipoic acid Acyl transfers
Nicotinamide Oxido-Reduction
Pyridoxal phosphate Amino group transfers
Tetrahydrofolate One carbon group transfers

Thiamine Ezrmghosghate Aldehzde transfer



Estructura del sitio activo

Bolsillo o surco en la superficie de la proteina
donde el sustrato encaja.

Especificidad de sustrato

La enzima cambia de forma para posicionar
los residuos para catalizar la reaccion



Orientacion de sustrato
Especificidad de sustrato




i

DEN C_EHH DEN DH
p-Nitrophenvlacetate p-Nitrophenol
fast O
| (a)
—OH —(O—C—CHjy
elow
(ﬁ' HzO
CH;—C—0OH

Acetic acid

FIGURE 6-19 Pre—steadv state kinetic evidence for an acvl-er
intermediate. The hydrolysis of p-nitrophenvlacetate by chymotiypsin

i= measured by release of p-nitrophenaol (a colored product). Initial

W
the reaction releases a rapid burst of p-nitrophenol nearly stoichio-
metric with the amount of enzyme present. This reflects the fast acy-
lation phase of the reaction. The subsequent rate is slower, because
enzyme turnover is limited by the rate of the slower deacy

ation phase.

10



Chymotrypsin
(free enzyme)

Substrate (a polypeptide)

0
hirz & C—CH—NH—AA,
i SN § b
3 I\(ﬁ‘
\ k
\e=N @
HO—|Ser'™ >

When substrate binds, the side

Hydrophobic chain of the residue adjacent to
pockak the peptide bond to be cleaved
- \ nestles in a hydrophobic pocket
Active site N/H H_ on l-.]-u::l“= ma wm:iﬁng the
i ho N pepti n attack.
COxynnion hole Ey':? .-'E“E r':?:.
@ Enzyme-product
Product 2 2 complex

HO—C—CH—NH—AA,

5L C His™
My
Diffusion of the

second product HO—{Ser"™
from the active
i | HO—C—CH—NH—AA,
free enzyme. O
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Interaction of Ser!® and Hieb" generates a
strongly nucleophilic alkoxide ion on Serl9;
the ion attacks the peptide carbanyl group,

Instahility of the negative charge on

forming a tetrahedral acyl- ES complex the substrate carbonyl oxygen leads to
engyme. This is accom- _ collapse of the tetrahedral inter-
panied by formation His" mediate; re-formation of a double bond
of & short-lived ﬁ( : with carbon displaces the bond between
negative charge Shortlived ;101 and the amino group of the
on the carbonyl N intermediate peptide linkage, breaking the peptide
m}'bE':n :: ﬂ“[:j ) HO —{Eer‘”" lacylation) s hﬂmE]:. The Fmﬂzﬂi
2u rats, wWinc Bas roug 1a a
is stabilized by C—CH—NH—AA, His®, facilitating its
hycrogen bond- n‘“‘-\_& H\Nﬁj displacement.
ingin the @ T \ gerlit
oxyanion hole. N‘/H H\\I ll[ O-{ser™

o T —~

e (—CH-NH-AA,

H
H
Gly™ T e Preduet 1

MECHANISM FIGURE 6-21 Hydrolytic cleavage of a peplide bond by
chymolivpsin, "he reaction has two phases, | the acylation phase
stepis @ fry @l, tnrmalion af a covalent acyl-enzyme intermediate is
coupled to cleavage of the peptide bond. In he deacylation phase
sleps @]m @I, deacy ation rezenerates the fiee enzyme; this is es-
sentially the reverse of the acylation prase, with wates mirronng, in
reverse, the role of the amine companen: of the sabstrate, ﬁ

H
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Gly'"™  ‘Ser
tetrahedral d -
intermediate
forms the second

product, a carboxylate anion,
and displaces Serl195,

HO—C—CH—MNH—AA. His"
‘O 6
H
H N '\ .
N .

Enzyme-product

2 complex

His™
H é
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HO—{Ser"™
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Acyl-enzyme
intermediate

Acyl-enzyme
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e An incoming water
N molecule is deprotonated
O Ser™® by general base cat?l}rsis,
Y e WL generating a strongly
oo H-NH—AA, nucleophilic hydroxide ion.
Attack of hydroxide on the
H H ester linkage of the acyl-
enzyme generates a second
o tetrahedral intermediate, with
oxygen in the oxyanion hole
again taking on a negative charge.



Covalent modification
(target residues)

Phosphorylation
(Tyr, Ser, Thr, His)

ATP ADP

O
LN AN _'Fl'._c,
O

Adenylylation
{Tyr)
ATP PP, 0
I
L ocn,
0
Uridylylation
(Tyr)
UTP PP;

AN

ADP-ribosylation
(Arg, Gln, Cys, diphthamide—a modified His)

NAD
nicotinamide

A >
0——CH, .0

Methylation
(Glua)

S-adenosyl-  S-adenosyl-
methionine homocysteine

A > 11— CHs

FIGURE G-30 Some enzvme modification reactions.




Inhibidores

Los inhibidores impiden la actividad de la enzima.
Pueden afectar el sitio activo de dos maneras:

. Bloquea el sitio activo.

(a) Competitive inhibition

E+8 —/—— ES —— E+P
_|_
|

\/ Ky
. =

R




Inhibicidn

. Altera Indirectamente la
forma del sitio activo, al pegarse en otro
lugar de la enzima.

E+S —— ES — > E+P
+
I

- C-C

o

&




9 CH,

—CH.—0OH + F— !’—D—E{-I
(Bear19%) J] .‘tH:;

!

H:C* H™CHy
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F- o+ H*
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FIGURE &-16 Irreversible inhibition. Reaction of chymaotrypsin with
diisopropylfluorophoephate (DIFP) irreversibly inhibits the enzyme.
Ihis has led to the conclusion that Ser'® is the key active-site Ser

residue in chymotrypsin.



Aspirina

Inhibidor de la ciclooxigenasa

COOH COOH

OH O\H/

O

CHs

salicylic acid acetylsalicylate (aspirin)



