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Introduccion a las enzimas

Considere la siguiente reaccion:

Sucrose + 60, 6CO, +6 H,O

AG =-2,840 kd/mol

- Es una reaccion exergonica
- ¢ Por qué razon el azucar no se hace agua y CO, en la alacena?
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Introduccion a las enzimas

A. Las enzimas son mayormente proteinas.

B. La actividad enzimatica fue descubierta por Eduard Buchner en la
Universidad de Berlin (1897) — fermentacidon de azlcares sin células.

C. James Sumner (Cornell, 1926) — determind que la enzima ureasa era una
proteina

C(-)E | IIE(_) _}Gﬂrl'mnic anhydrase IIC(_); | II+

Anhidrasa Carbénica -
Convierte CO, en bicarbonato



. Catalyze oxidation-reduction
1. Oxidoreductases react?::ms, such as:

CHyg CH- COD™ + NADT F=—= CHg C COO + NADH + W

Lacfate
OH_ 3¢° | dehydrogenass o

Laclahe\?:-:—/ Pyruvate
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e
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Catalyze cleavage of bonds
3. Hydrolases by ad)::litiun of water, such as:

NH;CNH; &+ H0 —— €O, + 2NHg
| Urease

O |
Urea M /
Catalyze cleavage of C-C, C-S
e o S os:

CHy-C § coo" — CHz CH + co,
Pyruvale
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Pyruvate Acetaldehyde
5. Isomerases Catalyze racemization of optical
or geometric isomers, such as:
e
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mulase
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Catalyze formation of bonds
6. Ligases between carbon and O, S, N
coupled to hydrolysis of high-

—_— energy phosphates, such as:
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Q rm:.'r-'bnwy\'ase o
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Figure 5.1

Examples of the six major classes of the
international classification of enzymes (THF is
tetrahydrofolate).
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Ethanaol Ethanal Ethanoic acid

Tyrosine
OH hydroxylase l'L

O
Tyrosine Dihydroxyphenylalanine (DOPA)

O QOH

| LDH
CH—C—COOH -+ CH—CH—COOH
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Pyruvate Lactate

1. Oxidoreductase activity

Requires NAD/NADP or
FAD/FMN for electron
transfers
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Phenylkenouria (1:16,000)

-Deficiency of Phenylalanine Hydroxylase (PAH) — (in liver)

-Current treatment consists of diet modification and tetrahydrobiopterin
supplementation

-Enzyme replacement therapy is being explored as an alternative
Treatment.

~ BH, 4a-OH-BH,

Fez"', 0,
PAH

elele)
N
+ NH;
PAL H

trans-cinnamic acid

Cinnamic acid converted to benzoic acid
and excreted in urine as hippurate.

- However, PAH has been found to be highly immunogenic
- PAL is a plant enzyme which has been found to lower plasma Phe
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2. Transferase activity — Fructokinase (in liver)

I
HO —CH, CH,OH HO—CH, CH,—O—pP—0O"
0 o 0 1
Fructokinase o-
OH ——— OH
OH - OH
ATP ’
OH ADP OH
Fructose ' Fructose-1-phosphate

Combined with aldolase B catalyze the formation of glycogen from fructose

Fructokinase deficiency results in Frustosuria, a rare but benign inherited
disorder.

Diagnosed through detection of abnormal excretion of fructose in urine



2. Transferase activity — Galactose-1-phosphate uridyl transferase deficiency

This deficiency causes classic galactosemia.
Incidence is 1/62,000 births; carrier frequency is 1/125.

Infants become anorexic and jaundiced within a few days or weeks of
consuming breast milk or lactose-containing formula.

Vomiting, hepatomegaly, poor growth, lethargy, diarrhea, and septicemia
(usually Escherichia coli) develop, as does renal dysfunction (eg,
proteinuria, aminoaciduria, Fanconi syndrome), leading to metabolic
acidosis and edema.

Hemolytic anemia may also occur. Without treatment, children remain
short and develop cognitive, speech, gait, and balance deficits in their
teenage years; many also have cataracts, osteomalacia (caused by
hypercalciuria), and premature ovarian failure.



2. Transferase activity — Galactose-1-phosphate uridyl transferase deficiency
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3. Hydrolase activity OPOg2-

I
CH, ?Hz
D:( CH o + H0
SN A
o

Peptide chain

LA MAG

| Peptide chain

5. Hydrolysis of a phosphorylated protein by a prots

vith Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyr




3. Hydrolase activity

Alpha-1-Antitrypsin is a protease inhibitor which regulates the elasticity
In lung tissue

Normal bronchiole
and alveoli

Emphysema

¥ Alpha-1 AT

Alpha-1-Antitrypsin deficiency causes emphysema, COPD, and cirrhosis in
Children.



4. Lyase activity
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4. Lyase activity

A defect in aldolase B
causes Hereditary
Fructose Intolerance

Accumulation of F-1-P
leads to the inhibition of
glycogen breakdown.

Fructose Metabolism
Fructose Intolerance

Glucose

ATP
E-5-Pase 'q Ilm:',rsrc'(
Fructose G-6-P ADP + P.
ATP u
> l Fructokinase
ADP + P. gy
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DAP + glyceraldehyd e ——— DAP + GAP
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> C..
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Lactate == Pvruvate

T

Fatty adds



5.Isomerase activity

H 0
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Figure 10.8. Interconversion of 2- and 3-phosphoglycer
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6. Ligase activity

COO~ COO~

I biotin |
ATP + HCO3 + C=0—> C=0 + ADP + P,

I |

CHj3 CHo
I
COOH
Pyruvate Oxaloacetate

Figure 10.10. Pyruvate carboxylase reaction.
Textbook af Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin, Copyright © 2006 John Wiley & Sons, Inc.



Biosynthetic pathways show a wide array
of activities.

The conversion of dopamine to adrenaline
involves four enzyme-catalyzed reactions

Tyrosine hydroxylase is the rate limiting step
In the pathway.

Tyrosine hydroxylase deficiency is a rare
genetic disorder which results in impaired
production of catecholamines.

Patients can be supplemented with L-DOPA
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Introduccion a las enzimas

Sitio activo
Especificidad exquisita
Algunas requieren
cofactores

Aceleran reacciones
gue serian muy lentas
sin catalisis.

Substrate = Hx0x

Active site

Substrate
™. Active site

Molecular model Schematic model
of catalase of an enzyme



Substrate Specifictiy

Chymostrypsin:

I;‘TH Leu
CHR o
t=g Side chain
'____binding pocket
large, nonpolar



Substrate Specifictiy

Hexasaccharide
substrate

?

‘ (a)
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~ ', hydrolysis

E A — / Repeating Unit in
Lysozyme Substrate

Lysozyme

Figure 10.27. Hexasaccharide binding at active site of lysozyme. Redrawn based on model proposed by
Imoto, T., et al. In: P. Boyer (Ed.), The Enzymes, Vol. 7, 3rd ed.NewYork: Academic Press, 1972, p. 713.

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons. Inc.



Stereoselectivity

L-Configuration D-Configuration

CoO™ eleley
+ : ' i +
NHg==C—=H | H=—C—=NHg

CHs CHa

alanine

COO™ ! olelep Enzyme 6« ‘
HO=— C —=H He=— C—=OH

CHy | CHs

lactate

Figure 10.25. Enzymes can differentiate between optical isomers. .
Texthook of Biochemistry With Clinical Corvelations, Sixth Ediion, Edited by Thomas M. Devlin, Copyright © 2006 John Wiley & Sons, Inc. 'aChment Of a SymmEtrlcal S“bStrate to an as:

cal Correlations, Sixth Edition, Edited by Thomas M. Devlin. Cog



Models for substrate recognition

+
\Z Enzyme-Substrate

Enzyme + Substrate Complex
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Figure 4-3  Induced-fit hypothesis of Koshland. (a) The substrate approaches
the active site. (b) Substrate binding induces the proper alignment of the
catalvtic groups, A and B. (¢) and (d) Substrate analogs (competitive inhibitors)
bind to the enzvme (aided by group C) but the cartalvtic groups are not aligned
properly. [Redrawn from D. E. Koshland, Jr., Cold Spring Harbor Symposia on
Quantitative Biology, 28, 473 (1963).]

“Lock and Key”
(Fischer, 1894)

“Induced Fit”
(Koshland, 1958)
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¢Como funcionan las enzimas?
/ AG*
willwul enEpme
::l:r;':-II':JI;l|IULI
Ly ackivafion e
AG

Energy

cverall &gy

reactanis
ag. CgH Oy + Oy released dumng
reactian
products
G0 +HO

Reaction coordinate

Las enzimas reducen la barrera de
activacion de las reacciones.

Estabilizan el estado de transicion
Estado de transicidn: inestable y fugaz

No afectan las concentraciones en
equilibrio



Energy

Kinetics vs. Thermodynamics

AGH Thermodynamics — Total energy
involved in a reaction

AG=AG° +RTInQ

At iwaticn
energy withaul
anzyme

nergy with AG®= AH° —TAS® = -RT In K,

B e

el ol 8 o , ,
Kinetics — How quickly does a reaction

resciian

products reach equilibrium

G0, +HO

reactanis
e, CgH Oy + Oy

Reaction coordinate k — Ae (—AG:I:/RT)
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Transition state theory: “Every reaction has a transition state

B LTI Tr’ans|t|0n State

Gibbs Free Energy
JTII?H

Reactants

Products

Reaction Coordinate

Reaction: HO" + CH;Br - [HO---CH;---Br]* - CH;OH + Br



éComo funcionan las enzimas?

No enzyme

Carboxypeptidase

O~ _O
HN_ _R'
g
0

H,0 OH
H\o/( Ho
| 0
H H
0, 0° o, 08
R R
Gl @ \[j . cl O\E, ,
5 HO R, w r h R
Hg “H, 7(
WA/ N
~ g e

Enzyme substrate complex

Tetrahedral intermediabe

AH of binding is
maximal in the
transition state

AS is less
unfavorable
-orientational entropy
-desolvation



The decrease of unfavorable entropy of reaction results in:

Increased rates of reaction!



Types of Enzyme-catalyzed Reactions

Acid-Base Catalysis
Covalent Catalysis

Metal lon Catalysis



Acid-Base Catalysis

Heaction

(0 0
CHC—0— “—No, + M —— CHC—0" + HO—' '—NO, + W
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D o~ H Y
CHC—0— N, > CHy—C--0—{ %-ND, —> CHC—0" + HO— ‘—No, + W

; H—0 0,

HN. N I 1

Garrett and Grisham: Biochemistry 2/e



Acid-Base Catalysis

|: 2" ¥-Cyclic mucleotide
0]

Copynght 1800 John Wiley and Sara, Inc, All dghis reserved



Covalent Catalysis
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Metal lon Catalysis

Im 0
4
Im—Zn-+—0)

[im

Im
o JJD
Im—7/n"~ O—0C
| [ e
Im H
,]FI {0
Im
O
. ) &
Im—Zn ™0~ + H + H—O0—C
™~
Im H O

Im = imidazole

Cexpieright 1006 kb Wilsy and Scme, Inc. All nghie recersed



COFACTORES: forman parte del sitio activo y se
regeneran con cada ciclo catalitico. Disociables
reversiblemente de la enzima.

GRUPOS PROSTETICOS: cofactores no disociables que
forman parte estable del sitio activo.

COENZIMAS: representan en realidad sustratos que
pueden o no modificarse en la reaccion y suelen ser
regenerados mediante reacciones alternas.

APOENZIMA
HOLOENZIMA
ZIMOGENO (proenzima)
ISO(EN)ZIMA



Enzyme Cofactors: inorganic

TABLE 6-1 Some Inorganic Elements That
Serve as Cofactors for Enzymes

Cu?™* Cytochrome oxidase

Fe?* or Fe3™  Cytochrome oxidase, catalase, peroxidase

K™ Pyruvate kinase

Mg2+ Hexokinase, glucose 6-phosphatase,
pyruvate kinase

Mn2+ Arginase, ribonucleotide reductase

Mo Dinitrogenase

Ni2+ Urease

Se Glutathione peroxidase

Zn%+* Carbonic anhydrase, alcohol

dehydrogenase, carboxypeptidases
A and B



Enzyme Cofactors: organic

TABLE 6-2 Some Coenzymes That Serve as Transient Carriers of Specific Atoms or Functional Groups

Coenzyme Examples of chemical groups transferred Dietary precursor in mammals
Biocytin CO, Biotin
Coenzyme A Acyl groups Pantothenic acid and other compounds
5'-Deoxyadenosylcobalamin H atoms and alkyl groups Vitamin B,

(coenzyme B,,)
Flavin adenine dinucleotide Electrons Riboflavin (vitamin B,)
Lipoate Electrons and acyl groups Not required in diet
Nicotinamide adenine dinucleotide Hydride ion (:H) Nicotinic acid (niacin)
Pyridoxal phosphate Amino groups Pyridoxine (vitamin By)
Tetrahydrofolate One-carbon groups Folate
Thiamine pyrophosphate Aldehydes Thiamine (vitamin B, )

Note: The structures and modes of action of these coenzymes are described in Part Il.



Electron Donors Acceptors

NAD - NADP
(A) = L:I'—
I -l:l: =}t NADP® : |
| ||—n:|_—
C=0 NADP(] il
| +H I:f_
oxidation of reduction of
molecule 1 molecule 2
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H

O
&
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nng . NH,
{:-] % (P}-C
H

*
FrO
this phosphate
b group is
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and NADH

Figurey 3-35 Essontial Coll Biology, 2fe, (© 2004 Garland Sciancs)



Electron Donors-Acceptors

Nicotinamides
c|:oo—
O O HOCH
"y HOH 7 |
H 7 G- NH2 H o— NH2 CH2
| e ]| |
N clolon
& b H H N H L-Malate
) NAD*
NAD* Hydride NADH [ NADH + H*
(@) from substrate BB
|
Electron donor or acceptor |C: 0
I
COO-
Oxaloacetate

Figure 10.29. Reaction catalyzed by malate dehydrogenase.

With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright @ 2001



Electron Donors-Acceptors

O o]

Flavins || I

(|3H2—O—I|3—O—IT—O—CH2

HO—E—H o~ o~
Ei
H H H HO_(:3_H
Hgé—(lz—é—(lz—gHQOH Ribitol CHy

‘ OH OH OH

2 N N

TH 10N\ \’Lo
Dimethyliso-

HaC — = NH alloxazine

6 5N 4

0
Riboflavin
Flavin adenine dinucleotide (FAD)
H H H o Figure 10.33. Flavin adenine dinucleotide (FAD).

L I
HoC—C—C—C—CHy,—O—P—OH ‘Biochemistrv With Clinical Correlations. Sixth Edition. Edited by Thomas M. Devlin. Copvright © 2006 John Wilev & Sons. Inc.
| \

‘ OH OH OH OH
HaC NIN\?=O
HsC s NH
3 N e - 2-electron donors
) ° - monoamino oxidase (MAO) —
avin mononucleotide (FMN) R . .
oxidizes serotonin and dopamine
Figure 10.32. Riboflavin and flavin mononucleotide. .
- glutathione reductase

1 Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons. Inc.



Amino Donors-Acceptors

Vitamine B6 — pyridoxine
Involved in amino acid reactions

Amino transferases — tranfers amino groups
from one amino acid to the next

Textbook of Biochemisiry With Clinical Correlations, Sixih Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.
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Pyridoxal phosphate

Figure 10.35. Pyridoxal phosphate.



Amino Donors-Acceptors

Vitamine B6 — pyridoxine

Involved in amino acid
reactions

Amino transferases —
tranfers amino groups
from one amino acid to the
next

OO !I. HH _ﬁﬂ
CHy o—cH, L on
CHy
e I... :
HMN — C —CO0- fi- CHy
H H
it
Clusamate \ i Enryme: pyridoxal
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p Hh iy
GO f I =
.-' \ u—cfg,fglhwm[
CHy FA ' |
CH, N en
» 4 | !
C H
‘:;.-’ HII':-L'JW:':I'
Enzynee: pyridoxamine
a-Reroglularane: coemryme Complex

(E' form)



Phosphate Donors-Acceptors

NHo
I
ATP C
Y
H
Ph hate transfer reaction
osphate transfer reactions High-energy HC\N/C\N/
bonds
Kin 14 B
ases (”) ‘Ir (||) %
-O—T—o—llv—o—T—OCH 0
-0 o om H H
N // H H
N/
N

Mg2+ OH OH
/ D-Ribose

Adenosine 5’-triphosphate

Metal ion

Figure 10.36. Structure of Mg2+-ATP.

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.



Phosphate Donors-Acceptors

ATP
Phosphate transfer reactions

Kinases

ATP Gincose Pi

AGYa.165 o
AG"=.138
ADP¥ N cigcoge-6-P/ *HyO
hexokinase glucose-O-phosphaloss

ATP Fructoge-6-P P
or
AG" =137 AG™ =.165

k.Fmol
ADP * Nrroctose-1,6-bisP/ MH,0

phocphafructokinace Jhrctoge- I, 0-bicphocphalace



Metal lons

Tyr 248

g
(}:]/‘)\\d\‘\, y

¢ o
T ' ' .

Figure 10.40. Zn2* in the mechanism of reaction of carboxypeptidase A.

Metal ions:

-Structural role
- Lewis acids — binding unpaired electrons
- Directly as electron donors-acceptors

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.



Enzyme Kinetics

*PhD Universidad de Berlin 1916 con Leonor Michaelis
*El primer modelo conceptual cuantitativo de actividad
enzimatica.

Maud Menten



Enzyme Kinetics

Rate =  d[product]
dt

1 Enzyme Unit = amount of enzyme for v, = 1 ymol/min

First Order A—>P v = K[A]
Second Order 2A — P v = K[A]?
Second Order A+B—>P v=k[A][B]

Pseudo-first order- one of the reactants is in huge excess
e.g. hydrolysis



Enzyme Kinetics

Equilibrium

Product (P)

In [A]

slope = -k

Concentration

Substrate (A)

time
Time
Figure 10.43. A plot of the In[A] versus time for a first-order reaction.
Flgure 10'44' P]0t Of SUbStmte dlsappearance 'dlld pl")dll(,'t fUl'l'llathR- Textbook of Biochenistry With Clinical Correlations, Sivk Edition, Edited by Thomas M. Devlia. Copyright £ 2006 Joha Wiley & Sons, lac.

Texthook of Biochenistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin, Copyright € 2006 John Wiley & Sons, Inc.



Enzyme Kinetics

Reaction rate = slope of product v. time

£ vV
[producto] Rl R e e R
/ ]
VO // i
Py
X / o
/’ >
v
L)
()]
>
5
=
=
0 G - —
Tiempo
FiG. 2. Time course of enzyme-catalyzed reaction. The solid line shows the
accumulation of product with time. The slope of the dashed line is the initial .
»‘;loci[), .y ot product with time. The slope of the dashed line is the initia Substrate Concentl‘atlon, [S] (mM)
*Es lineal

*Consumo minimo de S (S=So)
Evitar reaccion inversa

Evitar inhibicion por productos
Evitar denaturacion de E



Enzyme Kinetics: Michaelis-Menten

kK, I
E+S-.éfES — E+P

substrate binding Catalytic step

A k, también se le conoce como “k_,,” o “turnover number”

Se asume:

a) Que cantidad de sustrato [S] es mucho mayor que la cantidad de [E]
b) Que la reaccion en reverso es descartable por considerarse velocidad inicial
c) Que la reaccidn esta en estado estacionario =
la cantidad de [ES] no cambia con el tiempo ( d[ES]/dt=0)
Esta ultima condicion fue introducida por Briggs y Haldane en el 1925



Enzyme Kinetics: Michaelis-Menten

k, k.
E+S-.éfES — E+P

substrate binding Catalytic step

|

V, = K, [ES] V. = KeatlS] [Eliota N Vinax[S]
° Ky +IS] Ky + [S]
d[ES]
= Ky[E] [S]— K, [ES] —k, [ES] =0 (k. +k,)
t KM = K
1
(k_] + kz) |ES] = [E] = [E]total - [ES] Vmax = kcat [E]total
k, [S] [E],. .
= [S] [E]total
ES] = =
[ ] (k—l + kz) +1 KM + [S]

ky  [S]



Enzyme Kinetics: Michaelis-Menten

k

K 2
E+S-..k—ES — E+P

| ]

Subsirate binding Catalytic step

Vmax[s]
Vo, =

Ky + [S] .
donde: E
o

Vmax= kZ[E]total

K, = (k,+k,)

kl 0 --:::-: '~:-:-: :m;t-:u m:::}:.

Concentration of substrate



Enzyme Kinetics Parameters

Phosphorylation of Hexoses

K Km Km  Physiologicpeyet  Foundin

ENZyme | yicose) (Iuctose) (galactoselspocilicity

: All ti ssues
Hexokinase | ~0.05mM 1.6mM  1.2mM  Glucose G6-P  [yotcdl)
Liver, Bcell,
GlucokKinase ~5 5 mii] = — TN oge G 4GP hypothalamus
Fructokinase - Lot - Fructose FAP Liver
Galactokinase " - Low! Galactose Ga-1-P Liver .many

other tissues




Enzyme Kinetics Parameters

TABLE 6-7 Turnover Numbers, k

ot 0f Some Enzymes

Enzyme Substrate K. (571

Catalase H,0, 40,000,000
Carbonic anhydrase HCO5 400,000
Acetylcholinesterase Acetylcholine 14,000
3-Lactamase Benzylpenicillin 2,000
Fumarase Fumarate 800

RecA protein (an ATPase) ATP 0.4




Enzyme Kinetics Parameters

k, I
E+S-.éfES — E+P

substrate binding Catalytic step

) k, k
Eficiencia catalitica = =—— =

“Constante de especificidad” K K

El parametro mas significativo al describir una enzima
Constante de segundo orden (M ;s )
Tiene una cota de 10° M1s!



Net Reaction Rates:

What is the rate-limiting step?

The slowest step in a reaction
that determines the overall rate

Copyright 1680 John Wilsy and Sona, Inc, All dghts

reservad

TO—P—0—CH2. 0 Base

|- 27,3 -Cyclic nucleotide
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H ¢
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Lineweaver-Burke Plot

k, k.
E+S-.éfES — E+P

substrate binding Catalytic step

Ecuacion Hiperbdlica Ecuacion lineal
V. [S] 1 Kw + [S] Ky 1 1
vV, = - _
° KM + [S] VO Vmax[s]




Lineweaver-Burke Plot

k

K .
E-l-S-.k—ES — E+P

substrate binding Catalytic step

Grafica de Lineweaver-Burke

e
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Factores que afectan la funcidn de las enzimas:

Temperatura: A B ¢
Todas las enzimas
r‘::l tienen una temperatura
reaction Optima propia.
4 37 95

tﬂl’lﬂl‘ltu" cent brooklyn college - cuny

Cual de estas tres proteinas es humana?
De dénde provienen las otras dos?



Factores que afectan la funcidn de las enzimas:

pH for Optimum Activity

Reantn Vadnaly

pH
Enzyme Optimum
Lipase (pancreas) 8.0
Lipase (stomach) 4.0-5.0
Lipase (castor oil) 4.7
Pepsin 1.5-1.6
Trypsin 7.8-8.7
Urease 7.0
Invertase 4.5
Maltase 6.1-6.8
Amylase (pancreas) 6.7-7.0
Amylase (malt) 4.6-5.2
Catalase 7.0



Factores que afectan la funcidn de las enzimas:

Fuerza ldnica:

La concentracion de sales en solucion también afecta la actividad
de una enzima. Cada enzima tiene una fuerza idnica 6ptima para su
funcionamiento.



Cinética de dos sustratos:

Concerted mechanism

Many ligases exhibit a
concerted two-substrate
mechanism

Some kinases exhibit a
ping-pong mechanism

Usually involves temporary
covalent modification

E+A
EA+B
EAB
EPQ
EP

(@) Sequential Mechanism

E+A
EA
E'+B
E'B

EA

EAB A B Q ‘P
EPQ ﬁ M N \l
EP+Q E EA EAB = EPQ EP E
E+P Enzyme

EA A P B Q
evp b doN
E'B E EA E EB E
E+Q

(b) Ping Pong Mechanism

Figure 10.53. Mechanisms of interaction for two substrate reactions.

Texthook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.



Cinética de dos sustratos:

\ / \
it Ka l'f KiaKp\ 1 0t Kp
— = 1+ | = + 11+ —
V" Vo \ - KalB1) AT Vg \ T 1B
A
Increasing
[B]
o] =]
—|= Increasing
[B]
‘F
Ka |"x Kia Kb\‘u
Slope = 1+ ]
l"'rmax |'\ Ka (8] /
1
 Ki 1 [, K /K
! Terceps Vinar '-\1 ") Intercept = VL (1+ ﬁ J
! - max /
A / N el
e L1 %) W 1
| Vi \ Kia / J [A]

Figure 10.54. Double reciproeal plot of initial velocity for a sequential reaction. Figure 10.55. Double reciprocal plot of initial velocity for a ping-pong reaction.

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin, Copyright © 2006 John Wiley & Sons, Inc. Textbaok of Biochemistry With Clinical Correlations, Sivth Edition, Edited by Thomas M. Deviin. Copyright © 2006 Juhn Wiley & Sons, Inc.,

Sequential mechanism Ping-pong mechanism




Galactose Epimerase -

CH,OH CHgOH
o o iy ¥
Cabacrose : I | O Ll
r Hi G—T—ﬂ—ﬁ—ﬂ— Undine 3 H 4 ﬂ—:r‘—ﬂ_
H OH H OH
-~ ATP o o o
Galarndinase - i UDP-glucose oo Galasiones- 1
¥
Caalistowae- 1
L
LD PLlucoss CH5H CHyOH
Galacioee-1. ,:I.."'; E,I'*-, UDP-Galacoose 2 o i i a o
uzrichiylranals rase '-i_ o e ol I I |
B UDP-Galactoss HO 0 :r 0o + 0 .'i-‘ 'ﬂ—ﬁ"—{l Uriding
Glucase1- (B H: o H O 4 o
4 i1-0-Glucose-1.P UDP-galacioss
Fhosphoglooomuinse
’ LIPe
Clisceme-- (9

Gle=1-F  Gal-1-F

b
h[L&th *ﬁ[t—ﬁ
% %

E

&
E = UDPCc T"' E-UMF = {zle-1-F  E-UMF  E-UMF *® Gal-1-F -k—\' E-LTINACal E



Inhibicidon de enzimas:

Importante en la industria farmacéutica

Pesticidas — inhibidores de acetilcolina
esterasa

Toxinas -

Proteasa de HIV con su inhibidor ritonavir



Inhibicidon de enzimas:

|. Inhibicion irreversible
a. Covalente
b. Suicida
[I. Inhibicion reversible
a. Inhibicion competitiva
b. Inhibicion no-competitiva (“non-competitive”)
c. Inhibicidn acompetitiva (“uncompetitive”)



Inhibicidon de enzimas:

|. Inhibicion irreversible
a. Covalente

e L

NH

Leupeptina es un inhibidor covalente
de proteasas de serina

NMEQ
/\}) (“3
HN
N—O I? OMe
H,N* o

Anatoxina es un inhibidor covalente de
Acetylcolina esterasa



DIRECTION OF MEDICINES
NERVE IMPULSE ACTING ON M-type
RECEPTORS
Cl-1017
talsaclidine
N-type J
receptor ‘,-»%

—— M-type receptor
Acetyl group

+ choline Choline carrier
|

Dietary choline
Citicholine

MEDICINES THAT
ACT ON N-type
RECEPTORS
(Galantamine)

MNefiracetam
GTS21 Choline

SIB15563A

CX516 ? AG“ / Acetate
J\_ -——*'AGhE Breakdown —
Synapse (junction) / J

between two nerves

AChE
INHIBITORS IN
_ CURRENTLY DEVELOPMENT
Acetylcholine AVAILABLE ACHE CHF2819
receptor INHIBITORS Huberzine A
Donepezil TAK-147
Galantamine
Rivastigmine
Tacrine

Acetylcholine esterase in
the neuromuscular junction



A. Normal reaction of acetylcholinesterase

, Acetylcholine Choline Acetate
O p
I + + //O
H3C=C—0O=CH,=CH,= N(CHj); HO = CH, =CH,—=N(CHs), 4 H30—C\
. 4_ o
0 .
1 -
OH O—C=CH3 H,0O OH
I I ' N [
Enz —Ser g » Enz —Ser » Enz —Ser

B. Reaction with organophosphorus inhibitors

| N\ 7
Enz —Ser + N » H-C—0-P-0-C-H

Inactive
enzyme

|
Enz —Ser



Inhibicidon de enzimas:

|. Inhibicion irreversible
a. Covalente

b. Suicida
()
@)
b %
OH
i i —
Cl OH
il
Inhibidor suicida de o— halo-enol

proteasas

O
OH
Cl \O

o— halo-aldehyde



Penicillin

|
I-I_II
S.__CH,
H-Cc-C~ ¢’
T | ~CH,
S eTelen
o

Strained

peptide bond

OH
|
Sler

Glycopeptide
transpeptidase

N\

Glycopeptide
transpeptidase

Penicillin is a covalent inhibitor
of glycopeptide transpeptidase



GMP

AMP ———— Hypoxanthine

Allopurinol is a suicide inhibitor of xanthine oxidase

Allopurinol

Guanine

by allopurinol

Mo=S

+ H*
Xanthine
OH
é H
Xanthine ~ €
oxidase T IC|/ AN
- /
HO-Cx. _C—pn
Alloxanthine

(oxypurinol)

Xanthine
oxidase

13‘\\};;23 Xanthine ——| — Urate

A /
\Inhibited

OH
N \
| \/c—o-
HO—CQ N
Urate

Xanthine / SSH
oxidase \>—O it
7 > HOJ\ — Urate
H,O  3H*, 26 20 3H*, 26"

Xanthine—enzyme
complex

N » —————» Alloxanthine—enzyme —— Inacative
complex enzyme
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Inhibicion competitiva

E+5 ES—!'* P
S 4
T El




Inhibicion competitiva

EE-+-55 EEf;-—————fmh P
+] K;
El rate
af
react| on
VinaxlS]
V, =
(1+ ] ) Kyy + [S]
K M

reaction without
| ikl bl tor

reaction with
ol Ler

eubetrate con

Brooklyn College - CUNY



Inhibicion competitiva

Afecta el proceso de asociacion del sustrato
K., aparente es mayor

V,.ax NO se afecta



Inhibicion no-competitiva

ke — Ka2

El “— ESI
K.




Inhibicion no-competitiva

max

(1+ [KI]

* [S]

Ky + [S]

rate
of
reaction

VYmax without X

%%

reaction withsut X

Ymax with X

reaction with X

substrate con

Brooklyn College - CUNY



Inhibicion no-competitiva (“non-competitive”)

K., no se afecta

V. .. disminuye — hay menos enzima disponible

max



Inhibicion acompetitiva (“uncompetitive”)

E+S ES 2 » P

H;ﬂﬂ

ESI

max *[S]
(1)
V, =
Al [s]
+ [S
1]
(1 +7)



Inhibicion acompetitiva (“un-competitive”)

Afecta V. ¥ K, por exactamente el mismo factor



wreasing (1

—
B[
—

(a) Competitive inhibitor

Tlncreasing [11

A\

A\

[S]
(b) Un-competitive inhibitor

Increasing [I]

\\/

[5]

(c) Noncompetitive inhibitor

Figure 10.60. Double-reciprocal plots for competitive, uncompetitive, and reversible noncompetitive inhibition.

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.



Inhibitors as drugs:

NHo

|
HoN SO,  HoN COO™

Sulfanilamide p-Aminobenzoate

Figure 10.64. Structure of p-aminobenzoate and sulfanilamide, a competitive inhibitor of a bacterial
enzyme involved in the synthesis of folic acid.

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.

Sulfa antibiotics block the conversion of p-aminobenzoate to
folic acid in bacteria.



Regulacion de actividad enzimatica:

Modos de regulacion de actividad enzimatica:

a. Alosterismo

b. Retroregulacion (feedback inhibition)
c. Activacion proteolitica de zimégenos

d. Modificacion covalente

e. Regulacion de la sintesis de enzimas



Regulacion de actividad enzimatica: Alosterismo

(b)

Figure 10.65 Models of allosteric enzyme systems.

Textbookof Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons. Inc.



Regulacion de actividad enzimatica: Alosterismo

I _ '.i:;" Uridine
o-C Pl H\ 0-C H
p ~N
| H | > > |
H“‘I‘IJ Co DA\DII co UJ\N
I
H Asp H Rib
Hm I,H HH I,H
7
‘ N ‘ \>
/[\ g
ik H
| y
H
cytosine adenine

Aspartate Transcarbamoylase

CTP — negative allosteric effector
ATP — positive allosteric effector



Regulacion de actividad enzimatica: Alosterismo

Curva C: describe la actividad
de ATCase por si sola.

Actividad sigmoidea: un indicador de
regulacion alostérica

Cinética sigmoidea: mayor control de
la velocidad




Regulacion de actividad enzimatica: Alosterismo

Concerted e ‘ ; _—i F'ﬁ i uﬁ‘,

T (taut) R (relaxed)
conformation conformation

(a)

Sequential

I

8 - s L 3
sy oy |

T conformation

(b) R conformation

Figure 10.68. Models of cooperativity.

Textbook of Biochemistey With Clinical Corrvelations, Sixth Edition, Edited by Thomas M. Devlin, Copyright © 2006 John Wiley & Sons, Inc,



Regulacion de actividad

enzimatica: Alosterismo

/4
/
/

co-operativity

/

slope > 1
positive

slope =1
no cooperativity

/_\3‘5 / slope < 1
\?E / negative cooperativity
g 2 “1 0 1 2 3
-1 log [s]
-2
-3

Figure 10.67. Hill plot for an allosteric enzyme.

Textbook of Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.



Regulacion de actividad enzimatica: Alosterismo

Receptor-Mediated Activation of PKA o
Glucagon —mw & La actividad de algunas

enzimas esta modulada
por efectores alostéricos

4

=f— G-protein
(e p.ysubunits)

receptor

Estos efectores alostéricos
pueden tener un efecto

adenylate cydlase active + @ subunit inhibidor o activador

(inactive)

cAMP ATP Estos efectores pueden ser

homotropicos o heterotropicos.
O RIR
substates @ ———
phosphorylated ,@ 0‘0
{active) Sen

copytight 1996 M IKing {inactive)



Regulacion de actividad enzimatica: Retroregulacion (“Feedback Inhibition”)

s —
A }\"" > B - C » D » E > 7
Feedback inhibition

/ D »E > Y

o
A——»B -C<

.\ F > G » 7

__-—--""'_‘_/

Cumulative feedback inhibition

Hamline University

fosfofructokinasa es inhibida por
citrato

Linw [ATP]

Resction velooty

/ High [ATF]
e

| Frucdimar-B-phosphair |



Regulacion de actividad enzimatica: Protedlisis de zimogenos

Prothrombin  thrombin
1

i Zimogeno: precursor inactivo que

vvvvvvvvv

33 sassssasssssaases : Cpe
es activado por protedlisis

............

e et e et

3 .‘§ A A AAAAS LA AL L L LTI

Prethrombin-2

Thrombin

Trombina: enzima final en la cascada

e o e
222999.99.99.99.9900008

de coagulacion sanguinea

(DiBella, Maurer and Scheraga, 1995)



Regulacion de actividad enzimatica: Cascada de coagulacion

Contact system: Cellular injury:
HEME, PR, F R F 2lla, Kallikrein Tizsue Factar (TF)
R | -
F xl F ®la F *lla F
R | T
F I F lxa
— - | TFPI
F Al F%lla —® F X Fi¥a 4 Antithrombin
Y R
Prothrombin (F I}
ST T
F F%a
‘/ Thrombhin (F lla)
Activated Protein G i
Fibrinogen Fibrin manamer
Frotein S -
FProtein C + Thrombomaodulin l
Crosslinked fibrin Fibrin multimer
hu;
Factar ®llla Factor Xl

.



Regulacion de actividad enzimatica: Fosforilacion

ADP

serine,
threonina

“--..._,_____,....-r"
R PROTEIN KINASE
ar Wyrosine r"" ﬁ
side chain

o
\‘@9 OH O} 0—P-0'
0

Protein k
PROTEIM PHOSPHATASE Phosphorylated
{ Frotain

Fi

Science Creative Quarterly
University of British Columbia

Extracellular signals

il A
] B
C
Phosphorylation
Kinase 1 - Kinase 2
Secondary
phosphorylation

Kinase 3

-— O Kinase 4



Regulacion de actividad enzimatica: Sintesis de enzimas

The /ac Operon
|p | i | p |'| z | ¥ | a | Absenceof inducer
l [
reprassor binds o the operator
P N S _
region and prevents RMA polymerase
represInr mRMA from transcribing the opemn
a»r
repres sor
p i P |oO z ¥ a Presence of inducer

repressor mAMNA e mRMA
-R\ FOalactosidase permmease  transacebyase
+ inducer

A (ractive repressor) copyright 1996 MW King



Utilidad diagnodstica:

- La presencia de algunas enzimas indica que ha ocurrido dano celular
- ELISA

- PCR



Utilidad diagndstica:

Cuando ocurre daino celular, se liberan enzimas a la sangre

Estas enzimas pueden ser especificas a los tejidos y podrian
indicar el organo donde ocurre el dafno.

- ALT (Alanine aminotransferase) abunda en el higado

- La presencia de esta enzima en la sangre significa que
el hiaado ha sufrido dafio.

Chronic HCV Infection
HCV RNA
10001 + + + + + + + + + + + + +
~~ BOD
= § Anti-HCV
=, 600 - : Chronic
P . Sympton Hepatitis C
Lo
200 - j'f -\‘
o '_‘-' el T J -
0 2 46 8 10 12 24 1 2 3 4 5 &
Weeks Months
Time After Exposure
Figure 3: Serological course of a typical case of chronic hepatitis C, Anti-HCV,
antibody 1o HCV.
Hoofnagle IH. Hepatology.1997:26:155-2058,




TABLE 1
Conduways associted with cbvaled ALT kvels m blood donors

Al T levels elevated

Al Tlevels elevated

Al domors wilh

Comdilions only at first blood during follow-up clevated ALT=
donation (n=15) (n=101) (n=116)
n (%) i (%) 1] (%)

Obesity 5 KX I8 475 53 456
Alkcohol abise 5 33 24 238 29 250
CHomaity and alochal 19 18,9 19 16.3
Exposition to sohents! 3 14 " 26
pams
Hyperhpidemmn 1 1.0 1 1.0 2 1.7
.-If@sm Ao I 1.0 - I 0.9
Hipodyrowlsm 1 1.0 1 RY
DEbetes meliue | 1.0 | RY}
Eeactve lnver 3 249 3 26
Chronc hepatds 1 1.0 1 Ly
kv 3 il 3 20

= ALT normwal = 40 1L




Lactate Dehydrogenase

LDH-1 (4H) - in the heart

LDH-2 (3H1M) - in the
reticuloendothelial system

LDH-3 (2H2M) - in the lungs
LDH-4 (1H3M) - in the kidneys

LDH-5 (4M) - in the liver and
striated muscle

LDH is a tetramer composed of subunits
termed M and H



Utilidad diagnodstica:

Dehidrogenasa de lactato (LDH)

LDH 1 — Corazon y globulos rojos - 17% - 27% del suero normal

LDH 2 — Predomina en suero- 27% - 37% del suero normal

LDH1

<1
LDH2
LDH1

> 1

LDH2

Heart Attack

& hedicineMet.com 2004

Normal

24-48 hrs despues
de un infarto

Healthy muscle

Dying muscle




Retina

LDH1

Muscle

LDH?2

Brain Heart

LDH3

1.DH4 LDHS




3 Time

‘ 0 (admission)
Utilidad diagndstica: LDH Isozymes “' "9
—_— 7

[ JLDH 12
[ cPKs

e
1 "'_(_
E CPKo -

Relative fluorescence intensity

1.25 i "“"' -

CPK activity relative to normal

E o / 7
o1 ,
100 59 n
'..g ..9 1—"" A 2 weeks
: Py,
v 7
0.75
Anode I_I_LLI_ Cathode
0 1 ) 3 4 U remmewss

Days after infarct

meter scans of LDH isozymes at time intervals fc
Characteristic changes in serum CPK and LDH isozymes following a myocard 1l Laboratories, University of Arkansas for Medical

‘Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley &
cal Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyrigh



Utilidad diagnodstica:
Dehidrogenasa de lactato (LDH)

B6x
normal

5x
normal

3x
normal

2X
normal

Extent of enzyme increase

Normal

A 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Chgst Days after episode
pain

Figure 10.71. Kinetics of release of cardiac enzymes into serum following a myocardial infarction. Reprinted
with permission from Coodley, E. L. Diagnostic Enzymes. Philadelphia: Lea & Febiger, 1970, p. 61.

Textbookaf Biochemistry With Clinical Correlations, Sixth Edition, Edited by Thomas M. Devlin. Copyright © 2006 John Wiley & Sons, Inc.



Multiples of the Upper Reference Limit
o
|

Myoglobin &
MB isoforms

Today troponin | is the most promising
biomarker for myocardial infarction
because it is myocardium-specific

Reference interval

0 1 2 3 4 5

1 I I I I

(o)

Days after onset of AMI



Utilidad diagnostica: ELISA

@ Given: HIV envelope protein

Ok

Rabbit IgG against
HIV protein

@ Test for HIV.

Remove

Polystyrene dish

unbound ——
antibody

| Horseradish
I peroxidase

Goat IgG

/J Attach horseradish
.| peroxidase to goat IgG

Goat IgG (Reporter protein)
against rabbit-antibody

Colorless substrate
added

Colored product

formed
Remove

unbound
reporter g
protein

@ Result: Amount of colored product formed in fixed time is proportional to the amount of peroxidase present in plate which
equals amount of HIV envelope protein.

Figure 10.72. Schematic of ELISA (enzyme-linked immunoadsorbent assay) for detecting the
human immunodeficiency virus (HIV) envelope proteins.

Texthookof Biochemistry With Clinical Correlations, Sixth Edition. Edited by Thomas M. Devlin. Copyright ©@ 2006 John Wiley & Sons, Inc.



Utilidad diagndstica: Urokinasa para coagulos

Normal Blood Flow

Deep Vein

TissLUe plasminogen
activator (tFA)

N_;ASMNDGEN
Plasminogen acawae‘or P Factor Xla, Xlla
’ Fallikrein

fnhibitor 1 & Z/
PLASMIN
Urokmaae ‘Q az-antiplasmin

gz-macroglobulin

v
FIBRIN < FIBRIN DEGRADATION
T PRODUCTS

THROMBIN —» Thrombin-activatable
fibrinalysis inhibitor



Industrial applications of enzymes:

Detergent additives — starch degrading enzyme
Food additives
pet foods — easier to digest
cattle and poultry feeds — easier to turn to fertilizer

Organic waste degradation —

Oil degradation - lipases

Paper recycling

Food preparation
-turns trans fats to saturated fats
-lactose-free milk

Leather processing

Chemical synthesis



