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Mechanisms of regulation

* Non-specific and collective regulation (temperature, pH, diffusion, and
expression)
 Localization (compartmentalization) and enzyme complexing
* Expression of isoenzymes

e Regulation of enzymatic activity

* Inhibitors

e Conformational changes
* Modulators
* Reversible covalent modification
* Irreversible covalent modification
e Allostery



Temperature

* Reaction rates increase with
temperature due to increased kinetic
energy of the molecules resulting in
more collisions between enzymes and
substrates.

 However, high temperatures lead to
protein denaturation.

* Each organism has an optimal
temperature for its enzymes.

* For thermophilic bacteria, the optimal
temperature is as high as 65°C.

INCreasing
BNZYME
activity

optimum
temperature |

I
10

I
20

| [ |
a0 40 50
temperature (9]




oH

* pH alters the protonation state of the substrate and/or the enzyme

and, hence, their binding.
* The effect of pH is enzyme-dependent.

relative activity

pH and enzyme activity

chyrmatrypsin

relative activity

peEpsin

relative activity

relative activity

cholinesterase

a 10
pH

papain

| |

B a

fH




Compartmentalization

 Compartmentalization reduces the area of diffusion of both enzyme and
substrate increasing the probability that they collide.

 Example 1: lysosomal enzymes

* Example 2: fatty acid metabolism

* Synthesis occurs in cytosol, whereas break-down is mitochondrial.
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Enzyme complexing

* Formation of a complex of multiple enzymes also reduces diffusion.

* Example: Pyruvate dehydrogenase complex (mitochondria) is
composed of 3 enzymes: decarboxylation, oxidation, & transfer of the
acyl group to CoA.
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Regulation of enzyme amount

* Three mechanisms:
* Enzyme synthesis at the gene level
* Enzyme degradation by proteases
e Synthesis of isozymes

* They are comparatively slow mechanisms for

regulating enzyme concentration (hours-weeks).
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Isoenzymes (isozymes)

* |soenzymes are enzymes that can act on the same substrate(s) and

produce the same product(s).

* They are generated by different genes that are highly homologous (similar).

e Often, various isozymes are present in different tissues.

* They can be regulated differently .

* They can have different catalytic activities.
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Aerobic vs. anaerobic metabolism

GLUCOSE
|

NAD* ADP

NADH ATP

v Aerobic metabolism
Pyruvate

LACTATE PYRUVATE
DEHYDROGENASE DEHYDROGENASE
> g NADH
-

LACTATE  NAD’ Acetyl CoA

Anaerobic metabolism

CO,, H,0

ATP - Oxidative Q"_NADH
phosphorylation FADH

ATP


https://www.google.jo/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjX4J7eyJ7VAhUHOxQKHQhJAcUQjRwIBw&url=https://acutecaretesting.org/en/articles/lactate-and-lactic-acidosis&psig=AFQjCNGm9KXjSoeblcmZ70iBbCngTH7xDg&ust=1500870422591299

Lactate dehydrogenases (LDH)

* LDH is a tetrameric enzyme composed of a combination of one or two protein
subunits: the H (heart) subunit and M (skeletal muscle) subunit.

e These subunits combine in various ways leading to 5 distinct isozymes (LDH1, LDH2,
LDH3, LDH4, LDH5) with different combinations of the M and H subunits (H4, H3M.
H2M2, HM3, and M4).

e The H4 i isozyme or LDH1 is characteristic of that from heart tissue, and the M4 isozyme
of LDH5 is typically found in skeletal muscle and liver.
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@ Although the five isoforms catalyze the same reaction, they
differ in their primary structure, kinetic properties, tissue
distribution, affinity to the substrate (direction of the
reaction), regulation, and isoelectric point.

@ The M subunit has a higher affinity towards pyruvate, thus
converting pyruvate to lactate (and NADH to NAD+).

@ The H subunit has a higher affinity towards lactate, resulting
in a preferential conversion of lactate to pyruvate (and NAD+

to NADH).
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Logic behind tissue distribution

Isoenzyme | Structure Present in
LDH1 (Hy) Myocardium
LDH2 (H;M,) |[RBC
LDH3 (H,M,) | Lungs
LDH4 (H{M3) | Kidney
LDH5 (M,) Skeletal muscle, Liver
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® Muscles can function anaerobically, but

heart tissues cannot.

® Whereas the M4 isozyme catalyzes the

reduction of pyruvate into lactate, the H4
enzyme catalyzes the reverse reaction.
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Hexokinase vs glucokinase

* Hexokinase and glucokinase (hexokinase V) are allosteric isozymes that catalyze:
Glucose + ATP — Glucose-6-Phosphate + ADP + Pi

* Glucokinase is a liver (and pancreatic) enzyme, whereas hexokinase is a skeletal muscle enzyme.

* The purpose of liver glucose is to store glucose as glycogen (or balance glucose level in the
blood).
* The purpose of skeletal muscle glucose is to produce energy.|::
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Biological significance

* Note: once glucose is phosphorylated, it cannot cross plasma membrane
out of cells.

* Liver: low efficiency enzyme to not store glucose and keep it to other organs.
» Skeletal muscles: high efficiency enzyme to trap glucose immediately.

Extracellular Cytoplasm
Muidd
ricon 8 2
(.--— ATP
\\
T——e ADP
Y

CGlucose s kept an the cedl
by phosphorviation o G6-F,

Colure O
} & Gphosphate
which cannol easily crass
the pl:_t\n\.\ mombrane




Regulation of

* Note Vmax and K,, va

e Regulation

* Hexokinase is inhibited by glucose-6-
phosphate, but glucokinase is not.

* Significance:
e At fasting state, glucose is not

stored.

* At well-fed state, skeletal muscles de
not consume all glucose in blood
and liver can convert excess glucose

ues

to glycogen for storage.
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Regulation of enzymatic activity
But before, let’s talk about this



A disadvantage of the Michaelis-Menten equation

* Determination of K,, from hyperbolic plots is not accurate since a large
amount of substrate is required in order to reach Vmax.

* This prevents the calculation of both Vmax and K,,.

Vo i e m is the slope
b is the y-intercept
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The Lineweaver-Burk or double-reciprocal plot

* Aplotof1/V, versus 1/[S], called a
Lineweaver-Burk or double-reciprocal plot,
yields a straight line with an intercept of
1/Vmax and a slope of K,, /Vmakx.

* The intercept on the x-axis is -1/ Ky,.
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* If x=0, theny=Db (x-axis is 0, then y-intercept =
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v=b + mx

If y =0, then mx = -b (y-axis is 0, then x-intercept = -
1/Kw)
How? /v | Slope = Ky Vipas
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Now, we can talk about requlation of enzyme
activity and we will start with inhibitors.



Enzyme inhibitors

* Enzyme inhibition can be either reversible or irreversible.
* Reversible inhibitors rapidly dissociate from enzymes (e.g. non-covalent
binding).
* Competitive, noncompetitive, or uncompetitive inhibition.

* Anirreversible inhibitor is tightly bound (e.g. covalently) to the enzyme.
* Lower concentration of active enzyme.



Competitive inhibition

Competitive inhibitors compete with the
substrate for the active site.

* |Increasing substrate can overcome inhibition.
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Noncompetitive inhibition

Noncompetitive
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Mechanism-based inhibitors
Irreversible inhibitors

* Mechanism-based inhibitors mimic or participate in an intermediate
step of the catalytic reaction.

* They include:
e Covalent inhibitors
* Transition state analogs
* Heavy metals

* Irreversible inhibitors decrease the concentration of active enzyme.
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Aspirin

 Aspirin (acetylsalicylic acid) acetylates an active site serine of
cyclooxygenase.

* Aspirin resembles a portion of the prostaglandin precursor that is a

physiologic substrate for the enzyme. coo- I8
D--‘!‘.‘!-CHE

Acetylsalicylate (aspirin)
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Substrate and transition-State analogs
Suicide inhibitors

* They bind more tightly than substrates.

* Drugs cannot be designed that precisely mimic the transition state! (highly
unstable structure).

Complex Complex

Suicide inhibitor attaches Suicide inhibitor Product after the
to the active site on the undergoes catalysis catalysis covalently binds
enzyme and damages the enzyme



Methotrexate

* Methotrexate is a synthetic inhibitor used to

treat cancer.

* It is a structural analog of folate, a substrate
for the enzyme dihydrofolate reductase, and a
coenzyme for thymidylate synthase, both of
which are responsible for the synthesis of

nucleotides.

* It binds to dihydrofolate reductase 1000-fold
more tightly than the natural substrate and
inhibits nucleotide base synthesis.

Rt
: @(

Methotrexate

Yi 1 m ﬁ

Tetrahydrofolate

dUMP dTMP
Thymidylate synthase

Tetrahydrofolate
(methyl donor)

Dihydrofolate

\
\
\\
Dihydrofolate v .
Reductase (DHFR) Folic acid

Methotrexate (MTX)



Penicillin

* It is a transition-state analog to glycopeptidyl Penicillin
transpeptidase, which is required for synthesis of the L=
bacteria cell wall. ol

i I,-* - 4-*-\ 3

* The peptide bond in the B-lactam ring of penicillin looks H=C=C P K;HEEE

like the natural transition-state complex. C=N=—C~co0
L : : : 0 H
* The active site serine attacks the highly strained B -lactam

Strained

ring resulting in opening of the lactam. This reaction leads  peptide bond
to irreversible covalent modification of the enzyme.
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Heavy Metals

 Mercury (Hg), lead (Pb), aluminum (Al), or iron (Fe)
result in tight binding to a functional group in an

enzyme . »‘
* Nonspecific inhibition at high doses. @
* Mercury binds to reactive sulfhydryl groups away N5 @? B,
from the active site and affect the binding of = fi‘;f.i‘i'f_“‘ !

substrates.
 Unknown enzymes in mercury toxicity.

Active Changed
site active

site

€

Lead replaces the normal functional metal in an enzyme such as calcium, iron, or
zinc by an irreversible mechanism.
@ |ts developmental & neurologic toxicity may be caused by its ability to replace
Ca+2 in several regulatory proteins that are important in the central nervous
system and other tissues.



Regulation through conformational
changes



Regulation: conformational changes

* These regulatory mechanisms include
* Covalent modification
* Major structural changes (regulatory & catalytic subunits )
Protein-protein interactions
Proteolytic cleavage
Allostery

* Rapidly change from inactive to fully active enzyme.




The different fates of glucose
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Metabolism of glycogen

Pyrophosphatase
PP; = 2P
UDP-Glucose —_ Glycogen
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Glycogen /
Phosphorylase
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Regulation by phosphorylation

Glycogen
synthesis
Glycogen
synthase a
TP ADP
Epinephrine
ATP ADP
v Phosphorylase

kinase
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PKA-structure and regulation

* Protein kinase A (PKA), a serine/threonine
protein kinase, phosphorylates several
enzymes that regulate different metabolic
pathways.

* Example: glycogen phosphorylase kinase

* When inactive, PKA consists of four
subunits

* Two regulatory (R) subunits with high affinity
for cAMP,

e Two catalytic (C) subunits

Inactive
A-Kinase

regulatory inactivg
subunit catalytic
subunit

Protein Kinases ‘/,{/ l\}‘\‘ Protein Kinases

Protein Kinases Protein Kinases

Protein Kinases Protein Kinases
Protein Kinases
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The many
targets of PKA
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cAMP and protein kinase A (PKA)

0] (0) O </\/“\)
* Small-molecule modulators can have dramatic effects on FEE I m
enzymes.
* For example, cAMP, which is structurally modified AMP, </fj
can activate protein kinase A (PKA). g, 7 1
. . o\ o
@ The binding of two Sro on

molecules of cCAMP to each
regulatory subunit leads to
the dissociation of R2C2 into
an R2 subunit and two active
C subunits.
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Reversible covalent modification



Advantage

* Rapid and transient

* A most common mechanism is enzyme phosphorylation (the covalent
addition of a phosphate group to one of its amino acid side chains).
* Usually serine, threonine, and tyrosine

Covalent modification (target residues)

Phosphorylation
(Tyr, Ser, Thr, His)
ATP ADP El

Enz R\"} rEnz—Ii’—ﬂ
o-




Enzymes

* ATP mostly is the phosphoryl donor in these o )A
reactions, which are catalyzed by protein side chain |~ TROTEN £

kinases. , T

* The removal of phosphoryl groups oo
(dephosphorylation) by hydrolysis is catalyzed \T/
by protein phosphatases.

* Note: dephosphorylation is not the reversal of
phosphorylation.

.« - GFFO% : ”5 oM
* The addition or removal of a phosphate group e
to an enzyme may activate or inactivate these e
enzymeS. OM o ™ CIFF

‘-I—_——I-..
= - phosphatase
H;rih



Why is phosphorylation effective?

* Formation or removal of new electrostatic interactions and/or
hydrogen bonds altering substrate binding and catalytic activity.

* It can happen in less than a second or over a span of hours.
* Phosphorylation often causes highly amplified effects.

Protein Kinases “/{/ l\‘\\“ﬁotein Kinases
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Protein Kinases Protein Kinases
Protein Kinases Protein Kinases
Protein Kinases
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Others

Adenylylation (addition of adenylyl group (AMP)).

Uridylylation (addition of uridylyl group).

ADP-ribosylation (addition of adenosine diphosphate

ribosyl group).

Methylation of carboxylate side chains masking

negative charges.

Covalent modification (target residues)

Adenylylation
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Acetylation (from acetyl CoA) masking positive charges.
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Large and small regulatory modulators
Trimeric large G proteins

* Trimeric G proteins: a family of membrane-bound proteins causing
changes inside the cell. They communicate signals from hormones,

neurotransmitters, and other signaling factors through G protein-coupled
receptors (GPCRs)

Agonist

> When they bind GTP
(small), they are 'on', and,
when they bind GDP, they
are 'off".

> The a subunit (large) binds | _
to effectors stimulating or b 1 l
inhibiting them. L Q{ANH Protein

Effectors Effectars

|l
Ho—g—o—f—o—g—o
o O O

OH OH



Large and small regulatory modulators
Small monomeric G proteins

* When GTP (small) is bound, the @
conformation of the small monomeric G
protein (large) allows it to bind target

proteins, which are then actlvated or
inhibited.

* The small monomeric G protein hydrolyzes
a phosphate from GTP to form GDP, which
changes the G protein conformation and

causes it to dissociate from the target
protein.

* GDP is exchanged for GTP, which
reactivates the small monomeric G l

protein.




Irreversible covalent modification
(Proteolytic activation)




/ymogens
e Zymogens or proenzymes are inactive precursors of enzymes.

* Activation is done by irreversibly removing part of the enzyme (usually known as the
pro region present at the N-terminus).

* Examples: digestive enzymes such as chymotrypsin, trypsin, and pepsin that get
activated when food is ingested.

* Trypsinogen (zymogen) is activated via removal of the first six amino acids at the N-
terminus.

Trypsinogen
(inactive)
1 6 7

1 1 I
Val-{Asp),-Lys-lle-
enteropeptidase
Val-(Asp),-Lys
Trypsin
(active)

7 245
e

Active Enzyme

Polypeptide segment
Removed from zymogen




Allosteric regulation



Phosphorylation cascade

Glycogen
synthesis

Epinephrine cANP

ATP | ADP _

Glycogen
degradation

Principles of Biochemistry, 4/e
© 2006 Pearson Prentice Hall, Inc.
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Example: Glycogen phosphorylase

* GP catalyzes removal of glucose molecules from glycogen.

* The enzyme exists in four forms:
* T (inactive) and R (active) states
* Phosphorylated (a) and dephosphorylated (b)

ZATP 2ZADP

phosphorylase
kinase
ﬁt/gphnplm
phosphatase

T form
(inactive)

@ When phosphorylated, it is known as 2P, 2H,0
phosphorylase a. atp. .

@ When dephosphorylated, it is known as GoP
phosphorylase b.

R form
(active)

Phosphorylase b Phosphorylase a



The two forms of each form

* Both phosphorylase b and ATP 2ADP
phosphorylase a exist in equilibrium - N\ e A
between an active R state and a less-  nactive

-
'A;F])hupmm
phosphatase

active T state. 2P, 2H,0

* Phosphorylase b is usually inactive . -
because the equilibrium favors the T = a e
state. Y

* Phosphorylase a is usually active
because the equilibrium favors the R iom
state.

Phosphorylase b Phosphorylase a

The transition of phosphorylase b between the T and the R
state is controlled by the energy charge (ATP and AMP) of
the muscle cell and availability of glucose-6-phosphate.



What do ATP and AMP do?

* Muscle phosphorylase b is active only in the
presence of high concentrations of AMP, which binds
to a nucleotide-binding site and stabilizes the
conformation of phosphorylase b in the R state.

* ATP acts as a negative allosteric effector by
competing with AMP and so favors the T state.

Glucose 6-phosphate also favors the T state of
phosphorylase b, an example of feedback inhibition.

T form
(tnactive)

ATP

\ )
;Il)(!,"ul' ( Al ”

(6P

R form
(active)

Phosphorylase b



Allosteric enzymes and their modifiers 4

* Allosteric enzymes are multi-subunit proteins;

* One subunit contains the active site (catalytic subunit)
and another containing the regulatory site (regulatory

subunit).

* Multiple active sites can exist on multiple subunits.

* The binding of regulatory molecules triggers
conformational changes in the active site via modifying

non-covalent interactions.

 Allosteric enzymes bind modifiers at the allosteric site, a
site that is physically separate from the catalytic site.

* A negative allosteric modifier (inhibitor) causes the
enzyme to have less activity.

* A positive allosteric modifier (activator) causes the

enzyme to be more active.

Substrate

ACt'Ve site  Enzyme Distorted active sute
AIIosterlc site
AIIosterlc
(a) Allosteric inhibition inhibitor

Distorted Substrate
active site Active site

ﬁ@*@@*@Q

Allosteric site Allosteric activator
(b) Allosteric activation

Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cummings.



More on modifiers

* When the modifier is a molecule other than the substrate, -

ST
NP

then it is known as heterotropic. I
* |f the modifier is same as the substrate, then it called o .

homotropic.

* The binding of the substrate causes the enzyme to become more
active and binds to a second substrate at a different active site with
more ease.

* This is called "positive cooperativity”.
* T to R conformation
* There is also negative cooperativity.

%] |

I 2
o

<Tl"
vl

ST,

5

T
s




Types of allosteric enzymes

* The Michaelis-Menten model cannot explain the kinetic properties of allosteric enzymes.

Ko5 is used instead of K,,.

V system K system
2 s
> >
5 .g
2 9
c c
K] L2
B o
«© )
& & 24 1 1 1 1 1 11 1 1 1 1 ]
1 1
Kos Kos Kos Kos
[Substrate] [Substrate]
Same KO0.5, Different Vmax. Different K0.5, same Vmax.

Note near-hyperbolic plot with activators



Allosteric enzymes and metabolism

* Allosteric inhibitors usually have a much stronger effect on enzyme
velocity than competitive and noncompetitive inhibitors.

* Allosteric enzymes are not limited to regulation through inhibition
whereby allosteric effectors may function as activators.

* The allosteric effector needs not bear any resemblance to substrate or
product of the enzyme.

* The effect of an allosteric effector is rapid occurring as soon as its
concentration changes in the cell.

* Feedback regulation of metabolic pathways by end products or by signal molecules
that coordinate multiple pathways.



Aspartate transcarbamoylase

» Aspartate transcarbamoylase (ATCase) j\“j:"' LR g e j\oioj\
catalyzes the first step in the synthesis of o YERE e VA N NH,
pyri m id i ne n UC|EOtideS. aspartate carbamoyl phosphate carbamoyl aspartate

» ATCase consists of 12 polypeptide chains: ERE I 05<"§
six catalytic subunits (two trimers) and six o T o T o |
regulatory subunits (three dimers). ’

* |t exists in two forms: T state (less active) Cytidian tiphosphate (CTF

and R state (more active).

Active Complex: Cgl'g
T state R state
{less active) {mare actve) .
S Catalytic
T i Subunit:
[ . ' Regulatory
R—L Subunit:

Favored by CTP hinding Favored by substrate binding




Aspartate transcarbamoylase-regulation %
/9

* ATCase is inhibited by CTP, the end-product
* inducing a major rearrangement of subunit positions
* stabilizing the T state of the enzyme.
» decreasing binding affinity for Asp (substrate) at active
sites on catalytic subunits

* increasing KO.5 (K system)
* Note: a non-competitive inhibitor changes K0.5

* On the other hand, ATP, a purine, heterotypically activates the
enzyme in order to balance the rate of synthesis of purines
and pyrimidines in cells.

Reaction
velocity
(Vy)

T state

L

T state

+ Activator (ATP)

Control (no
ATP or CTP)

+ Inhibitor (CTP)

[S]
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Modes of metabolic regulation



Feedback inhibition

* Feedback inhibition or negative feedback regulation: an enzyme
present early in a biochemical pathway is inhibited by a late product
of pathway.

l |
Al-X+|B|—|C|—>|D|—>| E|—>| F

AT REST
(glycolysis inhibited)

Glucose

Hexokinase @ AKA, product inhibition
Negative
feedback

Glycogen <—— Glucose 6-phosphate



Feedback activation

* Positive feedback regulation: a product stimulates the activity of an

enzyme.

A

|

— B|—C |— | D |— | E

amplifies
Throrabin araplifies the formation
of even more thrombin from pro-
thrommbm m a positne feedback loop
Y + Throrobin stirmulates the con-
... "er sl ft ibrinogen to fibrn
Positive feedback vermene
: rombin
Prothrombin activation
.I-
Fibrinogen Y »  Fibrin

Positive feedback activation of more prothrombin into thrombin

F




Feed-forward activation

* Feed-forward regulation: a substrate
produced early in a pathway activates an
enzyme downstream of the same pathway.

A

— | B |—| C

|

—

o Glycolysis
o Poisoning

o e
A ==) B =) C == D

“Oh no! Get this
poison out of here!’

“Alot more substra
coming through!”

DURING EXERCISE
(glycolysis stimulated)

Glucose

Hexokinase

v

Glycogen ——> Glucose 6-phosphate

v Low energy
Fructose 6-phostge
| PFK €
el v @ ATP/AMP
Fructose 1,6-bisphosphat
v
4
«iﬂh Lo h"||l"
M ‘ l ATP *’/‘ Feedforward
stimulation
4
|ﬂf. "1" I"i. '
Wil Phosphoenolpyruvate
Muscle- ATP < Pyruvate kinase @
fiber v
contraction Pyruvate
b, K
CO, +H,0 Lactate

(long, slow run) (sprint)



A committed step

A committed step in a metabolic pathway is the first irreversible
reaction that is unique to a pathway and that, once occurs, leads to the
formation of the final substrate with no point of return.

 Committed steps are exergonic reaction.

* For example, the committed step for making product E is (B - C), not
(A - B).

\




PFK, not HK/GK, is the committed step

Glucose
HK1/2 1
Glucose-6P

GLYCOGEN Fructose-6P

PFK1 |
T Glycogenesis Fructoseﬂ-l,GP2

k 4

| NADPH formation Glyceraldehyde-3P
. Glucose-6-P — 1
ppp Nucleic acid synthesis

Hexokinase/Glucokinase l,3-phOSphog|ycerate

v

Glycolysis 3-phosphoglycerate

A 4

2-phosphoglycerate

Pyruvate PEP
PKM1/2 l

Pyruvate



CH,OH

Rate-limiting reactions — Yy

. . . . . n Hexokinase :;: CHZ—:po;? H OH >
* Rate-limiting reactions slow down rate of reactions G..,«.,.s..,'kh.,,.,h..e N

because: R I G

SSSSSSSS e
CH,OH

* requirement for high amount of energy Froiens ighosphete Ko b,

Phosphofructo- |~ ATP ol i
kinase-1 /s | aApp CH,—0PO,*~

e strict regulation of enzymes p—

Fructose 1,6-bisphosphate

. . [ 4] Aldolased| N7
* high Km values of enzyme towards its substrate . ., ¢ e S
’HO,PO—?—(II—%—H Dihydroxyacetone _?;ni;;stie\csyﬁ::,p;.!" HE_E_I_H

* These reactions are also usually, but not ho (2 molaoies ot

Glyceraldehyde ||- 2 NAD* + 2P,
a 3-phosphate |l 5 NADH + 2 H*

necessarily, committed steps. sl WO o

I |
(2 molecules) OP0E= CriCimmi=H

Phosphoglycerate ||~ 2 ADP HO ©OPO,”
kinase im-p B . .
3-Phosphoglycerate s B e
{2 molecules) et
Phosphoglycero- HO  0OPO,*"
Bottleneck 3] mutase“ o
2-Phosphoglycerate ek L ol
(2 molecules) s ‘|) L
n Enolase ?
2H,0 o "
Phosphoenolpyruvate o—£—c=c—H
(2 molecules) ]
10 Pyruvate |~ 2ADP ——
N kinase [ 2 ATP s &
i B Pyruvate N S
| Material Flow , B DS =

4 "

miolecurar en b1010gy, >ixtn cdition
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Enzymes in disease diagnosis



Concept

* The presence of enzymes in serum indicates that tissue or cellular
damage.

* The measurement enzyme amount in serum is of diagnostic significance.

Membrane Blebbing Nisyemse na e o
A\AJ, ©
’\\\,\,\ > g £ °

Enzymes released into
‘P D peripheral blood

° XY Q
@ ] Enzymes released into
© peripheral blood

o, E = Enzymes released into
v’ a . . © peripheral blood
i -




Example: Creatine phosphokinase (CPK)

e CPK is found primarily in heart and skeletal muscle as well as the
brain.

* Three tissue-specific isozymes of CPK:
* CPK3 (CPK-MM)

« CPK2 (CPK-MB)
« CPK1 (CPK-BB)

O trace BB O trace BB 0% BB 97% BB
<6% MB 1% MB 20% MB 3% MB
>94% MM 99% MM 80% MM 0% MM
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