Enzymes
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Enzyme properties

Active sites: enzyme contain special pocket or cleft that binds the

substrate 535500 by (o3 33 ol con Lle @il o ikl gilsall 1

Catalytic efficiency: highly efficient (103-108) faster than uncatalyzed

reaction Samall gt Jelasll po g sl (108-102) lle 5olaS ryjandl 5041 2

Specificity: highly specific, catalyzes only one type of chemical reactions.
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Cofactors, Apoenzyme and holoenzyme: some enzymes need nonprotein
cofactors like metal or organic molecule. The enzyme with cofactor is
called holoenzyme, the protein portion is apoenzyme. The enzyme
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Regulation: can be activated or inhibited by different substances.
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Location within the cell: each enzyme is localized in specific organelle
within the cell which isolates the reaction substrate or product from

other competing reactions. ot Bl 8 SSen A S el
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How enzymes work

» In each chemical reaction there is an energy barrier
(energy of activation)
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» For the molecules to react, they must overcome the
energy barrier
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» Enzymes reduce the energy of activation without
affecting the free energy of the reactants and
products and fasten the reaction rate
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There is no difference in the free
energy of the overall reaction (energy
of reactants minus energy of products)

between the catalyzed and uncatalyzed
reactions.
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Factors affect Reaction velocity
@ Substrate concentration

» Maximal velocity: The rate of an enzyme-catalyzed st es et saal Jelaa Juas slssy sssoil e
ion i ' : (Vmax) sl desull J] Jsosll o 35551 54555
reaction increases Wltth substrgte concentration o0 T L L S s e )
until a maximal velocity (V,,.,) is reached
(saturation with substrate of all available binding

sites on the enzyme)

Menten kinetics show

Enzymes following Michaelis-|
hyperbolic curve.

» Hyperbolic shape of the enzyme kinetics curve: Ve & ==
Most enzymes show Michaelis-Menten kinetics o
show hyperbolic curve while, allosteric enzymes Z
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Reaction velocity
@Temperature

» Increase of velocity with temperature: The reaction
velocity increases with temperature until a peak
velocity is reached as a result of increased number
of molecules having sufficient energy to pass over
the energy barrier and form the products of the
reaction.

» Decrease of velocity with higher temperature: as a
result of temperature-induced denaturation of the
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Reaction velocity
©pH
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> Effect of pH on the ionization of the active site: il gsins o] 1le. ool el i
First, the catalytic process usually requires that the Al |5 Lo] Bsaoma Elas Olesame Lle 555315
enzyme and substrate have specific chemical Jeladl Jal yo Bulsa st ol dnlaa
groups in either anionized or unionized state in

order to interact |

> Effect of extremes of pH on enzyme denaturation: | o % é 35
becaqse the structure of the catalyticglly active > |Pepsin Trypsin  Alkaline.
protein molecule depends on the ionic character of| 8 phosphatase
the amino acid side chains. >
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» The pH optimum varies for different enzymes: <
often reflects the [H] at which the enzyme AN i
functions in the body @b 7 10
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Michaelis-Menten equation
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» Where
» v, = initial reaction velocity
> V.., = maximal velocity
» K. = Michaelis constant = (k-1 +k2)/k1
» [S] = substrate concentration

» Velocity of the reaction is directly proportional to
the enzyme concentration
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» assumptions made in deriving the Michaelis-
Menten rate:

1. The conc. of substrate [S] is much greater than the
conc. of enzyme [E] (E) 3t 5553 50 5350 351 (S) 835501 5559 1

2. [ES] does not change with time (the steady-state
assumption
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Large K, of enzyme 2
reflects a low affinity
of enzyme for the
substrate.

Small K, for enzyme 1
reflects a high affinity
of enzyme for the
substrate.




Michaelis-Menten constant
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K.,-the Michaelis constant- is characteristic of an enzyme and its particular
substrate and reflects the affinity of the enzyme for that substrate

K., is'numerically equal to the substrate concentration at which the
reaction velocity is equal to 1/2 V. >k o sl Jelol e sie 655 il 555301 555 Uose ol Vimax

K., does not vary with the concentration of enzyme . k. iy 55080 1008

Small K reflects a high affinity of the enzyme for substrate, because a low
concentration of substrate is needed to half-saturate the enzyme
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Large K, reflects a low affinity of enzyme for substrate because a high
concentration of substrate is needed
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Michaelis-Menten constant

The rate of the reaction is directly proportional to the enzyme

concentration at all substrate concentrations <. o0 i e s
835301 3515 aean e iyl

For example, if the enzyme concentration is halved, the initial rate of the
reaction (v,), as well as that of V_,, are reduced to one half that of the
original.

max’
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When [S] is much less than K, the velocity of the reaction is
approximately proportional to the substrate concentration (first order)
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When [S] is much greater than Km, the velocity is constant and equal to
V... The rate of reaction is then independent of substrate concentration
(zero order)
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Linearization of Michaelis-Menten equation
(Lineweaver-Burke plot)

» It is not always possible to determine the V., from plotting v, against [S]

(S) Jlda V puy JU5 5o V, max s a5l (Saall a ud <
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» The intercept on the x axis = -1/K .

» The intercept on the y axis = 1/V

Mmax




Inhibition of enzyme activity

» Inhibitor: any substance that can diminish the velocity of an enzyme-
catalyzed reaction

02353l 3amall Jelad] ey o5 LgSay B3la ol gzl

» Reversible inhibitors: bind to enzymes through noncovalent bonds.
Dilution of the enzyme-inhibitor complex results in dissociation of the
reversibly bound inhibitor, and recovery of enzyme activity
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N4 \wt> Irreversible inhibition: occurs when an inhibited enzyme does not
oo d regain activity on dilution of the enzyme-inhibitor complex.
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» The above types can be competitive or noncompetitive.
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Inhibition of enzyme activity
Competitive inhibitors

» occurs when the inhibitor competes with the substrate for the same site.

» Vmax is unchanged sall s e 3351 g atall ublizy Lasie Sy
» Apparant Km is increased _.isubstate Vmax s

. olies pudlS olae
» statin drugs are example i km i ke
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Maximal velocity, Vmax, is
the same in the presence
of a competitive inhibitor

Michaelis constant, Kn, is increased
in the presence of a competitive inhibitor



Inhibition of enzyme activity
Noncompetitive inhibitors

» Occurs when the inhibitor and subs_trate bind at different sites on the
enzyme. (3l e dalasn g8lse 3 83S)l5 batall bay Losie Sy

> It can bind either free enzyme or the ES complex, thereby preventing the
reaction from occurring Jeladl Sgus ging las [ES wSar ol yol @il Lol baing of oS

» K. is unchanged > Km sy 3

» V. is decreased Vmax e
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Examples on enzyme inhibitors imeesse
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non- competitive inhibitor: lead forms covalent bonds with the sulfhydryl
side chains of cysteine in proteins —
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Ferrochelatase, an enzyme that catalyzes the insertion of Fe*? into
protoporphyrin (a precursor of heme) is sensitive to inhibition by lead.

B e 86505l ebeansuSsally peluid] 2o pliSY Ly €85 0 Bageand] Slslirall Jasi <
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» The widely prescribed -lactam antibiotics, such as penicillin and

amoxicillin, act by inhibiting enzymes involved in bacterial cell wall
synthesis

> Angiotensin-converting enzyme (ACE) inhibitors (captopril, enalapril,
and lisinapril). They lower blood pressure by blocking the enzyme that
cleaves angiotensin | to form the potent vasoconstrictor, angiotensin II

(ACE) sauiigsaitl Jgomall @353 Oillasza
i Jasi (Jayomacds (Jusdloly (JanenlS)
b 3ayb e adll bhao pas e dygaYl
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Regulation of enzyme activity

(Allosteric regulation)

Allosteric enzymes are regulated by compounds

called effectors (or modifiers) Hnsls il Lyl euss sy
- (¥asall gf) Oly58all Laud LS se

Can have positive or a negative effect _...i_ st s o se

May affect the V.., K, or both. . < ivmawkm e s

Can be s S5 (1guds 53.5)1) Ludlonio <
» homotropic (the substrate itself) sigmoidal shape
curve

» heterotropic (the product or other subsance) feed
back inhibition
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Regulation of enzyme activity
(Covalent modification)

» Phosphorylation (uses ATP as phosphate donor) or

dephosphorylation by phosphoprotein
phosphatases

A1) of (Olawgall z3laS ATP paszud) 8ydwall
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» The phosphorylated form of the enzyme can be
more or less active
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» Glycogen phosphorylase (glycogen degradation)
increase activity upon phosphorylation

» Glycogen synthase activity decreases

Enzyme
I

HPO;

ATP, Protein ADP
Enzyme
1

OH OPO;
Phospho-
protein
phosphatase O

=
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induction and repression of enzyme synthesis due to the above factors
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Enzymes in clinical diagnosis

» Low conc. of enzymes is present in blood due to cell turnover
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» Destruction of cells due to any damage may lead to release of some
enzymes
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- | Increased plasma levels
of intracellular enzymes

CAPILLARY i a
due to cell damage

B Normal cell turnover B Cell necrosis as a result of disease or trauma
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Alteration of plasma enzyme levels in disease
states

» The activities of many enzymes are routinely determined for diagnostic
purposes in diseases of the heart, Iiv_er, skeletal muscle, and other tissues.
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» The level of specific enzyme activity in the plasma frequently correlates
with the extent of tissue damage. T
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» Determining the degree of elevation of a particular enzyme activity in the
plasma is often useful in evaluating the prognosis for the patient.
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Plasma enzymes as diagnostic tools

Some enzymes show relatively high activity in only one or a few tissues.
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The presence of increased levels of these enzymes in plasma thus reflects
damage to the corresponding tissue.
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For example, the enzyme alanine aminotransferase (ALT) is abundant in
the liver. The appearance of elevated levels of ALT in plasma signals
possible damage to hepatic tissue.
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This lack of tissue specificity limits the diagnostic value of many plasma
enzymes.




Isoenzymes and diseases of the heart
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» l|soenzymes (or isozymes) are enzymes that catalyze the same reaction.
However, they do not necessarily have the same physical properties
because of genetically determined differences in amino acid sequence

» isoenzymes may be separated from each other by electrophoresis
Sl o)l 3asb e padl lgdsy e Wlazall Slayidl S Say
» Different organs frequently contain characteristic proportions of different
isoenzymes. The pattern of isoenzymes found in the plasma may,

therefore, serve as a means of identifying the site of tissue damage.
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» The plasma levels of creatine kinase (CK) and lactate dehydrogenase (LDH)
are commonly determined in the diagnosis of myocardial infarction.
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» They are particularly useful when the electrocardiogram is difficult to
interpret, such as when there have been previous episodes of heart

disease.
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Quaternary structure of isoenzymes
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» Creatine kinase occurs as three isoenzymes. Each isoenzyme is a dimer
composed of two polypeptides (called B and M subunits) associated in one
of three combinations (CK1 = BB, CK2 = MB, and CK3 = MM). Each CK
isoenzyme shows a characteristic electrophoretic mobility

» Myocardial muscle is the only tissue that contains more than five percent
of the total CK activity as the CK2 (MB) isoenzyme.
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» Appearance of this hybrid isoenzyme in plasma (four to eight hours

following onset of chest pain which reaches peak after 24 hr) is virtually — ]
specific for infarction of the myocardium. —_

» Lactate dehydrogenase activity is also elevated in plasma following an

infarction, peaking 36 to 40 hours after the onset of symptoms. LDH |
activity is, thus, of diagnostic value in patients admitted more than 48 \J
hours after the infarction syl o o a5 <

ol a2)) Lol (8 gl
Wl ey o Slelas Slas ]
a9y g3 gl é.l”g aall
B85 13280 (4l 24
dall dlae e laasd

36 A2 @gy3 glayg el sy LMl 8 LS iz 0y340 G030 bl gaiyy S
dad o3 OLSWI >gyaua dejli blas 18 ‘L,JUbg Lol e o delw 40 I
clazsyl o delu 48 oo 38T ey Ladcwdll JI 0@l e opdll oo yall deasend



ANODE (+) CATHODE ()

Direction of migration
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CK isozymes are negatively |
charged and migrate toward |
the anode.
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LDH activity in
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about 36 to 40
hours after
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Newer markers for myocardial infarction

» Troponin T and troponin | are regulatory proteins involved in myocardial

contractility. Al e B 3 2yl B i Slideys | peisssdls T cissaxdl

» They are released into the plasma in response to cardiac damage.
w8l Al Gylozal Loyl 5 g ez

» Elevated serum troponins are more predictive of adverse outcomes in

unstable angina or myocardial infarction than the conventional assay of
CK2
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Enzyme questions

i
1. The kinetics of an enzyme are measured as a function of substrate
concentration in the presence and absence of 100 mM inhibitor

b) What type of inhibition is it?
(o = 5 Ug
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