*\ile S‘)An o ‘)ro\-cm:»:

> 9loubular: Seconds Yo minutes (very Shord) ¥ ax1l ratio
— Yibrous: hours Yo months (long) (v2ysdl / Joil )

, —s9lobular pretein: { \0
% |9s0s0mal enzymes are fesponsible - Bibrous Protein: S (0

for the degradation of dead enzymes.

Enzymology- An overview-1

— al enZymes are Pro\-ein n
nature excep’; ribozymes
— an:)mc.s ayve never consumed.

* *‘5?.' of Ca“a\‘.ﬁ"‘: he amount of product produced \97 oné unit of
-y orqanic - enzyme catalyst in one unit of time,
Y inofgi\ni( - MOS'“_‘j metal — enzyme : (0é—10%
ions _ymetal ion: 02 only Fwe Can Preforme
(ex-Niin oil hydrogenation) any reaction anywhere
in Yest dubes.

(-; turn over number is the differnce between -‘h?m/ijr's
A



) . enzyme dckivity must be fegulated (activated
Enzymes- An introduction when needed and deactivated when not needed)

- Biologic (organic catalysts) polymers that catalyze the

chemical reactions. Q accelerate Yne reackion, A enzymes are
occour nthe shortest time gloubular Plotein

o o

- Enzymes are neither consumed nor permanently altered as a

(Sonsequence of their participation in a reaction.
doesht parkicipate in the veackion, exit the first reackion to catalysea Second ,thid

0Urth reaction ..cic,as \ond 85 ks life Span is not done. 9 fypes_of
- With the exception of catalytic RNA molecules, orC RNA
. A \NOY grokexer . ‘\urnin{\'\\c nm?unc*iomvg
ribozynies, enzymes are proteins. ( :smma\-ure NA o tunckening
mature RNA

C:‘ Short streaches of RNA (90-300 “ﬁﬁ“ﬁc) they Catalyse the Processing of RNA

LA 5Dy ANOS g AEDy et § 15,80

- In addition to being highly efficient, enzymes are also

extremely selective catalysts.the enzyme is spechic for its subshale and reackon

the ?'\Z.‘[MQS aC"Inj on 'H'lC CC“ mmbfane are diccercn«‘- 7‘#0);‘&
NG from the ones acting in the nucleous and 36 on_each site of the cell have its

-Thermolabile; site specific, with a/high turn over number e
: : — enzymes of the creb cycle Enzyme
compared to the morganic catalysts. Tyee s 10 the mito condres




Characteristics of the enzymes

*  Any enzymes requiring cofactor to act called apoenzyme ( May functional with low efficacy or non-functional), when cofactor binds to it then it called

Holoenzyme (active)
« Any enzymes not need cofactor to act called ACTIVE enzymes (100% functional)



Nomenclature of enzymes Cf’*-:;‘;fi?e uricase

-In most cases, enzyme names end 1n—=—ase Wistedine, histednase.
—Yhe correct name must show the name of Substrate and 4ype of redction.
-The common name for a hydrolase 1s derived from the
substrate
Urea: remove -a, replace with -ase = urease
Lactose: remove - ose, replace with - ase = lactase

- Other enzymes are named for the substrate and the reaction
catalyzed
Lactate dehydrogenase removal of W from \actase ( oxidation)
Pyruvate decarboxylase removal o} CO, from pyruvate.
PyruvA'\'c sulPase : addition of Sulfer
- Some names are historical - no direct relationship to
substrate or reaction type % peptidases:

Catalase antioxidant .
. Produced break the pe tide bond
.g; PepSIIl.digwl- P.fo{'ein (Slromacln) Q Pav\crceascby ex. Pepsin, ‘a’y‘:ﬁ“/d\ \ psin.
'y Chymotrypsin protem digestion (intestine) prokein digestion rctry

§ § Trypsin Protein digeshion (intestine) Produced by enzymes.

Pancrease



Classification of Enzymes

- Enzyme Commission (EC) — according to International
Union of Biochemistry and Molecular Biology (IUBMB)

- Each enzyme was given 4 digit numbers [1.2.3.4]
e B imi” Connection numerical Code (CNC)

S y
1%t one of the 6 major classes of enzyme activity
OXxidoreductases, lyases, dransfarase ... etc. bond +o be broken

24 the subclass (type of substrate OC bond cleaved)
?é’f 3cluo Jols
3rd the sub subclass égroup acted upon, cofactor required, etc...)

D (s iy 5 a1 appown el ex.alkyl, CaYbon)l‘, hydrox)ll ...efc

C/’_))UWJ“J"""_UJ
Wk 7y ol (81 @O

4t 3 serial number... (order in which enzyme was added to list)
4 ;’;7 date of addition Yo the enzyme groub.



1- Oxidoreductases (EC.1) catalyze redox reactions, such as
oxidation - reduction

both Should be done togetnbe 2ICONOL dehydrogenase [EC 1.1.1.1]) e oxdation of

- Reductases - o oudahion reaction inany ‘Wfﬂs OrgaNism  one Substrate will
_ Oxidases Lake Place withowt being Combined with Cause the reduclion
the W fokon bomone .. Yeduckion reacion. B of another Subshate
en OO-vocynr( © The McGraw-Hil Companes, Inc. Parmission required for reproduction of display.

Substrate should be i

HO—C—H + NAD' Lactate dehydrogenase (|<—O 5
given Yo another subskrake” < | @
reduction

other wise it will Shift e  CH Al CHs

aCididy of the blood, ,ix;.‘fj‘f\“;p 2H) Pyruvate  ( addition of 2 M)

(From slightly basic o acidic)

2- Transferases (EC.2) transfer a group from one molecule to another,
such as (Hexokinase [EC 2.7.1.2])
-Transaminases catalyze transfer of an amino group
- Kinases transfer a phosphate group

Phenylethanclaming N_methy| ransferase

Copyright © The McGraw-Hill Companies, Inc. Permissigh required for reproduction or display.

Methyl
group + HO CHCHNH HO CHCH,NH @
donor OH OH

HO

dddi{'\'o
orepinephrine pinephrine
C) Secreted \ay the _);,,,wf'"” '“C“‘Y\

ddrenal medula



3~ Hydrolases (EC.3) cleave bonds by adding water, such as

3‘3‘3‘3&*;* (Alkaline phosphatase [EC 3.1.3.1]) , digestve enzymes

- Phosphatases moves a phosphate groub Skarting from the Salivary

- Peptidases (Proteins) from a protein. dmylase in the W'\;::u'\'h and

_ Li Uu«:cm:vrf-rncu:uwux:rw.e:. inz. Permisson requeed b reproduction of diepisy en dln3 w&h a“ e e"z \I mes
pases(?a\:,) CH,—O—C(CH,),CH {ound in ihe intestine.

~ Yycosidase (carbs) o

CH—O—C(CH,),CH @ IIP#’ CHOH + 3CHL(CH,),COOH
o amylase/ Pepmn CH.—O- t')r.u-i.;cl' t"’c\i\(us-“‘:ﬂ -
water
4- Lyases (EC.4) catalyze removal of groups to form double bonds or the

reverse break double bonds, such as
(Pyruvate decarboxylase [EC 4.1.1.1])

Iriglyceride Glycerol ; Fatty acids

- Decarboxylases
- Synthases O s
cormmﬂ or it +mo Tmwmse, yo (
bYeaKirB down a - “]' H (l—ll
double bond COO COO

(e\le n 'Ig waler i US?d) Fumarate Malate



5- Isomerases (EC.5) catalyze intramolecular rearrangements, such as

(Alanine racemase [EC 5.1.1.1])
- Epimerases worK on epimers.

B Mutases Copynght @& The MeGeaw-Hil Companies. e, Parmission requitad for rspeoduction of display
COO” COO™ O
| Phosphoglycerate mutase | ]
——C OH . H—= LI“ =)~ li’—O
H— le H C’rfé\ns“cred-“\c H— CIZ H O _,&//
| 0 bhaspate group frop  OH Lt
\\I‘J\J’? Vg (_)—1’>_.O C%‘\'D Cz- ih '“\2
o O Same molecule
= . 3-Phosphoglycerate 2-Phosphoglycerate
%") U“r}.ﬂ ’ ‘

6- Ligases (EC.6) catalyze a reaction in which a C-C, C-S, C-O, or C-N
bond 1s made or broken, such as

ligation (Isoleucme tRNA hgase [EC 6.1.1.5])
(bdﬂdinj) usins

s S - Yhe MOS\‘ CommonNn one |5
a Covalen{- bond DNA strand —3'—OH + “O— I|’ O—5'— DNA strand Tlg DNA \|36$€ W\'\\Ck
(req'uure energy) |9 Connects the DNA-

DNA ligase

(§ b))
'["!‘Om ATP ; {-'ra ments {0 give Continous
o 3§ e e Squxence of DNA

DNA strand —3 —O—ll’—O—D — DNA strand

0




‘ Products ‘

—) | ENZYME el
. ,m/. FUNCTION m
ce _)6'\

another Substrate Converted to odﬂd:

in the active :-le/




Active site Conain spesific groub of amino acids which are highly reachive

- Takes the form of a cleft or pocket

- Takes up a relatively small part of the total volume of an enzyme

- Substrates are bound to enzymes by multiple weak attractions

-The specificity of binding depends on the precisely defined
arrangement of atoms in an active site

-The active sites of multimeric
enzymes are located at the interface &)
between subunits and recruit residues
from more than one monomer

#the ackive Site have 3D conl'isura‘hon (_Cc)mp|em¢n*ar.+3
between the Substrate and the enzyme Yo be will stablized)
Yo allow the \::mclms of the Substrate(monomeric enzyme)
Amutimeric enzyme (More than ane poly peptide chain)
the achve site is \ocaled in the interphasz between dhe LK )
sub units (Yecruting of more active sites as the active

qroub of the Lirst chain will react with other ackive ones
onthe other chain (Sub:"r&\t will be \m'gHy S‘-ab&liled)




¥ active Site: region with Specific 3D Struchure that binds to a substrate
Qaca\ijcahns 3 biochem'\ca\ rcac‘hon.
_ condains amino acid Yesidues that dir‘ec-Hy Parjficipa’re in Cakalysis (feadive)
~the complementarity of +he shape of Substrate and enzyme 15 important.
* Yypes of functional aming acid groub in the ackive site:

- hyclroxyl groub (der, Thr ,Tyr) + hydroxy proline.

— imidazole ring (His)

_y thiol (Sulfhedral) groub (Ces)

_y Carboxylate acid (Asp, Glu)

—y basic amino acid (Lys)

% the arrangment of he veactive groups on the active Site is
YesPonSib\e for dhe Specisic’cg.

% in multimeric enzyme:

Yhe ackive site is formed by the interaction of mulhple Subunits,
where each Subunit Contributes amino acid residues Jor the Jformation
of the active aite.

the cooperative binding occurs, the binding of 3 substrate Yo one unit
will influence the affindy of the other units for the Substrate, the
non covalent bonding (hydrogen, vander waal, electrostatic interaction)
\:@\u}een 'H'\e subs-lrajre and the amino acid groups 'grom C\iﬂ-\ﬂen'l' Subunits
of the enzyme will help F\ighly s’rab';\lzing of the enzyme - Substrat complex.

the achve site i \ocated in the in\er\)\nase belween the Subunits.
(Yecruting of mare active sites as the active qroub of the Lirst chain
will react W;H\ other active ones onthe 0"'\'\6( chain

(Substrate will be highly Stabalized)



Enzyme substrate binding
-Two models have been proposed to explain how an enzyme

binds its substrate: the lock-and —key model and the induced-

C?axed rigid model, in therds no
fit model. Cemplemantaridy — no reackion (no change in the Shape)

- Lock-and-Key Model of Enzyme-Substrate Binding, in this
model, the active site of the unbound enzyme 1s
complementary in shape to the substrate.

-"lock and key model" accounted resposible for +he
for the exquisite specificity Specifity of 4he enzyme.
of enzyme-substrate interactions,
the implied rigidity of the
enzyme's active site failed to Substrate
account for the dynamic
changes that accompany
catalysis.




Induced-Fit Model of Enzyme-Substrate Binding ginamic«

- In this model, the enzyme changes shape on substrate\ex‘b\e'

binding ( first, theres no Complemantary bedween the substrate and $he active site,

'“\c moment ol: Bincl'n_g ¥ Wor'ﬂ e well 5}3 . . .
ng ! blized ,then, the Shape of the ackive site will chan
o £} Hhe bindins Subﬂr&-k) 7 TR, The Shape o et W L

-The active site forms a shape complementary to the substrate

only after the substrate has been bound, -~ Proxmily: the substrate approaches
ﬁe ackive Site, in the \:cgimns i+ wont

f but then the achive site will

C\\Anse shaPc s\tgh’dy fo 1443
(under cerhaip—conditions)

- When a substrate approaches and
binds to an enzyme they
induce a conformational change,
a change analogous to
placing a hand (substrate) into
a glove (enzyme).

Substrate

-

ES complex

« when the reaction ends, the Ko
model return back e its original form.



the induced Tit model describe how enzyme undergo Conformational
c‘r\anges upon bindina with a Substrate. OP‘rimizins e i+ between the
enzymes ackive Site and the substrate

_+his dynamic inderaction enhances catalytic efficiency in biological
feactions.

% the enzymes active sile undergoes conformationa! Changes when it
interact withthe substrate initially the aclive site may nof be an exact maich
for dhe substrate, asthe Substvate binds 4o the aclive Site .the enzyme
undergoes adjestments in its shape 4o accomodate the substrate

more eﬁ‘c&ively.

the induced conformational change resutfs in a fighter bt between the

enzyme and the Subsirate, ¥a<ili+a-hn3 Ihe formation of the
enzyme - Su bstrate complex

— l:)finging the reactive groupes info close PrOXimi-ls,louoerins the
ackivalion energy (equired forthe reaction Yo occur.

L the enzyme and 4he Substrate undergo mutal adjustment Yo enhance the
efficiency of the catalytic ProceSSJ

¥ '“\is occur under Cer*airl COl’ldi'l'ionS:
— \r\ormons

_, Some neurolegical Signals.



Mechanism of Action of Enzymes

- Enzymes are catalysts and increase the speed of a chemical
reaction without themselves undergoing any permanent
chemical change. They are neither used up 1n the reaction nor
do they appear as reaction products.

- The basic enzymatic reaction can be represented as follows:
Substrate enzyme Product enzyme

S + E > P + E

- Where E represents the enzyme catalyzing the reaction, S the
substrate, the substance being changed, and P the product of
the reaction.

-The mechanism of action of enzymes can be explained by
two perspectives:

1- Thermodynamic changes inside the
2- Processes at the active site T ckive Sk




Thermodynamic changes it we compare +he catalysed reackion and -the

non cafalysed teackon the difference is the ackvation £

- All enzymes accelerate reaction rates by providing transition
states with a lowered AGF for formation of the transition

states.

-The lower activation energy means that more molecules
have the required energy to reach the transition state.

% Ywo reactions happening\

in the yame time one i

not catalysed by enzyme
and the other is

catalysed by enzyme

# Sor the veackon

Yo OCCour. the
entyme- Substrate

ComP\ex need energy o

Energy

Transition State‘(Cﬂﬂg\/ mquirinj)

without enzyme

. activation
VCQuIYed energy without
enzyme
enzyme activation AG* (uncatalyzed)
(catalyzed) energy with

enzyme

Substrate (S)
: enzyme doesnt g;ve 155 enerawn

overall enerqy
AG released during

ener ,¥rrd Y reaction
Yeach the ’nransﬁs ondl Qc\i\?Zk(:n ene:;;s e Tequired Product (P)
State(activation enerqy) Staus the

Same

Reaction coordinate >



. . enzyme can use one of fhese methods,or 3
Processes at the active site”” 7\,3m,,3 o8 o °

|- Catalysis by proximity: for the molecules to react they
must come within bond-forming distance of one another.
When an enzyme binds substrate molecules at its active

site, 1t creates a region of high local substrate
concentration. (Proper arrangment and close apProach)

Enzyme-substrate interactions orient reactive groups and bring

: th,fm iﬂfo raximi}z with one another.
(7(0:\';23'\:0:\&0:- g:'ouo ?spe\?jan-}:d (most with acidic and basic %roubsj

2- Acid base catalysis: the ionizable functional groups of aminoacyl
side chains of prosthetic groups contribute to catalysis by acting as
acids or bases. ProYon transter facilifate the reactividy of he Substrates.

- General acid catalysis involves partial proton transfer from a
donor to lower the free energy of the transition state.

- General base catalysis involves partial proton abstraction
from an acceptor to lower the free energy of the transition state.



very Spesific orientation.
cha\'c':\\ySiS \Jy ?rox'.mﬂ-cj
C, Yhe substrate molecule is qoing o feach the active site
_4he interaction between +he active groub 1n the ackive Site, and the reackive gfoubs
n the binding Site of substrate Yo form bonds (hydro phobic, electrostatic,
hydrogen and sulfhedral bond)
Yo form dhese bonds, the substrate molecule should be in what we call,
“Ihe end ¥ormin3 distance’ ‘which is the distance at which the reaction of the
Yeactive groub in both Substrate and ackive She Yakes place.
_we also have Crowdness around the ackve Site, more than one Substrate
molecale will gather arcund the enzyme "oc‘)o inthe ackive site, but on\y
one at a time (hsgh \ocal Subsirate Yegion around the active Siie)
— after wards, there’ll be oricntation and modifying

of the active groub in Substate and active approach
Stte Yo interact sL
bond %mms
% we have three impoﬂ-an*- Key points: dii’a“ce
— bond forming distance between substrate and the Crowdness of
ackve Site of the enzyme. Substrate molecule
— Ye%ion o'p N%h \scal ConSBthré\\'ion ot substrate O\'icn‘\'ﬂ:on an Cl

(Crowdness) modification.
_y modificabion and orientation of the aclive site and subsirate
C-?or the groubs on both to meet and form bonds belween them.
— the interaction bond between the reactive groub on both ackive site and
Substrate should not be Strong, because the substrate will even’maJl), \eave
the enzyme a3 product, it the bond was srang, the substrate will be girmly
bonded and will \eave hard ly.
X hpes of weaK interactions:
_yhydrogen —Hydrophebic
- sl \:ridgc



2) acid base catalysis:

_the presence of the iomzable groubs i3 important for these reactions Yo happen.
—enzymes use fonizable amino acid residues to donate or accept '

during a feaction o facilitate the conversion of subsirates Yo products.
C) ex. amino acid like His, Asp, Glu,are often play avole in acid-base catalysis.

£ Sor the reaction Yo happen, both reactive oroubs should be jonized
C’ ionization will be more with acid and base (Glu,AsP, His, ... e¥c.)

_qeneral acid cakalysis - Parkial prolon Yranster &rom a doner
(ionizakion of veactive groub) allowing the interaction of the binding side of gubstrate
and the ackve site of enzyme, this will facilifate lowering of the ackivation energy.
and the movement of molecules (resultin bombarding movement- energy
inside the reackion —, eneray will increase forall subsirate to facildate the
reaction)
Lenzyme donates a proton o the substrate]
C ex.Asp, Glu

— general base Catalysis :Partial Proton acceptance,
Lhe basic groub of the enzyme accept protans from the substrate ]

facililate the chemical reaction
L> ex. His



3- Catalysis by strain: enzymes that catalyze the lytic
reactions involve breaking a covalent bond typically bind
their substrates in a configuration slightly unfavorable

for the bond that will undergo cleavage.
Stressing the bond| Yo facilitate the breakage by binding unfaVorably with enzyme

4- Covalent catalysis: accelerates reaction rates through
transient formation of enzyme-substrate covalent bond.

Tl

hree stages 1n covalent catalysis:

1- Nucleophilic reaction between enzyme and substrate
2- Electrophilic withdrawal of electrons from substrate
3- Elimination reaction (reverse of stage 1)



refers to the process Where
?)) Cak:\lySiS b)l gtrain : Som€+hin3 is broKen
(not for all enzymes)

_, special for the enzymes preforming lytic reactions ( reactions of the digestive
enzymes that uses a Water molecule for the Cleavage of molecules (substrate)
_we'll have binding of the Substrate tothe active site in unvavorable
binding, the substrate binds in unfaveurable configuration ( S\ig\&b: S\adr;til))
+his will Put the boned to be cleaved (broKen) under stress,

being in-this position will facilitate the function of the enzyme.
[facilitele the breakage of the bond ]

this -\-m:e of Ca{'alySis is also no{' for all enZymes.
%) Covalent Catalysis :(3 Staaes)
Yhrough $he formation of enzyme-Substrale Covalent bonding,
Fhis covalent bond is *emporar ly (Yransient)
_sstage 1. this covalent bondig will Create a nucleophilic reaction between
the enzyme and Substrate ,there’s 3ivc and fake of probns o ionize more
groups on the active Site of enzyme and the binding Sife of the substrate,
—ystage 2: eleckrophilic interackion where the enzyme attrats elecirons from
the substrate.
- Stage 3 veverse of slage 1 do breaK the Yemporarely covalent bond.
Yo Yegenerate the orignal enzywme.



. these metal ion must beprovided through the dietary intake
5- Metal Ion catalysis Specidly the ones acting onthe energy \wocl?gc-\-;on (ex Fc)7

- Two classes of metal 10n dependent enzymes:

1- Metalloenzymes contain tightly bound transition metal 1ons

v} work without it, metal ton is an
(Fe2+, Fe3+, Cu2+, Zn2+, Mn2+) ecsign\ia\o\:aﬂwo‘f +\?: cnz{"n\:e.?‘{ ::::vecl—mo

2- Metal-activated enzymes loosely bind metal 1ons (alkali or reaction

alkaline metal including Na+, K+, Mg2+ and Ca2+)
wont act effciently, not essential Part, if removed it will work but not effciently.

- Metal 1ons enhance catalysis in three major ways:
1- Binding to and orienting substrates for reaction as Mg2+

binding to ATP(—a different \>ric\365 mentioned below.

2- Mediating redox reaction through changes in oxidation Statreemove 5

such as reduction of O2 to H20 through electron transferg) ifg{.rn -\+-\e1e
ubStrate.

3- Electrostatic stabilization or shiclding of negative charges as

Mg2+ binding to ATP i#ienization occyred and the negative charges came
back, there’ Il be no ionizakion, no reaction, Cause there Should be alimited ionization
Cause if the ionization vate T.+he bonds will be broken between the enzyme and

Substrale therefore theve’ll be no Stabalization of the substrate, (Prevent he ()charges
Lrom reaching the ionizadtion)



S) melal ion catalysis:
we have ’chree -\'ypes o?- Conn?dions-.

> Birst, the metal ioh is inbelween the enzyme and substrate, atiracts the
Substrate doward the enzyme [ enzyme- mefal - subshrate bridge ]
_ySecond, the metal ion is behind the substrate and enzyme, pushs the subshrate
toward Yhe active site L metal - Substrate- enzyme bridge]
_3hird, the metal ion is alMHer the enzyme, Push the enzyme toward the

substrate  Csubstrate- enzyme - mekal bridge]

# we can enhance this type of
catalysis by controling the presence
of ions
ex. Yor the crep cycle (ATP production), iron and
Copper are the most important- metals inthe
electron *ranspor’rage chain.

¥ metal ion catalysis refers Yo the use of metal tons Yo accelerate the
Chemical reaction ,it5 done by accephnﬂ e\ec’rrons, f~aci\a’raiin3 electron %rans'?eg
S&a\:i\iling charged parhc\es ... et



6- Electrostatic catalysis

- Enzymes seem to arrange active site charge distributions to
stabilize the transition states of catalyzed reactions

- Substrate binding generally excludes water from an enzyme

active site generating a low dielectric constant within the active
site fearrangment of Charged Species ina Certain wag that enhances the

- Electrostatic interactions are stronger gg;:f:niﬂm the

- pka's can vary by several pH units due to proximity of charged
groups

- Alternative form of electrostatic catalysis: several enzymes as
superoxide dismutase apparently use charge distributions to

guide polar substrates to their active sites
used as ankioxidant (as Soon as free radicals gorm inSide our cells, it
destroys it) this enzyme is abbriviated a5 30D , it functions as antioxidant,
quides polar substrates, maintains Cellular redoy.



6) electrostatic catalysis :
invalves the use of electrostatic interaction (atraction and repulsions
between charged particles) Yo facilidate chemical reackions.
_ during the transtion State, electrostatic catalysis stabalizes the transtion
state Ly strategically placing Charges to feduce repulsion orincrease attraction
between reac’rma spec ies( Yacilitate the reaC'('ion)
Aheres also an excluding of water from the ackive Site Yo create \ow dielechric
Constant ( reduced ability to insulate electrical Fields, more conducive 4o the
fransmission of electric Signals)

_we have an electron cloud of electrons Surrounding the enzyme- Substrate
(doesnd belong to any) present in the fild all he time, forms some sort of
interaction without the transfer of electrons (no dona’ﬁnj,no gdining)
but theyTe Still present there o facilitate the ionization:

S oxidation.
_ Some reaction are being catalysed by unrelated enzymes, éx. in the
Kreb Cyc\e, fhe enzyme isocitrate deh\/drogenase (dekydro%enahon)
Fhis enzyme i found to catalyse another reaction in the Citric acid cycle
whicl'\ is decarboxy\A\-ion readeon (t‘eSul-l-s ¥rom 4he dehydrogenakcn reaction

3ooc| lea ving 3roub)



Enzyme Specificity
- In general, there are four distinct types of specificity:
(-) this enzyme is for this reaction, and it cadt catalyse any other reaction.

1=Absolute specificity: the enzyme will catalyze only one
reaction ex-methylase > add methy| / ecarboxylaSC :remove (0,

deamylase : remoye 3mine groub.imore nofes above)
2- Group specificity: the enzyme will act only on molecules

that have specific functional groups, such as amino,
phosphate and methyl groups act on a parkicular groub.
3- Linkage specificity: the enzyme will act on a particular

type of chemical bond regardless of the rest of the

breaking of a articular bond without Carr'ms whats
molecular structure dround H?e band‘je(. ligdse enzyme digest +ria<i|3|icerol using 3

4- Stereo chemical specificity: the enzyme will actona Ho

: : : : lecules
particular steric or optical isomer. (enzyme Bck on the

ac’dns on spec;&c bmd)
1Somers.




- Some enzyme require cofactors to Active
. site
be active(another Classification) \
- Cofactors are a non-protein .,
viramins
components of the enzyme. (“temporarily
- Organic Molecules (Coenzymes) tached
- Inorganic 1ons e.g., Ca2+ , Zn2+

Enzyme is protein only
Example: lysozyme

Active

(Prosthetic group) Permanently attached site Prostheti

C group
- Cofactors may be:

1- The Permanently attached
cofactors, are called Prosthetic
group (such as a vitamin, sugar,
or lipid or inorganic such as a
metal ion) if Yemoved — o veaction

_2- Temporarily attached cofactors
are called coenzyme, its detach
after a reaction and may participate

in the reaction with other enzyme.
— adttached during CatalySing the reaction, and

aHer completing it will leave.

Enzyme + prosthetic group
Example:
flavoprotein + FAD

Enzyme + coenzyme
Example:
dehydrogenases + NAD




Cofactors
- Cofactors can be subdivided into two groups: metals and
small organic molecules

- Cofactors that are small organic molecules are called
coenzymes.

- Most common cofactor are also metal 10ns.

- I tightly bound, the cofactors are called prosthetic groups.

coenzymes
Looosely bound Cofactors serve functions similar to those of

prosthetic groups but bind in altransient) dissociable manner

either to the enzyme or to a substrate & linked only during
()Px. NAD with \actate dehydrogenaze.it acts as a H the reaction.
carrier, but NAD is not SPGC‘&C for +his enzyme, i can work

with any dehydrogenase enzyme (NAD derived from vit. B3)




Prosthetic groups 5.2 F

(-)W\OS“Y inorqanic but Could be organic (vit. derivatives)
- Tightly integrated into the enzyme structure by covalent or
non-covalent forces. e.g.;

Pyridoxal phosphate trom vit. B¢ vitamin
Flavin mononucleotide ( FMN) from vit B2 | derivatives
Flavin adenine dinucleotide (FAD) {rom vit By but prosthetic

Thiamin pyrophosphate (TPP) {rom vit By
Biotin from vit Bz (of4en called vit. H)
Metal 1ons — Co, Cu, Mg, Mn, Zn

- Metals are the most common prosthetic groups
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Coenzymes —: S 2 e play a role in YrasPering
v_w &), 0

- could b 3roups from origin s ¥.n3\ distenation.
Very often Vltamms, M e NAD hrancler o the clchon rarsportage

- They serve as recyclable shuttles—or group transfer chain
agents—that transport many substrates from their point of
generation to their point of utilization.

- The water-soluble B vitamins supply important components
of numerous coenzymes.
(€ QL oo ey P Glsod)
- Chemical moieties transported by coenzymes include
hydrogen atoms or hydrlde 1ons, methyl groups (folates),
acyl groups (cognzyme A) and oligosaccharides (dolichol).
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Important Prosthetic Groups and Coenzymes

Prosthetic Group Enzymes/ Proteins

ZnT T Carbonic anhydrase , Alcohol

dehydrogenase ;Superoxide dismulase .

Fe™*or Fe™" Hemog lobm Cytochromes, ferrodoxin
C,) +my og obin

Cu**or Cut** Cytochrome oxidase

K*and Mg** Pyruvate Phosphokinase
Coenzymes Vitamins
Nicotinamide adenine dinucleotide (NADY) vitamin B,
or nicotinamide adenine dinucleotide phosphate (NADP+)  (niacin)

Flavin mononucleotide (FMN+) vitamin B,

or flavin adenine dinucleotide(FAD") (riboflavin)
Pyridoxal phosphate vitamin Bg

(pyridoxine)

Coenzyme A Pantothenic Acid



Diagnostic significance of enzymes
1- Enzymes can act as diagnostic markers of underlying

diseases .
2- Enzymes can also act as reagents for various biochemical

estimations and detections ex. the main fest fordhe diagnosis of diabetes
i5 the glucose oxidase test (using enzyme to estimate the level of blood glucese)

Enzymes as diagnostic markers f»,é»a:-»»

- Certain enzymes, proenzymes, and their substrates are
present at all times 1n the circulation of normal individuals

and perform a physiologic function in the blood.feund in high
concentrations in¥he blood, 1 f were found in high Concentrations in Yhe cells, there’s leakage
Examples of these functional plasma enzymes include

lipoprotein lipase, pseudo cholinesterase, and the proenzymes

of blood coagulation and blood clot dissolution .

The majority of them are synthesized 1n and secreted by liver.
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2- Nonfunctional plasma enzyines (Cell derived enzymes):

- Plasma also contains numerous other enzymes that perform
no known physiologic function in blood.

-These apparently nonfunctional plasma enzymes arise from
the routine norr%al destruction of erythrocytes, leukocytes,

and other cells and in \\igh concentrations inthe Cells, \ow concentrations in blood

. 1t weve found in high Concentrations in ¥he blood there’s leakage
-Tissue damage or necrosis regultmg rom injury or disease 1s

generally accompanied by increases in the levels of several
nonfunctional plasma enzymes.

Increased plasma levels RS
of intracellular enzymes p—
due to cell damage ’

CAPILLARY

u Normal cell turnover B Cell necrosis as a result of disease or trauma




Isoenzymes (Isoenzymes)isomers.

- Are homologous enzymes that catalyze the same reaction but
have differences in enzymatic properties.

- Often different 1soenzymes are found 1n different locations in
a cell or 1n different organs/tissues of an organism.

-They are from different polypeptide chains that coded by
different genes and so, they are affected by different

activators and different inhibitors 1in different tissues.
c.g.: RS
Lactate dehydrogenase isoenzymes,

- The enzyme interconverts lactate and pyruvate (LDH)

- Humans have two 1soenzymic chains for lactate
dehydrogenase: .DH ( M ) found in muscle and LDH ( H)
found in heart. also found in other cells.

- M 1s optimized to work under anaerobic conditions and H
optimized to work under aerobic conditions.




% iSoenzymes (isomers)
—agree in three ?oin*'s(eve\'g) \-h’.ns velated o the l"eac-kon):
— ca¥a|\/5m3 the same veackion
_ acking on the dme Substrate
— giving the same product.
ex. Some enzyme have 9 isoenzyme,all of them catalysing
the same veackion, ac’rm3 on the 3ame Substrate, qiving the Same product.

_y differ in three points:

_ origin (ex.ane secreted from the liver and one fram Kidney , pancrease ... efc)
_ effect of inhibiters and ackivators, ex. Some preform com?\e’re inhibition,
Some partidly , Some are never inhibited by the inhibitors.

-P\wyswal character, due Yo the different migration rate under the effect

of electristy (when we seperale them {ram eachather by electro phoresss,il’s
found that they're different from eachother ex. the molecular weight)

C) \lsh’fer migra’re Paster and Vise versa.

ex. lactase dehydrogenase enzyme one of its isoenzymes is used in diagnosis
of many diseases.

molecular weight of the lactase dehydrogenase enzyme is 140 KDa (Kelo dattun)
and 16 a tetrameric molecule (consist of 4 poly peptide Chains

of duwo types only M and H)
— lactase dehydrogenase enzyme have @ IS0Zymes , Could be Seperated by
electrophoresis (differ in Yheir molecular weight)



-There are 5 different isoenzymes.

_The relative Tatio’ of the isoenzymes(depends on the location in

the organism as well as the deve
Isoenzyme

LDHI (H4) Pure H

LDH2 (H3M) 3H,1M

LDH3 (H2M2) 2H,2M

LDH4 (HM3)1H,3M

LDH5 (M4) fPure M

lopmental stage.
Tissue origin Y&ch"“
D
Cardiac and kidney ™

Cardiac, kidney, brain and RBCs
Brain, lung and WBCs

Lung, skeletal muscle
Skeletal muscle and liverL} ol

W’

CK/CPK Isoenzymes CK: cereatine Kinase

- There are three Isoenzymes.
- Measuring them 1s of value 1n th

¢ presence of elevated levels

of CK or CPK to determine the source of the elevation.

- Each 1soenzyme 1s a dimer composed of two protomers ‘M’
(for muscles) and ‘B’( for Brain).

-These 1soenzymes can be separated by, electrophoresis or by

ion exchange chromatography.



Isoenzyme Electrophoretic mobility Tissue of origin Mean % in blood

MN,I\QCJQ’A . &‘SQSt — g Skeletal muscle 97-100%
Heart muscle o2y e 5
(-)MOS\- (m r‘an{' wses &S
MB(CK?2) Intermediate myo¢ardial Heart muscle 0-3%
infarction
BB(CK1)  Maximum unl now not used Brain 0% &
in any dJiagnesis I
. . Te\a\fd ."O-H"c bra‘n <C A yrases N QM:L w1 J(
Enzyme Kinetics e caionims Mt

<\)J 23Pyn s Ml 3 eS GO V!

- It 1s the field of biochemistry concerned with the quantitative
measurement of the rates of enzyme-catalyzed reactions and
the study of the factors affecting these rates.

-The rate of a chemical reaction 1s described by the number of
molecules of reactant(s) to be converted into product(s) in a
specified time period which 1s dependent on the
concentration of the chemicals involved 1n the process and on
rate constants that are characteristic of the reaction.






