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Mecanismos de Inibicdo de Enzimas



Tipos de inibidores




INIBICAO COMPETITIVA:
substrato e inibidor competem para o mesmo sitio

ES ——> E+P

Km kcat _
+ ® s
I - . 1
EI <I| @ Ku Kui Kuz [S]
VO=VmaX[S]

(oK _ +[S]) K, = [EI[1]/[EI]

o =1+[)/K, = 1+ [EI/[E]



E+S

INIBICAO ANTI-COMPETITIVA (ou “uncompetitive”):

substrato e inibidor ligam em sitios diferentes;

inibidor somente liga ao complexo ES

VO = Vmax[s]
K+ o[S]

V, = (V./0)[S]
K./o + [S]

[S]

o =1+/[l]/K,
K’, = [ES][I]/[ESI]



INIBICAO NAO COMPETITIVA (“non-competitive”) ou
MISTA: substrato e inibidor ligam em sitios diferentes;
inibidor pode ligar a E livre e ao complexo ES

E+S
B
I
E
VO - Vmax[S]
(aK_ + o’[S]) BL+5

V, = (V,,/o )[S]
(o/a)K,, + [S]

(como na p79 do livro do Bayardo)




Resumo dos efeitos de diferentes tipos de inibidores e R LI ek

nos parametros K,, e k

Tipo de inibidor Vv

max KM
dpa rente dpa rente

Competitivo

Nenhum Viax K G
Competitivo Vo oKy, Ku K Ko G
Anti-Competitivo V. . /o K/ O %)
(ou “Uncompetitive”) N —
= - , , Vel == g - o apaampans I
N3ao-competitivo V. . /o aKy/o
(“non-competitive” ou L Vel |
“, . ” _%[11) i Misto quando a =a’
misto ) Vinax (T2} 4 - -2 - o [
Vinas (1) i i
.




Diagrama Lineweaver-Burk para inibicao competitiva
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Diagrama Lineweaver-Burk para inibicao anti-competitiva
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Diagrama Lineweaver-Burk para inibicdo ndo-competitiva (mista)
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(como nap79 e fig 5.16 do livro do Bayardo) e Km ndo muda



Tipos de inibidores




TPCK — inibe quimiotripsina

TLCK — inibe tripsina o
"1”5'0 J\Jv\/\
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2) Penicilina
-inibidor suicida de
DD-tra nspe ptidase Penicillin binding

protein
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3) Aspirina: Inibidor suicida de ciclooxigenases 1 e 2
COX-1: prostaglandin G/H synthase 1
COX-2: prostaglandin-endoperoxide synthase 2

COX-1 (“)

__ O0—CCH,
Enzyme
Aspirin Inactivated
COOH
AN i
X o Acetylation
N~ o

I
O—CCH;, COX-2 T

__ 0—CCH,
Switched
catalytic activity

Figure 1. Aspirin mechanism of action -- acetylation of cyclooxygenase (COX). Aspirin acetylates a
serine (Ser) residue of COX and irreversibly inactivates COX-1. In the case of COX-2, aspirin "turns
off" its ability to generate prostaglandins, but "switches on" its capacity to produce novel protective lipid
mediators.
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Inibicdo Sucicida/lrreversivel

Mecanismo de inibicao da aspirina sobre a
prostanglandina H sintase
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4) 5-fluorouracila: um precursor de 5-fluoro-desoxi-UMP (5-F-dUMP), um inibidor suicida de timidilato sinthase

N,N’ -methylene-tetrahydrofolate dTMP

produto
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4) 5-fluorouracila: um precursor de 5-fluoro-desoxi-UMP (5-F-dUMP), um inibidor suicida de timidilato sinthase

N,N'-methylene-tetrahydrofolate
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5) AZT é um precursor do azidotimidina trifosfato,

\ﬁl\ Um inibidor suicida da transcriptase reversa do HIV \H\
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Exercicios






ADENDOS



" A
Inibidor Competitivo

[E:] =(E)+ [ES] + (EN)

Assumindo-se a cinética do estado estacionario:

d[ES]

=k, [E][S] — (k, + k,) [ES] =
dt

Resolvendo para [E]

£y = (Kot KIES] _ Ky [ES]
ki [S] S]

Encontra-se a [El]

« =JEI ey @[_ Ky [ES] [1
e [S]1 K,




o000
Inibidor Competitivo

€] =(E)+ [ES] + EN

E]= KulES] +[ES]+ Ky[ES] _ ES]( Ku 414+ Kulll

5] [STK Si SIK
— M [I]
[E;] = [ES] %(hV.)’l )
) - [ET][I] K [i] [?I]]
o )* ( _K.)*[S]
k, [E]IS]

Vo:kz@ |:> Yo = KM(1+ﬂ)*[S]

K



Inibidor Competitivo
ko [Eql[S]

Va =
R C R (| WY
lKl
vmax
a Increasing
a =1 (no inhibitor) 1]
Vmax = Kol Erl Vo / =2
vmax
Vo = Vmax [S] 2
7 aKyt[S] om
a=1+ —
K

| | | |
0 Ky 2K, 3K, 4K, 5Ky
[S]




=
Transformando para o duplo-reciproco...

1 _aky .1 ,_1 "
Vo Vmax [S] Vmax .

Increasing /a2 =4

[l

-1/a Ky 1/[S]



Inibidor Incompetitivo (Acompetitivo)

K k
E+S$ES—2>E+P

, _ [ES][1]

' = T[ESI]



o000
Inibidor Incompetitivo

[E+] =(E)+ [ES] +(ESI)

Assumindo-se a cinética do estado estacionario:

%:vﬁ [ENIS] - (k. + k) [ES] = 0

Resolvendo para [E]

(ks + K)ES] _ Ky[ES]
k: [S] [S]

[E] =

Encontra-se a [ESI]

, _[ESIIT __, _ [ES][1]
K= [ESI] > [ESI = K’




Inibidor Incompetitivo

[Ex] =(ED+ [ES] +(ESID

E]= KulES] +[ES]+ [ESI - (eS| (ﬁ v1+ 10 )

[S] K’ [S] K
ES =
=Sl K yq 4 1 KM+[3]<1+H)
[S] K K’

_ _ ky [E4][S]
whED = v K+[s](1+[l

=

)

I
<
:
(%
Q & X



=
Transformando para o duplo-reciproco...

—_— Vmax [S]
Vo = ,
Ku + a'[S]
L p— |‘<M . 1 + G'[S]
Vo Vmax [S] Vmax[s]
1 _ Ky . 1 L«
VO Vmax [S] Vmax

° Increasing
[1] %

a’=1 (no inhibitor)

Slope = K;,/V ,,ax
a’'=1+ m
K’

1/[S]



Inibidor Misto

K k
E+S<=ES—2»E+P
+ Ky +
A A

Kl L K,l L
El ESI
« _ [EM o _ [ES

"TTIEN © ' = TIESI]



=" A
Inibidor Misto

[E+] = [E] + (E]) + [ES] +(ESI)

[E7] = [E] + [E][1] + [ES] + [ES][I]
K| K

[E.] = [E] (1 +%)+[ES]< 7] ) E)a+[ES]a

[E.] = KulES]a +[ES]a’ = [ES] Kv + o
[S] [S]

_ [E-] _ [E+][S]

ES] = = T — _

. (aKSM + ) Ky +a’' [S] ToT kz@
[S]




Inibidor Misto

[ES] = [Eq] [S,] = = kz@
aKy + o’ [S]
_ ky [EA[S]
O aKy + o’ [S]
V. = Vmax [S] Increasing
[ 1-a’ ] (no inhibitor)
(a —1)KM (a —1)Vmax
: Slope = a Kj/V ., ax
L:GKM_ 1 a f’,f’ =1+m a’=1+m
Vo max [S] Vmax ,;/ ahk : K
= 0

1/[S]



o000
Inibidor Misto (Nao-competitivo)

k k
E+S<==ES—2» E+P
+ -1 +
| |
<
El ESI
+ Noncompetitive
inhibit
Quando K, =K', ou sejaa = a / inhibitor
Neste caso, -~@ _ -1 <
oKy K No inhibitor
\ present

0 1/[S]



Allopurinol = Oxypurinol x xanthine oxidase

ATP
ADP

AmMP
AMP deaminase GcomP
Nucleotidase

Nucleotidase
Adenosine
Adenosine

deaminase Guanosine

mmP > Inosine Purine nucleosidase
Purine nucleosidase Inosine phosphorylase
phosphorylase phosphorilase

Guanine
.- =
| S

Lol

Hypoxanthine

NAD" o, Guanine
xo%xo deaminase
NADH O.* and H,O,
""jI"
L >

Xanthine O

NAD" o, O
NADH O." and H,O, N — HN —
i - ||\ NH )\ _ /NH
Q\JEQ:" Z~N 0” >N~ "N
o ~ N H H



Vigabatrin x GABA transaminase



Sarin x acetilcolinesterase



Sulbactum x beta lactamase



N,N-dimethylpropargilamine x monoamine oxidase



