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Video PDB101
How enzymes work

http://pdb101.rcsb.org/learn/videos/how-enzymes-
work
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Como as enzimas trabalham?
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Chave-fechadura
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Collaborate!

O que é cinética enzimatica?
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Substrate

Figure 8-15a
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company
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Competitive
inhibitor

Figure 8-15b
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company
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Enzima: transcriptase reversa viral
Tratamento AIDS
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Enzima: timidilato sintase

Tratamento de tumores
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Substrate

Noncompetitive
inhibitor

Exemplos de inibidores nao-competitivos:
Hg*?, Pb*? = reagem com grupos -SH das proteinas
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Nevirapine

Inibitor da RNA transcriptase viral

Utilizada no tratamento HIV

NAO liga no sitio ativo, liga numa regido hidrofébica longe do sitio ativo
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Figure 12-2 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons
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Figure 12-2 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons
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Figure 12-2 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons
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Figure 12-2 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons
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v=k[S]

Determinar a velocidade depois de At =2
velocidade média durante este intervalo de tempo, ao

longo do qual [S] variou

Para simplificar:

Velocidade INICIAL (V,) = intervalo de tempo curto

[S] pode ser considerada constante
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Experimento 1 a 4 e simulagcoes
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Reaction velocity —

———y,

Substrate concentration —

Figure 8-4
Biochemistry, Sixth Edition
£ 2007 W.H.Freeman and Company
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0y

Reaction velocity —

Substrate concentration —

Figure 8-4
Biochemistry, Sixth Edition
© 2007 W.H. Freeman and Company
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Reaction velocity —

w

Substrate concentration —

Figure 8-4
Biochemistry, 5ixth Edition

© 2007 W.H.Freeman and Company
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O grafico mostra a velocidade inicial da reacao em funcao da
concentracao de substrato. Por que existe um plat6?

g
:
)
:

Subsirate conceniraton [5)

A enzima é inibida por altas concentracoes de substrato

A afinidade da enzima pelo substrato muda

A enzima esta sendo degradada por proteases

O sitio ativo da enzima esta saturado com substrato

O substrato esta sendo degradado
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https://cf.nearpod.com/neareducation/new/Question/357176486/iconflash.jpg?AWSAccessKeyId=AKIAINYAGM2YWP2OWQBA&Expires=2147483647&Signature=rSegjXutzj2DOKYO8t3yo16WdR4%3D&1525365395

Saturac¢do dos

MaXimaI VElOCity '\- sitios-ativos

______________________ =
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Reaction velocity —

| ——,

Substrate concentration —

Figure 8-4
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company
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E+S ¢ g ES p a E+P
K | K -7
Combinacao reversivel ES Passo limitante da reacao
Atinge equilibrio Proporcional a [ES]
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E+S ¢ g ES p a E+P
K | K -7
Combinacao reversivel ES Passo limitante da reacao
Atinge equilibrio Proporcional a [ES]
K1>>K,

TEMPOS INICIAIS da reacao
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E+S ¢ g ES p a E+P
K | K -7
Combinacao reversivel ES Passo limitante da reacao
Atinge equilibrio Proporcional a [ES]
K1>>K,

TEMPOS INICIAIS da reacao

Velocidade de formacao ES

Lesson: Cinética Enzimatica 27/87 E/_T/ﬁQGfDOd




E+S ¢ g ES p a E+P
K | K -7
Combinacao reversivel ES Passo limitante da reacao
Atinge equilibrio Proporcional a [ES]
K1>>K,

TEMPOS INICIAIS da reacao

Velocidade de formacao ES

Vl = k1 [E] [S]
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E+S ¢ g ES p a E+P
K | K -7
Combinacao reversivel ES Passo limitante da reacao
Atinge equilibrio Proporcional a [ES]
K1>>K,

TEMPOS INICIAIS da reacao

Velocidade de formacao ES

Vl = k1 [E] [S]

V,= K 2 [E] [P]
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E+S ¢ g ES p a E+P
K | K -7
Combinacao reversivel ES Passo limitante da reacao
Atinge equilibrio Proporcional a [ES]
K1>>K,

TEMPOS INICIAIS da reacao

Velocidade de formacao ES

Vl = k1 [E] [S]

V,= K 2 [E] [P]

Tempo inicial =2 [P] é insignificante em relacdo a [S]
[P =0
Vo=
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E+S - g ES P d E+P

TEMPOS INICIAIS da reacao

Velocidade de formacao ES

V, =k, [E][S]

V,=k_, [E][P] =0
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E+S - g ES P d E+P

TEMPOS INICIAIS da reacao

Velocidade de formacao ES

V, =k, [E][S]

V,=k_, [E][P] =0

Velocidade de desaparecimento de ES
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E+S - g ES P d E+P

TEMPOS INICIAIS da reacao

Velocidade de formacao ES

V, =k, [E][S]

V,=k_, [E][P] =0

Velocidade de desaparecimento de ES

V,=k_, [ES]
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E+S - g ES P d E+P

TEMPOS INICIAIS da reacao

Velocidade de formacao ES

V, =k, [E][S]

V,=k_, [E][P] =0

Velocidade de desaparecimento de ES
V.,=k_ [ES]

V, =k, [ES]
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E+S - g ES P d E+P

TEMPOS INICIAIS da reacao

Velocidade de formacao ES

V, =k, [E][S]

V,=k_, [E][P] =0

Velocidade de desaparecimento de ES
V.,=k_ [ES]

V, =k, [ES]

V,+V,=k[ES] + k, [ES]
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E+S - g ES P d E+P

TEMPOS INICIAIS da reacao

Velocidade de formacao ES

V, =k, [E][S]

V,=k_, [E][P] =0

Velocidade de desaparecimento de ES
V.,=k_ [ES]

V, =k, [ES]
V., +V,=k_ [ES] + k, [ES]

V,+V, =(k_,+ k,)[ES]
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E+S - g ES P d E+P

TEMPOS INICIAIS da reacao : [ES ]= constante = equilibrio estacionario
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E+S - g ES P d E+P

TEMPOS INICIAIS da reacao : [ES ]= constante = equilibrio estacionario

Velocidade de formacao ES = Velocidade de desaparecimentode ES
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E+S - g ES P d E+P

TEMPOS INICIAIS da reacao : [ES ]= constante = equilibrio estacionario

Velocidade de formacao ES = Velocidade de desaparecimento de ES

V, =k, [E] [S] = Vat+Vy =(k i+ k;) [ES]

Lesson: Cinética Enzimatica 39/87 /__/_T/I'WQGI'DOC’




E+S - g ES P d E+P

TEMPOS INICIAIS da reacao : [ES ]= constante = equilibrio estacionario

Velocidade de formacao ES = Velocidade de desaparecimento de ES

V, =k, [E] [S] = Vat+Vy =(k i+ k;) [ES]

(k 4+ k, ) [ES]

ky [E][S]
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E+S - g ES P d E+P

TEMPOS INICIAIS da reacao : [ES ]= constante = equilibrio estacionario

Velocidade de formacao ES = Velocidade de desaparecimento de ES

V, =k, [E] [S] = Vat+Vy =(k i+ k;) [ES]

(k 4+ k, ) [ES]

ky [E][S]

[E] + [ES] = [E4]
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E+S - g ES P d E+P

TEMPOS INICIAIS da reacao : [ES ]= constante = equilibrio estacionario

Velocidade de formacao ES = Velocidade de desaparecimento de ES

V, =k, [E] [S] = Vat+Vy =(k i+ k;) [ES]

(k 4+ k, ) [ES]

ky [E][S]

[E] + [ES] = [E4]

ky ([E;]-[ES]) [S] = (k_4+ ky)[ES]
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E+S « - ES « J E+P

TEMPOS INICIAIS da reacao : [ES ]= constante = equilibrio estacionario

Velocidade de formacao ES = Velocidade de desaparecimento de ES

V, =k, [E] [S] = Vat+Vy =(k i+ k;) [ES]

(k 4+ k, ) [ES]

ky [E][S]

[E] + [ES] = [E4]

ky ([E;]-[ES]) [S] = (k_4+ ky)[ES]

([ErT-[ES])[S] =(k 4+ k; ) [ES]
kl
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E+S - g ES P d E+P

TEMPOS INICIAIS da reacao : [ES ]= constante = equilibrio estacionario

Velocidade de formacao ES = Velocidade de desaparecimento de ES

V, =k, [E] [S] = Vat+Vy =(k i+ k;) [ES]

(k 4+ k, ) [ES]

ky [E][S]

[E] + [ES] = [E4]

ky ([Ef]-[ES]) [S] = (k_;+ ky) [ES]
([E+]-[ES]) [S] =(k ;+ ky) [ES]
Ky
[E+ ] [S] - [ES] [S] =(k_ 4+ ky ) [ES]
Ky
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E+S - g ES P d E+P

TEMPOS INICIAIS da reacao : [ES ]= constante = equilibrio estacionario

Velocidade de formacao ES = Velocidade de desaparecimento de ES
V, =k, [E][S] = Va+V, =(k_ 1+ ky) [ES]
o [E]IS] = (k+ k) [ES] o LECIS]
K1+ K
[E] + [ES] = [E;] £]S]
Ky
ky ([Ef]-[ES]) [S] = (k_;+ ky) [ES]
( [E;]-[ES]) [S] =(k 4+ ky ) [ES]
kl
[E+ ] [S] - [ES] [S] =(k 1+ k; ) [ES]
kl
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E+S - g ES P d E+P

TEMPOS INICIAIS da reacao : [ES ]= constante = equilibrio estacionario

Velocidade de formacao ES = Velocidade de desaparecimento de ES
Vi=k; [E][S] = VitV, =(k 1+ k;)[ES]
ky [ET[S] = (ky+ ky) [ES] £sje  _LErl(S]
K1+ K
[E] + [ES] = [E;] £]S]
kl
k, ([E;]-[ES]) [S] = fk. i+ ks)IES] V, = velocidade inicial =
velocidade de aparecimento de P
([Er]1-[ES])[S]  =(k.y+ ky)[ES] V, = k, [ES]
Ky
[E+ ] [S] - [ES] [S] =(k 1+ k; ) [ES]
kl
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E+S - g ES P 2 E+P
K. K5
esj.  _ LECILS]
K, + k 8]
kl

V, = velocidade inicial =
velocidade de aparecimento de P

V, = k, [ES]
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E+S - g ES P 2 E+P
K. K5
esj.  _ LECILS]
K, + k 8]
kl

V, = velocidade inicial =
velocidade de aparecimento de P

V, = k, [ES]

'U'U:kz [ET][S]
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E+S - g ES P d E+P

Quando obtemos Vmax?

[E; ][S]
K, + k

[ES] =
#15] [E;] = [ES]

K

V, = velocidade inicial =
velocidade de aparecimento de P

V, = k, [ES]

Uﬂ:kz [ET][S]
K+ K,

+[S]
Ky
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E+S - g ES P d E+P

Quando obtemos Vmax?

[E; ][S]
K, + k

[ES] =
#15] [E;] = [ES]

Ky
V, =k, [ES]
V, = velocidade inicial =
velocidade de aparecimento de P

V, = k, [ES]

Uﬂ:kz [ET][S]
K+ K,

+[S]
Ky
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E+S - g ES P d E+P

Quando obtemos Vmax?

[E; ][S]
K, + k

[ES] =
#15] [E;] = [ES]

kl
V, = k, [ES]

V, = velocidade inicial = Vmax =k, [E;]

velocidade de aparecimento de P

V, = k, [ES]

Uﬂ:kz [ET][S]
K+ K,

+[S]
Ky
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E+S - g ES P d E+P

Quando obtemos Vmax?

[E; ][S]
K, + k

[ES] =
#15] [E;] = [ES]

Ky
Vﬂ == kz [ES]
V, = velocidade inicial = Vmax =k, [E;]

velocidade de aparecimento de P

V,, = k, [ES] V, = Vmax [ S ]
Katle L is)
Ky
Uﬂ:kz [ET][S]
K+ K, +[S]
Ky
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|<:I.
E+S . d
K4
(ES] = [E; ][S]
K, + k 8]
kl

V, = velocidade inicial =
velocidade de aparecimento de P

V, = k, [ES]
'U'U:kz [ET][S]
K+ K, +[S]
Ky
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ES

Quando obtemos Vmax?

[ET] = [ES]

Vo =k, [ES]
Vmax =k, [E]

V, = Vmax [ S ]
K.+ ks

+[S]

Equacao de Michaelis - Menten

53/87 A nearpod




O que acontece quando V, = Vmax/2 ???

Initial velocity, V, (uM/min)

Substrate concentration, [S] (mM)
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— Vmax [S]

K +[S]

VO = Km

Vmax = Vo

Km=[S]

Km = 2[S]

Cinética Enzimatica

O que acontece quando Vo=Vmax/2?

56/87

L nearpod


https://cf.nearpod.com/neareducation/new/Question/357128620/iconflash.jpg?AWSAccessKeyId=AKIAINYAGM2YWP2OWQBA&Expires=2147483647&Signature=4UlXJ7pAB%2FEu8uGoYe7vVfdZaG0%3D&1525344158

O que acontece quando V, = Vmax/2 ???

Equacao de Michaelis - Menten

Km = [S]

Initial velocity, V, (uM/min)

Substrate concentration, [S] (mM)

Lesson: Cinética Enzimatica 57/87 /__/_T/I'WQGFDOU




Open Ended Question;

58/87 A nearpod



O que € o Km?

Please enter your answer here.
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https://cf.nearpod.com/neareducation/new/Question/357129196/iconflash.jpg?AWSAccessKeyId=AKIAINYAGM2YWP2OWQBA&Expires=2147483647&Signature=yP5gRwn1DYfXJfk2X%2Bld2Bnux9s%3D&1525344901

O que acontece quando [S] <<<< K, ???

|S] Vo=K[S]
K_+ |S] v

O que acontece quando [S] >>>
Ky 27

Initial velocity, V, (uM/min)

Como determinar Vmax?

Klﬂ
Substrate concentration, [S] (mM)
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O que acontece quando [S] <<<< Km?

os sitios ativos estao saturados com substrato

O grafico apresenta um comportamento linear

A reacao atinge a Vmax
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O que acontece quando [S] >>>> Km?

Km = [S]

Vo tende a Vmax, os sitios ativos das enzimas estarao saturados com substrato

Vo = Km

Km = 2[S]

Cinética Enzimatica 64/87 @ﬁ@ﬂfﬂc}d


https://cf.nearpod.com/neareducation/new/Question/357128853/iconflash.jpg?AWSAccessKeyId=AKIAINYAGM2YWP2OWQBA&Expires=2147483647&Signature=NeJwl%2FzpKDZxF4ZRpV25zB6COwI%3D&1525344497

Vmax [S]

<
=
I

Km +1[S]
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Vmax [S]

UG=

Km +[S]
1 _ Ky #*l8)
Vo Vmax [S]
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Km +1[S]
1 _ Ky #*l8)
Vo Vmax [S]
1 Kwog 1
Vo Vmax [S] V..
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Km +[S]
1 _ Ky #*l8)
Vo Vmax [S]
1 Kwog 1
V, Vmax [S] V...
y = ax +b

Transformacgao duplo-reciproco
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1_ K, 1
V{] Vm ax [S] Vma};

Intercept =

Intercept =

0 1/[S]

Figure 8-13
Biochemistry, Sixth Edition
© 2007 W.H. Freeman and Company
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Quando 1/[S] = 0, intercept = ???
Quando 1/Vo =0, intercept = 7?7?
A inclinacao desta reta (slope) = ???

1
— m i
VD Vmax [S] Vmax

Intercept =

Intercept =

0 1/[S]

Figure 8-13
Biochemistry, Sixth Edition
© 2007 W.H. Freeman and Company
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1_ K, 1
V{] Vmax[s] Vma};

1/V,| Slope = Ky/V,,ax

Intercept = -1/K,

Intercept = 1/V,,,.x

0 1/[S]

Figure 8-13
Biochemistry, Sixth Edition
© 2007 W.H. Freeman and Company
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TasLE 8.4 K|, values of some enzymes

Enzyme Substrate Ky (kM)
Chymotrypsin Acetyl-L-tryptophanamide 5000
Lysozyme Hexa-N-acetylglucosamine 6
B-Galactosidase Lactose 4000
Threonine deaminase Threonine 5000
Carbonic anhydrase Co, 8000
Penicillinase Benzylpenicillin 50
Pyruvate carboxylase Pyruvate 400
HCO; 1000
ATP 60
Arginine-tRNA synthetase Arginine 3
tRNA 0.4
ATP 300
K Ky
E+S p - ES " E+P
K.
Km= Kat k Qdo k,<<< k_, =
K, indica afinidade do complexo ES

Lesson: Cinética Enzimatica
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Ky
E+S «
K.
Vmax =k, [E4]
Kcat = Vmax
[E+]

Lesson: Cinética Enzimatica

ES g E+P

Constante catalitica
“turnover”
= renovacao

Numero de moléculas de substrato
transformadas em produto por uma
molécula de enzima, na unidade de tempo
qguando a enzima esta saturada com o

substrato
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TABLE 8.5 Turnover numbers of some enzymes

Turnover number

Enzyme (per second)
Carbonic anhydrase 600,000
3-Ketosteroid 280,000
isomerase
Acetylcholinesterase 25,000
Penicillinase 2,000
Lactate 1,000
dehydrogenase
Chymotrypsin 100
DNA polymerase | 15
Tryptophan synthetase 2
Lysozyme 0.5

Sl e Rapidez com que a enzima pode operar,

Biochemistry, Sixth Edition gdo todos sitio ativos estao ocupados!
© 2007 W.H.Freeman and Company
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Eficiéncia catalitica

~» Velocidade de catalise
kcat

Km * Forca de interacdao entre enzima e substrato

TaBLE 8.6 Substrate preferences of chymotrypsin

Amino acid in ester Amino acid side chain k../Ky(s~'M™7)
Glycine —H 1.3 X 10

CH;
Valine —CH 2.0

CH;
Norvaline —CH,CH,CH, 3.6 X 102
Norleucine —CH,CH,CH,CH, 3.0 X 10°
Phenylalanine —CH, 1.0 X 10°

Lesson: Cinética Enzimatica 76/87 /__/_T/I'WQGFDOU




TaLE 8.7 Enzymes for which k_ /K is close to the
diffusion-controlled rate of encounter

Enzyme Kk ../Ky (s~'M™T)
Acetylcholinesterase 1.6 X 108
Carbonic anhydrase 8.3 X 107
Catalase 4 X 107
Crotonase 2.8 X 108
Fumarase 1.6 X 108
Triose phosphate isomerase 2.4 X 108
B-Lactamase 1 X108
Superoxide dismutase 7 X 10°

Eficiéncia proxima a perfeicao catalitica: geram
produto cada vez que colidem com o substrato
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Substrate

Figure 8-15a
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company
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Competitive
inhibitor

Figure 8-15b
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company
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\l)LNH
HO— \NJ\O

O

T

N—=N=N OH

HO

ALT -
(3"azido-2’desoxitimidina) Desoxitimidina

Enzima: DNA polimerase viral
Tratamento AIDS
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e

5 fluorouracila Uracila

Enzima: timidilato sintase

Tratamento de tumores
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E+S < = ES > E+P

S)
) =
S

El @

(a) Competitive inhibition
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E——>ES —>E+P
+

7

%1 Noinhibitor
80 [1] = K,
s
C 60
2 [11= 10K
e
® 40
2 ' [1]=5K,
20 v
0
[Substrate] —
Figure 8-17

Biochemistry, Sixth Edition
© 2007 W.H. Freeman and Company
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1/v

o]
Increasing

[1]

o =1 (no inhibitor)

W Slope = aKy/V,, ..
'_,ﬁ""::f; [I]
##-ﬂ'# ’J"’ ff {1=1 + ?
.-### l‘"” f’f l
.r.""### trt .l"l'r
0
-T/aKy 1/[S]

Figure 12-7 Fundamentals of Biochemistry, 2/e
© 2006 John Wiley & Sons
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Substrate

Noncompetitive
inhibitor

Exemplos de inibidores nao-competitivos:
Hg*?, Pb*? = reagem com grupos -SH das proteinas
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100

No inhibitor

80
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:

20 ” [11=10K;, [1] = 5K;

—
0
[Substrate] —

Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company
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+ Noncompetitive

inhibitor + Competitive
/ / inhibitor

1/V

\ No inhibitor
present

\ No inhibitor
present

0 1/[S] . 1/15]

Flaguae 8 I
Pz bavesyiry, Hadh [ddpe
£ JWEAF v e, jwl i

Figuwe 8-23
g fravmi piry. Jamth Fakrian
T WHLE [#
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