ENZYMOLOGIE

Katalyza - Berzelius 1838

katalyzator - latky urvchlujict chemicke reakee
- nemeni rovnovahu chemickych reakei

- snizuji aktivacni energii



energie

prubéh reakce






Pozadavky na biokatalyzitory :
A. Reakce musi probihat cilene.
B. Musi probihat specificky

(. Jejich akfivita must byt presné regulovand



Biokatalyzatory

* Globularni bilkoviny — enzymy

 RNA - ribozymy



Historie poznani enzymy

1878
1860

1897
1926

KUHNEN - ENZYM - En Zyme - v kvasnicich
PASTEUR - vis vitalis - zivotni sila v kvasinkach
LIEBIG - fermenty - chemicke latky

BUCHNER - extrakt kvasinek katalyzuje kvaseni

SUMNER - bilkovinna povaha enzymu - ureasa



Enzymologie :

studium struktury enzymu

studium kinetiky enzymovvch reakei

studium reakénich mechanismu

studium forem a lokalizace enzymu

studium vztahu enzymu k patologii organismu

prakticke vyuziti enzymu

o piiprava a studium umelych enzymu



Nazvoslovi

1. trivialni - trypsin, pepsin, ptyalin

2. nazev substratu + asa - lipasa, amylasa

reakce + asa - oxidasa, hydrolasa

3. substrat + reakce - alkoholdehydrogenasa

substrat; + substrat, + reakce - alkohol: NAD-oxidoreduktasa



Enzvmova nomenklatura

[UB 1961 - nejnoveéjsi 1984

1. OXIDOREDUKTASY oxidacné redukeni reakce

- alkeholdehydrogenasa

2. TRANSFERASY

prenos skupin

- aspartdtaminotransferasa

3. HYDROLASA hydrolytické stepeni (+ H,0)

proteasy



4. LYASY - nehydrolytické stépeni (bez H,0O)

- karbondtanhydrasa

S. [ZOMERASY - presuny atomu a skupin

glukosafosfatizomerasa

6. LIGASY vznik vazby za soucasného

rozkladu ATP

asparaginsynthetasa



1. Owidoredukiazy

2 Transferazy

3 Hydrolazy

4, Lyazy

. |zomerazy

b, Ligazy

And'l' EIJJI. ;-‘ A-:m'l' Eqd

AB+0 = AC +B

AB +H0 — AH +B-OH

.'J'.E|| —a fp===f 4 .Y

=1
B

A+BHATP —= AB+ADP+P



Table 5.2
An example of each class of enzyme

1. Oxidoreductases
NAD* NADH + H*

CH3—(|3HCOO_ LZ CH;CCOO™
OH NAD® NADH +H?* O
Lactate Pyruvate

Common name: Lactate dehydrogenase
Official name: L-Lactate:NAD* oxidoreductase
Official number: 1.1.2.3

2. Transferases
(dNMP),, + dNTP —— (dNMP), +; + PP;

(dANMP),, = DNA with n nucleotides

dNTP = deoxynucleoside triphosphate

(dNMP),, . ; = DNA with n + 1 nucleotides

PP; = Pyrophosphate

Common name: DNA polymerase

Official name: Deoxynucleoside triphosphate:DNA deoxynucleotidyltransferase (DNA-directed)
Official number: 2.7.7.7

3. Hydrolases
I i
H,C—C—O0—CH,—CH,—N(CHj); + H,0 == CH,C—O0~ + (|3H2—CH2—1§(CH3)3

OH
Acetylcholine Acetate Choline

Common name: Acetylcholinesterase
Official name: Acetylcholine acetylhydrolase
Official number: 3.1.1.7

Table 5-2 part 1 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



Table 5.2
An example of each class of enzyme

4. Lyases
COz + Hzo —— H2C03
Carbonic acid
Common name: Carbonic anhydrase

Official name: Carbonate hydrolyase
Official number: 4.2.1.1

5. Isomerases
(|:H20Po§" CH,0PO3%~
-0 — CHOH

| I
CH,OH C—0

/
H
Dihydroxyacetone Glyceraldehyde
phosphate 3-phosphate

Common name: Triose phosphate isomerase
Official name: D-Glyceraldehyde-3-phosphate ketoisomerase
Official number: 5.3.1.1

6. Ligases
2 ATp 2
CH3(||3—COO T e OOC—CHz(ﬁCOO
0] @)

Pyruvate Oxaloacetate

Common name: Pyruvate carboxylase
Official name: Pyruvate CO, ligase (ADP-forming)
Official number: 6.4.1.1
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EC LLLLT
Enzyme Commission
Ttida - oxidoreduktass ——

Podtrida - skupina CHOH

Podpodtiida  -koenzym NAD

Al

('1slo enzymu




Vvijadiovani aktivity enzymu :

o smluvené jednotky

e [U - International Unit - mezinarodni jednotka (IUB 1961)

- po¢et mikromolu preménéného substratu za minutu

e kat - katal (IUB 1971)

- pocet molu preménéného substratu za sekundu

Specificka aktivita - aktivita vztazena na mg bilkoviny

Cislo premény - pocet molu substratu preménénych molem

enzymu za jednu sekundu



STRUKTURA ENZYMU

jednoduche
ENZYMY

sloZzené

KOFAKTOR + APOENZYM — HOLOENZYM

prosteticka skupina - kovalentni vazba
ORGANICKA LATKA

koenzvm - disociabilni



Kofaktor - kovovy ion nebo organicka latka

METALOENZYMY
kovovy ion enzym
In* alkoholdehydrogenasa
alkalicka fosfatasa
karbonatanhydrasa
Mg** fosfohydrolasy
fosfotransferasy
Mn®* arginasa
Fe', Fe'* cytochromy
peroxidasa
katalasa
Cu”, Cu' tyrosinasa
diaminoxidasa




Table 6.2
Enzymes requiring metal ions as cofactors

Enzyme

Catalase, peroxidase, aconitase, and cytochrome oxidase
Alcohol dehydrogenase, carboxypeptidase A,
carboxypeptidase B,and DNA polymerase

Cytochrome oxidase, lysyl oxidase, ascorbate oxidase,
and superoxide dismutase

Hexokinase and glucose-6-phosphatase
Arginase

Pyruvate kinase

Urease

Nitrate reductase

Carbonic anhydrase
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Regenerace kofaktoru

1. Prosteticka skupina se regeneruje na téze enzymove bilkoviné :
alanin l J PLP I Il{.glutﬂunm;:i
pyruvat PLPNH, k. ketoglutarova

2. Koenzym se odstépi napoji se na jiny apoenzym a regeneruje se

V jiné enzymove reakci :

alkohol +NAD" —»  aldehyd + NADH
pyruvat +NADH — laktt +NAD



KOFAKTORY A VITAMINY

VITAMIN - FUNK - “amin potiebny pro zivot™

Vitamin

Kofaktor

Funkce

rozpustné ve vodé

thiamin - B,

riboflavin - B>

K.nikotinova(nikotinamid)

k.pantothenova
k.listova
pyridoxin - Bg
kobalamin - B>
k.askorbova - C
biotin - H

k. lipoova

thiamindifosfat TPP
FMN, FAD
NAD" ', NADP
CoA
k.listova
pyridoxalfosfat
kobalamin
k.askorbova
biotin

k. lipoova

prenos (realkce)
aldehydické s.
H
H

acylové s.
C, skupin
aminoskupiny
izomerace
hvdroxylace
COOH
H

rozpustné v tucich

karotenoidy - A
kalciferoly - D
tokoferoly - E

maftochinony - A

proces vidéni
metabolismus Ca
antioxidans

srazeni krve




Tahle 6.1
Characteristics of vitamins and coenzymes

Name/Structure of Vitamin Related Coenzyme Reaction type (page numbers®) Deficiency Disease
Water-Soluble Vitamins
Niacin NAD* NADP* Oxidation—reduction Pellagra
(pp. 485-494, 505-508,
ﬁ’ 515-524)
C
| N “om
Z
N
Riboflavin (vitamin B2) FAD,FMN Oxidation-reduction Growth retardation
- o (pp. 485-494, 515-524)

0 0 0
CH—C—C—C CH,0H
H HH

HQCUNIN\CJO
|

/ NH

H;C N E:L’

Thiamine (vitamin By)

CH;
NH, I

CH,. ,C=C—CH,CH,0H

N7 I N\\ |
ch’l\‘u =
H

Pantothenic acid (vitamin Bs)

OIFICH3

I
HOZC—CHZ—CHZ—II:I[—J!—C—C—CHZOH

[
OH CH;
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Thiamine pyrophosphate

Coenzyme A

Decarboxylation
(pp. 461, 463, 487-494)

Acyl group activation
and transfer (pp. 440-441,
485494,563-571)

Beriberi

Dermatitis (chickens)



Biotin

HC—CH
H-C C—(CH,),CO0OH
> NS H{ 2)4

Pyridoxine (vitamin Bg)
CH,OH
HO o CH,OH

|
Ha N

H
Folic acid
g s 3
N /éj:\ ¢C“CHZ—NH—©—CH(GIu)n
c” SN
H

Lipoic acid (may not be a vitamin)

CH
CH, CH—(CH,,—CO.H

Choline

?HZCHzﬁ(ma)a
OH
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Biotinylated enzymes

Pyridoxal phosphate

Tetrahydrofolate

Attached to e-NH; group
of Lys in protein

CO; activation and transfer
(pp. 465-466)

Amino group transfer
(pp. 605-606)

Transfer of one carbon unit
(pp. 600-601)

Acyl group activation
and transfer (pp. 485-493)

(pp. 163, 171,242-243)

Dermatitis (humans)

Dermatitis (rats):
neurological symptoms

Anemias

Growth deficiencies

Impaired brain development

(continued)



Table 6.1 (continued)
Characteristics of vitamins and coenzymes

Name/Structure of Vitamin

Related Coenzyme

Reaction type (page numbers”)

Deficiency Disease

Water-Soluble Vitamins (continued)

Cobalamin (vitamin By;)

CH,0H
o_ H
H H

L-Absorbic acid (vitamin C)

Sl

o (lj—CHZOH
-/ H

HO OH
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5'-Deoxyadenosylcobalamin

L-Absorbic acid

Methy! group transfer
(pp. 570-571)

Hydroxylation
(pp. 105-107, 493)

Pemicious anemia



Fat-Soluble Vitamins

trans-Retinol (vitamin A)

H cH, H CH

H,C CH, | I I |
€. S Gl G EHOH
H, \\?/ \\(I:/ \\(|:/ \(':/
H, H H
¥, CHs

Cholecalciferol (vitamin D3)
H,C_ _CH,CH,CH,CH(CH,),
H;C

CH,

HO

Tocopherol (vitamin E)
CH; CHB (l:HS (|:H3
(CH, ),CH(CH,),CH(CH, ), CHCH,

_CH,
HO CH,
R

(several variants, with R, R", R"=H or CHjz)

R’

Phylloquinone (vitamin Ky)
0
CH;,3

CH10H=(E—(CH2CH2CH2(|3H)3CH3

o CH, CHS,

Associated with visual
pigment

None

None

None

(pp. 123-125,252)

(pp. 252, 582-584)

(p-252)

(pp. 252, 530-544)

Night blindness,
other effects

Rickets

Reproductive and other

problems in rats;
uncertain in humans

Problems in blood clotting

“Page numbers Iisted here refer to page numbers in this book.
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NIKOTINAMIDOVE KOENZYMY

k. nikotinova nikotinamid

y —
—

f‘ oF 4 ‘ M,

N .
\ N






_|_

CHCHOH + NAD(}) — CH(CHO + NAD®H +H
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FLAVINOVE KOENZYMY

riboflavin
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AIP
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tetrahydrolistova k.

(ﬁ ?()OH

OH
> N_/CH; NH FNH—(|.‘H
L -

gy N N

methvlentetrahvdrolistova k. methenvltetrahydrolistova k.
H ( \— H HﬁJr_ \|'~—
jr(CH 7 ‘ _\T(H2

H H



thiamin




koenzym A - Cod - CoASH

| 0 0 r A\
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Lyasv aligasy - bez kofaktoru neho jiz popsanym kofaktorem TPP

Hydrolasy - bez kofaktoru

[zomerasy - vétsinou bez kofaktoru nebo kobalamin,



Enzymove bilkoviny
' Tonomerl
+ olgomern

+ mulfienzymove komplexy






Altivni misto enzymy
katalyticke
Aminokyseliny Vazebne

strukturn



Fischer - 1894 - teorie o zamku a kiici

substrat

Koshland - 1959 - rfeorie indukovaneého prizpiisobenr



,Lock and key" model

Substrate

_|_

- Active site

ES complex

Enzyme

Figure 5-9 Concepts in Biochemistry, 3/e
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JInduced fit* model

Substrate
_|_

ES complex

Enzyme

Figure 5-10 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



,Transition state” model

+ A B

Substrate

Enzyme J' T @

ES complex
(transition state)

Products

Enzyme

Figure 5-11 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



Aktivni misto

Efekt priblizeni — prekryv orbitalu

Specifické mikroprostredi — pH, I,
hydrofobita atd

Dehydratace
Koncentracéni efekt - 10°
Vhodna orientace



Aktivacni energie

\4

Uvolnéna pri vazbe substratu na enzym



Mechanismus katalyzy

Acidobazicka

Kovalentni

Kovovymi ionty

Elektrostaticka interakce

Proximitni a orientacni

Prednostni vazbu prechodneho komplexu



O
R—

TOH

Acidobazicka

{'I} H @ H =
C—N ——
R
H
[ il
4+ HNR"™ —= R—«




Kovalentni

H slow H

Step1: E—(Ser)—OH + RN C R — E—(Ser)—0—CR' + RNH,

\ | Covalent intermediate

\u_,'f/

H H
Step2: E—(Ser)—OCR' + Hy0 % E—(Ser)—OH + RC—OH



Kovovymi ionty

M™ Mt M

RN TN
R—C—OR" == R—C—OR' = R—(‘.‘.—_Q{ -—*R—C\ + ROH

OH, *OH, o A

(b)



Elektrostatickou interakci

s E His 119



Proximitni a orientacni




Prednostni vazbu prechodneho
komplexu



Lysozym
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o Fosfotriosoisomerasa




» Fosfotriosolsomerasa
— Glul6d
~ His95
Lysl3 R




o Mechanismus
pusobeni PTI

Enz.DHAP Ene-dlalate
omplex




Specifita enizymove reakce

¥V or F

specifita reakeni - tcinku - jaka reakee probehne

specifita substratova - absolutm
- skupinova

- stereospecifia



transaminace

I

R_E_md
R_.; —C00 /‘

dekarboxvlace

pleména
postr. Ietézce
er Co0

b

-
-



s

olutamdt + NAD"+ 0 & Dovolutardt + N+ NADH +
vejcorodi

aminokyselina * FAD * Hy0 & 0-oxokyselina * NH, * FADH,

FADH, * 0, @ FAD * 1,0,






ENZYMOVA KINETIKA

Reakce s jednim substratem
BROWN 1902
MICHAELIS MENTENOVA 1913

[Enzyme]

Figure 5-5 Concepts in Biochemistry, 3/e
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Ustaleny stav
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Conc.
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[E] free enzyime
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b) zavislost pocatecni rychlosti na koncentraci enzymu

A 1/2 Vmax

Reaction velocity (vy)

Ky = [S] where vy = 1/, V..

[S]

Figure 5-4 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons


http://www.wellesley.edu/Biology/Concepts/Html/animationofmme.html

Rovnice Michaelis Mentenove

VD

Km + [§]
v - pocatecni reakeni rychlost
V - maximalni (limitni) reakeni rychlost

Km - Michaelisova konstanta



LV

Ko+ [§

TN

S>>Km

[5<<Km




Stanoveni Km a Vmax
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Figure 5-3 Concepts in Biochemistry, 3/e

© 2006 John Wiley & Sons



Stanoveni Km :

LINEWEAVER BURKE

1/V0

> 1/Kp

1/[S]

Unnumbered figure pg142 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Tahle 5.3

Ky values for some enzyme—substrate systems

Enzyme Substrate Ky (mM)
Catalase H>O, 0.001
Hexokinase from brain ATP 0.4
D-Glucose 0.05
D-Fructose 1:5
Carbonic anhydrase HCO3 9
Chymotrypsin Glycyltyrosinylglycine 108
N-Benzoyltyrosinamide 2.5
B-Galactosidase Lactose 4.0
Penicillinase Benzylpenicillin 0.050
Pyruvate carboxylase ATP 0.060
Pyruvate 0.40
HCO3 1.0
Ribulose-1,5-bisphosphate Ribulose-1,5-bisphosphate 0.028
carboxylase (rubisco) CO, 0.009
Ribulose-1,5-bisphosphate Ribulose-1,5-bisphosphate 0.028
oxygenase (rubisco) 0O, 0:335

Table 5-3 Concepts in Biochemistry, 3/e
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Table 5.4
Turnover numbers, k3, for some enzymes

Enzyme Substrate ks (sec™ 1)
Catalase H->0, 40,000,000
Carbonic anhydrase HCO3 400,000
Acetylcholinesterase Acetylcholine 25,000
Penicillinase Benzylpenicillin 2,000
Lactate dehydrogenase Lactate 1,000
Chymotrypsin Glycyltyrosinylglycine 100
DNA polymerase DNA 15
Ribulose-1,5-bisphosphate Ribulose-1,5-bisphosphate + CO, 3.3
carboxylase
Ribulose-1,5-bisphosphate Ribulose-1,5-bisphosphate + O, 2.4
oxygenase

Table 5-4 Concepts in Biochemistry, 3/e
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Reakce se dvéema substraty

Mechanismy - CLELAND
Sekvencni :
a) nahodny

A B P Q

EA EABSEPQ EQ

EB EBAGEQP EP




b) usporadany

A B P
FA EAB&EPQ EQ
Pingpongovy
A P Q
FA©EP F FB&EQ




LAY

Latky ovliviujici ¢innost enzymu

aktivatory
Latky ovliviiujici ¢innost enzymu
inhibitory

Woowr

Aktivatory - zvysuji rychlost enzymové reakce

Inhibitory - snizuji rychlost enzymove reakce



ni
¢ Ireverzibilni inhibice

AT



¢ Reverzibilni inhibice

Kompetitivni inhibice

Competitive
(inhibitor binds
1n active site)

Figure 5-15b Concepts in Biochemistry, 3/e
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¢ Reverzibilni inhibice

Kompetitivni inhibice

E+1& El

1/v,

/ 1y

T

I'Km .
1’{Kmi

IF[S]

Km; >Km V;=V



Nekompetitivni inhibice

E+1e El FA+Ie EAI

Noncompetitive
(inhibitor binds
at another site)

Figure 5-15c Concepts in Biochemistry, 3/e
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Nekompetitivni inhibice

E+1e El FA+Ie EAI

1/v,

Ukm U]
Km;=Km V<V



Uncompetitive
(inhibitor binds
after S binding)

Figure 5-15d Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



Table 5.5
Kinetic characteristics of reversible inhihition

Effect of Inhibition“
Type of Inhibition Ky V max K/ V max (slope)
Competitive Higher Same Increase
Uncompetitive Lower Lower Same
Noncompetitive
Pure Same Lower Increase
Mixed Higher Lower Increase

“Compared to uninhibited reaction.

Table 5-5 Concepts in Biochemistry, 3/e
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Increasing

(1]

IIVO

/ } Y x

1/[S]

(a) Competitive inhibition

Figure 5-18 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons

1va
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Increasing

[1]
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lfVO

Increasing

[1]

K[I]=O

é\_ 1§ —
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(b) Noncompetitive inhibition

1/[S]

7
iy
1/[S]

(c) Uncompetitive inhibition




Fvzikalné chemické faktory
ovliviujici rvchlost enzvmové reakce

ViivpH

Aktivita

pH
optimum




Pepsin

6 ) 10 2 4
pH pH

(a) (b)

Figure 5-6 Concepts in Biochemistry, 3/e
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Vi teploty

log k

teplotni optimum




Vo

30

Figure 5-7 Concepts in Biochemistry, 3/e
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Regulace Cinnosti enzvmu

o Regulace koncentrace enzymu

o Allostericka regulace MONOD 1963
o Regulace zpétnou vazhou

o Regulace kovalentni modifikaci

o Kompartmentace



Regulace koncentraci enzymu
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Operonovy model
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Allosterie

Allnsterlc Site
Active SIIE Substrate

Active @ . &
Enzyme ~
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Enzyme ~
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Regulatory Allosteric  Catalytic
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Allosterie
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Substrate Substrate

Concentration Concentration
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Symetricky model

amy
T state
S R state Reaction
R products
T state R state
vl
Inactive form Active form
of the enzyme; of the enzyme;
substrate cannot bind substrate can bind
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Sekveném’ model

—

T state
_\L‘ Step 1
T state

Step 2

Step 3

Reaction products

Figure 6-6 Concepts in Biochemistry, 3/e
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Allosterie hemoglobinu




Myoglobin




Co0~ CO0™
\CH C{I
o e
s o P i
H%CHC,;? e N\ _CH;
T B
C—NH N—C
& A
HC CH
“ o
C=N HN—C
H,C rl* Ll %C —CH
2 W W W :
E A
H i H Hl'.‘:
e H =cH,

{a) Protoporphyrin 1X

QEG" Co0™
CH, CH,
CH, CH,
HJC“‘M{:/J& H‘“Cff Ef \\\\CH H;
\‘c—rlq 1'|~|Ia—cf
el R
[
Sl (N 7
o C/ Lod %C—CH
B i, ot B
o
H / H ’HC
55 H™ScH,

(b) Heme (Fe-protoporphyrin IX)
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Vazba O, na Hb




Vazba O, na Hb




Hb versus Mb
Hb + 0, == HNO,)

Mb + 0, == MbO, Hi(0;) + 0; == HNO-h
Hb(02); + 0; == HOzk=
Hb(02); + 0; == HNO:)e




Solné mustky

Azn G4 (102)
Asp G1 (94)

oxygenation
-

Asp G1 (99)
"o

&

fa/ T State {deoxy) (b) R State (oxy)



Solné mustky

Thr3s Thr3s

‘)

His97

Thr4l
Thr4l




Solné mustky

(@) afetizce val

(b) pietézce



Bohruv effekt — vliv H* a CO,

Hb(O,),H, + O, == Hb(0,),., + x+H

CO, + H,O == H" + HCO



Bohruv effekt — vliv H* a CO,,

0 20 40 60 80 100 120 140
pOa, torr



Bohruv effekt — vliv H* a CO,

i =ad Blood Call in Capillanes of Tissues

COo = C0s + Hs0
e calls of tissues / carponic anhydrase

HCO3 + Hb{Og)4

#

COq —— HCOy + H'HD + 40p == = s
Dasma to cells of hssuas



Bohruv effekt — vliv H* a CO,

& #ed Biood Cell in Capillaries of Lung

E‘DE -4 Elﬂg + HJZJ:I
Sxpired into air / carbonic anhydrase

Hgﬂﬂg + th:ﬂg}ﬁ

T

HCO3 ———=HCOy + H'Hb + 405 - 0
olasma from air



2 CO., + 2 H,0 Gas transpﬂrt

1¢ carbonic anhydrase ":; |n mamma IS
2 H,CO,4
1l [spontaneous]

; 2HCO; + 2 H Hemoglobin = 4 0,

Blood

Hemoglobin = 2 H= -F,____E H +2 HED;"'-.I

___..__.---"tspuntanenusl 1l
carbonic acid, H,CO, 2 H.CO,
pK, —6.4,pK, =102

10,

carbonic anhydrase 1‘i :
2C0, +2 HED



Viiv BPG




Viiv BPG a nadmorska vyska
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Viiv BPG a nadmorska vyska
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Fetalni versus normalni Hb
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Fetalni versus normalni Hb
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Regulace kovalentni modifikaci
glykogenfosforylasa

Many activated
glucose molecules

HPO ‘J
Glycogen __ / Phosphﬂtasx Glycogen 2
3
synthase \ Kinase synthase
(more active) /' \ (less active)
ATP ADP
GLYCOGEN
(A polymer of glucose)
ATP ADP
Glycogen S5 Kinase Glycogen ~— OPOj3
phosphorylase %~ Phosphatase _~* phosphorylase
(less active) / ‘\ (more active)
HPO3~ H,O

Many glucose-
I -phosphate molecules

Figure 6-7 Concepts in Biochemistry, 3/e
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Regulace kovalentni modifikaci
glykogenfosforylasa
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Aktivace zvmogenu

e ———————————
Zaludek pepsinogen — pepsin
pH
slinivka brisni enterokinasa

|

trypsinogen — trypsin

T |

chymotrypsinogen — chymotrypsin

Y
proelastasa — elastasa



Regulace kovalentni modifikaci

1 245| Chymotrypsinogen
(inactive)
trypsin Step 1
Y
| 15 16 245| n-Chymotrypsin
| | (active)
Arg lle chymotrypsin

\ Step 2
Ser-Arg and Thr-Asn

14 15 147 148

1 W 16 146 149 245| o-Chymotrypsin
| | | | (active)
Leu Ile Tyr Ala

A chain B chain C chain

Figure 6-8 Concepts in Biochemistry, 3/e
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Regulace zpetnou vazbou

CT*C*C‘




Regulace

Py ruvat
i Ca?*

Mlt:l-cul
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\ ; P
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GTP sukcinyl-CoA
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Vvuziti enzvmu

o bioanalyticka chemie - stanoveni substratu
- stanoveni inhibitoru
- neprimé stanoveni
o lékarstvi
o prumyslové vyuziti
¢ prumyslové vyuziti - praci prostredky
- krmivarstvi
- potravinarstvi
- farmacie

o enzymova katalyza v organicke chemie



Umele enzviny
" ynzymy

v Abymy



Abzymy

O
[
02N C_OCH3 S OzN (|:_OCH3

(a)

o-

Presumed tetrahedral
transition state

|
OQNOO—ﬁ—CHZCHﬁHZCHZCOO_

O

Transition-state analog used as antigen

to prepare catalytic antibodies

(b)
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Ribozymy — katalyticka RNA

1989 Nobelova cena

« Altman (Yale University) ribonukleasa P

* Cech (University of Colorado) mRNA



Ribonukleasa P

A U
G A 3’ end
c C-G A A
G C OH
U-G U
U-A A
C-G &
5" end pppG - -CAGGCCAGUAAAAAGCAUUACCCCG:-C
Portion removed —) B
by RNase P G-C
G - Cs0
U-A
G-C
G-C
G-C 70
LG ceuuce e e
G
GCCAG WU GAAGGU ;C
= GGG Cu
(& A
CAAD Tl e
@aq S e
30A-U C A UC
Active G C 50
tRNA A U0
C A
U A
G A
U
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Autokatalyticka mRNA

Tetrahymena thermophila

5" end 5" end
Upstream |
— exon (|} OH 3’ end
f Step 1 OH 5’ end
HO—G )
Downstream
— exon
3" end 3" end
l Step 2
5" end
5" end
Step 3 G—OH
\\Spliced
=+ H exons
G— OH ot
3" end
L-191VS 19 nucleotides

RNA 3" end
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