ENZYMOLOGIE

Katalyza - Berzelius 1838

katalyzator - latky urychlujici chemicke reakee
- nemeni rovnovahu chemickych reakei

- snizuji aktivacni energii




E+SIF

AGy

E+S

Reaction coordinate




Pozadavky na hiokatalvzatory
A. Reakce musi probihat cilene.
B. Musi probihat specificky

(. Jejich aktivita musi byt presne regulovand




Enzymy — molekularni stroje

2H,0, — O, + 2H,0

Rychlostni konstanta :

> Bez katalyzy - 0,23 s

> Pt - 1,3.103s
»Enzym - katalasa - 3,7.107 s
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Enzymy — molekularni stroje

Katalasa

)" 4
r

islo premeny 40 000 000 )|

1 molekula enzymu premeni
40 000 000 molekul substratu za 1 s




Biokatalyzatory

* Globularni bilkoviny — enzymy

 RNA —ribozymy Cech Altmann NC1986




Historie poznani enzym

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 - hilkovinna povaha enzym - ureasa




Enzymologie :

o studium struktury enzymu

studium kinetiky enzymovych reakc

studium reakenich mechanismu

studium forem a lokalizace enzymu

studium vztahu enzymu k patologii organismu

prakticke vyuziti enzymu

o piiprava a studium umélych enzymu




Nazvoslovi

1. trivialn1 - trypsin, pepsin, ptyalin

2. nazev substratu + asa - lipasa, amylasa

reakce + asa - oxtdasa, hydrolasa

3. substrat + reakce - alkoholdehydrogenasa

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




Enzvmova nomenklatura

[UB 1961 - nejnovejsi 1984

1. OXIDOREDUKTASY oxidacne redukeni reakce

- alkoholdehydrogenasa

2. TRANSFERASY

prenos skupin

- aspartataminotransferasa

3, HYDROLASA

hydrolytické Stépeni (+ H,0)

proteasy




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

- karbonatanhydrasa

5. [ZOMERASY - presuny atomu a skupin

- glukosafosfatizomerasa

6. LIGASY - vznik vazby za soucasného
rozkladu ATP

- asparaginsynthetasa




1, Oyidoreduktazy

2 Transferazy

3. Hydrolazy

4, Lyazy

. lzomerazy

b, Ligazy

AegtB

@, — Am+Eqd

AD 0 = AC +B

AB +HO —= &H +B-OH

iﬁ| —= A== 4 XY
XY VX
T
A

PBEATD = AB+ADP+P

Synthasy

Syntethasy




Tahle 5.2
An example of each class of enzyme

1.

2

Oxidoreductases
NAD" NADH +H"
CH;—CHCOO™ &.Z CH3ﬁCOO_
OH NAD* NADH + H" O
Lactate Pyruvate

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

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

(ANMP),, = DNA with n nucleotides

dNTP = deoxynucleoside triphosphate

(ANMP),, . ; = 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

Hydrolases

i i
+ +
H,C—C—O0—CH,—CH,—N(CHs); + H,0 — CH;C—0~ + C|3H2—CH2—N(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 S Hzo — HQCO'_;

Carbonic acid

Common name: Carbonic anhydrase

Official name: Carbonate hydrolyase
Official number: 4.2.1.1

5. Isomerases

(|:H20P0§“ CH,OPO3~
(|::0 — (|:H0H

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

ATP
CHS(”“—COO“ + CO, — ~00C—CH,CCOO0"

I
O 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 1112
Enzyme Commission
Ttida - ONtdoreduktasn ——

Podtrida - skupina CHOH

Podpodtrida  -koenzym NAD

1]

('1slo enzymu
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Enzymy — stanoveni koncentrace

Escherichia coli Homo sapiens

2 1 R o
W a7 4, I

FEEE:

BESESE

3 000 bilkovin 25 000 bilkovin

Koncentrace « Katalyticka aktivita

i
Substrat o Produkt




Stanoveni aktivity enzymu

Blochemie
Molekularni biologie

Klinicka diagnostika
Farmakologie — vyvoj leclv
Biotechnologické procesy
Blioanalyticka chemie




Metody pouzivané pro
stanoveni aktivity enzymu

Spektrofotometrické
Spektrofluorimetricke
Elektrochemicke
Radiochemickeé
Separacni — HPLC, GC,




Enzyme Assays
R.Eisenthal and M.J. Danson
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Enzyme Assays




HPLC in Enzymatic Analysis
E.F. Rossomando

Analysis




Vyjadrovani aktivity enzymu :

e smluvene jednotky

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

- pocet mikromolu preménéného substratu za minutu

e Kat - katal (IUB 1971)

- pocet molu premeénéného 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

slozené

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
Cu1+, Cu' tyrosinasa
diaminoxidasa




Table 6.2
Enzymes requiring metal ions as cofactors

Enzyme

Metal Ion

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

Table 6-2 Concepts in Biochemistry, 3/e
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Regenerace kofaktoru

1. Prosteticka skupina se regeneruje na teze enzymove hilkoviné ;
alanin J J PLP ] ]k.glutamové
pyruvat PLPNH, k. ketoglutarova

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

V jiné enzymove reaki :

alkohol +NAD" —» aldehyd + NADH
pyruvit +NADH —> laktit +NAD’




KOFAKTORY A VITAMINY

VITAMIN - FUNK - ““amin potirebny pro zivot™

Vitamin

Kofaktor

Funkce

rozpustné ve vodeée

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 (reakce)
aldehydicke s.
H
H

acylove s.
C; skupin
aminoskupiny
izomerace
hydroxylace
CcooHn
H

rozpustne 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 SoH
#
N
Riboflavin (vitamin B2) FAD,FMN Oxidation-reduction Growth retardation
(pp. 485-494, 515-524)
H H H
O 0 O
CH,—C—C—C—CH,0H
| H H H
H,C N N\ 20
|
> _NH
H;C N E
Thiamine (vitamin B,) Thiamine pyrophosphate Decarboxylation Beriberi
(pp. 461, 463, 487-494)
CH;
1 é.‘=C CH,CH,OH
S
C/L\\ | Yc—s
H; l
H
Pantothenic acid (vitamin Bs) Coenzyme A Acyl group activation Dermatitis (chickens)
and transfer (pp.440-441,
O lll ?Hg 485-494,563-571)
HO2C—CH2—CH2—I;_II—Q—C—C—CHZOH

| |
OH CH;

Table 6-1 part 1 Concepts in Biochemistry, 3/e
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Biotin
(0]
(Ll
N
HN NH

[
HC—CH

|
H,C C—(CH,)4,COO0OH
2 N \H( 2)4

Pyridoxine (vitamin Bg)

CH,0H
HO._\_-CH,0H

+
H;C
Folic acid
H,N__ CﬁN\C /N%CH (|:|)
| |
H

Lipoic acid (may not be a vitamin)

CH
(H, CH—(CHy)—COH

Choline

?HZCHzﬁ(ma}a
OH

Table 6-1 part 2 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons

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,OH
o H
H H

H
O OH

S

N CH;
]
ch—(le +N CH;

L-Absorbic acid (vitamin C)

OH
o H |

0 C—CH,0H
—( H

HO  OH

5'-Deoxyadenosylcobalamin

1-Absorbic aad

Table 6-1 part 3 Concepts in Biochemistry, 3/e
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Methyl group transfer
(pp. 570-571)

Hydroxylation
(pp. 105-107, 493)

Pernicious anemia

Scurvy




Fat-Soluble Vitamins
trans-Retinol (vitamin A)
H CH, H CH,
H,C CH, | I I |

C

¢, ,C. ,C. ,CH,OH
0T 70T

H, H H H
i, CHs

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

CH,

HO

Tocopherol (vitamin E)

CH; | ‘|:H3
(CH,);CH(CH,),CH(CH, ), CHCH,

'CHZ
HO CH,
R

(several variants, with R, R’, R"=H or CH3)

R’

Phylloquinone (vitamin Ky)
8]

s
cmcn:tl:—(cuzcuzcuz(l:mgcng

O CH, CH,

Associated with visual
pigment

None

None

None

(pp- 123-125,252)

(pp. 252, 582-584)

(p.252)

(pp. 252, 539-544)

Night blindness,
other effects

Rickets

Reproductive and other

problems in rats;
uncertain in humans

Problems in blood clotting

?Page numbers listed here refer to page numbers in this book.
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NIKOTINAMIDOVE KOENZYMY

k. nikotinova nikotinamid
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CHCHOH + NAD®) — CH(CHO + NADPH +H




Warburguv opticky test

260 300 340 380 421 460 a0
Wavelength (nm)




FLAVINOVE KOENZYMY

riboflavin

0
. N
H,C N Hx’j\ﬂ

CH,
H—(—0H
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H—(C—0H

CH—OH

FMN




FAD
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FAD (FMN) o FADH, (FMNH,)
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FAD (FMN) « FADH-. FADH, (FMNH.,)

u i
CH, y ;Hii{fJL‘”H . CH, 5 #uk
AL =
CH, N 0 oH .

H
| . T NH 0
CH
|| 2 CH.E
|
Hluty % modry
H + &
H 0
|
CH, N._
ol | - | MH
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CH, N 'T 0
|
CH, H




k.lipoovi

/U

(fx7”“f“»fcﬁﬂ iy fﬁaxfx“ﬁ”fﬂ\OH

gy
OH .2H HS SH
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ferredoxiny
—Cys--— Cys—
| |
S /S ‘“‘-‘F /S
Fe E'H‘
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HC CH

]

em
N ¢
HC N C

y
'H

A\
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Al

P

R—0—P + (P—(P—Rib—Ade

, +
® +P—® +R-S—Rib—Ade

0
|
B—® +R—C—0—P—Rib—Ade




aktivai sulfat NH,

adenosvimethionin jH:
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- t
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tetrahvdrolistova k.

OH 1

. ;TS“ (,‘H!-—NH@—(FNH—ﬁ?H
A J
N N N

2
COOH
methvlentetrahvdrolistova k. methenvltetrahvdrolistova k.
-CH,OH -CHO
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N7 N CH! j/(H]
JJ
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thiamin

CH;-CH,0H




koenzym A - CoA - CoASH

Heg 0 0 70
o B8P (]

4 /(?—(?—(j—(ZHTD—P—O—P —0CH, N7y
/(:—(:H,—('H,—_\'H HO K 0 0 N

HS~CH-CH-E e

CoASH + RCOOH = CoAS—C—R * HEO
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CH
CH3

3
(—N—CH;

H,




Lyasy a ligasy - bez kofaktoru nebo jiz popsanym kofaktorem TPP

Hvdrolasy - bez kofaktoru

[zomerasy - vetsinou bez kofaktoru nebo kobalamin,




Enzymove bilkoviny
' T0NOIEIL
* oligomern

0 Tulfienzymove komplexy







Aktivai misto enzvinu
/katalytické

Aminokyselny /\vazebné
strukturnl




Fischer - 1894 - teorie o zamku a klici

substrat

Koshland - 1959 - feorie indukovaného prizpiisobeni




,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 r Step 1 ‘

j

ES complex
(transition state)

Products

Enzyme

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




Aktivni misto

Efekt pfiblizeni — pfekryv orbitalu

Specificke mikroprostredi — pH, |,
hydrofobita atd

Dehydratace
Koncentracni efekt - 10°
Vhodna orientace




Proximitni a orientacni

L = = o
w0 I 7 &8, N | _ Yy
LIk e MO — O—0— MOy —= HMN_ N + Hj0—Oo—0" + HO— —NDy + H?
i T i 2 ! .'l._n"r
b, = 85 W min™?
\ F sy
T e, SO = M M~ ) F A
HH_M#_H C—0— :}-—l'-ill:l, — II.HH _;_H E—D' + HO — ’:}HD, + H°
0 o 0 '
Ky = B39 min !
Reacton . Rabe comst, Bartzo
(M el
4]
HOOC 1
OH ] = P
I o I
| Pl h
.a'"""l""-\._.-'"-‘ Y A g
I s || Sl
"-T."_.-""- \.b‘\'-\'_p"".-
T
Hi’Jt’x‘:_HH (;L_H
s OH L _CH, 4. e D o
g “H i, L X 2o H||J " gy LEx1n® 2.8 10
Ry o, S
(H, CH,




Aktivacni energie

v

Uvolnena pri vazbe substratu na enzym




Mechanismus katalyzy

 Acidobazicka
 Kovalentni
» Kovovymi ionty




Acidobazicka

+
[ N
R—C—N R—C—N
R’ R’
Step 1 +H,0 Step 2
O—H H
Y
R—(|3—N
+ R’
O
"%
H/ H
|| Step 3
+ i
R—C + HoNR' =—— R—(|3—N—H
OH R’
O\
Step 4 H

Figure 5-12 Concepts in Biochemistry, 3/e
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Kovalentni

O O

(\ “ slow

Step 1: E—(Ser)—OH + RN—C—R’ —> E—(Ser)—O—CR’ + RNH,
\—ILI/‘ Covalent intermediate

O O

fast

I
Step 2: E—(Ser)—OCR’ + H,O — E—(Ser)—OH + R'C—OH

Unnumbered figure pg150 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Kovovymi ionty

Enzyme

Figure 5-13a Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Kovovymi ionty

Mn+ Mn+ Mn+
O> O L) '
R
|| | <
R—C—OR’' =— R—(|:—OR’ - _(|:_UO\ —= R—C
OH, +OH, on H

Figure 5-13b Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons

Cytc cyta Cytc

.+ L =
Fez+ F63+ Fe3+

Figure 5-13c Concepts in Biochemistry, 3/e
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Lysozym

CH,CHCOO™

NAG NAM NAG NAM




Hydrogen bond —

to substrate

Amino end
of chain
i

Lysozym

B W
¥ ‘r. @/J‘ \‘
i \
G L)
{4 8l . £ '\
(@) YT pleated N\
73 ) () sheet LY
~asn region (3
-~
5

Substrate
cleavage

Irving Geis/Geis Archives Trust. Copyright Howard Hughes Medical Institute. Reproduced with permission




CiH

1\"
-CH O
l[[J_._}

[4) A
by / NAG
0 0.
A Adsp 101
0

D ring in
half-chair
conformation

Irving Geis/Gels Archives Trust. Copyright Howard Hughes Medical Institute. Reproduced with permission




Lysozym

H
e
H—O
pH 5,5
G:gn
/“4)
.
0o—H O i Dﬂ\
C—Aspb2
Glu 35—C L
Q“\D 0




Specilita enzymove reakee

specifita reakcni - dcinku - jaka reakce probehme




transaminace

j

ITI R_E_cm]'
¢—C00
i/
}R "70 ﬁ[ Pk’f dekarboxvlace

W W

plemeéna
postr. retézce




saver

olutamdt + NAD"+ 0 & Doxoglutardt + N + NADH + '
vejcorodi

ammokyselina * FAD * H,0 & o-oxokyselina  NH; = FADH,

FADH, * 0, & FAD + H,0,




Specilita enzymove reakee

spectfita substratova - absolutu
- skupinova

- stereospecifita




Substrate







ENZYMOVA KINETIKA

Reakce s jednim substratem
BROWN 1902
MICHAELIS MENTENOVA 1913

a) zavislost poc¢atecni rvchlosti na koncentraci enzymu

[Enzyme]

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




b) zavislost pocatecni rychlosti na koncentraci enzymu

vmax

P

=

-
M
=

Q

o
p—

5}

==

S R o e e m e — = —

— _g_ - e o A

Q

<

(5}
~

[S]

Figure 5-4 Concepts in Biochemistry, 3/e
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Ustaleny stav

[Sol

Concentration

[Ely = [E] + [ES]

Time




Zdkladni model - Michaelis & Mentenova

E+S ES

Predpoklady:

:
2.

3
4,

Koncentrace [ES] je v ustalenem stavu
Tvorba produktu P je pfimo umérna
koncetraci [ES], tudiz vy =k, [ES]
Koncentrace [S] je mnohem vyssi nez [E]
Zpeétnou reakci |ze zanedbat?

azZoo

E

P

Michaeliz = Menton

[E]

[8] > [E],




Odvozeni rovnice Michaelis Mentenové

¢ k,
E +S <===>ES ===>P + E
K.
1.Predpoklad — koncentrace [ES] se v ustaleném, stavu nemeéni d[ES]
dt
Ky [EI[S] = k4 [ES] + k; [ES]
[El = [E] + [ES] Ky ([Eliot - [ESDIS] = k4 [ES] + k;, [ES]
[E] = [Elo - [ES] ([Eliot - [ESDIS] = (kK4 + ky/ Kky) [ES]
K. = (K4 + Ky Ky) ([Elwt - [ESDIS] = K, [ES]

[Eliot [S] - [ES]IS] = K, [ES]
[Eliot [S] = Ky, [ES] + [ES][S]
[Elot [S] = [ES] (K, + [S])

[ES] = [Eliot [S] /(K + [S])

=0




Odvozeni rovnice Michaelis Mentenové

k1 k2
E+S <===> ES ===> P + E
K.

2.Pfedpoklad — tvorba produktu je primo imérna koncentraci [ES] Vo0 — k 2| ES]
[ES] = [Eliet [S] /(K + [S])

[ES] = vy/k, Vo/k, = [Eliot [S] /(K + [S])

Vo= Kz [Eliot [ST /(K + [S])

Vmax= k2 [E]tot VO= Vmax [S] /(Km + [S])

_ Ve[S
°  K,+[S]

V




Rovnice Michaelis Mentenove

A
K + [S]

v - pocatecni reakeni rychlost
V - maximalni (limitn) reakéni rychlost

Km - Michaelisova konstanta




V.

V_ ;
Km + [S

Reakce 0 rad

e
ScKkm v = = konst,[§]

Reakcel radu

|S] = nizka — vysoka




Stanoveni Km a Vmax
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Stanoveni Km :

LINEWEAVER BURKE

1/V0

1/[S]
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Table 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) O, 0.535

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




Table 5.4

Turnover numbers, ks, for some enzymes

Enzyme Substrate ks (sec™!)
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
© 2006 John Wiley & Sons




Reakce se dvema substraty

Mechanismy - CLELAND
Sekvencni :
a) ndhodny

A B P Q
fosforylaza
kreatinkinaza

FA EABSEPQ EQ
EB EBA©EQP EP




b) usporadany

A B P
FA EAB&EPQ EQ
Pingpongovy
A P 3 Q
FA&EP F FB&EQ

Alkoholdehydrogenaza
A — NAD*, B — EtOH)

Transaminazy
A-AMK, B-OxoK
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Fvzikalné chemicke faktory
ovliviujici rychlost enzvmové reakce

Viiv pH

Aktivita L

pH
optimum




Pepsin

6 8 10 2 4
pH pH

(a) (b)
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Viiv teploty

log k

teplotni optimum

it




Vo

30
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bror W

Latkv ovlivitujici ¢innost enzymu

aktivatory
Latky ovliviiujici ¢innost enzymu (
N

inhibitory

W L

Aktivatory - zvySuji rychlost enzymové reakce

Inhibitory - snizuji rychlost enzymove reakee




o [reverzibiln mhibice

IR




¢ Reverzibilni inhibice

Kompetitivni inhibice

Competitive
(inhibitor binds
1n active site)

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




e Reverzibilni inhibice

Kompetitivni inhibice

E+1¢& El
1/v,
/ 1y
T s
1/Km + [S]
VKm;

Km; >Km V=V




Nekompetitivni inhibice

E+IeoE EA+Ie EAI

Noncompetitive
(1inhibitor binds
at another site)

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

E+1

1/v,

o El EA+1¢e EAI

Km=Km V<V

II[S]




Uncompetitive
(inhibitor binds
after S binding)

Figure 5-15d Concepts in Biochemistry, 3/e
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Table 5.5
Kinetic characteristics of reversible inhibition

Effect of Inhibition”
Type of Inhibition Kwm V max Ky Viax (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
© 2006 John Wiley & Sons




Increasing

[1]

I/Vo

} Vi

1/[S]

(a) Competitive inhibition

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

l/VO

£

Increasing

[1]

\[I]=U

[E———

—1/Ky

(b) Noncompetitive inhibition

1/[S]

1/V0

Increasing

[1]

K[I]=O

/ﬁ; w_ 1/Vinax

ik
1/[S]

(c) Uncompetitive inhibition




Regulace Cinnosti enzymu

» Regulace koncentrace enzymu

o Allostericka regulace MONOD 1963

o Regulace 7pétnou vazhou
o Regulace kovalentni modifikaci

o Kompartmentace




Regulace koncentraci enzymu
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Operonovy model

Activator Repressor
binding site binding site
Promoter
DNA
' B W
\ / Structural
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Allosterie

Allosteric Site
Active Site l KSUbSIrate

Inactive
Enzyme

e A*

Regulatory Allusterlc Eatal
Subunit Inhibitor Subunlt




Allosterie

Single Subunit Allosteric
Enzyme Enzyme
A A
Rate
L
Substrate substrate

Concentration Concentration




Allosterie

Single Subunit Allosteric
Enzyme Enzyme
A A
Rate
L
Substrate substrate
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Allostericky aktivator
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Allostericky inhibitor

Allostieric
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Symetricky model

R
<IN
T state
S R state
T state R state
A
S
7
Inactive form Active form
of the enzyme; of the enzyme;
substrate cannot bind substrate can bind

Figure 6-5 Concepts in Biochemistry, 3/e
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Sekvencni model

T state -
Step 1
T state
Step 2
. Step 3

Reaction products

Figure 6-6 Concepts in Biochemistry, 3/e
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Allosterie hemoglobinu
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Vazba O, na Hb




Vazba O, na Hb




Hb versus Mb
Hb + O; == HbO:)

Mb + 0, = MbO, Hi(O) + 0 == HiO:k
Hb(O;); + O = El05
Hb(O;); + 0. = HAO-4




Solné mustky

(a/ T State (deoxy)

Asn G4 (102)
ane FLELIJ Si {94}

') R State (oxy)




Solné mustky

Thr3s ' Thr3is

Prod4
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Bohruv effekt — vliv H* a CO,

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

CO. + HO === H" + HCO




Bohruv effekt — vliv H* a CO,,

0 20 40 60 8O 100 120 140
pOsy, torr




Bohruv effekt — vliv H* a CO,,

% == Hinod Call in Capillanas of Tissuss

C0s —= C0s + H0
B calls of figsuas / carbonic anhydrase

HoLOq 4 HB{Ox)4

f

HCO3 +—— HCOy + H'Hb + 405 - = s
Casma lo oails of hsaues




Bohruv effekt — vliv H* a CO,

& #ad dlood el in Capillaries of Lung

(07 = CO; + HO
Sapied inio air /4 carbonic anhytrase

HiCO3 4  Hb(Oa)y

!

HCO; ———= HCO3 + H'Hb + 40y 0
Dlasma from alr




1¢ carbonic anhydrase .':;
2 H.CO, -
1¢ [spontaneous]

I E HEDEI- +E H-l. HE"’“]H

4 0,

carhonic acid, H.,CO,
pK,, =64, pK_. =10.2

Blood

Hemoglobin = 2 I-I__‘__
" Topontancousi }]

Gas transport
INn mammals

lohin=40,

% _7H +2 HCO; -

2 H.CO,
carbonic anhydrase N, :
2C0,+2H,0.-
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Vliiv BPG a nadmorska vyska
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Vliiv BPG a nadmorska vyska
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Fetalni versus normalni Hb
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Regulace kovalentni modifikaci
glykogenfosforylasa
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Regulace kovalentni modifikaci
glykogenfosforylasa

Many activated
glucose molecules

synthase

(more active)

v

GLYCOGEN
(A polymer of glucose)

Glycogen
phosphorylase

(less active)

Many glucose-
1-phosphate molecules
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- Glycogen __ OH
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HPO}

Phosphatase
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Kinase y
/ (less active)
ATP ADP
ATP ADP
Kinase Glycogen — OPO_%"
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Phosphatase phosphorylase

(more active)
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HPO? H,0O




faludek

slinivka brisni

Aktivace zvmogenu

pepsinogen — pepsin

I

pH

enterokinasa

|

trypsinogen — trypsin

T |

chymotrypsinog

ren — chymotrypsin

Y
proelastasa — elastasa




Regulace kovalentni modifikaci

1 Chymotrypsinogen
(inactive)
trypsin Step 1
1 15 16 242 n-Chymotrypsin
| | (active)
Arg Ile chymotrypsin
Step 2
Ser-Arg and Thr-Asn
14 15 147 148
Y
1 e 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 kovalentni modifikaci
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Regulace zpetnou vazbou
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o Kompartmentace

Regulace Cinnosti enzymu




_ Chemically produced DNA fragment

with modfied (mutated) DNA
/ \ code (T substituted for C)
4s :

\
~

' _@é\
- v

. A double-stranded DNA molecule is
g completed with the help of the enzyme
\\, DNA polymerase
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Abzymy

O O
[ e |
02N C_OCH3 — 02N Cl_OCH3

Presumed tetrahedral
transition state

(a)

o-

|
OQNOO—ﬁ—CHzCHQCHﬂHQCOO_

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

AU
G A 3’ end
¢ C-G A A
O COH
U-G U
U-A A
C-G C
5" end pppG CAGGCCAGUAAAAAGCAUUACCCCG:-C
Portion removed )
by RNase P G:-C
G Cso
U-A
G-C
G:-C
G:-C
G- ceuuce L
G
GCOAG U GAAGGUC
G GGG v
C A
Canh G-cc _Yc
C:G U -4g
30A-U CA UC
Active G-C 50
(RNA A - U40
C A
U A
C 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 J
Downstream
— exon
3" end 3" end
| Step 2
5" end
5" end
Step 3 (G_ OH
"\ Spliced
+ e exons
G—OH o
3" end
L-191VS 19 nucleotides
RNA 3 end

Figure 6-13 Concepts in Biochemistry, 3/e
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Vyuziti enzvmu

o bioanalyticka chemie - stanoveni substratu
- stanoveni inhibitoru
- neprimé stanoveni
o lékarstvi

o prumysloveé vyuziti
0 r Wy r r W
o prumyslove vyuziti - praci prostredky
- krmivarstvi
- potravinarstvi
- farmacie

¢ enzymova katalyza v organicke chemie




Vyuziti enzymu

» Celé bunky
* Volne enzymy

* Imobilizovaneé enzymy




Volné versus imobilizované
enzymy

| |

[ Vazba na nosic } [Zachyceni (entrapment)]

I_I_I I_I_I
Opouzdfeni
(encapsulation)

[ sorpci ] [Kovalentni vazbou] { V matrici gelu } {




Vyhody imobilizovanych enzymu

] Stabilita enzym( vzrusta v imobilizovaném stavu

Imobilizované enzymy mohou byt pouzivany opakovane -

pokles nakladu
Produkt reakce neni kontaminovan enzymem -
(> odpada potreba purifikace

Imobilizovane enzymy mohou byt pouzity v kontinualnich procesech




Vyuziti enzymu — celé bunky

Nejstarsi metody

Potravinarstvi

— Vyroba syru a jogurtu (Lactobacillus)

— Vyroba piva a vina (Saccharomyces cerevisiae)
— Vyroba octa (Saccharomyces cerevisiae)

Chemické vyroby
— Vyroba kyseliny citronové (Asperqillus niger)
— Vyroba antibiotik (plisne)
— Vyroba vitaminu, steroidi a aminokyselin
Tezké technologie
— Cisténi odpadnich vod
— Zpracovani rud




Vyuziti enzymu — isolované
enzymy

Siroka paleta enzymovych preparatd

Invertasa — vyroba invertovaného cukru
Proteasy, lipasy — praci prostredky

DNA-polymerasy, restrikCni endonukleasy, ligasy —
genove technologie

B-galaktosidasa — odstranovani laktosy z mleka

Dalsi mozna vyuziti:
— chemické synthesy




Nejvyznamnejsi technicke aplikace
enzymu

Proteolytické enzymy

« Biodetergenty (termostabilni, alkalické bakterialni
proteasy)

« Milékarensky prumysl (chymosin z telecich zaludku -
specificka proteolyza kapa-kaseinu = tvorba syreniny)

« Krmivarsky prumysl - vyroba technickych hydrolyzatu
bilkovin

* Masny prumysl - tenderizace (zmékcCeni) masa
(rostlinna proteasa papain)

* Pivovarnictvi - enzymove stabilizatory piva
(odstraniovani chladovych zakalu)




Nejvyznamnejsi technicke aplikace
enzymu

Amylasy
* a-amylasy - hydrolyza 1,4-a-glukosidickych
vazeb uvnitr polysacharidove molekuly

» Ztekucovani skrobu (nezbytné pri nasledne
vyrobé glukosovych syrupu a glukosy)

» Soucast biodetergentu (odstrafiovani
skroboveho pojidla z textilnich viaken)

» Soucast prostiredku do automatickych mycek

» Zlepsovani filtrovatelnosti cukrovych a ovocnych
stav




Nejvyznamnejsi technicke aplikace
enzymu (glykosidasy)

* [B-amylasy - odstépuji maltosove jednotky z
neredukujiciho konce polysacharidoveho retezce

* Glukoamylasa - odstépuje glukosove jednotky od
neredukujiciho konce (zpracovani skrobu na skrobove
sirupy; odbouravani zbytkovych dextrinu v pivu - vySSi
stupen prokvaseni, diabetické pivo)

* Invertasa - hydrolyza sacharosy na glukosu a fruktosu,
vyroba invertniho cukru

* [-galaktosidasa - hydrolyza laktosy na glukosu a
galaktosu (vyroba delaktosovaneho mléka, miéko pro
vyrobu zmrzliny (zabranéni krystalizace laktosy))




Nejvyznamnejsi technicke aplikace
enzymu

Glukosaisomerasa (xylosaisomerasa)
* [somerace glukosy na fruktosu

 Vyroba fruktosovych sirupu (42 % - 55 %
fruktosy) z glukosovych sirupu (zejména z
kukuri¢nych a obilnich Skrobu) - vySSi
sladivost




Sacharidy ze skrobu

Upravy pH
- l

alkalicke

brambory

kukurice

kyselé

NaOH

!
[ékrob ]Q

pH 3.5-4.2 [ztekuceni’ ]

HCI

PSS

N\

alkalické

NaOH
pH 6.0-6.2 [sacharifikace ] %
105 °C, 5-8 min
95 °C, 1-2 hod PH 4.2-4.5 [isomerisace] 1
60°C
H7.8 .
36-48 / 96 hod P 42%
60°C fruktosa
Enzym:  gq.amylasa 9lukoamylasa 0.3-3 hod

+ pullulanasa

glukosaisomerasa




Nejvyznamnejsi technicke aplikace
enzymu

Celulasy
 Komplexni enzymovy system katalyzuijici
hydrolyzu celulosy

 Celulasa z Trichoderma viridae - odbourani
nativni celulosy

» Zpracovani celulosove suroviny (dreveneé
odpady, odpadni papir)

* Vyroba instatnich potravin (kava, Caj), digestiva
v Krmnych smesich, zvyseni ucinnosti extrakce
Stav z rostlinnych materialu




Nejvyznamnejsi technicke aplikace
enzymu

Lipasy
» Postupna hydrolyza lipidu (triacylglyceroly
—>diacylglyceroly - monoacylglyceroly -
glycerol [+ uvolnene mastne kyseliny])
* Ovlivnéni chuti a vuné potravinarskych vyrobku
(syrarstvi !ll)
» Soucast digestivnich pripravku




Priklady lekarskych aplikaci
enzymu
Fibrinolyza (cilené rozpousteni krevnich

srazenin) = plasmin, streptokinasa,
urokinasa (aktivatory plasminogenu)

Cilena tvorba krevnich srazenin =
thrombin

Travici enzymy
Trypsin = cCisteni ran od hnisu
Lysozym > ocCni kapky




Enzymy jako analyticka Cidla

» Specifita — reaguji pouze s danym
substratem

e Citlivost

* Analyza neprecCisténym vzorku — télni
tekutiny




Analyticka biochemie

e Stanoveni substratu
o Stanoveni inhibitoru

« Stanoveni aktivity enzymu




End-point versus kinetické stanoveni

inkubace
—_—




|

sorbance A

Ab

240 280 320 360

Reakce v roztoku

substrat + NAD(P)* — produkt + NAD(P)H + H*
substrat + NAD(P)H + H* — produkt + NAD(P)*

NADH

NAD

- "
400

Wavelength

mrm

L

0.600 )
Start with Enzyme
L
A‘34!1) 1
AA
0.300 4
—d _.&
L A
Measuring unit: AA
0 2 4 6 8 10 12

min =
Vypocet latkového mnozstvi

substratu:
J - AA

=
€ vaprr =1




* Primé stanoveni

alkoholdehydrogenasa
ethanol + NAD* 3 > acetaldehyd + NADH + H+

« Pomocna reakce

H,C—OH H,C—O-P

N ATP hexokinasa _

+ ADP

p-D-glukosa P-D-glukosa-6-fosfat
H. C—O-P

SePDH O
p-D-glukosa-6-fosfat + NADP — o + NADPH + H~

glukonolakton-6-fosfat




Automaticke analyzatory




Diagnosticke prouzky

Zadna
glukosa

ZvySujici se mMnozZstvi glukosy sl

p-D-glukosa

S =t

ABTS

glukosaoxidasa
EC 1.1.3.4

—
O

\

peroxidasa
EC 1.11.1.7

H_O_+2H~*

H202 H oH

D-glukono-1,5-lakton

—o.s = (c--g
2| T
g I o Pl ™ 0= W
M

max = 417, 645, 728 nm




Blosenzory

> d &

vymeéna tepla
Reference

‘redistribuce ionta a
a) Biokatalyzator (preména substratu zmeéna elektrickeho

na produkt) potencialu
svyména elektronu

b) Prevodnik (generovani elektrického

signalu) -zména vodivosti
c) Zesilovac (zesileni signalu) *zmena optickych
vliastnosti

d) Procesor (vyhodnoceni signalu) .zm&na hmotnosti

e) Vystup vysledku




Amperometricke biosenzory

(Pt) elektroda
/ zatavena ve skle

Leland C. Clark Jr.
1956

__— Ag/AgCI elektroda
elektrolyt

S

membrana
propustna pro O,

&
||
||
||

glucose oxidase

D-glucose + O, —® D-glucono-1,5-lactone + H,0,




Biosensor
pro glukosu

Enzym
na jed

_ ST

P

W W

Mérici jednotka




Konduktometricke biosenzory

kontakty

izolace

=

1 detail elektrod
interdigitated array

enzymova referentni vrstva

NH,CONH, + 3 H,0 —» 2 NH,* + HCO + OH




Potenciometricke biosenzory

NH,CONH, + 3 H,0 — 2 NH,* + HCO, + OH




(A} Indirect ELISA

—

(B) Sandwich ELISA

Antigen-
coated wedl

Monoclonal
antibody-
coated well

Wash

Wash

Wash
B ——
Specific antibody Enzyme-linked Substrate is added and
binds th antigen antibody binds to converted by enzyme into
specific antibody colored product; the rate

of eolor formation is
proportional to the amount
of specific antibody

Wash Wash .

— & B — |5

% "/f T}[.L'f N «:] J ¥

. A ., | A b, . . &
Antigen binds A second monoclonal Substrate 15 added and
to antibody antibody, linked to converted by enzyme into
enzyme, binds to colored product; the rate
immobilized antigen of color formation is

proportional to the
amount of antigen




ELISA — stanoveni antigenu




ELISA — stanoveni protilatky

negativni pozitivni

O 4 )




E
LISA - vybaveni

L
i] Yample Dilve”
Y o g
Mecrs | ks
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Piezoelektricky biosenzor

a0

-« Piezoelectric Crystal
elektrody na prati-
lehlich stranach

kifermenna
desticka

-«— QOscillator

nosné drathky

® -«— Frequency counter
®

kontakty 9,998,876.995 Hz

-

-+ Non-Specific Antigen

‘1— Antigen

Antlbody
o Protein
-«+«—— Gold Electrode

_« Crystal substrate

-«—— Gold Electrode




Kantllever

I oligonucleotide




