Oxidoreduktasy

e Katabolismus, respirace, ziskavani energie
e Prevazne intracelularni, vazané na struktury

Glukosaoxidasa, peroxidasa, katalasa, lipoxygenasa,
polyfenoloxidasa, laktoperoxidasa, xanthinoxidasa



Glukosaoxidasa, B-D-glukosa:O, 1-oxidoreduktasa,
EC 1.1.3.4 (notatin)

B-D-glukosa + O, — &-D-glukonolakton + H,O,

Vyskyt: plisné rodu Aspergillus a Penicillium

Vlastnosti: Mh 160 kDa, 2 podjednotky 80 kDa,
Kofaktor FAD, Fe

Glykoprotein: 16% neutralnich sacharidl, 2% aminocukru
pH optimum: 5,5 - 5,8, pl =4,2
Inhibitory: Ag?*, Hg?*, Cu?*: D-glukal, H,O, (E-FADH, 100x rychleiji)



Specifita

Substrat Relat. rychl. oxidace (%)
B-D-glukosa 100
a-D-glukosa 0,64
L-glukosa 0
D-mannosa 1,0
D-xylosa 1,0
D-galaktosa 0,5
maltosa 0,2
melibiosa 0,1
cellobiosa 0,09

Strukturni vlastnosti substratu:

- pyranosovy kruh v zidlickové konformaci
- ekvatorialni C1 OH a C3 OH



Stanoveni aktivity

1. Ubytek kysliku
2. Stanoveni peroxidu vodiku

3. Titrace kyseliny glukonové

Ag anode: 4Ag + 4ClI 4AgCl + 4e

Pt cathode: O, + 4H* + 4~ 2H,0

Connections .~

to amplifier

Silver wire
coated wath

AgCl

Plexiglass =
cylinder

O,-permeable
membrane, held |
m place with
O-ning in groove

_— Epoxy seal

h‘-‘xh“"‘ Hole to add

100 mdd EC1
electrolyte

Pt wire

melted to give bead at end,
sealed in glass,

ground down to expose
flat surface



1. Ubytek kysliku

2. Stanoveni peroxidu vodiku

3. Titrace kyseliny glukonové

Klasické metody: oxidace I-, ferokyanidu

Enzymaticky — POD + chromogenni akceptor (o-dianisidin, ABTS atd.)



Vyuziti glukosa oxidasy

e QOdstranéni glukosy (Maillardovy reakce)

e QOdstranéni kysliku

e Priprava kyseliny glukonove

e Produkce peroxidu vodiku

e Kvantitativni stanoveni glukosy nebo latek, které Ize na glukosu
prevest

e Stanoveni aktivity enzymu



Oxidoreduktasy pusobici na peroxid vodiku

katalasa peroxidasa

peroxidasa

ROOR' + donor elektronu (2 e7) + 2H* — ROH + R'OH

katalasa

2H,0, — 2H,0 + + O,




Peroxidasy EC1.1.111-14

Zivogidné - laktoperoxidasa, myeloperoxidasa

Rostlinné a mikrobialni

Skupina I: intracelularni (kvasinkova cyt c POD, chloroplastova,
cytosolicka askorbat POD a bakterialni POD

Skupina II: extracelularni plisiiové (Fungi) LiP, MnP, LiP/MnP

Skupina lll: extracelularni rostlinné (kfenova HRP)
+ haloperoxidasy (CPO) — vznik halogenderivatu org.
latek - antimikrobialni ucinek

-

_— e e I

Vyuziti peroxidas: Dfevomorka domaci
Analytika
Znacka (imunotechniky)

Pfiprava proteinu znacenych radioaktivnim |

Biotransformace - hydroxylace

Tramovka tramova

Biodegradace polyfenoll (barviva, PCB)

S o

Biochemické zmeny v potravinarskych surovinach



Struktura ligninu
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Katalasa, EC 1.11.1.6, H,0,:H,0, oxidoreduktasa
Vyskytuje se ve vSech typech organismu

Vlastnosti: Mh 250 kDa, 4 podjednotky, hem

vyuziti pro rozklad peroxidu vodiku

Potravinarstvi (k odtranéni nadbytku H,O, )
analytika




Lipoxygenasa, EC 1.13.11.12

Linoleat:O, oxidoreduktasa,

Lipoxidasa, karotenoxidasa
Vyskyt ve vSech eukaryotech
lsoenzymy

Klasifikace podle mista
oxidace 9-LOX, 13-LOX

Substrat: k. linolova,
linolenova, arachidonova

Ko-oxidacCni reakce

Stanoveni aktivity:
1. Spotfeba O,
2. UV vnikajicich dient (234 nm)

Glycerolipids
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LIPOXYGENASE FUNCTIONS
|
I I I
Signaling Peroxidation =~ Mobilization
Pathways Reactions of lipids
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Ostani oxidoreduktasy:

Polyfenoloxidasa, EC 1.10.3.1, o-difenol: O, oxidoreduktasa

Tetramer obsahuijici 4 atomy Cu?*

Katalysuje 2 typy reakci: OH

1. vznik o-chinon
2 +02z —_ 2 +Hz0
2. Vznik polyfenolu
OH
OH
+0z+2H — +Hz0

CHz

Tyrosinasa, fenoloxidasa EC 1.14.18.1

Laccasa EC 1.10.3.2 — vznik semichinonu



Xanthinoxidasa, EC 1.2.3.2, xanthin:O, oxidoreduktasa, 2 mol FAD,

2 Mo, 8 Fe
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Askorbat oxidasa, EC 1.10.3.3, askorbat:O, oxidoreduktasa
8 Cu?*

Kyselina askorbova + O, ----- > kys. dehydroaskorbova + H,O



Hydrolasy

X-Y + HOH —» H-X + Y-OH

Nomenklatura: klasifikace podle typu Stepené vazby

vvvvvv

podle typu substratu:

Proteasy
Glukopolysacharid

Glykosidas ' E
y y —, Pektllnove latky,
hemicelulosy

Lipasy,
Fosfolipasy

Ostatni - napf. esterasy,
aminoacylasy



Proteasy

Rozdéleni podle riznych hledisek:
1.

o & 0D

Plvod

Lokalisace v organismu, neaktivni formy
Optimalni pH

Specifita

Mechanismus pusobeni

Stanoveni aktivity:

- Pfirozené substraty (hemoglobin, kasein), UV

- pfirozené substraty s adsorbovanymi barvivy, VIS

- Syntetické substraty

- ostatni - praci testy, Ansonova metoda,



Proteasy zivocisného puvodu

Serinové - trypsin, chymotrypsin

Aspartatove - pepsin, chymosin




Chymotrypsin

pH optimum: ~ 8,0

Specifita: preferenéné za aromatickymi AK

Trypsin
pH optimum: ~ 8,0
Specifita: Arg, Lys
Vyuziti: farmaceutické preparaty (digestiva, IéCeni podlitin, Wobenzym)

Pepsin

pH optimum 1,0 - 2,0



Vznik aktivnich forem

115 16
Arglle

113 16

Leulle

Chymotrypsinogen
(inactive)

245
ltrypsin

m-Chymotrypsin
(active)
245

7-chymotrypsin
I\iautolysis)
Ser14-Arg15

+ Thr147-Asn148

v

a-Chymotrypsin
(active)

116 11'9 245
Tyr Ala

C

P
Val-(Asp),-Lys-lle-

Trypsinogen
(inactive)

enteropeptidase
Val-(Asp),-Lys

Trypsin
(active)

245



Molekularni mechanismus ucinku
chymotrypsinu:

First tetrahedral
intermediate

1. nukleofilni atak kysliku Ser

CH,
g [ T
I cH
C/

2. Tvorba a stabilisace prvniho
intermediatu

(BNH / Free peptide

3. Vznik prvniho produktu reakce

4. Nukleofilni atak kysliku
molekuly vody

-enzyme Acyl-enzyme-H,O
2
complex

5. Tvorba druhého intermediatu

Q. 6. Uvolneni druhého produktu
ey reakce
/

Free peptide

Second tetrahedral Free enzyme
intermediate



Chymosin (rennin), EC 3.4.23.4

Autokatalyza - pH 5 — chymosin

pH 2 — pseudochymosin

(a)
Pseudochymosin
i Pro o Chymosin R
-16 3 28 43 365
(b)
Pseudochymosin
P <. S Pro e Chymosin i
-16 1 28 43 Amino acid 244 365
Asp (A form)
Gly (B form)

Fig. 1. Chymosin: (2) protein structure and (b) protein variants.




Specifita chymosinu
Aspartatova proteasa,
pH optimum 3,5-6,5

Povrch
kaseinové | -glu-.....-his-(pro-his),-leu-ser-phe-met-ala ...... val
mycely
1 105 106 169
\ 2N J
e Y
Para-k-kasein kaseinmakropeptid
hydrofobni hydrofilni

Rekombinantni: mRNA z mukosy pfedzZaludku - produkéni MO - E.coli, B. subtilis,

S.cerevisiae, K. lactis, A. niger



Pepsin

pH optimum 1,0 - 2,0
Autokatalyticka aktivace v pfit. HCI
Pepsin A, B (gelatinasa) C (gastriksin)




Rostlinné proteasy

Papain
Bromelain
Ficin
Aktinidin

}

SH-proteasy




Mikrobialni proteasy
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Mikrobialni proteasy

MIKROBIALNI PROTEASY

Bacillus alcalophilus 4

amyloliquefaciens +

amylosaccharicus +

licheniformis » %

lentus +

polymixa +

subtilis +

thermoproteolyticus -
Aspergillus flavus 3

melleus 2

oryzae + + +

niger +

saitoi 4

sojae +
Endothia parasitica 5
Mucor miehei +
Mucor pusillus +
Penicillium sp. +
Rhizopus delemar +
Clostridium sp. +
Streptomyces griseus -




Mikrobialni proteasy - vlastnosti

m Bakterialni (Bacillus)
Neutralni - metaloproteay, serinové proteasy
pH 5 — 8, nizka termotolerance (vyhoda pro proteinové hydrolyzaty)
nejsou inhibovany rostlinnymi inhibitory proteas
specifita — hydrofobni AK
Thermolysin - Zn?* metaloproteasa z B.thermoproteolyticus, stabilisace Ca?* pfi vySsi
teploté (1h, 80 °C, 50% aktivity)

Alkalické - pH optimum = 10, optimalni teplota = 60 °C (idealni pro biodetergenty)
Siroka specifita (zdroj alkalofilni nebo alkalotolerantni MO)

Subtilisin — alkalicka serinova proteasa , 27,5 kDa, typ Carlsberg a BNP
kat. triada Asp32,His61,Ser221

Proteinové inzenyrstvi: 50% AK z 275
Taktivity, — SDM Met222xSer, Ala

zména specifity mutacemi ve vazebném misté
Ttermostability — zavedeni S-S mstkd

Tstability v alkalickém prstsfedi

lautoproteolyzy —



| P”SﬁOVé — kyselé, neutralni, alkalicke, Siroké rozmezi pH 4 — 11
Siroka specifita, nizsi termotolerance
Kyselé — pH 4 — 4,5, stabilni pfi 2,5 — 6,0 — pepsinového a chymosinoveho typu

Neutralni jsou metaloproteasy




Glykosidasy

Hydrolyza glykosidickych vazeb v homo i heteroglykosidech

Faktory ovliviujici specifitu glykosidas

- konfigurace sacharidu (D-, L-, a-, B-)

- charakter cyklické formy (furanosa, pyranosa)

- charakter aglykonu, charakter atomu v glykosidicke vazbé

- velikost molekuly



Stanoveni aktivity glykosidas

e ZvysSeni redukéni schopnosti produktl

e Zména fyzikalnich vlastnosti substratl (viskozita)
e Zména optické otacivost (refraktometrie)

e Kolorimetrie s vyuzitim barevnych polysacharidu
e Specielni metody (enzymove)




Glykosidasy

> Enzymy konvertujici Skrob

Endoamylasy a-amylasa (a-1,4)

Exoamylasy B-amylasy (a-1,4)
Glukoamylasy (a-1,4 a a-1,6)
a-glukosidasy (0-1,4 a a-1,6)

Odvétvujici enzymy pullulanasy (a-1,6)
Isoamylasy (a-1,6)

Transferasy Cyklodextrin glykosyltransferasa (a-1,4)
Vétvici enzym (a-1,6)

» Invertasa, B-galaktosidasa

» Celulolytické enzymy

» Pektolytické enzymy



Enzymy degradujici skrob
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Produkty enzymové degradace Skrobu: ::::
Exo -, endoamylasy ::.
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000
000
Zdroje amylas et
Plant Bacterial Fungal Gluco- Mammalian
Plant a-amylase
B-amylase a-amylase a-amylase | amylase a-amylase
Barely and malted | Barely and Bacillus Aspergillu | Aspergillu :
: : ) Saliva
barely malted barely | amyloliquefaciens | soryzae sniger
Wheat and malted | Soybean Bacillus subtilis Asper g llu | Rhizopus Pancreas
wheat sweet potato scandidus | delemar
Malted sorghum Bacillus Rhizopus
: . Wheat )
pearl millet maize coagulans niveus
Pseudomonas
stutzen

Bakterialni - termostabilni (110 °C), pH - neutralni, Ca2* stabilisace substratem

Plisnové - nizSi teplotni stabilita, specifita 3-amylasova




Odveétvujici enzymy

R-enzymy

Pululanasy — stépi a- i -limitni

dextriny a amylopektin Aerobasidium pullulans

by ey

Isoamylasa — nehydrolyzuje
pullulan, preferuje

a-limitni dextriny )
- : b

S boo

Fie. 1Ag) The structiure of pullulan proposed by Wallenfels
et al. | 2] with terminal ledrasaocharide wndls.

(B} The structune proposed by Catley et al [ 3] with malto-
Defradse unsls acated withan Uhe poly mer.

-1 6-Link sges are repressatbed by i, -1, 4-linkages by
Non-reducing glucosyl units ame shown by <, and reducing
wnits as e



Trnasferasové aktivity....

1.
2.

Glykosidasy obecné

Amylomaltasa (EC 2.4.1.25, tvofici
a-1,4 vazby)

Veétvici enzym (EC2.4.1.18, tvorici
a-1,6 vazby)

Cyklodextringlykosyltransferasa,
(EC 2.4.1.19) B.macerans

Asp 229
o
B 7 6 5 4 3 2 AL R

Substrat: Skrob,

Glu 257
l Bond cleavage

oligosacharidy JUNUNUNURUI N
RS
,E:ﬂ N~

Glu 257
l Circularization

Asp 229
<

AR
éf £
J Glu 257 _[P
‘»‘%»iﬁwﬁ

l Bond formation

oy Asp 229
L Rk,

;Q Glu257 i‘/
%‘“‘ﬁuj

y-cyclodextrin

Substrate

Covalent
intermediate

Covalent
intermediate

Product



Cyklické
oligosacharidy:
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Stabilisace
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Zmeéna chemické reaktivity

Zvyseni rospustnosti

Analyticka chemie
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Zmena senzorickych vlastnosti
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INVERTASA, EC 3.21.26, B-D-fruktofuranosidfruktohydrolasa
Rostlinna, MO (kvasinkova)

Intra- i extraceluldrni, glykoprotein (50% sach. komp.)

CH,0H
H ! O H HOCH: H H ; 0 ol HOCH: H
OH H H HO + H
HO 0 CHOH AR HO HOS Ch,0H
H o HO H H OH HO H
a-glukosidasa invertasa

Vyrobq invertniho cukru - konzervarenstvi, cukrovinkarstvi




B-galaktosidasa - (EC 3.2.1.23)

oH9H

lactose

Zdroje: bakterie, plisné, kvasinky
Plisnoveé - kyselé pH 2,4 - 5,4, 50°C
Psychrofilni organismy

mlékarenstvi

E-D-galactose

dlucose




Enzymy degradujici polysacharidy buné€nych stén rostlin

Slozky b.s. rostlin:

Rhamnogalaciuronan |
Hermicell ulnses< Pecting V

(& pocti
Cellulose
micrafibril
. i %
—— =7 _'. = "
et -~
. 1"
i { |I

Celulosa
Hemicelulosy
Pektin

Strukturni protein - extensin

Cellulose

Primary cell wall

Hemicellulose



Pektinove latky — struktura:
1. Homopolygalakturonan
2. Rhamnogalakturonan |

3. Rhamnogalakturonan lII

Homogalakturonan (HG) -

linearni, GalA, a1.,4-

o—

coo0

HO

o

&

COOCH, \

Methyl este

COOCH, /

HO

¥

HO

13

o

coo™

H.C —C=—0
OH
Q
/ OH
O-acetyl coo™
esters

coo™

=
C
HI
o
o=0
N
o)
—0



Rhamnogalakturonan I - vétveny,
patef [—4)-a -D-GalpA-(1—2)- a -L-Rhap-(1-]
Veétveni na C4 Rha

3= and 3,6-linked
[-p-galactan

4- and 4,6-linked
f-p-galactan

c=L=-Araf

4-GalA(1-2)-Rha-1

p-0-Galp backbone

f-o-GlepA

3 and 3,5-linked -L-arabinan




Rhamnogalakturonan IT vétveny

Patef polygalA, 4 typy postrannich fetézcu

A

pGalpA u-L-Galp
) I I
. 3 2
uGalpA —»2[Rhap 4 +—uFucp 44 [iGlcpA
! 3
3 t
PApif 2-0-Me aXylp
2
' | , |
4)-uGalpA-(1,4)-cGalpA-(1,4)-:GalpA-{1,4)-uGalpA-(1,4)-«GalpA-(1,4)-uGalpA-(1,4)-.GalA~
2
t i ? |
pApif 3
3 t
ﬁm!‘ Kdo
ap 5
OAc 3 B T

2-0-Me Fucp —» 2 pGalp —» 2 cAcef + DAc
4

fRhap —=3cArap 2 4+ oRhap 2 «— pAraf



Struktura pektinu

Mh:

Jablka, citron 200 - 300 kDa
Hrusky, Svestky 25 -35 kDa
Pomerance 40 - 50 kDa
Cukrovka 40 - 50 kDa
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Figure 36. Model of pectin smooth regions (SR) and hairy
regions (HR) model [483]. Ara = arabinose, Gal = galactose,
GalA = galacturonic acid, Rha = rhamnose, Xyl = xylose.

(B) Calcium-pectin gel formation
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Pektolyticke enzymy
Esterasy Depolymerujici

Basické, kyselé /
Hydrolasy @
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Depolymeraéni enzymy

1. Polygalakturonasy

pH-optimum 4 -5

Endopolygalakturonasy X exopolygalakturonasy
Snizeni viskozity digalakturovova kyselina (bakterialni)

VySSi oligogalakturonidy galakturonova kyselina (plisnoveé)

2. Lyasy
pH optimum 8 - 9
Pouze bakterialni

Stanoveni aktivity:
zmena viskozity,
syntetické substraty

Lyasy: UV 234(vznik
dvojné vazby



Pektinesterasy

Specifita: D-galakturonany, volny karboxyl

Basické (pH optimum 7 - 8) Kyselé (pH optimum 4 - 6)
- rostlinné - plishové

- mikrobialni X

- plisnove

deesterifikace v blocich deesterifikace statisticky

Inhibice produktem (pektat)

oligogalakturonaty

Stanoveni aktivity:
viskozita, titrace



Pektinové latky — klasifikace (spiSe potravinarska)

1. Protopektin — ve vodé nerozpustny, pfitomen v intaktnim pletivu,
limitovanou hydrolyzou vznika pektin a kyselina pektova

2. Kyselina pektova — rozpustny homopolygalakturonan , prakticky
neesterifikovany

3. Pektinova kyselina — vyssi stupen esterifikace — do 75%

4. Pektin — polymethylgalakturonat , nejméné 75% karboxylovych skupin
je esterifikovano



Struktura cellulosy
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Structural model of a
cellulose microfibril
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Celulolytické enzymy

Celulasy - multikomponentni enzymovy systém

exoglucosidase

endoglucanase | cellobiohydrolase | cellobiase l

Ce]]ulosej—» (Glucose)nj—; Cellobiose J—» Glucose

glykoprotein

2 domény: katalyticka + vazebna

Hlavni producent:
Trichoderma reesei

Problém: glukosa a
cellobiosa jsou inhibitory
celulasoveho systému



o0
o0
p . 1z .. o0
Metody stanoveni celulolytickeé aktivity o0
o0
o
Table 2
Substrates containing -1 ,4-glucosidic bonds hydrolyzed by cellulases and their detections
Substrate Detection * Enzymes
Soluble
Short chain (low DP)
Cellodextrins RS, HPLC; TLC Endo, Exo, BG
Radio-labeled cellodextrins TLC plus liquid scintillation Endo, Exo, BG
Cellodextnn derivatives
p-methylumbelliferyl-oligosaccharides Fluorophore liberation, TLC Endo, Exo, BG
p-nitrophenol-oligosaccharides Chromophore liberation, TLC Endo, Exo, BG
Long chain cellulose derivatives
Carboxymethyl cellulose (CMC), hydroxyethyl cellulose (HEC) RS; viscosity Endo
Dyed CMC Diye liberation Endo
Insoluble
Crystalline cellulose-
Cotton, microcrystalline cellulose (Avicel), RS, TS5, HPLC Total, Endo, Exo
Valonia cellulose, bactenal cellulose RS, TS5, HPLC
Amorphous cellulose - PASC, alkali-swollen cellulose RAC RS, TS5, HPLC, TLC Total, Endo, Exo
Dwved cellulose Dwe liberation Total, Endo
Fluorescent cellulose Fluorophore liberation Total
Chromogenic and fluorephoric derivatives
Trinitrophenyl-carboxymethvlecellulose (TNP-CMC) Chromophore liberation Endo
Fluram-cellulose Fluorophore liberation Endo, Total
Practical cellulose-containing substrates
oe-cellulose, pretreated lignocellulosic biomass HPLC, RS Total

* RS, reducing sugars; TSS, total soluble sugars.



Hemicelulosy

(A) Xyloglucan

o-Xyl o-Xyl
1 1
! !
6 6

o-Fuc
1
o)
2

B-Gal
1
l
2

a-Xyl
1
l
6

Figure 15.10 Structure of
bone of 1—4-linked B-p-gl
xylose (Xyl). In some cases
xylose side chains. (B) Xylat
They may also have side ch
curonic acid (4-O-Me-B-Glc
found in the secondary wa
backbone that alternates ¢
(Man) residues.

—54)-B-Gle-(1-4)-B-Gle-(1-4)-B-Gle-(1-4)-p-Gle-(1-4)-B-Gle-(1-4)-B-Gle-(1-

(B) Xylans

—58)-B-Xyl-(1-8)-B-Xyl-(1-4)-B-Xyl-(1-4)-B-Xyl-(1-4)-B-Xyl-(1—4)-B-Xyl-(1-
; 2 2

T
1
4-0-Me-p-GlcA

(©) Glucomannans

T
1
a-Ara

—>48)-B-Glc-(1-4)-B-Man-(1-4)-B-Man-(1-4)-B-Glc-(1-4)-B-Man-(1 —4)-B-Man-(1—




Hemicelulasy

f=1,4-D=xylopyranose linkage
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Mikrobialni esterasy stépici hemicelulosy

c+|43 CH,
I
o—c o=c
| A | =B |
0 0 0=cC
G I
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=—xl Xyl Xyl Xyl Xyl Hyl — =
Cl ' I I
:\Arej :f-\ra.' Ilz‘\rﬂ.'
| I
8] 0
o= 0=cC

E =]
o=c LIGNIN

=—l Xyl

w— =

Enzyme Commission nomenclature

Subclass

Carboxylesterases (EC 3.1.1.1)

Acetvlesterases (EC 3.1.1.6)

Pectin methylesterase (EC 3.1.1.11)

Cinnamovl esterases:
FAEA /FAE-III (feruloyl esterase)
CinnAE {p-coumaroyl/cinnamoyl] esterasze)
Cinnamov] ester hydrolases

Acervlxvlan esterases

Rhamnogalacturonan acetvlesterases

Pectin acetylesterases

Pectin methylesterase (pectinesterase)




Lipasy

TAG — DAG (1,2 nebo 1,3) - MAG — MK + glycerol
Zivogidné, rostlinné, mikrobialni

Fazové rozhrani (CMC)

Mechanismus pusobeni - katalyticka triada podobna serinovym proteasam

Specifita: stereospecifita, MK, poloha Stépené vazby

Stabilita !

Stanoveni aktivity



Reakce katalysované lipasami

Hydrolvsis :
HI_':-{_'D'RI +HA) —s Ry~C—0H + R~0H

R1—o:l:'—m-1 + BRy=0OH —_— ll:,—v.:l—l:uncz + Hz0D
1
o

Acidolysis 1

RC—ORy + Re—C—OH —= Ry—C—OR; + R—C—OH
i
Ch

Interesterificathon :

Fl“ﬁ—ﬂﬂz + R]-—"—:—DRL — Rx—i—ﬂﬂﬂ + R—C—ORy
I
[

Al Ki% ¢
H.|_C;_C|R'1 L] H:_—GH —_— = H.|_|:_DR]. + K;=0H
Aminolysis

R—C—OR: + Ry—NH, —= R|—§—]"-I]-IF.:. + Ry~OH




Fosfolipasy
Head group
I
O
| PLD
O=pP-0
PLE |
o
I
HoC CH—CH,
I I
PLA O » PLAS
| | Syl hydrolase
o=0C =0
=t -
o
-.E-:I .;_"j
- -*:-'j
S 3
t::r. Cal
Ll {_":l
'5"_---hl |'_'-'\:I

Current Opinion In Piant Bioiogy

Produkty reakci

PLD: PA + polarni hlava
PI-PLC: DAG + IP,
PC-PLC: DAG + P-Cho
PLA: MK + lysoPL



Transfosfatidylaéni reakce PLD

I
O—P=— 0= CH,—CH, —N*(CH,),
I

H,(CH,), O I

“Transphosphatidylation™ O - HO[3]

1

Phosphatidyibutanol (PBut) PA

R~0 His — PLD
R~ U:I_ O / Phosphatidylcholine

D.
"~ Choline
R~0
Rz—ﬂ:‘_ i:l" PA-PLD intermediate
o—pP—His — PLD

Rq-C' D R-|_o D
REF'D{ " Rz—ﬂl "
n—r— O(CH,).CH, O—P —Qol]
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