VILNIAUS UNIVERSITETAS

Chemijos ir geomoksly fakultetas

Biochemijos studijy programos magistrantas

Marius Butkevicius

Magistrinis darbas

Aspergillus niger gliukozés oksidazés reakcijy su elektrony akceptoriais Kinetika ir
termodinamika

Darbo vadovai:
Dr. Marius DAGYS

Audrius LAURYNENAS

Vilnius 2017



Santrauka

Siame darbe buvo istirta reakcijos aktyvacijos energijos priklausomybé nuo substrato
redukcijos potencialo, kai redukcijos reakcijg katalizuoja gliukozés oksidazé i§ Aspergillus niger, bei
iStirta preeksponentinio faktoriaus jtaka reakcijai. Naudota dvylika skirtingy junginiy (2,2'-azino-
bis(3-etilbenzotiazoline-6-sulfoniné ragstis, N,N-dimetil-4-(morfolin-4-yl)anilinas, 2,6-
dichlorofenolindofenolis, 4,4'-(1,4-fenilene)bis(morfolinas), 10-(2-hidroksietil)fenoksazinas, N,N’-
dimetil-4,4’-azopiridino heksafluorfosfatas, metileno mélis, Meldolo's mélis, N-metilfenazonium
metilsulfatas, natrio fenoksazino propiosulfatas, tioninas, N,N,N’,N'-tetrametil-p-fenilenediaminas).
Visi pasirinkti junginiai turi aiSky redukcijos mechanizmg ir reakcijos produktai yra stabilds
eksperimentui reikalingame laiko tarpe. Junginiy redukcijos potencialas matuotas naudojant ciklinés

voltamperometrijos metoda,

Reakcijos greicio konstantos apskai¢iuotos naudojant eksperimentines kreives, kuriose
buvo fiksuojama redukcijos reakcijos produkto susidarymas, ir diferencialiniy lyg¢iy sistemas.
GreiCio konstantos apskaiciuotos esant SeSioms skirtingoms temperatiiroms (10 °C, 15 °C, 20 °C, 25
°C, 30 °C ir 35 °C). Panaudojus reakcijos grei¢io konstanty priklausomybe nuo temperatiiros ir
Arrhenius lygtj, apskaiCiuotos reakcijos aktyvacijos energijos. Nustatyta, kad gliukozés oksidazés
katalizuojamos redukcijos reakcijos aktyvacijos energija priklauso nuo substrato redukcijos
potencialo, kas taip pat parodo, kad preeksponentinis faktorius néra vienodas visiems junginiams.
Taip pat nustatyta, kad preeksponentinis faktorius priklauso nuo atstumo tarp fermento aktyvaus
centro ir substrato. Sukurtas matematinis modelis parodo, kad gliukozés oksidazés katalizuojamoje

reakcijoje protono ir elektrono pernasa vyksta atskiromis stadijomis.



SUMMARY

In this work the dependency of reaction activation energy on reduction potential of
substrates was investigated, as well as the influence of pre-exponential factor from Arrhenius
equation on different compounds. Twelve compounds, having various structural features, were
employed: (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid, N,N-dimethyl-4-(morpholin-4-
ylaniline, 2,6-dichlorophenolindophenol, 4,4'-(1,4-phenylene)bis(morpholine), 10-(2-
hydroxyethyl)phenoxazine, N,N’-dimethyl-4,4’-azopyridinium hexafluorophosphate, methylene
blue, Meldola's Blue, N-methylphenazonium methyl sulphate, sodium phenoxazine propiosulphate,
thionine, N,N,N’,N'-tetramethyl-p-phenylenediamine). The candidates were selected so that they
would have a clearly defined mechanism of reduction and their reduction products would be stable
for the length of measurement. The compounds had their reduction potentials determined by cyclic
voltammetry, also reduction rate constant and activation energy of the reaction in catalysis by

Aspergillus niger glucose oxidase were measured.

Reaction rate constants have been determined from experimental curves reflecting the
formation of reduction product, described by proposed system of differential equations. Reaction rate
constants had been calculated at six different temperatures (10 °C, 15 °C, 20 °C, 25 °C, 30 °C and 35
°C), relevant for calculation of activation energies from Arrhenius equation. Accordingly, it was
concluded that activation energy of glucose oxidase catalyzed reduction reaction depends on the
reduction potential of substrate. By comparing dependencies of enzymatic reaction rate constants and
reaction activation energies on reduction potential of substrate, it was concluded that pre-exponential
factor may not be the same for all of the compounds capable of participating in bimolecular catalysis
reaction. Moreover, a clear relationship between compound structure and enzyme active center was
determined. During the electron transfer, the consecutive electron and proton transfer takes place, this
fact is supported by the proposed mathematical description, which thoroughly approximates the

experimental results.



