Photochemistry of Bilirubin Dipyrrinone Subunits

Bilirubin (BR, Schemel) is an essential metabolite formed by the catabolism of heme. Due to its
neurotoxicity, phototherapy with blue-green light can be applied to reduce high concentrations of BR in
blood, especially in the neonatal period. In the series of works,' we studied the photochemistry of
bilirubin subunits (Scheme 1) by the steady-state and transient absorption and emission spectroscopies,
along with HPLC, mass spectroscopy and DFT methods and compared the results with the
photochemistry of bilirubin. Bilirubin subunits represent useful models to study its complex
photochemistry.

Both subunits (Z-1 and Z-2, Scheme 1) undergo efficient reversible Z—E isomerization (@zz ~ Prz
~ 0.15-0.30) upon irradiation. Furthermore, £-1 undergo reversible lumirubin-type photorearrangement
to form a seven-membered ring system. The cyclization process is significantly less efficient (& ~
0.001-0.07) and is strongly wavelength-dependent. The wavelength-dependency of quantum yields was
explained by a Non-Equilibration of Excited Rotamers (NEER) principle. Variable quantum yields then
results from the structural heterogeneity of the isomers.

The lifetimes of the excited state of the subunits were generally short. The singlet states of Z-1 and
Z-2 isomers (1 — 6 ps) were longer than that of £ isomers (~0.1 ps). The longer lifetimes observed
corresponds to the vibrational cooling and/or thermal equilibration of conformers in the ground state
(>15 ps).

The wavelength-dependency of the quantum yield of isomerization of bilirubin is explained by
excitonic coupling of the dissimilar bilirubin subunits. In our work, we studied the individual subunits
in which excitonic coupling is not possible. We identified other mechanisms that explain the
wavelength-dependency.
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Scheme 1. Bilirubin subunits



Fotochemie podjednotek bilirubinu

Bilirubin (BR, Schéma 1) je dtlezity metabolit ktery vznika katabolismem hemu. ProtoZze je bilirubin
neurotoxicky, vysoké koncentrace bilirubinu v krvi lze snizit fototerapii modro-zelenym svétlem,
zejména v novorozeneckém obdobi. V sérii praci'” jsme studovali fotochemii podjednotek bilirubinu
(Schéma 1) metodami steady-state a transientni absorp¢ni a emisni spektroskopie, spolu s metodami
HPLC, hmotnostni spektroskopie a DFT a porovnali vysledky s fotochemii bilirubinu. Podjednotky
bilirubinu reprezentuji uzite¢né modely pro studium jeho komplexni fotochemie.

Ob¢ podjednotky (Z-1 a Z-2, Schéma 1) po ozatfeni podléhaji ¢inné reverzibilni Z—F izomerizaci
(Dze ~ Pgz ~ 0.15-0.30). Kromé toho E-1 po ozareni podléha také reverzibilni fotocyklizaci, ktera je
analogickou reakci pfemény bilirubinu na lumirubin, za vzniku sedmi¢lenného kruhu. Proces cyklizace
je vyrazné mén¢ Uéinny (@, ~ 0.001-0.07) a je siln¢ zavisly na vinové délce. Zavislost kvantovych
vytézkli na vinové délce byla vysvétlena pomoci principu NEER (Non-Equilibration of Excited
Rotamers). Rlizné kvantové vytézky pak vyplyvaji ze strukturni heterogenity izomert.

Doba Zivota excitovaného stavu podjednotek byla obecné kratka. Singletové stavy Z-1a Z-2 (1 — 6
ps) zily del$i dobu nez singletové stavy E isomerd (~0,1 ps). Pozorované delsi doby zivota odpovidaji
vibra¢nimu chlazeni a/nebo termickému populacnimu vyrovnani v zdkladnim stavu (>15 ps).

Zavislost kvantového vytézku na vinové délce bilirubinu je vysvétlovana excitonovou interakci

nestejnych chromofort bilirubinu. V nasi praci jsme studovali samostatné podjednotky, které tuto
interakci vylucuji. Identifikovali jsme tedy dal$i mechanismy vysvétlujici zavislost na vinové délce.
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Schéma 1. Podjednotky bilirubinu
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