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ABSTRACT

The aim of this study is to comprehend the mechanism of the oxidative decomposition of
phenylalanine (the simplest aromatic amino acid) by transition metals, in particular cobalt, using
guantum mechanical tools. All the ground and transition state structures are optimized using the
density functional method M06-2X. Additional calculations have been carried out using M06.
Recently, a couple of works for profiling the transcriptomic data of the yeast Saccharomyces
cerevisiae when exposed to transition metals, such as cobalt and nickel were done by Cakar and
co-workers [1, 2]. According to their results, the cobalt-resistant mutants had a tendency to
reduce the amount of aromatic amino acids, suggesting that Co®*, but not other metals, reacts
specifically with aromatic amino acids, yielding harmful products.

Although the in vitro decomposition of amino acids has been considered in numerous studies in
the literature, the mechanism and intermediates formed during the reaction are not clear. The
reactions use oxidizing agents such as diperiodatocuprate(lll) in alkaline medium, or Mn®* and
its hydroxide form (Mn(OH)?*) in sulfuric acid medium [3, 4]. But the reaction of Co®* with
phenylalanine was not studied.

In this study, it has been shown that cobalt (lll) ions are powerful oxidizing agents against
aromatic amino acids. Our study has revealed several pathways of the decomposition reaction
of zwitterionic phenyl alanine at neutral pH and the effect of the Co®* ion on the decomposition
reaction.

It was shown that the oxidation of phenylalanine by a Co®* ion results in decarboxylation and
deprotonation of phenylalanine. The presence of the aromatic ring facilitates the redox reaction.
Then, oxidation by a second Co®* in concert with the nucleophilic addition of an OH" ion leads to
a pathway that yields phenyl acetaldehyde.

A different pathway may proceed through oxidation by two more Co®" ions and yield
phenylacetamide. But this pathway has a higher activation free energy. Another possible
decomposition pathway yielding phenylpyruvate also requires a considerably high reaction
activation free energy.

The reactions of Fe’* and Ni** with phenylalanine have also been investigated. It has been
found that these two transition metal ions are not suitable for the reactions mentioned above.
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OZET

Bu calismanin amaci, bilinen en basit aromatik amino asit olan fenilalaninin, gecis metalleri
tarafindan bozunma mekanizmasinin kuantum mekaniksel yontemler ile incelenmesidir. Butun
temel haller ve gecis halleri M06-2X yogunluk fonksiyoneli teorisi metodu ile optimize edilmistir.
Ayni sinifa ait diger bir metod olan M06 ile de ek hesaplamalar yapilarak metodlar arasi
kiyaslamalar yapiimistir.

Yakin gecmiste ekmek mayasi olan Saccharomyces cerevisiae'nin kobalt ve nikel gibi cesitli
gecis metallerinin varliginda gdéstermis oIducju transkriptomik seviyedeki degisimlerin profili
¢ikartilmistir [1, 2]. Bulunan sonuclara gore, kobalta dayanlkll olan maya mutantlari aromatik
amino asitlerin seviyesini azaltma yoluna gitmekte ve co®t gibi gecis metallerinin aromatic
amino asitler ile etkilesime girerek hicrede =zararli materyaller olusturabilecegini
distndurmektedir.

Amino asitlerin in vitro ortamlarda bozunma tepkimeleri literaturde cok kez incelenmis olmasina
ragmen reaksiyon mekanizmasi ve reaksiyon sirasinda olusan ara metabolitlerin neler oIdukIan
aciga cikmamistir. Alkal ortamda diperiodatokuprat(lll) veya sulfurik asit ortaminda Mn3* ve
onun h|dr0k5| formu (Mn(OH)**) gibi oksitleyici ajanlar ile reaksiyonlar olusturulabilmistir [3, 4],
ancak Co>* ve fenilalanin amino asidi hic calisiimamustir.

Bu calismada, kobalt(lll) iyonlarinin aromatik amino asitlere karsi guclu birer oksitleyici ajan
oldugu sonucu gosterilmistir. Bu calisma sonucunda zwitterionik fenil alaninin nétral pH’'da
gosterd|g| cesitli bozunma tepkimeleri ile co®* iyonunun bu bozunma tepkimelerine olan etkisi
aciga cikmistir.

Fenilalanin amino asidinin bir Co®* iyonu ile oksitlenmesi, fenilalaninin dekarboksilasyon ve
deprotonasyon reaksiyonlari géstermesine sebep olmaktadir. Aromatlk halkanin varligi redoks
reaksiyonlarinin olusumunu kolaylastirici bir etmendir. ikinci bir Co®* iyonunun reaksiyona katilip
oksidasyon tepkimesi verdigi sirada es zamanli olarak gerceklesen OH" iyonunun nikleofilik
saldirisi fenil asetaldehit molekalt olusturmaktadlr

Bagka bir reaksiyon mekanizmasi, iki adet Co** iyonunun da tepkimeye katilmasi sonucunda
aciga cikartiimistir ve bu mekanizma sonucunda fenilasetamid molekili olusturmaktadir. Yapilan
serbest enerji degisimi hesaplamalarina gére bu mekanizma ilkine gore daha yuksek bir
aktivasyon enerjisine sahiptir.

Periyodik cetvelde kobaltin yakin cevresinde bulunan Fe3* ve Ni** gibi diger gecis metal
iyonlarinin de fenilalanin amino asidi ile tepkimeleri de bu calismada incelenen konulardan
birisidir. Elde edilen sonuclara gore bu iki gecis metali yukarida bahsedilen redoks tepkimelerini
yapamamaktadir.
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