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ARTICLE INFO ABSTRACT

Article history:

We present an optically detected magnetic resonance (ODMR) and electron paramagnetic resonance (EPR)
spectroscopic study on the quenching of photo-induced chlorophyll triplet states by carotenoids, in the
intrinsic light-harvesting complex (LHC) from the dinoflagellate Amphidinium carterae.

Two carotenoid triplet states, differing in terms of optical and magnetic spectroscopic properties, have been
identified and assigned to peridinins located in different protein environment. The results reveal a
parallelism with the triplet-triplet energy transfer (TTET) process involving chlorophyll a and luteins
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4{1?;\?:3;115. observed in the LHC-II complex of higher plants. Starting from the hypothesis of a conserved alignment of
LHC the amino acid sequences at the cores of the LHC and LHC-II proteins, the spin-polarized time-resolved EPR
Carotenoid spectra of the carotenoid triplet states of LHC have been calculated by a method which exploits the
EPR conservation of the spin momentum during the TTET process. The analysis of the spectra shows that the data
ODMR

are compatible with a structural model of the core of LHC which assigns the photo-protective function to two
central carotenoids surrounded by the majority of Chl a molecules present in the protein, as found in LHC-II.
However, the lack of structural data, and the uncertainty in the pigment composition of LHC, leaves open the
possibility that this complex posses a different arrangement of the pigments with specific centers of Chl

Peridinin
Diadinoxanthin

triplet quenching.

1. Introduction

Photosynthetic dinoflagellates are characterized by a light-har-
vesting system containing the carotenoid peridinin. These systems
usually have two classes of light-harvesting proteins, the PCPs
(peridinin-chlorophyll proteins) and the LHCs (light-harvesting
complexes). PCPs are water soluble proteins and are unique to
dinoflagellates. LHCs are intrinsic light-harvesting proteins which are
related to the cab proteins of higher plants [1, 2] and to their algal
homologous [3]. The interactions between these two classes of light-
harvesting proteins are still unknown. PCPs and LHCs are present in
multiple forms in dinoflagellates possibly in order to facilitate
photoadaptation.

Abbreviations: LHC, light-harvesting complex; Car, carotenoid; Chl, chlorophyll; Cla,
chlorophyll a; ZFS, zero field splitting; ISC, intersystem crossing; ODMR, optically
detected magnetic resonance; FDMR, fluorescence detected magnetic resonance;
ADMR, absorption detected magnetic resonance; T-S, triplet minus singlet; ESE,
electron spin echo; FSE, field-swept echo; TR-EPR, time-resolved electron paramagnetic

* Corresponding author. Tel.: +39 498275144; fax: +39 498275161.

E-mail address: donatella.carbonera@unipd.it (D. Carbonera).

0005-2728/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.bbabio.2010.06.011

© 2010 Elsevier B.V. All rights reserved.

In Amphidinium carterae, both PCPs and LHCs are encoded by
nuclear genes and synthesized with N-terminal transit peptides
directing translocation to the chloroplast [4, 5].

The LHC, purified from thylakoids solubilised in digitonin or
glycosidic detergents, has a 19-kDa principal component. A pigment
composition of 7 Chl a, 4 Chl ¢,, 12 peridinins and 2 diadinoxanthins
has been estimated [ 1]. However, more recently, it has been observed
that pigment content may be considerably less than that originally
calculated [6] and a Car:Chl a ratio close to one seems to be more
reasonable, on the basis of the absorption spectrum. After direct light
absorption, both peridinin and Chl ¢, transfer their singlet excitation
efficiently to Chl a [1, 6]. Although the overall identity between the
sequences of LHC and LHC-II from higher plants is low (27%), the core
of LHC (residues 172-330) is highly homologous (identities plus
positive substitutions: 44%) to the three transmembrane helices of
LHC-IL. On this basis, a model characterized by three transmembrane
helices, based on alignment of the sequence with the three
dimensional structure of LHC-II, has been proposed [2]. The crystal
structure of the spinach LHC-II complex has been obtained to a
resolution of 2.72 A [7] and that of pea LHC-II to a resolution of 2.5 A
[8]. The folding of the LHC-II protein is characterized by three
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