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Effects of phosphate on photoactivity of the Orange Carotenoid Protein 
O. Slatinskaya, G. Maksimov. 
Lomonosov Moscow State University, Moscow, Russian Federation. 

The orange carotenoid protein (OCP) is a water-soluble 
cyanobacterial photoactive protein which protects phycobilisomes (PBs) of these 
photosynthetic organisms from light-induced damage. Under intense blue–green 
illumination, a stable orange form turns into the active signaling red quenching 
form (the color is defined by ketocarotenoid chromophore). 

In this study we have combined UV-VIS absorption and Raman 
spectroscopy to investigate the effect of high phosphate concentrations on the 
photoactivation and chromophore conformation of the wild type and W288A 
OCP mutant — a spectral and functional analogue of the red form which is 
capable of constitute PBs fluorescence quenching in vitro. However, the 
OCPW288A does not require to be photoactivated to induce quenching. Thus, we 
observed the OCPW288A as a model of stable active form in order to investigate 
the effect of phosphate stabilization of an active protein structure into the orange 
form. 

Our experiments have demonstrated that high phosphate 
concentration non-specifically stabilizes the OCP into the orange state after 
illuminating. The OCPW288A, which previously was characterized as non-
photoactive mutant, less than 0.4 M phosphate gains ability to photoconvert 
under actinic light.  

These facts demonstrate that Trp-288 is not necessary for 
photoswitching of the OCP itself, but rather is important for the stabilization to 
the orange form. High phosphate concentrations (higher than 0.8 M) effect to 
spectral characteristics of the chromophore including а Raman bands which are 
responsible for hydrogen out-of-plane distortions and increase of polyene chain 
conjugation length of the ketocarotenoid bound.  

Our experiments have revealed that in the presence of phosphate one 
hydrogen bond with Tyr-201 is sufficient to preserve the OCPW288A in the orange-
like state. For OCP the effect of stabilization by the phosphate concentration 
which is higher than 0.8 M in the orange state is carried out with and without 
illumination. 
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      Ultraspiracle (Usp) belongs to the family of nuclear receptors (NRs), which 
are ligand-dependent transcription factors activated by lipophilic compounds. 
Like all other nuclear NRs it is characterized with typical molecular structure in 
which we can distinguish two highly conserved globular domains – DNA-
binding domain (DBD) responsible for binding of proper DNA sequence and 
ligand-binding domain (LBD) responsible for binding of ligand compound. 
Besides these two globular domains there are also some regions that do not 
possess stable secondary structure, so called intrinsically disordered regions 
(IDRs). Among them we can distinguish hinge region located between DBD and 
LBD, as well as region F located at C-terminus. One of the most puzzling 
intrinsically regions is N-terminal domain (NTD). There are numerous papers 
describing structure and functions of DBD and LBD, but very little is known 
about structure-function relationship of NTD. We decided to investigate how this 
intrinsically disordered NTD is able to modulate function of remaining globular 
domains. For this purpose, we analyzed full-length Usp from Helicoverpa 
armigera (HaUsp) and HaUsp lacking NTD (HaUsp_NTD). The role of NTD 
was examined for two well-known and easily testable NR functions, i.e., 
interactions with specific DNA sequence and dimerization. Electrophoretic 
mobility shift assay (EMSA) showed that NTD significantly changes the pattern 
of interaction of HaUsp with specific DNA sequence. On the other hand, 
size-exclusion chromatography coupled with multi angle light scattering (SEC-
MALS) showed that NTD stabilizes HaUsp homodimers in solution. Finally, 
molecular models reconstructed based on small-angle X-ray scattering (SAXS) 
indicated that the intrinsically disordered NTD may exert its effects on the 
HaUsp functions by forming an unexpected scorpion-like structure, in which 
NTD bends towards the LBD in each subunit of the HaUsp homodimer. This 
structure supposedly is crucial for specific NTD-dependent regulation of the 
functions of globular domains in NRs. 
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The Brucella ovis proteome codifies for a FAD containing Ferredoxin-NADP(H) 
reductase that belongs to the bacterial subclass 1 FPR family  (BoFPR). By 
similarity with other FPRs, it is expected to either deliver electrons from NADPH 
to the redox-based metabolism and/or to oxidize NADPH for the reduction of the 
SoxR regulon that protects bacteria against superoxide and nitric oxide damage. 
Due to such potential relevant role for the pathogen survival under infection 
conditions, it is of interest to evaluate and act on its reaction mechanism.  Here, 
we investigate NADP+/H coenzyme interaction and reduction by hydride transfer 
in BoFPR. Crystal structures of BoFPR when free and when in complex with 
NADP+ hardly differ. The BoFPR:NADP+ structure allows modelling of the 
adenosine ring but the reactive nicotinamide portion protrudes towards the 
solvent without reaching the active site. Nonetheless, pre-steady-state kinetics 
shows how in solution binding of NADP(H) takes place with stacking of the 
nicotinamide and flavin reacting rings, resulting in the formation of a charge-
transfer complexes prior to the hydride exchange. In addition, kinetic data 
identify the hydride transfer itself as the limiting step in the semi-reductive half 
process for the reduction of BoFPR by NADPH. On these bases, we have used 
all-atom molecular dynamics simulations with a thermal effect approach to 
visualise the transient catalytically competent interaction of the flavin and 
nicotinamide rings. Simulations indicate that the particular architecture of the 
FAD cofactor in the folded conformation (characteristic of bacterial FPRs but 
not observed in the more efficient photosynthetic counterparts) precisely 
contributes to the orientation of the N5 of the FAD isoalloxazine ring and the C4 
of the coenzyme nicotinamide ring in the conformation of the catalytically 
competent hydride transfer complex.  
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Streptococcus pneumoniae is a leading killer of infants and 
immunocompromised adults and has become increasingly resistant to major 
antibiotics. Therefore, the development of new antibiotic strategies is desperately 
needed. Targeting bacterial cell division is one such strategy, specifically by 
targeting proteins that are essential for the synthesis and breakdown of 
peptidoglycan. One complex important to this process is FtsEX. FtsEX 
comprises a cell division-regulating integral membrane protein (FtsX) and a 
cytoplasmic ATPase (FtsE) that resembles an ATP-binding cassette (ABC) 
transporter. 
In this work we present three different X-ray crystallographic structures of 
extracellular loop 1 (ECL1) of FtsX solved in the presence of different detergents 
(1). ECL1 present an upper extended -hairpin and a lower -helical lobe, each 
extending from a mixed - core. Different conformations were observed for the 
ß-harpin and the helical lobe amount the structures, depending of the identity of 
the detergent molecule bound to FtsXECL1 suggesting that changes in the protein 
backbone and side chains of the helical lobe occur when a detergent ligand is 
bound. The helical lobe mediates a physical interaction with the peptidoglycan 
hydrolase PcsB (2) via the coiled-coil domain of PcsB (PcsBCC) according with 
the nuclear magnetic resonance (NMR) experiments realized in this work. Some 
of the amino acids present in the helical lobe that participate in the interaction 
with the detergents were substituted in vivo using the S. pneumoniae strain D39 
and we demonstrate that helical lobe subdomain is essential for cell viability and 
required for proper cell division of S. pneumoniae. 
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