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BINDING OF ASTAXANTHIN TO BOVINE SERUM ALBUMIN AND ITS INFLUENCE ON CAROTENOID TRANSPORT TO ADIPOCYTES –

ECD SPECTROSCOPY AND RAMAN IMAGING STUDIES

Astaxanthin (AXT) is a naturally occurring carotenoid with antioxidant and anti-inflammatory

properties. This molecule consists of a chromophore - conjugated double bonds and two

chiral centers1. Due to its structure, AXT is an interesting object for research with Electronic

Circular Dichroism (ECD) spectroscopy2. Within the organism AXT is transported in a

bound state with plasma proteins3. Due to its lipophilic properties, AXT binds to lipid

membranes and is stored mainly in lipid droplets of adipocytes4. As a possible factor in the

prevention of obesity AXT is an interesting subject for studies and its binding with bovine

serum albumin (BSA) is of interest as it may facilitate the transport of carotenoid to the

adipocytes.

Introduction

Materials and methods

ECD samples: Samples for ECD measurements were prepared as shown below (Fig.1A).

ECD spectra of samples in the ranges 300-700 nm and 200-300 nm were measured in

cuvettes with optical paths of 10 mm and 1 mm, respectively.

Adipose tissue preparation: Epididymal White Adipose Tissue (eWAT) was isolated from a 19

week old C57BI/6J mice. Adipocytes were isolated from the collected eWAT according to

the procedure shown below (Fig. 1B). AXT + BSA solution with a molar ratio of 3:1 and AXT

in tetrahydrofuran (THF) solution were added to medium containing cells.

Raman imaging: The cells prepared in this way were measured using Raman microscope

with an integration time of 0.2 s, in 1 s steps, with the 532 nm excitation.
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Fig 2. ECD spectra of AXT and BSA systems in the ranges of 300-700 nm and 200-300 nm.

ECD spectra for AXT in THF (A) show that carotenoid is in the monomeric form. For

samples containing AXT with BSA (B), an exciton couplet is observed as a result of the

formation of H2-aggregates of astaxanthin6. The change in the intensity and shape of the

band derived from the protein (C) after the addition of AXT and the change in the

carotenoid structure indicates that AXT binds to BSA. It is therefore possible to use this type

of connection to deliver AXT to adipocytes.

Fig 3. Raman images of lipids and astaxanthin distribution within adipocites. Adipocytes in

which AXT was present inside the cell were marked with a plus.
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At the beginning of the

experiment, for both systems

AXT was only present on the

cell surface. The combination

of AXT with BSA enables

delivery of the carotenoid to

adipocytes. For the

presented system the

amount of AXT in the cell

increased with time. The

obtained observations will be

further confirmed in

subsequent experiments.

1. AXT binds to bovine serum albumin forming aggregates, which is visible as an exciton

couplet in the ECD spectra. As a result of AXT conjugation to BSA the structure of

carotenoid changes and the intensity of the band derived from the protein increases. The

observed relationships are visible for both examined AXT: BSA molar ratios.

2. Stimulation of adipocytes with a mixture of BSA and AXT facilitates the transport of this

carotenoid into adipocytes, compared to stimulation with AXT alone. However, these

observations require confirmation in subsequent experiments.
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Fig 1. The method of preparing samples for ECD (A) and Raman imaging (B)5.
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