Characterisation of the carotenoprotein found in
carapace shells ofJasus lalandii — A preliminary

report
Elizabeth Timm&®" David Walwyrf, Andrew Bailey

% Biosciences, CSIR, Pretoria, South Africa

P Department of Chemistryniversity of Cape Town,
Cape Town, South Africa

¢ School of Engineering and Technology Management,
University of Pretoria, South Africa

4 Department of Research and Innovation, University o

Cape Town, Cape Town, South Africa

* Department of Chemistry, University of Cape Town,
Private bag, Rondebosch, 7701, South Africa T&Z +
21 650 2526: Fax: +27 21650 5778; e-mail:

Elizabeth.Timme@uct.ac.za




ABSTRACT

Carotenoprotein, containing astaxanthin as thetipetis
group was extracted from the carapace shells of the
lobster, Jasus lalandii. The material, with a molecular
mass of around 400 000 Da amn@ax 525nm (-
crustacyanin), was readily converted under the
conditions used for extraction and on standinghe t
subunit (-crustacyanin) of molecular mass around
40 000 Da andiunax 560 nm. The latter complex was
stable up to 65°C and between pH 5 and 8. Both the
large molecule and the subunit showed the reversibl
bathochromic shift{max~480 nm) after being subjected
to conditions of heat above 65°C and below 85°C and
pH between 3 and 10, which alter the natural pmotei
orientation. Above 85°C and outside of the pH range
the shift was irreversible. Crustacyanin frdmalandii
differed from the blue crustacyanin of thomarus
species with respect to visible specttga{632 nm and
Amax 585 nm) and by displaying a hypsochromic shift
between thex- and p-crustacyanin. Stability of the-
crustacyanin and affinity to DE52 also differed.|lge
protein, with aimax 409/410 nm as described for the
Homarus species was not detected in tlislalandii
study, although it may have been co-eluted. The
properties of the extracted complex show poteriaal

its use as a natural water soluble food colourant o

temperature sensitive indicator.

KEY WORDS
Bathochromic shift, carotenoprotein, crustacyadasys

lalandii, lobster



1. Introduction

When lobsters are cooked, the well known colour
change from the dull dark hues ideal for camouflage
within a marine environment, to a bright orange hed
long been attributed to the presence of carotenejn

in the shell. This colour change is due to theasdeof

the prosthetic carotenoid group from its encapswdat
protein to reveal its natural colour (Ciargtial. 2002).
Pioneering work on the blue carotenoproteins of the
Homarus species has shown the predominant molecule
to be a-crustacyanin Xmax 632 nm). This aggregate
comprises eight dimers, nampdrustacyaninXmnax 585

nm) each of molecular mass around 45 000 daltons.
These can be further dissociated to 2 apoproteins o
around 20000 daltons each by removal of their
astaxanthin group (Zagalsky and Tidmarsh, 1985nKee
et al. 1991). Dellisanti et al. (2003) showed that the
guaternary structure was cylindrical with the eifht
crustacyanin molecules probably having a helical

arrangement.

The ability of astaxanthin to display the bathochi®
shift from thelnax Of the free form is dependent on the
specific combination of apoproteins, their spatial
relationship, and the nature of the carotenoid twhic
requires keto groups at positions 4 and 4' and the
presence of methyl groups at C20 and C20' (Cietradi
2002). Durbeej and Eriksson (2003), using quantum
chemical studies anHomarus gammarus crustacyanin

confirmed this by suggesting that the colour shsft



largely due to a C4 keto group being hydrogen bdnde
to a histidine residue. Magic angle spinniig NMR
work provides evidence that charge redistributitay$

a role in the shift mechanism (Weesial. 1995).

Investigation of other species show that the blue
astaxanthin proteinsAfax 634 nm) extracted from
Astacus leptodactylus (Gomez et al. 1986) and
Gammarus lacustris G.O. sars (Czeczuga and Krywuta,
1981) behaved similarly to thdéomarus crustacyanin
suggesting that the bathochromic shift is achiemetie
same way even if the individual protein components
differ. This was the case with twbHomarus species
which gave identical spectral patterns but where
differences in the proteins were found (Zagalskg an
Tidmarsh. 1985). It is therefore conceivable ttre
same mechanism for colour change applies to other
carotenoproteins such as the dark red brown pigment
found in the carapace aJasus lalandii, a lobster which
occurs locally along the South African south andstwe
coasts and exhibits the noticeable colour change to
bright orange-red on cooking. This natural colour
change phenomenon suggests opportunities for use of
the responsible compound in commercial venturea as
temperature sensitive indicator either in the rede
temperature range or to denote temperatures athwhic
permanent colour change is achieved. Alternatively
could function as a natural water soluble coloussamd
antioxidant. Investigation of th& lalandii complex and

its behaviour under different conditions of tempera
and heat was therefore undertaken to define iteacher

and potential use.



2. Materials and methods

2.1. Raw material and extraction: Lobster carapaas
obtained fresh from commercial fisheries. Preparati
and extraction of the crustacyanin was based on the
method described by Zagalsky (1985). The shell was
removed immediately, cleaned of any attached tjssue
washed in iced water and allowed to dry overnighi-a
2°C. The dry shell was ground to a fine powderoat |
temperature and then soaked for 18 hours, with
agitation, in a solution of 0.3 M boric acid nelised to

pH 6.8 with solid Tris. Soaked shell was removed by
filtration, washed with fresh borate-Tris soluti@md
resuspended in pre-cooled 10%(w/v) EDTA, pH 7.0
using 25 g shell per 1000 g solution. The mixtwas
stirred continuously overnight, after which shelasv
removed and the purple coloured filtrate contairime
crustacyanin brought to 55% saturation with amminiu
sulphate. The mixture was allowed to stand at 0tC
around 18 hours and the resultant precipitate, the
crustacyanin, was collected by centrifugation abDQ0g

for 30 minutes at 5°C. The precipitate was redis=wbin

50 mM potassium phosphate buffer pH 7.0, and
interfering protein removed by fractional precipita
with ammonium sulphate to 15% or 20% saturatiore Th
desired crustacyanin was then precipitated by asing

the saturation level to 55%. This material was extoat
0+2°C. A total of 13 extractions were carried oueioa

six month period and pooled into four batches totter

use for characterisation or in food preparations.

2.2. Purification: Extracted crustacyanin from each

batch was collected by centrifugation, re-dissolwed



minimal 50 mM potassium phosphate buffer pH 7.@ an
dialysed against the same buffer before being stdigje

to chromatography on a 25 x 1.2 cm Whatman DE 52
(diethylaminoethyl cellulose anion exchanger) catum
The crustacyanin and its subunits were separated by
stepwise elution using buffer containing 0.1, @.2, 0.6

and 1.0 M sodium chloride (NacCl). Further purificat

was effected by re-precipitation of the fractionsda

repeated elution from DES2.

2.3. Characterisation: UV-visible absorption speect
were carried out on each batch to determine thamaax
for the whole complex and the subunits. Size exafus
chromatography of two batches on Sephacryl S100HR
and Sephacryl S300HR was used to estimate molecular
mass. Columns of 95 x 1 cm in 50mM phosphate buffer
pH 7.0, and flow rate of 0.3 mL/min applied throogh
and comparison to calibration standards (20 0050®
000 Daltons) was used to gauge molecule size.
Electrophoretic separation was carried out using
polyacrylamide gel in sodium dodecyl sulphate
(Laemmli, 1970) and a marker kit containing a ranfe
proteins from 12 300 - 78 000 Daltons.

2.4. Removal of prosthetic group: This was condiicte
according to the acetone ether method of Zagalsky
(1985). The ether layer containing the carotenoas w
removed and the spectrum recorded for identificatio
(Gomez et al. 1986). Confirmation of identity was
tested by carrying out further spectra of the etéa
carotenoid in acetone, ethanol and hexane (Britton
1992).



2.5. Effect of heat and cold: The colour shift was
investigated by heating the total extract up to@86Sing
indirect heat in a boiling water bath. Temperatwaes
monitored and spectroscopic and visible colour gkan
noted. Aliquots were removed at temperatures o765,

75, 80 and 85°C, and the time taken to revert & th
starting colour measured to allow for determinatain
point of irreversibility. Sub zero temperature effe
were examined by freezing aliquots of a combined
extract in 50 mM phosphate buffer, pH 7.0 at -1 -
and -40°C for 48 hours, thawing at 4-6°C and coimngar
spectra with that of the initial untreated sampidl.
treated aliquots were tested for their ability til s
undergo a bathochromic shift after heating to 8p&Gt

the freeze treatment. Further samples from the same
source were stored at the relevant freezing teryresa

for seven days before the thaw/test treatment, and
allowed to stand with observation over the follogvin

two weeks.

2.6. Effect of pH: The pH of solutions ffcrustacyanin
in 50 mM phosphate buffer pH 7.0, were altered by
dropwise addition of base (0.1 M sodium hydroxide)
acid (0.1 N hydrochloric acid) and spectral chanmgsd

levels of reversibility were recorded.

2.7. Effect of freeze drying: A sample eachoefandp-
crustacyanins were freeze dried after removal ib$ &gy
dialysis. The reconstituted dried material waseggor

the bathochromic effect after heating to 85°C.



3. Results

3.1. Size and spectra: Crustacyanin was readihaebed
from lobster carapace shells under the conditiesiu
Fractionation by ion exchange on DE52 of the exsrac
resulted in three fractions, each showing a differe
colour: one which eluted with 0.1-0.2 M NaCl wagpe
mauve in colour and had maxima at 560 and 278 nm
(designated3-crustacyanin); one which eluted with 0.4
M NaCl and was reddish mauve with maxima at 525 and
278 nm (designated-crustacyanin); and a remaining
coloured portion, which had maxima at 480 and 218 n
suggesting it was denatured material, requiredd® B0

M NaCl for removal. Yellow protein, with a
Amad09/410 nm as described for thlomarus species
was not detected (Salares al. 1977, Zagalsky &
Tidmarsh 1985), though may have been co-eluted.

The crustacyanin frond. lalandii is thus different from
the blue crustacyanins with respect to visible speand
affinity to an anion exchange medium. Unlike therkvo
on the Homarus species the subunit appeared
predominant (Zagalsky and Tidmarsh 1985, Gorgez
al. 1986) and had a maximum absorbance at a higher
wavelength than the whole complex. Re-
chromatography of eluteda-crustacyanin always
showed the presence of sofirerustacyanin suggesting
that conversion to the smaller molecule took place
readily in the 50 mM buffer used during extractemd
purification. These results suggest differencestha
molecule composition and orientation of caroteremd
protein. Figure 1 represents typical absorptioncspe
for the a- and pB-crustacyanin, and shows broad

overlapping peaks.



Figure 1.

Figure 2.

When subjected to gel filtration, the fraction with
Amax225nm, designated ascrustacyanin was shown to
be the larger molecule and had a mass of around
400 kDa whilst the fraction with,,560 nm was shown

to be around 40 kDa suggesting it represents [the
subunit. TheP subunit was the predominant fraction
and conversion may have taken place during the
extraction dialysis, indicating susceptibility tma ionic

strength.

Sodium dodecyl sulphate polyacrylamide
electrophoresis of unpurified crustacyanin and tike
separated fractions was inconclusive on all samples
tested. Unexplained bands suggest that dissocsation
may have occurred due to experimental conditiond, a
the method used appears to be unsuitable for size
determination. However, molecules of around 20,kDa

possibly the apoproteins, were present.

3.2. The prosthetic group: This was readily exgdct
into the ether and when compared spectrally to pure
crystalline astaxanthin treated in similar fashigaye

the same spectrum with a peak at 480 nm. Specttreeof
extracted prosthetic group in acetone, ethanol and
hexane gavénaxvalues of 479-480 nm, 478 nm and 472
nm respectively. Whilst these values correspond wit
reported maxima for astaxanthin (Britton 1992, Gpme
et al.1986), further chemical or NMR analysis is
required for conclusive identifying evidence and
information as to the nature of the prosthetic grou



Figure 3.

Figure 4.

3.3 Effects of heat: The complex showed an initial
change in theknax at around 45°C when measured
spectroscopically but required heating to a mininafm
65°C to elicit a visible colour change to oranged a
complete conversion required a temperature of 6&70
(Figure 3). The bathochromic shift was demonstrable
after heating to 85°C. Time for complete reversion
increased with increasing temperature, taking ablyut
three minutes after heating to 65°C, two to threars
after 75°C and up to 48 hours after treatment 4C85
Reversion to the original state started to occwaratind
45°C.

A solution ofa-custacyanin subjected to three cycles of
heating to 70°C and followed by immediate coolinng a
ambient temperature showed that the colour shifityab
was not compromised by this treatment. Figureaivsh
the natural spectrum, the shift from 525 to 490ama
third heat cycle to 70°C, and the shift after aalfin
heating to 90°C where the maximum is at 480 nm and

irreversible.

Lowering the temperature to sub zero values apfgren
had no effect on the colour in the frozen or thastade.

On thawing the ratio of thenax at 278 and 525 nmu{
crustacyanin) and 560 nnmB-€ustacyanin) remained
unchanged, (Table 1), and all samples satisfagtoril
underwent the reversible colour shift at the usual
temperatures and reversion rates. However, on the
further standing of these samples in 50 mM buffét,

7.0 at 6-8°C for 10 days, those that had been ffroze
showed traces of orange precipitate indicating the
presence of some denatured material.due eitheheo t

low temperature or low ionic medium.



Table 1.

Figure 5.

Figure 6.

3.4. Effects of pH: Immediate changes in pH to aefo

or above 9 caused commencement of the colour shift
(Figure 5). Full conversion to the orange was not
achieved until pH 3.0 and pH 10.0 -10.5 were redche
The reaction was irreversible at pH lower than 3 or
higher than 10.5 indicating denaturation of thetgiro
More extreme pH levels took longer to revert thaose
near to neutral. Further work to identify affecimulino
acids, and comparison with tiomarus model (Cianci

et al.2002) may help with identifying the structure bét
Jasus crustacyanin protein, and its relation to the

prosthetic group.

3.5. Effects of drying: Freeze drying of bath and -
crustacyanin after dialysis to remove buffer salts
appeared to have no effect on the spectra maxintaeof
crustacyanin molecules, or on the ability of thengke

to exhibit the bathochromic shift. However, conwans

of somea- to B-crustacyanin took place during the
dialysis (peaks at 525 and 560 nm) and during the
drying and reconstitution as seen by the flat ekten

peak between 525 and 560 nm (Figure 6).

4. Discussion

This preliminary study showed that carotenoprotein
found in Jasus lalandii, whilst displaying the
characteristic colour changes, appears to havieaatit
composition to that of the blue crustacyanin, idaig
the propensity to convert to tifieform. Surprisingly the

Amax Of the larger molecule was at a lower wave length
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than that of the smaller molecule suggesting difiees

in the prosthetic group and the protein. Confirmmatof

the prosthetic group by NMR, and studies on the
protein-carotenoid interactions as carried out by
Krawczyk and Britton (2001) could indicate whethies
same orientations as found with bluecrustacyanin
pertain. Similarly, separation of the constitueapfides
and comparison to thélomarus and Astacus species
(Gomezet al. 1986, Zagalsky and Tidmarsh 1985) and
analysis of the constituent amino acids (Kestnal.
1991) could highlight differences in the proteiniatp
and help explain the different behaviour in lowion

media.

The work suggests thp-complex could be exploited
commercially due to its predominance, the abiliby t
undergo reversible colour changes and the apparent

stability over a wide range of temperature and pH.
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Captions to figures

Figure 1: Visible absorption spectra ofp- and a-
crustacyanin exl.lalandii eluted from DE 52 with 50
mM phosphate buffer, pH 7.0, containing 0.2 andN).4

sodium chloride respectively.

Figure 2: Electrophoresis in sodium dodecyl sulphat

showing the breakdown to the apoprotein size médecu

Figure 3. Effect of heat oimax Of alpha and beta

crustacyanin

Figure 4: The visible absorption spectra of unedatnd
heatedx-crustacyanin

Figure 5: Effect of pH ofnax Of B-crustacyanin

Figure 6: Effect of freezedrying and reconstitution a-
crustacyanin
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Tables

Table 1: Ratio of thé\max at 278 and 560 nmp{
crustacyanin) and 525 nm {custacyanin) after freezing

at different temperatures.

Temperature °C 560:278 nm 525:278 nm

22 +2 0.433 0.431
71 0.446 0.443
-18 +2 0.433 0.442
-25+2 0.434 0.433

-40 +2 0.435 0.434
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