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THE REVERSIBLE PHOTOCHEMISTRY OF PHYCOERYTHROCYANIN

SIERZEHNRUBL, S., LIPP, G., FISCHER, R., SCHI:‘;ER, H. Botanisches Institut
der Universitidt, Menzinger Str. 67, D-8000 MUNCHEN 19, FRG

1. INTRODUCTION

Plant and algal biliproteins have two major functions: The phycobili-
proteins are light-harvesting pigments for photosynthesis (1); the
phytochromes are the photoreceptors of plant photomorphogenesis. Many
cyanobacteria also show responses suggesting photoreversibly photo-
chromic pigments as photoreceptors (see 2,3,4,5). The putative pigments
have been termed adaptochromes and phycomorphochromes. Isolation
attempts (review in 2) resulted in the spectral characterization of at
least four different fractions termed phycochromes a-d; but in no case
has there been conclusive evidence, that these are the putative photo-
receptors.

The absorption spectra of all phycochromes suggest that they are
biliproteins, too. These pigments may then combine both functions of
light harvesting and photomorphogenesis induction in one molecule.
Phycochrome b has indeed been shown to be most likely the a-subunit of
the antenna pigment phycoerythrocyanin (PEC) (6). PEC is present in
several species of cyanobacteria (7). It carries an unusual phycoviolo-
bilin chromophore on its a-subunit (Fig. 1) (8), which is responsible
for its photochromic response. Here we want to give further (9) results
on the photochemistry of PEC from two cyanobacteria, e.g. Mastigocladus
(M). laminosus and Chroococcidiopsis (Ch.) spec.. We have characterized
the photochemistry of the pigment in different states of aggregation,
and the mutual interdependence of its phototransformation and aggre-
gation.

2. MATERIALS AND METHODS

Phycoerythrocyanin (PEC) of M. laminosus and Ch. spec. were prepared
by the method of Fuglistaller et al. (10). The subunits of PEC were
obtained by isoelectric focusing (11) under anaerobic conditions.
Absorption and absorption difference spectra were measured in split beam
mode with thermostated cell holders. Irradiation was done in the photo-
meter (150 W, light guide and suitable interference filters). The aggre-
gation state of PEC was studied by sucrose-density gradient centrifu-
gation at 238,000 x g (12). In the reactions relating irradiatioplwith
aggregation, a PEC (M. laminosus) stock solution (A 570 = 0.6 cm ) was
irradiated alternately with green and orange light. Before the first and
after each subsequent illumination an aliquot (0.2 ml) was applied to
the sucrose gradient (5 ml, 7 to 17 % w/w).

3. RESULTS AND DISCUSSION
3.1. Characterization of photcchemistry

When PEC or its a-subunit isolated from the blue-green algae M.
laminosus or Ch . spec. were irradiated either with orange (600 nm; 575

M. Baltscheffsky (ed.), Current Research in Photosynthesis, Vol. IV, 421-424.
© 1990 Kluwer Academic Publishers. Printed in the Netherlands.
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nm for Ch. spec.-a-subunit) or green light (500 nm), a typical photo-
chemistry was observed. Irradiation with orange light leads to an
absorption difference spectrum with a maximum at 502-504 nm and a nega-
tive extremum at 565-570 nm. Illuminating the sample with green light
reverts the spectrum fully to the original. The amplitudes of the diff-
erence spectra are strongly dependent on the state of the pigment (Table
1). It is maximum in the presence of 4 M urea, whereas it is lower in
the fully denatured pigment (8 M urea) and very small in high aggregates
and phycobilisomes. Upon addition of increasing amounts of urea, the
difference extrema of the reversible reaction remain stationary up to
denaturant concentrations of 4 M (Table 1). At the same time, the ampli-
tudes increase. At higher urea concentrations, the amplitudes decrease
again, and the extrema shift gradually to 510 and 600 nm. Reversible
photochemistry is retained up to 8 M urea, when the polypeptide chains
are fully unfolded. The photochemistry is very similar in PEC isolated
from the two different organisms, e.g. M. laminosus and Ch. spec.
Reversible photochemistry is also retained in denatured PEC at low pH.

Coo~ €00~

Fig. 1: Structures of phycoviolobilin chromophores in their 10Z,15Z
(left) and 10Z,15E-configuration (right). Schematic, native
chromophores have extended geometries.

The B-subunit of PEC shows no reversible photochemical effects.
However the two phycocyanobilin chromophors of this subunit are very
sensitive against irradiation, and bleach rapidly to colorless pro-
duct(s) (viz. by 60 - 70 % within 12 min). This rapid bleaching con-
trasts with the relative stability of the phycocyanin B-subunit (11).

The reversible photochemistry of PEC and its a-subunit is probably
related to a ZsE isomerisation of the phycoviolobilin chromophore
(Fig.l). Of the different chromophore types of phycobiliproteins, it is
the only one which shows a reversible photochemistry in its native and
denatured state. We suggest that isomerization takes place in the
a-subunit of PEC at the AlS5-double bond, similar to the phytochrome
primary reaction.

3.2. Interrelations of photochemistry and aggregation
Aggregation not only strongly influences the photochemical activity
of PEC (Table 1), but the inverse is also true, e.g. pre-irradiation
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Table 1 : Absorption difference extrema and amplitudes of different PEC
samples or samples subjected to different pre-treatments.
Sample Coovs = ¢ pH Difference extrema [nm] AAA®
(mM] (M7 orange green (%]
PEC 100 0 7.0 570 503 18
PEC 100 1 7.1 569 503 32
PEC 100 4 7.3 567 502 35
PEC 100 6 7.5 600 510 12
PEC 100 8 7.0 599 515 6
PEC 100 8 3.0 598 507 13
PEC-monomer 100 c) 7.0 565 504 36
a-Subunit 100 0 7.0 569 504 50
a>) Buffer — potassium phosphate buffer.

b)) Amplitude
> 1 M KSCN,

(Min-max) of difference spectra.
no urea.

Table 2 : Comparison of photochemistry of PEC between Mastigocladus
laminosus and Chroococcidiopsis spec.
Pigment Mastigocladus laminosus Chroococcidiopsis spec.

native Pigment™’

A 573 . 574 .
A (+) 503 / (-) 570 %’ (+) 507 / (-) 576
AAA (%] 18 % 26 %
denatured Pigment®’

A 603 / 661 = 604 / 661 <

ma (+) 507 / (-) 598 °’ (+) 506 / (-) 597
AAA (%] 13 % 10.4 %
denatured Pigmentd)

A 587 597 N
AT (+) 515 / (-) 600 ™’ (+) 507 / (-) 595
MDA [%] 6 % 2.4 %
a-Subunit (native)®’

A 562 561

AT (+) 504 / (-) 569 *° (+) 501 s/ (-) 563 =
AMA (%] 50 % 15 %
a) Green irradiated form in 100 mM phosphate buffer, pH 7.

b) Difference extrema (orange irradiated vs.

(+) = positive,

a>

<-> =
c) Green i1rradiated form
acidified with HClL to
Green irradiated form
e) Double maximum in the

negative .
in 8 M urea,
PH 2.

acidified state.

in 8 M urea + 100 mM phosphate buffer,

green irradiated sample),

100 mM phosphate buffexr

PH 7 .4.
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with different light qualities influences the aggregation of PEC (9).

A sample of PEC was irradiated alternately with orange and green light.
Aliquots of the original sample were then analyzed for aggregate dis-
tribution by ultracentrifugation. In every case, the sample is a mix-
ture of mono- and trimeric PEC, but the amount of higher aggregates is
always increased after irradiation with green light, and decreased af-
ter irradiation with orange light. A reversible dissociation as
response to different light qualities would principally offer indirect
routes for signal transduction, since a direct effect of the phycobili-
proteins may be questioned on the basis of the small size of the PEC
molecule primarily(?) optimized for light-harvesting.

An indirect route could be based on e.g. photodynamic effects of free
biliproteins (13) or the release of linker peptides (14-16).

Acknowledgement: This work was supported by the Deutsche Forschungs-
gemeinschaft, Bonn (SFB 143).
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