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The polypeptide composition of some Chromophyte light-harvesting complexes was investigated by SDS-PAGE and 
compared to LHCP of higher plants. According to the species, one or two major polypeptides were found in the range 
17-25 kDa, which is noticeably lower than for higher plant LHCP polypeptides. Evidence is provided for three species 
LH polypeptides possessing different molecular masses that they all possess some immunological analogy with a maize 

LHCP. In addition, Fucus serratus LH was proved to be able to phosphorylate. 
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1. INTRODUCTION 

The Chromophytes (or chlorophyll c-containing 
algae) play a major  role in ocean productivity. 
Their photosynthetic apparatus differs from that 
o f  green plants, in both ultrastructure and pigment 
composition. Besides chlorophyll a and c, their 
chloroplasts contain carotenoids in greater abun- 
dance than in green plants. The light-harvesting 
(LH) function of  these carotenoids has been 
proved for at least two of  them, peridinin in 
Dinophyceae [1] and fucoxanthin in brown algae 
[2,3] and diatoms [4]. The major LH pigment pro- 
tein complex of  Dinophyceae, extrinsic to 
thylakoid membranes, has been rather extensively 
studied [1,5]. In contrast, although LH fractions 
containing fucoxanthin, Chl a and Chl c have been 
isolated from different materials by means of  den- 
sity gradient or electrophoresis (reviews [6-8]) 
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some confusion remains about their number and 
pigment composition, probably owing to their high 
sensitivity to detergents. Their polypeptide com- 
position has been studied in two species, the 
diatom P hae odac t y lum  t r icornu tum and the 
Prymnesiophyte P av lov a  gyrans  [9]. For t}. tricor- 
n u t u m ,  several reports exist [9-12] that do not 
describe the same number or exactly the same 
molecular mass of  the constituent polypeptides. In 
addition, polyclonal antibodies against this last 
L H  complex have been raised [11,12] and tested 
against total membrane polypeptides of  a large 
variety of  diatoms [11]. 

In green plants, the L H C P  complex has been 
proven to be implicated in the regulation of  the 
energy distribution between the two photosystems. 
The overreduction of  the plastoquinone pool trig- 
gers the phosphorylation of  LHCP,  which 
modifies the Charge of  LHCP molecules and leads 
to disconnection of  a part of  them from the PS II 
centers (review [13]). This kind of  state transition 
has not been demonstrated in brown algae or 
diatoms and, to date, it appears rather that LH of  
these algae normally transfers energy to both 
photosystems [4,14]. Furthermore, their chloro- 
plasts do not possess the granal structure needed 
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for  this  r egu la t ion  process .  However ,  the  var iabi l i -  
ty  o f  l ight in tens i ty  and  qua l i ty  in the  na tu ra l  
hab i t a t  o f  these o rgan i sms  suggests  tha t  some k ind  
o f  equ i l ib ra t ion  o f  energy d i s t r ibu t ion  m u s t  
ope ra t e  in thei r  pho tosyn the t i c  appa ra tu s .  In  
C y a n o b a c t e r i a ,  in which  the  t h y l a k o i d  a r range-  
men t  is also ag rana l  ano the r  k ind  o f  r egu la t ion  oc- 
curs,  which seems to  impl ica te  p ro t e in  
p h o s p h o r y l a t i o n  processes  [131. 

Here ,  we show tha t  the  molecu la r  mass  o f  m a j o r  
po lypep t ides  o f  L H  f rom di f fe ren t  b r o w n  a lgae  
a n d  d i a toms  m a y  va ry  be tween  17 and  22 kDa ,  
tha t  they  exhibi t  immuno log i ca l  c ross - reac t ions  
wi th  an t ibod ies  o f  green p lan t  L H C P  and  
m o r e o v e r  tha t  b r o w n  algae  L H  are  capab le  o f  
l igh t -dr iven  p h o s p h o r y l a t i o n .  

2. M A T E R I A L S  A N D  M E T H O D S  

Thalli of different species of brown algae were collected at 
the seashore near the marine laboratories of Roscoff (for Fucus 
serratus L. Dictyota dichotoma (Hudson) Lamouroux, 
Laminaria saccharina (L.), Lamouroux, or Banyuls (for 
Cystoseira mediterranea (Sauvageau) (France). Chloroplasts 
were prepared according to [15]. Diatom species (P. 
tricornutum Bohlin, Skeletonema costatum (Greville) Cleve) 
were cultivated as in [16] and harvested by centrifugation. 
Chloroplasts or diatom cells, resuspended in a 10 mM Hepes- 
Na buffer (pH 7.4), 2 mM MgC12, 2 mM MnC12, 10 mM KCI, 
1 M sorbitol, were fragmented with a French pressure cell 
(136 MPa) in the presence of digitonin at a detergent/Chl ratio 
of 100 and incubated for 1 h in the same medium. The 
homogenate was loaded on the top of a sucrose gradient and 
centrifuged at 140000 x g for 15 h. 

The LH complexes obtained in the upper part of the gradient 
were diluted with 0.5 M Tris-HCl buffer, pH 8.0, with protease 
inhibitors (1 mM benzamidine and phenylmethanesulfonyl 
fluoride), then concentrated by centrifugation overnight at 
200000 x g and 4°C. The pellets were incubated in dissolution 
buffer, containing 0.06 M Tris, 5% SDS, 1 M mercapto- 
ethanol, for 1 h at room temperature. Samples were loaded on 
electrophoresis slabs to determine polypeptide composition. 
The stacking gel was 5°/o acrylamide with 0.1o70 SDS, pH 6.8, 
the running gel comprising a 10-22% acrylamide gel gradient 
with 0.1 o70 SDS, pH 8.8. The buffer system of Laemmli [17] was 
used and 0.1 SDS was added to the upper reservoir. Proteins 
were stained with Coomassie brilliant blue R250. 

Immunological detection of electroblotted LH apoproteins 
was based on techniques described by Towbin et al. [18] and 
Burnette [19]. A polyclonal antibody raised in rabbits against 
maize LHCP apoproteins was used [20]. A horseradish 
peroxidase-conjugated IgG (Biosys) was used as antibody 
directed against the immunoglobulins of the first antiserum. 
Revelation of the peroxidase activity was performed using 
0.015°/0 H202, 0.05°/o 4-chloronaphthol, in 0.02 M Tris, pH 
8.2, and 0.9o70 NaCI. 

For thylakoid phosphorylation, the method in [21] was 
followed except that chlorophyll concentration in the 
incubation medium was 150/~g/ml and ATP was 100/~M. 
Illumination was provided by a white light (500/~E. m -2. s-t). 
10/~Ci/ml of [y-32P]ATP (Amersham, spec. act. 3000 Ci/mM) 
was added to the reaction mixture. Dark phosphorylation was 
performed by adding 20 mM Ha dithionite. To inhibit 
phosphatases, 20 mM NaF was added to the reaction mixture. 
Following phosphorylation (15 min), the membranes were 
immediately pelleted at 20000 x g for 5 min and solubilized for 
SDS-PAGE [17]. Phosphoproteins were located after 15 days of 
autoradiography of the stained and dried gel, using X-ray film 
(Agfa-Gevaert Curix). 

3. R E S U L T S  A N D  D I S C U S S I O N  

3.1. Isolation o f  the L H  fractions 
A f t e r  d ig i ton in  t r ea tmen t ,  s imilar  g rad ien t  pa t -  

terns  were  ob t a ined  f rom all  the  screened species.  
A s  a l r eady  descr ibed  for  Fucus [3], th ree  m a j o r  
types  o f  bands  cou ld  be observed:  (i) one  o r  two 
heavy  green,  PS I -enr iched  f rac t ions ;  (ii) in some 
cases a few a b u n d a n t  med ian  f rac t ions  wi th  PS I I  
charac ter i s t ics ;  (iii) in the  u p p e r  pa r t  o f  the  gra-  
d ien t  a large zone  with an  intense o r a n g e - b r o w n  
co lor :  in some exper iments  two  d i f fe ren t  co lo red  
layers  cou ld  be  d is t inguished  in this  zone.  In  this 
case,  on ly  the  lower  o f  the  two layers  was used for  
the  presen t  s tudy,  since exci ta t ion  f luorescence 
spec t ra  had  a l r eady  [3] d e m o n s t r a t e d  the  ac tua l  
l igh t -harves t ing  role  o f  this  f rac t ion .  I ts  p igmen t  
c o m p o s i t i o n  had  been ana lysed  by  means  o f  
H P L C .  I t  con ta ined  all  the  m a i n  p igments  present  
in the  whole  ch lo rop las t  bu t  wi th  an  en r i chment  in 
ch lo rophy l l  c and  fucoxan th in ,  and  converse ly  a 
dep le t i on  in ch lo rophy l l  a and  ~ -c a ro t e ne  [22]. 

3.2. Polypeptide composition o f  L H  fractions 
The  po lypep t ide  compos i t i ons  obse rved  in L H  

f rac t ions  f r o m  the  6 s tudied  species a re  l is ted in 
t ab le  1. The  L H  f rac t ions  o f  all  the  tes ted species 
exh ib i ted  one  or  two  m a j o r  po lypep t ide  com-  
ponen t s .  E lec t rophores i s  o f  the  d i f fe ren t  samples  
( f i g . l )  c lear ly  showed tha t  the  molecu la r  mass  o f  
these  po lypep t ides  var ied  f rom 17 to  21 k D a  ac-  
co rd ing  to  the  species.  The  n u m b e r  o f  bands  in this  
mo lecu la r  mass  range  var ied  f rom one  to  three  and  
the i r  re la t ive  a b u n d a n c e  d i f fe red .  

Some  o the r  po lypep t ides  were present  b e y o n d  
this  range ,  bu t  in much  lower  quant i t ies ;  in b r o w n  
a lgae  they  were on ly  seen on  ove r loa de d  gels. They  
were re la t ively  m o r e  a b u n d a n t  and  also more  
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Table 1 

Presently reported polypeptide compositions of LH complexes 
from brown algae and diatoms 

Species Major LH polypeptides 
(kDa) 

This work Other reports 

Brown algae 
Fucus serratus 21.5, 23 
Cystoseira mediterranea 21, 22 
Dictyota dichotoma 20, 19 
Laminaria saccharina 20.5, 21.5 

Diatoms 
Phaeodactylum tricornutum 18.5, 18 

Skeletonema costatum 22, 19.5 

16, 16.4, 17, 
17.5 [9] 

16.4, 16.9 [10] 
17.5, 18 [11] 
19, 19.5 [12] 

Fig. 1. Coomassie bine-stained gel loaded with 2/~g chlorophyll. 
LH from 0anes): (1) Cystoseira mediterranea, (2) Skeletonema 
costatum, (3) Laminaria saccharina, (4) Fucus serratus, (5) 

Phaedactylum tricornutum, (6) Dictyota dichotoma. 

Fig.2. (A) Coomassie blue-stained gel. (B) Western blot and 
immunodetection using LHCP antiserum. Lanes: (1) protein 
markers, (2) Fucus serratus LH, O) Dictyota dichotoma LH, (4) 
Phaedactylum tricornutum LH, (5) polypeptides from pea 
thylakoids. In order to obtain clear immunodetection, lane 5 in 
B was loaded with 5-times less protein than the corresponding 

lane in A. 

numerous in the two dia toms '  L H  (figs 1,2). 
Probably,  these minor bands were not constituents 
o f  L H  itself, but originated f rom other membranes  
components  still present in the gradient fraction. It  
must  be noted that,  whereas in P. tr icornutum two 
successive detergent incubations seem to be needed 
to purify the 20 kDa range polypeptides [11,12], 
we obtained the same result after  only digitonln ac- 
tion in the brown algal fractions. 

Concerning P. tr icornutum,  if we compare  our 
results with published analyses (table 1), we note 

t h a t  the molecular mass estimations of  the major  
polypeptide were closer to the value given by Fried- 
man  and Alberte [11] than to those reported in 
[9,10]. It is noteworthy that  the polypeptide com- 
position of  S. cos ta tum LH was very different 
f rom that  observed in P. tr icornutum.  Concerning 
brown algae LH,  to our knowledge no molecular 
mass estimation has yet been published. All species 
tested here showed L H  polypeptide with lower 
molecular mass than the current value observed for 
L H C P  of  green plants. 
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3.3. Immunochemical analogy with higher plant 
LHCP 

In order to determine whether there was a 
molecular analogy in the polypeptide composition 
of LH complexes from Chlorophytes and 
Chromophytes, an immunological study was per- 
formed using a maize LHCP polyclonal antibody. 
The resulting immunoblot is presented in fig.2. As 
a control the cross-reaction with pea LHCP 
polypeptides is given in lane 5. Although LH 
apoproteins of brown algae (lanes 2,3) and 
diatoms (lane 4) have noticeably lower molecular 
masses than higher plants, it is clear that the maize 
LHCP antibody recognizes the different 
Chromophyte LH. This indicates that at least some 
peptide sequences are common to Chromophyte 
and Chlorophyte LH proteins. However, as a 
polyclonal antibody was used, it cannot be ascer- 
tained whether it was the same peptide sequence 
that was recognized in the different LH in- 
vestigated. Recently, very interesting data were 
published showing that a monospecific polyclonal 
antibody raised against the two apoproteins (17.5 
and 18kDa) of the major light-harvesting 
pigment-protein from the diatom P. tricornutum 
[23] cross-reacted with neither LH polypeptides of 
three Chlorophyte algal divisions (Chrysophyta, 
Cryptophyta, Pyrrophyta) nor two classes of 
Chlorophyta algae. This probably indicated that 
the antibodies used in [23] recognize by chance a 
very sharp sequence. The maize LHCP antibody 
used in our work showed monospecific reactions 
with three constituent polypeptides of 29, 27 and 
25 kDa of the maize LHCP [20] and with similar 
polypeptides of pea LHCP; therefore, larger se- 
quences were probably recognized, which could ex- 
plain why a cross-reaction was found here with P. 
tricornutum LH. 

As the different polypeptides of green plant 
LHCP are known to be coded by a multiple family 
of genes [24], it might be suggested that an 
analogous family is present in brown algae and 
diatoms, and that different genes of this family are 
expressed in the different genera or species, ex- 
plaining the variability in molecular mass from one 
to another. 

3.4. Phosphorylation o f  brown alga LH 
Owing to this newly demonstrated homology 

between LH of brown algae and green plants, it 

LETTERS 

A 

February 1988 

B 

Fig.3. Evidence showing that Fucus serratus LH ca~ be phos- 
phorylated. Isolated Fucus membranes were phosphorylated in 
vitro with [-r-32p]ATP. (A) Coomassie blue-staine~d gel loaded 
with 5/Lg chlorophyll; lanes: 1, light-phosphorylated mem- 
branes; 2, dark control; 3, dark plus dithionite. (B) Auto- 

radiogram of gel in A. 

seemed interesting to investigate whether brown 
alga LH was able to be phosphorylated and 
perhaps to play a role in light adaptation. Fig.3 
demonstrates that Fucus LH was able to 
phosphorylate under light, or in darkness in the 
presence of dithionite, as higher plant LHCP. If 
photosynthetic membrane phosphorylation has 
now been demonstrated in organisms other than 
higher plants such as Cyanobacteria [25] and some 
purple photosynthetic bacteria [26,27], it is to our 
knowledge+the first time that such a possibility has 
been reported with regard to brown algae. At pre- 
sent, it is not possible to ascertain if this 
phosphorylation is related with modification of the 
light energy distribution between the two 
photosystems. 
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