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The chloroplast population of Acetabulana  contains four 
subpopulations of intact plastids with the buoyant densities 
at 1.21 g/cm3 —1.18 g/cm3 —1.14 g/cm3 —1.10 g/cm3 on the 
discontinuous sucrose gradient. The starch content varies 
with the buoyant densities. The subpopulations probably re
present entities of different biochemical function.

A cetabu laria  chloroplasts display broad  m orpho
logical heterogeneity 2. The plastids differ largely 
in  form , size, reserve m aterial c o n t e n t 2, and 
quantity  of DNA 3. A first indication  for disparate 
biochemical properties is given by the C 0 2 fixation 
rates in the apical and basal p a rt of the cell 4. Hence, 
separation methods of functionally  different chloro
plasts are needed in order to study their properties 
in  detail. The results presented here dem onstrate 
that isopycnic gradient centrifugation is a useful 
technique to resolve the plastids into discrete frac
tions for biochemical and m etabolic studies.

In addition to three A cetabu laria  species, A . m edi- 
terranea, A . c lifton ii, A . m ajor, the investigations 
were extended to another siphonacious alga, B ryop- 
sis plum osa. Since Spinach chloroplasts have been 
defined by density gradient cen trifu g a tio n 5, these 
plastids were run  fo r com parison. The A cetabu laria  
species and B ryopsis plum osa  were grown as describ
ed by H äm m erling6. Spinach (Spinacea  o leracea) 
was purchased from  a local m arket.

The chloroplast suspensions for sucrose density 
centrifugation were obtained by gently hom ogenizing 
the algae in isolation buffer (6.7 m M  phosphate 
buffer, pH 7.1, containing 0.33 M sucrose, 2 m M  

E D T A **, 5 0 m M  MES *, 0.05%  m ercaptoethanol) 
using a glass homogenizer. The hom ogenate was 
filtered through m iller gauze, and the filtrate cen tri
fuged at 200 X g  for 90 sec. The resulting supernatan t
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was centrifuged a t 1000 X g  for 10 min, and the sedi
ment washed twice with isolation buffer. Spinach 
leaves were ground  in a chilled m ortar after addition 
of isolation buffer and of seasand. The hom ogenate 
was filtered th rough nylon gauze and centrifuged at 
8 0 0 — 1200 x g  several times fo r 10 min. All steps 
were carried out at 4 °C.

The conditions fo r the sucrose density gradients 
are described in legends to figures. A fter the cen tri
fugation, fractions were collected through a hole in 
the bottom  of the tube, and their sucrose concentra
tions were determ ined by refractom etry, their chloro
phyll content by the method of A rn o n 1.

The A cetabu laria  patterns of the discontinuous 
gradients (Fig. 1) display four distinct bands con
ta in ing  chloroplasts, irrespective of the duration  of 
centrifugation. A sim ilar pattern was obtained on 
the linear gradient (Fig. 1). The sedim entation p ro 
files of the chloroplasts from the three A cetabu laria  
species were rem arkably sim ilar in  that the chloro
plasts m igrated to identical densities (Fig. 2 a ) . The 
B ryopsis  plastids resolved into three density types 
only, one type being predom inant (Fig. 2 b ) . Com
pared  to A cetabu laria , the densities of the B ryopsis  
chloroplasts were lighter. Again in contrast to A ceta 
bu laria  plastids, spinach chloroplasts resolved into 
two bands (Fig. 3) under identical centrifugation 
conditions. This result agrees with earlier reports on

Fig. 1. Distribution of Acetabularia mediterranea chloro
plasts. The chloroplast sediment was resuspended and layered 
on top of either a continuous or a discontinuous sucrose gra
dient. The continuous gradient ranged from 1.8 to 0.6 m 
sucrose in isolation buffer and was centrifuged for 1 hour 
(X  —X) .  The discontinuous gradient consisted of 2 ml 
cushions of 1.8 m, 1.45 m , 1.2 m, 0.9 m, and 0.6 m sucrose. 
The gradients were centrifuged for 1 hour ( Q — □ )  or 
3 hours (O ~  O) • The centrifugation was carried out at 

41000 x g  (SW 41) and 4 °C.
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the sedim entation properties of h igher plant chloro
plasts 8_11.

It is generally recognized that the two bands 
contain opaque and dark organelles in the phase 
c o n tra s t8 characterizing intact and broken plastids,

Fig. 2. Density distribution profiles of chloroplasts on dis
continuous sucrose gradients. For gradient composition see 
legend for Fig. 1. The centrifugation was carried out for 
2 hours. The arrows denote equilibrium densities of chloro
plasts from A . cliftonii (□  —D) and A. major (O - O) in 
Fig. 2 a, and of chloroplasts from Bryopsis plumosa (O - O) 

in Fig. 2 b.

Fig. 3. Distribution of chloroplasts on discontinuous gra
dients from A. mediterranea (O - O) and Spinacia oleracea 
(O —id). For gradient composition see legend for Fig. 1.

The centrifugation was carried out for 2 hours.

respectively. M onitoring our fractions by light and 
phase m icroscopy, only intact chloroplasts with an 
opaque appearance were detected. Hence, we con
clude that the four bands in fact represent chloro
plast subpopulations from  A cetabularia.

A particu larly  strik ing criterion observed by elec
tron m icroscopal studies 1' 12- 13, is the variable starch 
content of the p lastids in the different parts of the 
A cetabu laria  cell. The num ber of polysaccharide 
granules follows an apicobasal gradient, the highest 
num ber found in  chloroplasts from  the base of the 
cell. An apicobasal g radient was also reported for 
the division of the plastids 2. The plastids resolved 
on the basis of density in our gradients, also varied 
in the starch content. The ratio of starch/chlorophyll 
of the subpopulations increased with increasing 
density.

A pparently  the varying starch content of the 
A cetabu laria  chloroplasts unlike the m ore uniform  
starch content in the chloroplasts of h igher plants, 
is the m ain factor for the different buoyant densities 
of the organelles. Taking into account that the aging 
of the plastids is visualized by their polysaccharide 
content, it is quite probable that the bands consist
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of chloroplasts w ith different biochemical capacities. 
W e may even speculate that the separation  pattern  
on the sucrose gradient corresponds to the gradient
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Erratum

H. J. R urainski, A ntagonistic R elationships between E lectron T ransport and P 700 in  
Chloroplasts and Intact Algae, Z. N aturforsch. 30  c, 761 [1 9 7 5 ]. Page 763, Eqn (4) 
should be re a d :

P* (t) = P o + p l >  sin ( o  t -  <p)
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