Light-Dependent Changes in the Lipid and Fatty Acid Composition
of Phycocyanin-Free Photosynthetic Lamellae of Synechococcus
Günter Datz and Günter D öhler
Botanisches Institut der J. W. G oethe-U niversität, Siesmayerstr. 70, 6000 Frankfurt a. M.,
Bundesrepublik Deutschland
Z. Naturforsch. 36 c, 856-862 (1981); recieved May 25, 1981
Pigmentation, Phycocyanin-Free Lamellae, Lipid and Fatty Acid Composition, Synechococcus
The growth o f Synechococcus at different intensities o f white and red light caused changes in
the pigment composition. The ratio of chlorophyll a to phycocyanin varied from 1:8,2 in LWLIgrown cells to 1:1,4 in cells grown at HW LI and to 1:15,7 in cultures exposed to HRLI. Acyl
lipids were quantitatively determ ined and fatty acids o f the individual lipid classes analysed by
GLC. Phycocyanin-free photosynthetic lam ellae were obtained by fractional centrifugation. No
variation was found in the acyl lipid composition of the m em brane preparations. These all
contained M G D G , D G D G , SQDG and PG as components. In all the lipids investigated,
palmitic, hexadecenoic and octadecenoic acids m ade up to more than 90% of total fatty acids.
The pattern Of these "m^jor components w ithin the lipids from the different cultures depended on
the light used. N o large differences were detected between zones obtained from LWLI and HRLI
isolated membranes, whereas density gradient centrifugation of those from HWLI-grown cells
resulted in a completely different pattern o f bands. The variations in lipid and fatty acid
composition are discussed with respect to changes observed in lipid composition of whole cells
and the results reported on tem perature dependent shifts in lipid fluidity in cyanobacteria.

Introduction
The effect o f growth temperature on fatty acid
com position in cyanobacteria was first investigated
by Holton et al. [1], U sing a therm ophilic Synecho
coccus lividus strain isolated from thermal springs,
Fork et al. [2] confirmed these authors’ findings that
growth at a higher temperature decreases the con
tent o f unsaturated fatty acids. By lowering the
growth temperature from 55 to 38 °C , a decrease in
SQ D G and PG bound stearic acid occured, w hile
hexadecenoic and octadecenoic acids increased. In
both M G D G and D G D G , palm itic and stearic acid
decreased while hexadecenoic acid increased [2 ].
Sato et al. [3] who investigated growth temperature
influence on lipid and fatty acid com position in
Anacystis nidulans and Anabaena variabilis in a range
from 38 to 22 °C, reported that in Anacystis cells
temperature dependent changes in acyl lipid com 
position occured. Their acid com position are d if
ferent in the two positions o f the lipids.
In m odel membrane studies it has been estab
lished that a correlation between phase transition
temperature and lipid species as well as the degree

o f unsaturation at fatty acids exists [4 -6 ]. Murata
et al. [7] who investigated the relationship between
the transition o f the physical phase o f m em brane
lipids and photosynthetic parameters found that
when Anacystis nidulans was grown at 28 °C instead
o f 38 °C transition occured at a lower temperature.
The dependence o f the phase transition temperature
on fatty acid desaturation has also been reported for
several other biological membranes [8 - 1 2 ].
Studies on Synechococcus, grown to obtain d if
ferent pigment ratios [13], showed that light as an
environmental factor influences the acyl lipid com 
position as well as the fatty acid distribution.
Especially using high white light (HW LI) caused in
the fatty acid content which were com parable to
those observed when cyanobacteria were grown at
higher temperatures. The purpose o f the follow ing
work was to determine whether the increase in the
ratio o f saturated to unsaturated fatty acids ob 
served by Döhler and Datz [13] in w hole cells o f
Synechococcus grown at high white light, is charac
teristic for lipids o f photosynthetic lamellae.

Materials and Methods
Abbreviations: M G D G , D G D G , SQ DG , monogalactosyl-,
digalactosyl-, sulphoquinovosyl diacylglycerol; PG, phosphatidylglycerol; LWLI, low white light; HW LI, high
white light; HRLI, high red light.
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Organism and growth conditions. Synechococcus
(former Anacystis nidulans, strain L 1402-1) obtained
from the Culture Collection o f the Institute for
Plant Physiology, Göttingen, W .-Germany, was
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grown at two different intensities o f white light, 0 . 6
and 30.8 x 103 pW /cm 2, and at one o f red light
(20 x 103 pW /cm 2, above 650 nm) as described by
D öhler and Datz [13].
M em bran e preparation a n d lip id extraction . Cy
anobacteria were harvested 3 h after beginning o f
the light period, washed with 0 .1 m potassium phos
phate buffer, pH 7.2, and resuspended in 0.1 m
borate buffer, pH 8.5. Cells were ruptured with a
Branson Sonifier (Model S-75), and phycocyaninfree photosynthetic lamellae were obtained from the
hom ogenates by fractional centrifugation as re
ported by Löffelhardt [14]. Lipids were extracted
from the green sediments using the m ethod o f
Tevini [15].
F atty a cid analysis. Fatty acid com position o f
mem brane lipids was determined by gas-liquid
chromatography. Crude lipid extracts were purified
by thin-layer chromatography using the solvent
system o f Pohl e ta l. [16]. Fatty acid m ethyl esters
were formed from the individual acyl lipids after
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M üller and G öke [17]. The GLC analyses were
carried out using a Varian 3700 Model gas chrom a
tography with a 2 m glass colum n (1/4") packed
with 10% D EG S on chromosorb G (aw, dmcs,
8 0 - 1 0 0 mesh) in the conditions earlier m entioned
[13]. Chromatograms were quantitated using a
Perkin Elmer M 3 integrator.
A n a lytica l m ethods. The quantities o f lipids were
determined in separated fractions by estimating
glycolipid sugar content [18] and PG-bound phos
phorus as described by Fiske and Subbarow [19]
and Debuch e t al. [20]. Calibration curves per
formed with pure lipids (M G D G , D G D G and PG
obtained from Serva, H eidelberg) were used to
establishe molar values. Dry weight determination
and estimation o f pigm ent contents were carried out
as previously described [21]. The extinction coef
ficients reported by Myers and Kratz [22] were
applied for pigm ent calculation.
D ensity gradient centrifugation. Phycocyanin-free
photosynthetic lam ellae were gently suspended in a

Fig. 1. Absorption spectra o f Synechococcus grown at different illum ination conditions. In vivo spectra (A) m easured at
2 0 °C using a Shimadzu UV-180 spectrophotometer. The different cultures were not adjusted to equal cell numbers.
Curves are corrected for scattering at 750 nm. (B) A bsorption spectra m em brane fragments obtained from the three
cultures as described in M aterials and Methods.
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grinding m edium as described by Löffelhardt [23]
and layered on a discontinous sucrose gradient con
sisting o f 2.5 ml 65% (w /w ) sucrose, 2.5 ml 55%
sucrose, 2.5 ml 50% sucrose, 2.0 ml 44% sucrose and
3.0 ml 40% sucrose (m odified after Löffelhardt [14]).
Centrifugations were performed with a Beckmann
centrifuge (M odel L 5-65, Sw 40 TI-rotor) at
100000 x g for 3 h.
A bsorption spectra. The spectral characteristics o f
the differently cultured cyanobacteria and their
corresponding membrane fragments were recorded
with Shimadzu UV-180 spectrophotom eter. The
bands obtained by density gradient centrifugation
were analysed for their relative protein content with
the Isco Type 6 Optical U nit connected to an Isco
Gradient Fractionator. N o lipid analysis were carried out with the obtained bands.

than did membrane obtained from both the other
cultures. W ithin this HWLI-culture the ratio o f
chlorophyll a to total carotenoids was measured as
1:1.3, whereas corresponding data in LWLI and
HRLI-cultures amounted to 1 :0.8 and to 1 :0.9 [13].
This confirms results reported by Öquist. He too
measured a higher carotenoid to chlorophyll a pro
portion in the absorption spectra o f phycocyanin-
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Results
E ffect o f light on p ig m en t com position
Synechococcus was grown at two levels o f white
light and at one o f red light o f high intensity at a
wave-length above 650 nm. Under these conditions
the total pigment content, per mg dry cell weight, de
creased from 260.9 |ig as measured in HRLI-grown
cells, to 109.4 |ig and 12.4 (ig in cells grown at LWLI
respectively. The in vivo absorption spectra (Fig. 1 A)
o f the different cultures make it clear, that the
selected light influences the ratio o f pigm ent com 
ponents to each other, especially o f chorophyll a to
phycocyanin. W hile absorption m axim a o f chloro
phyll a (678 nm) are equal in LWLI-grown cells,
chlorophyll a absorption in HW LI-grown cells is
slightly, and that o f phycocyanin distinctly diminished. Culturing cyanobacteria in HRLI in comparison led to a pronounced increase in the phyco
cyanin absorption maximum. The chlorophyll a
peak here appears considerably reduced. These
findings correspond to results reported by several
other authors [24-27], Calculated from data pub
lished in another work [13] the chlorophyll a to
phycocyanin ratio o f the cultures investigated
varied from 1:8.2 (LWLI-grown cells) to 1:1.4 in
cells grown at HWLI and to 1:15.7 in cells exposed
to HRLI. In the red region o f the absorption
spectra, photosynthetic lam ellae isolated from the
three cultures differ only slightly (Fig. 1 B). Green
particles from HWLI-grown cells however contained
more carotenoids (490 nm) relative to chlorophyll a
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Fig. 2. Band patterns and protein spectra of photosynthetic
m embranes o f Synechococcus obtained by means of den
sity gradient centrifugations followed by protein measure
ment with an ultra-violet-filter equipped flow cell. LWLI
and HRLI-isolated m em brane fragments yielded in an
identical band pattern, (A) representing LWLI-results. The
results obtained with HWLI-grown cells isolated lamellae
are given in (B). Band colours, I, light green; II, V, VI,
green; la , III, IV, dark green.
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Table L Acyl lipids composition o f photosynthetic lam ellae obtained from differently pigm ented Synechococcus cultures.
All nmol values are per 100 mg dry weight and represent the means o f 4 to 6 determinations.
Acyl lipids

Illum ination conditions
LWLI

HRLI

HW LI

nmol

% o f total

nmol

% of total

nmol

% o f total

MGDG
DGDG
SQ DG
PG

1.16
0.60
0.41
0.21

48.7
25.2
17.2
8.8

0.85
0.36
0.27
0.15

52.1
22.1
16.6
9.2

0.35
0.20
0.10
0.08

47.9
27.4
17.7
11.0

Total

2.38

Fig. 3. Changes in m em brane lipids
fatty acid distribution. Major compo
nents plotted against chlorophyll a to
phycocyanin ratio o f the cultures in
vestigated. D ata given in wt.-% o f total
fatty acids represents the means o f 3 to
5 determinations.

1.63

0.73

ra tio of chlorophyll a to phycocyanin
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free photosynthetic lam ellae obtained from HWLIgrown Anacystis nidulans cells [28].
Density gradient centrifugation o f membranes
Electronic microscope studies (D öhler et al., in
press) on differently pigm ented Synechococcus cells
indicate, that cyanobacterial growth under the light
conditions used in the present work affects the fine
structure o f thylakoid membranes. In order to com 
pare the assembly o f the photosynthetic lam ellae
derived from differently grown Synechococcus cul
tures, subunits were prepared by means o f centri
fugation through discontinuous sucrose gradients.
The band patterns obtained from LWLI and HRLIgrown cell membranes were identical (Fig. 2 A ) both
distinctly differing from that o f HWLI isolated
phycocyanin-free lam ellae (Fig. 2B ). Through d e
termining the relative protein content using a flow
cell (ultra-violet filter, 280 to 310 nm) it was found
that a clear cut correlation between protein peaks
and the green band patterns exists. In the mem brane
preparations o f HRLI and LWLI-grown cells, the
main protein containing constituent was detected in
54% to 58% sucrose (dark-green band IV, Fig. 2 A ),
whereas the one obtained from mem branes o f
HWLI-grown cultures occurred at about the 44% to
46% sucrose level.
Acyl lipid composition
Photosynthetic lam ellae investigated contained
the acyl lipids characteristic o f most cyanobacteria,
M G DG (47.9-52.1% ), D G D G (22.1-27.4% ), SQ D G
(13.7-17.2% ) and PG (8.8-11.0% ). The unknown
glycolipid reported to occur in HW LI-grown cells
[13] was not detected in the mem brane preparations.

As expected from quantitative pigment data, total
acyl lipid concentration decreased from HRLI to
HWLI-grown cell membranes. Per 100 mg dry cell
weight, 2.38 nmol were measured in HRLI, whereas
LWLI and HWLI data accounted for 1.63 and
0.73 nmol respectively (Table I). In com parison with
the 2.4 M G D G to D G D G mol ratio found in
LW LI-derived membranes, high light irradiated
cultures irrespective o f light quality possess a d e
creased content o f M G D G relative to D G D G in
their membranes (1.9 mol ratio in HRLI and
and 1.8 mol ratio in HWLI). Regarding percentage
distribution, no difference was measured in the
content o f negatively charged SQ D G and PG lipids
using LWLI or HRLI illumination. HWLI condi
tions on the contrary decreases SQ D G level, w here
as 11.0% PG content was significantly increased in
comparison with HRLI and LWLI irradiance.
Changes in fa tty acid composition
GLC analyses o f the fatty acids (Table II) pre
pared from membrane lipids o f differently illu 
minated Synechococcus cells showed, that palm itic,
hexadecenoic and octadecenoic acids as major com 
ponents accounted for more than 90% o f total fatty
acids in all lipids.
Regarding the influence o f the particular light
on major fatty acid percentage distribution (Fig. 3)
equal effects on glycolipid esterified hexadecenoic
and octadecenoic acids were noted. In all o f these
lipids hexadecenoic acid increased from HW LI to
HRLI illumination. G lycolopid octadecenoic acid
content did not differ in LWLI and HRLI-grown
cell membranes (4.4 to 6 . 6 wt.-%), whereas propor
tions measured in HWLI were significantly in-

Table II. Fatty acid components o f m em brane lipids o f Synechococcus. n.d., not detected; tr., traces. D ata given in wt.-%
o f total fatty acids represent the means o f 3 to 5 determ inations.
Fatty Illumination conditions
acid --------------------------------------------------------------------------------------------------------------------HRLI
LW LI
HWLI

14:0
14:1
16:0
16:1
17:1
18:0
18:1
20:0

M GDG

DGDG

SQDG

PG

M GDG

DGDG

SQ DG

PG

M G DG

DGDG

SQ DG

PG

0.7
2.3
47.5
43.4
n.d.
tr.
5.3
tr.

0.6
2.1
46.5
43.8
n.d.
tr.
5.9
tr.

1.0
1.8
54.9
37.5
tr.
tr.
4.1
tr.

0.8
1.8
47.2
34.7
0.9
1.7
10.6
1.4

1.2
1.6
49.2
39.3
n.d.
1.5
5.5
tr.

tr.
1.2
52.7
36.1
n.d.
1.9
6.6
tr.

tr.
0.8
56.4
34.3
tr.
2.7
4.4
tr.

tr.
0.6
48.2
26.6
0.7
5.3
16.5
tr.

1.2
1.1
51.5
32.8
n.d.
1.3
11.6
tr.

2.3
0.9
53.6
29.5
n.d.
1.7
10.5
tr.

1.4
1.4
54.1
30.3
tr.
1.3
10.3
tr.

1.1
1.5
49.2
26.0
1.6
1.9
16.6
tr.
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creased (10.3 to 11.6 wt.-%). Palm itic acid as main
constituent in all the lipids investigated was d e
creased in galactolipids with increasing SQ D G was
slightly higher in LWLI relative to both high light
conditions. Changes in PG fatty acid com position
were mainly expressed through the influences on
hexadecenoic and octadecenoic acid contents. N o
differences were measured between HW LI and
LWLI irradiation (hexadecenoic acid content
amounted to 26.0 and 26.6 wt.-%; octadecenoic acid
content amounted to 16.6 and 16.4 wt.-% respec
tively). HRLI induced increase in hexadecenoic
acid level (up to 43.7 wt.-%) was accom panied by a
decrease in octadecenoic acid content ot 1 0 . 6 wt.-%.
Palmitic acid content in phosphatidyl glycerol d e
crease slightly, sim ilar to the changes measured in
galactolipids.
Calculated from major fatty acids wt.-% data
given in Fig. 3, an increase in saturated to un
saturated fatty acid ratio was determined for galac
tolipids as well as phosphatidyl glycerol from HRLI
to HWLI illumination. In SQ D G this ratio was
highest at LWLI irradiation (1.46), whereas high
light, irrespective o f chosen quality led to a dcrease
measured as 1.32 (HRLI) and 1.33 (HW LI) respec
tively (Table III).

O

ft.

Table III. Ratios of major saturated to unsaturated fatty acids as a function of illumination conditions.
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In a recent investigation on lipid and fatty acid
distribution in Synechococcus cells [13], conditions
were reported to achieve phycocyanin deficient and
enriched cultures at equal levels o f carbon dioxide
supply and temperature (35 °C ). Results on acyl
lipid changes in phycocyanin-free photosynthetic
membranes o f these cultures presented in this work
indicate, that only total lipid variations are com par
able to those measured in w hole cells. Lipid content
decreased parallel to the decreasing pigm ent con
tent, especially that o f phycocyanin. Regarding the
proportions o f individual mem brane acyl lipids,
deviations from the pigment com position o f low
white light grwon cultures were accom panied by a
decreased M G D G to D G D G ratio. This result
clearly contrasts observations in w hole cells, where
the proportion o f M G D G to D G D G increased with
increasing chlorophyll a to phycocyanin ratio [13].
The unknown glycolipid reported to occur in
HWLI-grown cells [13] was not found to be located
in the phycocyanin-free lam ellae obtained from this
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culture. N egatively charged membrane lipids per
centage distribution was only affected at HWLIconditions, the SQ D G content showing slight reduc
tion relative to that in w hole cells, whereas the PG
level was slightly increased.
In contrast to differences in acyl lipid contents
observed in w hole cell and membranes, changes in
membrane lipids fatty acid com position were com 
parable to those measured in w hole cells. In general
a decrease in palm itic and octadecenoic acid con
tent and in increase in hexadecenoic acid portion
parallel to the increasing chlorophyll a to phyco
cyanin ratio were noted. Only SQ D G palm itic acid
portions showed no significant changes in photo
synthetic lam ellae investigated. Expressed as satu
rated relative to unsaturated fatty acid ratio, an
increase in saturation was observed with a de
creasing chlorophyll a to phycocyanin ratio in galac
tolipids and phosphatidyl glycerol. This confirms
results obtained with w hole cells, in which the
SQ D G saturated to unsaturated fatty acid ratio also
increased, w hile the pigment ratio decreased [13].
In cyanobacteria temperature dependent changes
in fatty acid com position were recently reported [2 ,
3]. Fork et al. [2] using a therm ophilic S yn ech ococ
cus lividus strain as well as Sato et al. [3] investi
gating A n acystis nidulans reported that lowering
growth temperature in general increased the unsatu
rated fatty acid portion in all lipid classes. Fork

e ta l. [2] changing temperature from 55 to 38 °C
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mentioned that cells grown at 38 °C were yellow green compared to the usual blue-green colour o f
thermophilic Syn ech ococcu s grown at 55 °C. This
observation together with the observed fatty acid
changes contradicts our results, that deviations from
the normal blue-green towards phycocyanin d efi
cient cultures are accom panied by a decrease in
unsaturated fatty acids.
Data reported on shifts in A n a cystis n id u la n s’ fatty
acid com position when temperature was lowered
from 38 to 22 °C [3], in particular agree with our
observations on lipid changes parallel to the increas
ing pigment ratio from HW LI to HRLI conditions,
though Synechococcus cultures were grown at equal
temperatures. Although Sato et al. [3] did not m en
tion light conditions applied in their investigation,
the unaltered levels o f total acyl lipids and minor
alterations in chlorophyll a content reported indi
cate that pigment com position was not affected by
the chosen temperature. Therefore both tem pera
ture and light conditions as environmental param e
ters have to be distinguished in their effects on
lipid com position in cyanobacteria.
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