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Summary

FONTANIELLA B., MOLINA M. C. & VICENTE C. 2000. An improved method for the

separation of lichen symbionts. - Phyton (Horn, Austria) 40 (2): 323-328, 2 figures. -
English with German summary.

A novel method for the isolation of lichen photobionts by density gradient cen-
trifugation has been assessed using the lichen Evernia prunastri as an experimental
model. An initial sucrose-KI gradient was prepared in which algae and small hyphal
fragments formed an interphase in a sucrose-KI gradient. Then, 10 mM phosphate
buffer is added and the preparation centrifuged a second time. This partitioned the
algal cells towards the buffer while the bulk of the fungal hyphae were retained in
the sucrose solution. This method allowed the purification of algal cells with no
contamination from the fungal partner.

Zusammenfassung

FONTANIELLA B., MOLINA M. C. & VICENTE C. 2000. Eine verbesserte Methode
für die Trennung von Flechten-Symbionten. - Phyton (Horn, Austria) 40 (2): 323-328,
2 Abbildungen. - Englisch mit deutscher Zusammenfassung.

Eine neue Methode zur Isolation von Flechten-Photobionten durch Dichte-
gradient-Zentrifugation wurde an Hand von Experimenten mit Evernia prunastri
geprüft. Ein Sucrose-KI-Gradient wurde hergestellt, in welchem Algen und kleine
Hyphenfragmente eine Zwischenphase bilden. Dann wurde 10 mM Phosphatpuffer
zugegeben und neuerliche zentrifugiert. Dadurch gelangten die Algenzellen in den
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Puffer während die Masse der Pilzhyphen in der Sucrose-Lösung verblieb. Diese
Methode erlaubt die Abtrennung von Algenzellen ohne Verunreinigungen vom Pilz-
partner.

In t roduc t ion

The physical separation of liehen symbionts is necessary to analyze
certain processes in this mutualistic relationship, such as the transport of
carbohydrates from the phycobiont to the mycobiont (RICHARDSON & al.
1968), nitrogen fixation by cyanobionts and partition of the biosynthesized
amino compounds (MILLBANK 1972), distribution of lichen enzymes between
both symbionts (LEGAZ & VICENTE 1981), axenic culture of the bionts and
lichen resynthesis (AHMADJIAN 1993), and the role of lichen lectins in the
recognition of compatible phycobionts (GALUN 1991; MOLINA & al. 1993).

Algal bionts have been usually isolated by the micropipette method
(AHMADJIAN 1973), a convenient procedure to achieve axenic cultures of
many phycobionts but very hard and tedious for biochemical and physio-
logical analysis for which a considerable mass of algal cells is required
(LEGAZ & VICENTE 1981). Very small quantities of algal cells are also ob-
tained by filtration of lichen homogenates through Sepharose 2G (PEREZ &
al. 1985). Axenic cultures of mycobionts have successfully been performed
from spores obtained from mature fruit bodies (AHMADJIAN 1973) although
it has been suggested that this procedure cannot be applied to many lichen
species (YAMAMOTO 1991). Most of these methods have been reviewed by
BUBRICK 1988 and BACKOR & al. 1998.

Quantities of a lichen photobiont sufficient for physiological analyses
can be routinely obtained by centrifugation of disrupted thalli in a homo-
geneous medium (DREW & SMITH 1967) or in a density gradient (RICHARD-

SON & al. 1968; KERSHAW & MILLBANK 1970, BACKOR & al. 1998). The gra-

dients most frequently used for this purpose are sucrose/phosphate (KER-
SHAW & MILLBANK 1970, MILLBANK 1972), sucrose/potassium iodide or su-

crose/caesium chloride (ASCASO 1980). However, algal preparations ob-
tained by this method are invariably contaminated by hyphae fragments
retained in the sucrose solution.

This paper describes a modification of the density gradient cen-
trifugation method for isolating lichen bionts, which results in improved
homogeneity of the samples.

Material and Methods

Evernia prunastri (L.) ACH. growing on branches of Quercus rotundifolia
WILLD., and collected from La Quinta (El Pardo, Madrid) was used through the study.
Samples of dry thallus (0.5 g) were rinsed in distilled water to remove contamination.
The sample was then macerated in a mortar with 10 ml distilled water. The homo-
genate was filtered through six layers of cheese-cloth and the filtrate centrifuged at
1,000 xg for 10 min. The supernatant was discarded, the pellet was resuspended in
8.0 ml 0.25 M sucrose and then 4.0 ml of this suspension gently overlayed on the top
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of 5.0 ml of 80 per cent (w/v) potassium iodide in a centrifuge tube which was cen-
trifuged at 200 x g for 45 s. Algal and hyphal fragments were found in a broad layer
in the sucrose solution above the KI, whereas large fragments of non-disrupted thalli
sedimented. The layer containing algal cells and hyphal fragments was recovered
with a micropipette and placed on 5.0 ml KI solution.Then, 2.0 ml of 10 mM phos-
phate buffer were added and centrifuged at 800 xg for 90 s. Algal cells formed an
interphase between phosphate buffer and sucrose whereas small fragments of fungal
hyphae were retained in the bulk of the sucrose solution. Large hyphal fragments
were deposited at the bottom of the centrifuge tube as a pellet. The interphase con-
taining algal cells was recovered with a micropipette, deposited on 5 ml KI and, then,
3.0 ml of phosphate were added and centrifuged at 1000 x g for 3 min. This last step
was repeated twice (Fig. 1).

The fungal fraction obtained as a pellet during the second centrifugation was
also recovered and 80 per cent KI was added to a final volume of 4.0 ml. The mixture
was strongly stirred and 4.0 ml 10 mM potassium phosphate buffer, pH 7.2, was ad-
ded. The gradient was then centrifuged at 1000 xg for 3 min. Small algal cells were
recovered from the interphase between the buffer and KI solution whereas fungal
hyphae sedimented at the bottom of the centrifuge tube. Algal contaminations were
removed with a micropipette and added to the algal preparation. The protocol was
employed twice, yielding a pure preparation of fungal cells (Fig. 1).

Results and Discussion

Algal and fungal preparations were examined by light microscopy.
Algal preparations did not contain any fungal fragments (Fig. 2A). The
integrity of the isolated cells was unaffected during the isolation process
(Fig. 2C). The cell wall and the cytoplasm containing a large chloroplast
appeared in perfect condition as well as some mother cells (Fig. 2D). Fun-
gal cell preparations showed a complete absence of algal cells although
they did contain amorphous aggregates probably consisting of broken
cortex or substrate particles (Figs. 2B and D). Both fractions were twice
washed with distilled water, completely dried at 80° C and weighted.
Table I compared the mass recovery of alga and fungus using the present
method with that using the method of ASCASO 1980.

The method proposed herein consists in the formation of a ternary
gradient of phosphate buffer-sucrose-potassium iodide in contrast with
previous published methods consisting of sucrose-KI (ASCASO 1980) or
phosphate-sucrose (RICHARDSON & al., 1968). Separation in this system is
based on the retention of algal cells in the interphase of the aqueous buffer
and sucrose, whereas small segments of fungal hyphae were concentrated
between sucrose and KI solutions. The largest hyphal fragments are re-
covered in the pellet. Algal cells are easily recovered employing this
method and cleaned to remove contaminant hyphal fragments which can
be achieved through two subsequent centrifugations in the same gradient,
if necessary. This novel and easy method can be employed to perform rou-
tine separation of the phycobiont and the mycobiont from lichen thalli,
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Mixed biont cells obtained from mechanically disrupted thalli, recovered by
centrifugation and resuspended in sucrose (4 ml), were deposited on 5 ml 80% (w/v) KI

Centrifuged at 200 x g for 45 s

Interphase was deposited over 5 ml 80% (w/v) KI and then
2 ml 10 mM phosphate buffer, pH 7.2 were added

I
Centrifuged for 90 s at 800 x g

Interphase (enriched in algal cells)

I
(*)Algal cells were removed with the
aid of a micropipette and deposited
on 5 ml KI. 3 ml phosphate buffer
was added

I
Centrifugation at 1000 x g for 3 min

Algal cells forms an interphase which
is recovered

The process was twice repeated from (*)

Isolated algal cells

I

Pellet (mainly consisting
of fungal cells)

(**)Fungal fraction was re-
covered, made up to 4.0 ml
with KI strongly stirred and,
then, 4 ml phosphate buffer
were added

I
Centrifugation at 1000 x g
for 2 min

Algal cells form layer
at interphase

Pellet of fungal
hyphae

I
The process was twice
repeated from (**)

Isolated fungal cells

Fig. 1. Scheme for the isolation of lichen symbionts from Evernia prunastri.
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Fig. 2. Light micrographs of isolated phycobiont (A and C) and mycobiont (B and D)
of Evernia prunastri. - Bar = 20 |.im in A and B, and 5.0 |.im in C and D.

Table I

Recovering of algal and fungal cells after symbiont isolation

Method Amount of thallus Recovery of algal cells Recovery of fungal cells
(g) (mg g"1 thallus) (mg g"1 thallus)

Ascaso 1980 2g
Proposed 0.5 g

50 mg wet weight -
7.1 + 0.82 mg dry weight 85.4 + 7.5 mg dry weight
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yielding high homogeneous samples which can be employed in cellular or
biochemical protocols.

In addition, the expression of yield as mg dry weight per g dry thallus
is much more quantitative and realistic than the units mg fresh weight per
g of thallus, as used by ASCASO 1980 and other authors.
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