adhesion and allows for the intimate as-
sociation of the adhesive and the sub-
strate (19). Onto this is applied a mixture
of polyphenolic protein and collagen,
with the former presumably acting as the
adhesive, and the latter as a fibrous filler
giving cohesive strength to the glue. Fi-
nally, the enzyme polyphenoloxidase is
added to catalyze the quinone tanning of
the adhesive, thus conferring perma-
nence to the bond (/8).
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Dictyota dichotoma (Phaeophyceae):

Identification of the Sperm Attractant

Abstract. Freshly released eggs of the marine brown alga Dictyota dichotoma
secrete a substance that attracts spermatozoids. This compound has been identified
as n-butyl-cyclohepta-2,5-diene. It is closely related to attractants in several other
brown algae and confirms that a relation exists between phylogeny and attractant

compounds.

Various details of sexual reproduction
have been studied in Dictyota dichot-
oma, a well-known species of marine
brown algae found on temperate North
Atlantic coasts. Spermatozoids of the
algae are attracted by eggs, indicating
sexual chemotaxis (/). Furthermore, in
some localities liberation of eggs and
spermatozoids has a pronounced semilu-
nar periodicity, with mass discharge oc-
curring on specific days of the lunar
cycle (2, 3).

Fig. 1. Two droplets of fluoro-
carbon solvent FC-78 are
shown 3 minutes after addition
of Dictyota dichotoma sper-
matozoids in (A) blank solvent
and (B) solvent containing
synthetic n-butyl-cyclohepta-
2,5-diene (1.5 mg/ml). Dark-
field, microflash exposure.
Total length of scale, 1 mm.

A clonal culture of female gameto-
phytes was derived from a tetrasporo-
phyte of Dictyota dichotoma (Hudson)
Lamour., which was collected in No-
vember 1959 at Helgoland (German
Bight). The same strain was used for
studies on lunar periodicity (3).

Female gametophytes (about 10 g,
fresh weight) were placed in glass dishes
and subjected to a regime of 14 hours of
light and 10 hours of darkness. Every
28th cycle, the dark phase was replaced

Table 1. Analytical data for Dictyota egg product, for ectocarpen, and for synthetic n-butyl-

cyclohepta-2,5-diene.

Retention index

(elution temperature 80° *+ 1°C)

Item Mass fragmentation
OV 73 OV 61
Dictyota egg 1168.2 = 0.5 1230.5 = 0.4 150 (M™*; 12%);
product 135 2%); 121 (6%);
107 (19%); 93 (87%);
91 (85%); 79 (100%)
Ectocarpen 1151.6 = 0.4 12242 + 0.2 148 (M™*; 12%);
133 (18%); 119 (15%);
105 (25%); 91 (89%);
79 (100%)
n-Butyl-cyclo- 1168.0 = 0.6 1230.7 = 0.3 150 (M*; 10%);

hepta-2,5-diene

135 2%); 121 (4%);
107 (13%); 93 (57%);
91 (56%); 79 (100%)
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by continuous light. Plants were trans-
ferred daily into fresh medium (4); they
showed synchronization of egg discharge
in 14-day intervals (2, 3). On days of
maximal egg discharge, the harvests con-
tained 10° to 10° eggs.

Daily harvests of eggs were suspended
with 2 liters of culture medium in an
extraction flask. The extraction proce-
dure was a closed-loop technique (5).
Volatile compounds stripped from the
egg suspension were absorbed on a bed
of 1.5 mg of activated carbon. After
desorption with 30 ul of dichlorometh-
ane, the extracts were subjected to two-
dimensional glass capillary gas chroma-
tography. Eluates from egg suspensions
of Dictyota dichotoma revealed one ma-
jor compound and trace quantities of
several others. An average of 0.5 pg of
volatile substance per egg was produced
in 1 hour.

The retention data (Table 1) indicate
that the main fraction secreted by Dic-
tyota ‘eggs has a molecular size and po-
larity characteristics very similar to
those of ectocarpen. Mass spectrometry
confirms this finding by showing M to
be 150 and by revealing a fragmentation
pattern similar to that of ectocarpen.
Thus, the Dictyota attractant may be a
hydrogenated derivative of ectocarpen.
Two-dimensional glass capillary gas
chromatography and injection with a
synthetic sample confirmed that the
main product secreted by eggs of Dic-
tyota dichotpoma is n-butyl-cyclohepta-
2,5-diene (Table 1 and Fig. 2b). This
c¢ompound is a minor constituent of the
essentjal oil from Dictyopteris and is
characterized as dictyopterene C' (6).
Although Dictyota and Dicryopteris be-
long to the same. family, Dictyotaceae,
the compound is found in vegetative
parts of Dictyopteris, and no connection
with fertilization is apparent.

Because fertile male gametophytes of
Dictyota were not available in cultures,
we collected 'six male gametophytes in
the intertidal zone of Aran Island (Ire-
land) in July 1980 and subjected them to
aregime of 14 hours of light and 10 hours
of darkness in the laboratory. At the
onset of light on the 6th day, spermato-
zoids were discharged. For the bioassay,
0.1-ul droplets of fluorocarbon solvent
FC-78 (7) were placed at the bottom of a
polystyrene petri dish with culture medi-
um, and spermatozoids were added.
Droplets containing synthetic rn-butyl-
cyclohepta-2,5-diene caused massive at-
traction of Dictyota spermatozoids (Fig.
1), whereas droplets of pure solvent
were ineffective in attracting spermato-
zoids. ;

The response of spermatozoids con-
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Fig. 2. Chemical structure of sex attractants
in brown algae: (a) ectocarpen, (b) Dictyota
sperm attractant (absolute configuration not
determiined), (¢) multifiden, and (d) fucoserra-
ten.

firms that n-butyl-cyclohepta-2,5-diene
is the sex attractant secreted by eggs of
Dictyota dichotoma. The chemical iden-
tity of sex attractants has now been
established for four genera of marine
Phaeophyceae. Three genera from differ-
ent orders in the subclass Phaeophycidae
synthesize monocyclic unconjugated Cj,
olefines. Ectocarpen is found in two spe-
cies of Ectocarpus (8) (Fig. 2a), multifi-
den in Cutleria (9) (Fig. 2¢), and n-butyl-
cyclohepta-2,5-diene in Dictyota. In the
subclass Cyclosporidae, which is consid-
ered to be the most isolated branch of the
Phaeophyceae (10), a conjugated Cg al-
kene is found in two species of Fucus
(11) (Fig. 2d). Thus, sexual attractant
compounds seem to reflect phylogenetic
relations in marine brown algae.

Note added in proof: Optical rotation

established the absolute configuration of
the Dictyota attractant as (—)-(R)-6-bu-
tylcyclohepta-1,4-diene. It is identical
with dictyopterene C’ (12).
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Contractility of Bile Canaliculi: Implications for Liver Function

Abstract. Dynamic contractions of bile canaliculi were observed in groups of
cultured hepatocytes by time-lapse cinephotomicrography during the early stages of
monolayer formation. The contractions, which were forceful and appeared to have a
pumping action, may facilitate the flow of bile in the liver’s canalicular system.

Actin filaments have been found in
diverse types of nonmuscle cells (Z, 2).
Their function varies with the nature of
the cells (3, 4). In the liver there is an
enhanced investment of microfilaments
in the cytoplasm of cells lining the bile
canaliculi (5). It has been speculated that
these pericanalicular filaments provide
support and serve a contractile function
facilitating bile flow (5).

The presence of actin in the filaments
has been demonstrated by immunohisto-
chemical (6-9), biochemical (10, 11), and
electron microscopic (5, 12) studies; by
ultrastructural cytochemistry with heavy
meromyosin (I3, 14); and by studies in
which cytochalasin B (15) and phalloidin
(7, 16) were used. Myosin has also been
identified (/7). These techniques cannot,
however, be used to ascertain whether
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bile canaliculi contract. Time-lapse cine-
photomicrography bridges the gap be-
tween cell morphology and biochemis-
try. Using this method, we demonstrated
forceful contraction of bile canaliculi in
groups of freshly isolated rat hepato-
cytes in the early stages of monolayer
formation. .
The livers of adult male Wistar rats
(170 to 230 g) were exposed and perfused
with collagenase to obtain isolated hepa-
tocytes (18, 19). The proportion of living
hepatocytes obtained, as determined by
trypan blue exclusion, was 85 to 95 per-
cent. The cells were inoculated into 60
by .15 mm Falcon dishes containing L 15
culture medium supplemented 'with 10
percent fetal bovine serum, penicillin
(100 U/ml), and streptomycin (100 pg/
ml). The cells were allowed to attach for

1041





