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Abstract--1. The turnover of fatty acid and amino acid in the coelomic fluid of the sea star Ar'terias rubet, ~s 
was quantified by intra-coelomic injection of radiolabelled oleic acid and L-leucine which had half time .s 
of 2 and 10 min, respectively. 

2. The molar composition of the amino acids of the cell-free coelomic fluid was determin.ed. The totai q 
concentration of amino acids was 4.33 + 1.93/~g/ml; the total concentration of fatty acids was 0.34 #g/ml. 

3. In a period of 4weeks, 74mg of fatty acid and 201 mg of amino acid is transferred through the 
coelomic fluid of a standardized 100 g animal. 

4. In vitro experiments allow an estimation of the apparently minor role ofcoelomocytes in lipid transport. 
5. Transport of fatty acid and amino acid through the perivisceral coelomic fluid can by far not meet 

the demands of the ovaries during vitellogenesis. Therefore, other systems (haemal and perihaemal) must 
play an important role. 

INTRODUCTION 

Reproduction in asteroid echinoderms generally im- 
plies a substantial transfer of nutrients to the devel- 
oping gonads. Although this nutrient flow is mainly 
sustained by active feeding (Harrold and Pearse, 
1980), mobilization of reserves--mainly lipids and 
proteins--from stores in the pyloric caeca is also 
involved (Ferguson, 1975b; Oudejans and Van der 
Sluis, 1979a; Oudejans et al., 1979; Van der Plas and 
Voogt, 1982). 

While evidence for a role of the haemal sinuses 
and perihaemal coelomic cavities is accumulating 
(Broertjes et al., 1980a,b; Beijnink et al., 1984), it is 
still generally assumed that the bulk of material 
needed for gametogenesis is translocated through the 
perivisceral coelomic cavity (for review, see Fer- 
guson, 1982). In this concept water-soluble com- 
pounds diffuse from the digestive and storage organs 
into the coelomic fluid and are subsequently absorbed 
actively by the target organs. 

The level of organic constituents in the coelomic 
fluid of sea stars is extremely low (Boolootian, 1961; 
Endean, 1966). Therefore, a substantial transfer of 
these compounds can only be accomplished with high 
turnover rates. Van der Heyde (1922) already demon- 
strated that glucose and glycine (injected in large 
quantities) were rapidly absorbed from the coelomic 
fluid. Similar results were obtained by Ferguson 
(1964a) using radiolabelled nutrients. However, these 
studies do not supply the in vivo turnover times or 
concentrations to allow a proper quantitative esti- 
mation of the turnover rates of the studied com- 
pounds. 

A substantial part of the lipids, accumulated in the 

ovaries during vitellogenesis, consists of 1~ ~oly- 
unsaturated fatty acids (Ferguson, 1976; Sarge~. it et 
al., 1983). Little is known with regard to the m ~ns- 
location of these mainly essential compounds. Li po- 
proteins could not be detected in the coelomic tt uid 
of Asterias rubens (Broertjes et al., 1980a). q ?he 
numerous amoeboid cells (coelomocytes) in I~.he 
coelomic fluid supposedly play a role in lipid t ral as- 
location since oral administration of radiola! ~ellt ~,d 
lipid results in a high incorporation of label  int :o 
coelomocyte lipids (Allen, 1974; Oudejans an~ :1 
Rutten, 1982). 

In order to quantify the turnover of coelomi¢ • fluid 
compounds, we have injected tracer amounLts of 
radiolabelled oleic acid and L-leucine in the peri- 
visceral coelomic cavity of Asterias rubens. Th, e role 
of coelomocytes has been investigated further in L both 
in vivo and in vitro experiments. 

MATERIALS AND METHODS 

Animals 

Mature specimens of Asterias rubens were collected in the 
Dutch Wadden Sea throughout the year. The animal .s were 
kept up to several months under natural daylengt; h in a 
flow-through sea water system at 12°C and were fed ad 
libitum with the sea mussel Mytilus edulis. 

Radioactive precursors 

[9,10-3H (n)]Oleic acid (0.19 to 0.35 TBq/mmol, dep ending 
on the batch) and [4,5-3H(n)]L-leucine (l.93TI3q/'mmol) 
were obtained from New England Nuclear (Dre..iei~zh, W. 
Germany). 

In vivo experiments 

Animals, with body weights ranging from 80, to 150 g, 
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vee,ce injected iJ atra-coelomically with 1/~l/g fresh weight of 
:a solution of  radiolabelled oleic acid (dissolved in 100°,, 
ethanol  and di Juted 10-20 times to a final radioactivity of 
1 1.1 kBq/#l w i t h  an aqueous solution of  3.50/oNaCl con- 
taining 0.2~o Triton X-100 as a detergent) or L-leucine 
r(dissolved in a n aqueous solution of  3.5°o NaCI, final radio- 
activity 25.0 b :Bq/pl). After injection with oleic acid, each 
animal was p l ac e d  on the bottom of  a beaker with sea water. 
This beaker v¢as ~fixed on a rotating device (axis under angle 
of  approx. 6( )° with the horizontal plane). In this manner, 
the animals v ¢ere :gently rotated for 5 min in order to achieve 
a homogene~ ous distribution of  the injected tracer over the 
coelomic f luid.  At set intervals samples were drawn from the 
coelomic flu id wil:h a 50#1 microsyringe, take 30pl  from 
each arm t i p  to c,btain a total sample of  1501~1. Cysteine 
hydrochlori de (17~ in an aqueous solution of  3.50/o NaCI) 
was added to a final volume of  l ml to prevent clotting 
(Boolootia n and Giese, 1959). After centrifugation (3 rain, 
15,000g), aliquots from supernatant and pellet (re- 
suspended in distilled water) were taken for measurement of 
radioactiv ity. In some experiments, the protein content of 
the pellet was estin'mted with the Coomassie Brilliant Blue 
G-250 me ,-thod (Bra,dford, 1976) with bovine serum albumin 
as stand~ ~rd. 

In vitro experiments 

Anirr tals with body weights ranging from 40 to 70 g were 
used. E ',ach animal was held perpendicularly to allow the 
coelom ic fluid to accumulate in the downward hanging arm. 
The ti!~ J of  this arm was cut offand a volume of  at least 10 ml 
of  coe :lomic fluid was collected in a measuring cylinder 
which already contained 90ml of  a calcium- and 
magn, ,~sium-free salt solution (CMFSS) according to 
Kanu ngo (1982) to prevent clotting (CMFSS: 0.44 M NaCL 
10.61 nM KCI, 21.1mM Na~SO 4, 16.7mM D-glucose, 
12.0' mM Hepes (N-2-hydroxy-ethylpiperazine N-2- 
etha: aesulfonic acid), 15.0 mM EDTA (ethylenediamine tet- 
raac etic acid), adjusted to pH 7.4 with NaOH). If the 
volt ~me after collection exceeded 100ml, an additional 
am¢ ~unt of  CMFSS was added immediately to obtain a 
ten. -t'old dilution of  the coelomic fluid. From this solution, 
wh ic h even after several hours did not shown any sign of 
clc ~tti ng, 9 ml aliquots were taken and added to test tubes 
co nt~tining 0.1ml radiolabelled oleic acid (1.85kBq in 
C MI~:SS containing 0.1~ Triton X-100) or L-leucine 
(: L7 I, :Bq in CMFSS) and 0.9 ml CMFSS with or without 
r lon-J :adioactive oleic acid or L-leucine in amounts up to 

1 m g .  Incubation of  this mixture (volume 10 ml) was per- 
formt ed at room temperature under continuous agitation. 
After incubation and subsequent centrifugation (10min, 
5000 g), aliquots of  supernatant and pellet (resuspended in 
distill Led water) were taken for measurement of  radioactivity. 
Par t .  of the diluted coelomic fluid was centrifuged (10 min, 
5000. g,) for the determination of dry and fresh weight of the 
coelo mocytes. 

Thin- layer chromatography o f  lipids 

Thi in-layer chromatography was applied to lipids from 
coelo~ mocyte samples of  both in vivo and in vitro experi- 
ments ;. Lipids were extracted with chloroform-methanol 
(Blight and Dyer, 1959) and separated on Silicagel G (Free- 
man and West, 1966). For identification of  lipid classes, 
spots were visualized under uv-light (366 nm) after spraying 
with a 0.005% aqueous solution of  Rhodamine-6G. 
Identi fled areas were scraped from the plates into minivials 
for m eas'urement of  radioactivity. For photodensitometry, 
the pl:ate~; were sprayed with a solution of 3~o cupric acetate 
in 8~o aqueous phosphoric acid (Fewster et al., 1969) and 
charn,'d a;t 180°C for 20 min. Optical densities of  the charred 
spots wer,e measured with a densitometer (Vitatron TLD- 
100) ~.~quipped with an integrator. 

Determination of.[at O' acid and amino acid concentration 

Coelomic fluid was collected by cutting off the arm tips of  
several sea stars. After spinning down the coelomocytes 
(10min, 5000g), the cell-free coelomic fluid was extracted 
with chloroform-methanol (Bligh and Dyer, 1959). The 
chloroform fraction was dried in vacuo: fatty acids were 
isolated from the lipid residu by thin-layer chromatograph3. 
The methanol water fraction was centrifuged (5rain. 
15,000 g)  and methanol was evaporated under nitrogen. The 
remaining water-fraction was lyophilized; the residue was 
dissolved repeatedly in decreasing volumes of 70'!0 ethanol 
with subsequent centrifugation (5 rain, 15,000 g) to precip- 
itate excess salt. Analysis of amino acids in the remaining 
residue was performed with an automatic amino acid anal- 
yser (LKB-320) as described by Worm and Beenakkers 
(1980). 

Measurement o[" radioactivit.v 

All samples were dissolved in Packard Emulsifier (Scintil- 
lator 299). Radioactivity was measured with a Packard 2420 
Liquid Scintillation Counter. The external standard channel 
ratio method was used for quench correction. 

Cah'ulation ~[ turnover data 

Semilogarithmic plots were used to estimate half times. 
Turnover times were calculated as T, = T, j l n  2 (Zilversmit, 
1960). Turnover rates are expressed as milligrams of  fatty 
acid or amino acid translocated in a period of  4 weeks. 

RESULTS 

Hal[" t ime o f  oleic acid  

T h r o u g h o u t  the  r ep roduc t i ve  cycle, b o t h  ma le  and  
female  an imal s  were  in jec ted  in t ra -coe lomica l ly  wi th  
t racer  a m o u n t s  o f  r ad io labe l l ed  oleic acid.  Sex and  
g o n a d  index ha rd ly  h a d  any inf luence on  the  esti- 
m a t e d  ha l f  t imes;  there fore ,  all d a t a  were  poo led .  
F igure  1 shows  an initial  s teep  decl ine  in the  recov-  
e red  radioac t iv i ty .  F r o m  this pa r t  o f  the  curve,  a ha l f  
t ime o f  app rox .  2 m i n  can  be d e d u c e d  (see inset  
Fig.  1). 

D u e  to the  var iable  and  low a m o u n t  o f  coe-  
l omocy te s  in the  samples ,  it was difficult to e s t ima te  
the  up t ake  o f  r ad io labe l  by these  cells. O n e  represen-  
ta t ive curve  is given in Fig.  2. A b o u t  11% o f  the  
in jec ted  a m o u n t  o f  rad ioac t iv i ty  is a s soc ia t ed  wi th  the  
c o e l o m o c y t e s  at  t imes  up  f rom one  h o u r  af ter  injec- 
t ion.  
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Fig. 1. Proportional radioactivity of the cell-free coetomic 
fluid of Asterias rubens after intra-coelomic injection with 
radiolabelled oleic acid, given on a logarithmic scale as 
percentage of  the injected dose. In the inset, the half time 
(T~/2) is estimated from the first part of the curve on a 

different time scale. Values are means + SD (n = 5). 
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Fig. 2. Radioactivity of the coelomocytes of a female 
Asterias rubens after intra-coelomic injection with radio- 
labelled oleic acid, given as d.p.m, per #g protein and as 

percentage of the injected dose. 

Table 1 shows the distribution of radioactivity over 
the individual lipid classes from coelomocytes of a 
female sea star after injection with radiolabelled oleic 
acid. The recovery in the coelomic fluid is very low 
(about 29/0 after 1 hr) and consists mainly of 
methanol-water-soluble products (data not given). 
The radioactivity of the coelomocytes increases with 
time and is mainly present in fatty acids and in small 
amounts in mono- and triacylglycerols and polar 
lipids. 

Finally it was investigated whether oleic acid is ac- 
tually taken up by coelomocytes or is only ad- 
sorbed at the cell membrane. Therefore, 3 hr after 
injection of radiolabelled oleic acid into a female sea 
star, the coelomic fluid was collected by cutting off 
the tip of one arm. After addition of cysteine hydro- 
chloride (final concentration 1~), the coelomic fluid 
was shaken gently for 1 rain with the detergent 
Tween-80, added in concentrations ranging from 
5 X 10 -4 to 5 x 10-~o. Figure 3 shows that almost no 
radiolabel can be removed from the coelomocytes 
with the detergent used. 

Half time of  L-leucine 

One male and two female sea stars were injected 
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Fig. 3. Proportional distribution of radioactivity over 
supernatant (cell-free coelomic fluid, hatched area) and 
pellet (coelomocytes, white area) after intra-coelomic injec- 
tion of a female Asterias rubens with radiolabelled oleic acid 
and subsequent treatment of the coelomic fluid (isolated 
after 3 hr) with increasing concentrations Tween-80 fol- 

lowed by centrifugation (3 min, 15,000g). 

with radiolabelled L-leucine at one moment of the 
reproductive cycle (January 1982). The recovery of 
radioactivity is plotted in Fig. 4. A half time of 
approx. 10min is deduced from the obtained re- 
gression line. As in the case of oleic acid, the amount 
of coelomocytes in most samples was too low to allow 
an exact determination of radioactivity. However, the 
uptake of radiolabelled L-leucine by these cells ap- 
pears to be considerably lower than the uptake of 
oleic acid in the above experiment. 

Calculation of  turnover rates 

The concentrations of total lipids and fatty acids 
were determined in one batch of coelomic fluid 
(410 ml from 11 animals of both sexes, collected in 
August, 1982). The lipid concentration in the cell-free 
coelomic fluid was 4.39 #g/ml. The concentration of 
fatty acids was 0.34pg/ml. In the same period, the 
coelomic fluid from female animals was used for 

Table 1. Proportional distribution of radioactivity over individ- 
ual lipid classes from coelomocytes of a female Asterias rubens 
after intra-coelomic injection with radiolabelled oleic acid. In the 
two upper lines, the total recovery in cell-free coelomic fluid and 

coelomocytes is given as percentage of the injected dose 

Minutes a f t e r  i n j e c t i o n  5 50 95 155 245 

Z in  c e l l - f r e e  coelomic f l u i d  6 3 2 2 2 

Z in  coelomocytes  6 6 10 10 13 

MeOH-H20 11.7 6.3  6 .6  4 .2  4 .0  
PL 2.7 13.0 2 .9  3.1 4 .7  
MAG 5.1 15.3 5.1 4.4 5.6  
FA 50.6 55.0 77.6 80.2 75.0 
ST 2.0 1.6 1.3 2.0 1.8 
1.2 DAG 3.4  1.1 0.7 0.7 2.1 
1.3 DAG 3.2 2 .0  0 .9  0 .7  1.6 
TAG + ME 14.8 3.6 3.1 2.8 S.0 
SE 4 .0  1.6 1.3 1.5 1.4 
HC 2.3 0.6  0.4 0,3 0.8 

M e O H - H 2 0 :  m e t h a n o l - w a t e r - s o l u b l e ;  P L :  p o l a r  l ip ids ;  M A G .  

D A G  a n d  T A G :  m o n o - ,  d i -  a n d  t r i a c y g l y c e r o l s ;  F A :  f a t t y  
a c i d s  S T :  s t e ro l s ;  M E :  f a t t y  a c i d  m e t h y l  es te rs ;  S E :  s t e ry l -  
e s te r s ;  H C :  h y d r o c a r b o n s .  

C.B.P. 78/3B---Q 

IogY= - O.03x -F2.07 

~ , , ~ T  r:o.9 r= 
o.99 

20 _ i ~ _ O 

10 
I I I i I r 
S 10 15 20 25 30 35 

minutes 

Fig. 4. Proportional radioactivity of the cell-free coelomic 
fluid of Asterias rubens after intra-coelomic injection with 
radiolabelled L-leucine, given on a logarithmic scale as 
percentage of the injected dose. The broken line indicates 
the half time (T~/2) after extrapolation of the obtained 
regression line to 0 rain. Values are means --_4-_ SD (n = 3). 
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Table 2. Molar composition of the 
amino acids in the cell-free coelomic 
fluid of female Asterias rubens. Val- 
ues (nmol/ml) are means+ SD 

(n =4) 

I a u  1 . 4  ± l ,  1 
A s p  C). 1 o .  1 
] h r  1 . 1  ~- I . )  
S e r  3 . 9  * 2 . £  

( ; l u  0 . S  ± {I.t~ 
( ; I n  2 . 2  + 2 . ( ,  

P r o  0 . 8  - 0 . ( ,  
{21) 2 7 . 7  + o .~  
A l a  3 . I  ~ l . }  
V a l  l . o  + 1 . 2  
Met []. 1 + {1. l 
(£5"~ 1 . 3  1 . 5  
l i e  1 . 0  - 1 . o  
l . e u  I .  5 ! I. 1 
T y r  O. 5 O. 5 
{ 'he 0 . 3  t 0 . 3  

t o t a l  4 5 . 0  * 2 0 . 3  

amino acid analysis (Table 2). With a mean amino 
acid mol. wt of  95, the cell-free coelomic fluid con- 
tained 4.33 _+ 1.93/~g amino acid per ml (~ _+ SD, 
n = 4). 

The volume of the coelomic fluid of  female sea 
stars was measured at regular intervals in the period 
of  May to October 1981. Calculated as organ index 
( = v / w  percentage of  total body wt), a value of  
16.2 _+ 9.6% (~ _+ SD, n = 10) was found. This value 
is used in the calculation of  the turnover rates 
(Table 3). In a period of  4 weeks, 74 mg of  fatty acid 
and 201 mg of amino acid is translocated in a stan- 
dardized animal of  100 g if the measured half times 
of  oleic acid and L-leucine are applied to all fatty 
acids and amino acids, respectively. 

In the same period, the amount  of  coelomocytes in 
the coelomic fluid of  female sea stars was measured. 
One millilitre of  coelomic fluid contained 21 _+ 15 mg 
coelomocytes (mean fresh wt + SD, n = 10). Of  this 
amount,  9 . 7 +  1.8~ represented dry wt (2_+SD, 
n = 5). 

In vitro labelling o f  coelomoo' tes  

The coelomic fluid fi'om four animals of  both sexes 
was collected and incubated in C M F S S  with radio- 
labelled precursor. Each test tube contained 
1 . 1 + 0 . 8 m g  coelomocytes (mean dry wt ± S D ,  
n = 4 )  and 2 .7ng tritiated oleic acid or 0.25ng 
tritiated L-leucine in 10 ml CMFSS.  The uptake of  
radioactivity by coelomocytes is plotted in Fig. 5. 
Coelomocytes take up oleic acid at a very high rate; 
L-leucine is incorporated much more slowly. 

Lipid samples from coelomocytes, incubated for 
90 min with oleic acid, were analyzed by thin-layer 
chromatography.  Table 4 shows that a great port ion 
of  the radiolabel is incorporated into triacylglycerols 
and to a less degree into polar  lipids. The lipid 
composit ion of  the coelomocytes, pooled from five 
female animals used in these experiments, is shown 

Table 3. Calculation of turnover rates of fatty acids 
and amino acids in a standardized Asterias rubens of 

100 g containing 16.2 ml coelomic fluid 

Fatty a c i d s  Amino a c i d s  

Half time T~ ( m i n )  2 I(} 

Turnover time T t (min) 3 14  

C o n c e n t r a t i o n  ( p g / m l )  0.34 4 . 3 3  

Turnover rate (mg/4 weeks) 74 201 
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Fig. 5. In vitro incorporation of radiolabelled oleic acid and 
L-leucine into coelomocytes of Asterias rubens, expressed as 

mean percentage of the total dose (_+ SD, n = 4). 

between brackets. Sterols, polar lipids and fatty acids 
are the predominant  components.  Lipids comprise 
12.7% of  the total coelomocyte dry weight. 

The concentrations of  oleic acid and Dleucine were 
raised above tracer levels with increasing amounts  of  
non-radioactive material in a parallel experiment 
(Fig. 6). The radioactivity of  the coelomocytes was 
measured after 90min.  Each test tube contained 
2 . 2 _  0.8 mg coelomocytes (mean dry wt_+ SD, 
n = 4) and up to 1 mg of  non-labelled oleic acid or 
e-leucine in 10ml CMFSS.  Coelomocytes become 
saturated with oleic acid above concentration of  
approx. 1 #g/ml.  Saturation with L-leucine occurs at 
lower concentrations. 

DISCUSSION 

Turnover rate o f  f a t t y  acid 

Injected oleic acid rapidly disappears from the 

Table 4. Proportional distribution of radioactivity 
over individual lipid classes from ceolomocytes of 
Asterias rubens after in vitro incubation with radio- 
labelled oleic acid during 90 min. Values are mean 
percentages _+ SD (n = 4). The lipid composition of 
the coelomocytes, pooled from five female sea stars, 
is shown between brackets as percentages of total 
lipid. For short-hand indications of lipid classes, see 

Table 1 (n.d. = not detectable) 

M e O H - H 2 0  n . d .  
PL 1 2 . 4  * 1 . 3  ( 1 9 . : )  
MAG 0 . 7  + 0 . 2  ( 3 . 0 )  
FA 2 0 . 6  + 6 . 1  ( I S . 3 )  
ST 0.3 + 0.I (23.3) 
1 . 2  DAG 2 . 1  ± O . S  ( 3 . 8 )  
1 . 3  DAG h S  + 0 . 0  ( 2 . 2 )  
TAG O1.7 ± 6.5 ( 6.0) 
ME 0,8 + 0.4 (n.d.) 
SE 
ItC } 0 . S  ± I L l  ( 7 . i l  
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Fig. 6. Incorporation of radiolabcllcd oleic acid and 
L-leucine into coelomocytes of Asterias rubens in the pres- 
ence of increasing amounts of non-radioactive material 
(horizontal scale) after 90 min in vitro incubation. Values are 

mean percentages (___ SD, n = 4) of the total dose. 

coelomic fluid and is only partly recovered in the 
coelomocytes. Apparently, most oleic acid is ab- 
sorbed by the coelomic lining of the internal organs 
and the body wall. The high rate of this phenomenon 
is not surprising. In general, the uptake of fatty acid 
is a very rapid process which initially involves non- 
metabolic adsorption at the cell membrane (Nikillii, 
1971). 

In vitro experiments have shown that asteroid 
ovaries are capable of de novo synthesis of lipid from 
[1J4C]acetate (Allen and Giese, 1966; Allen, 1968). 
However, the enzymes directly involved in fatty acid 
synthesis (acetyl CoA carboxylase and fatty acid 
synthetase) can hardly be detected in the ovaries of 
Asterias rubens, while their activities in the pyloric 
caeca have been established convincingly (Oudejans 
et al., 1984). Although decisive quantitative data are 
lacking, it seems likely therefore that the major part 
of the ovarian lipids originates either directly from 
dietary sources or indirectly from caecal depots. This 
is also indicated by the presence of large amounts of 
polyunsaturated fatty acids in the ovaries of several 
asteroids (Ferguson, 1976; Sargent et al., 1983; 
Broertjes et al., in press). 

The present study shows that approx. 74 mg of 
fatty acid can be absorbed from the coelomic fluid 
within a 4 week period. In addition, coelomocytes, 
derived from the coelomic lining of  the digestive 
system (Vanden Bossche and Jangoux, 1976), may 
transport fatty acids also. A role of these cells in 
nutrient transport has been suggested by several 
authors (for review, see Ferguson, 1982) who often 
observed increased levels of  organic (radiolabelled) 
compounds in coelomocytes after oral administration 

of such materials. A quantitative approach has been 
made only by Allen (1974) who calculated a min- 
imum rate of lipid transfer of I mg/day to the ovaries 
of the echinoid Strongylocentrotus purpuratus. 
According to our measurements, a standardized 100 g 
sea star contains 16.2 ml coelomic fluid (cf. 16.7 ml 
reported by Oudejans et al. (1983)) with approx. 
340 mg coelomocytes (fresh wt), corresponding to 
33 mg dry wt or 4.2 mg lipid. The last value is in good 
agreement with data from other studies that indicate 
that the same amount of coelomic fluid (including 
coelomocytes) contains 1.5-6.5 mg lipid depending 
on the asteroid species studied (Greenfield et al., 
1958; Giese, 1966; Oudejans and Rutten, 1982). If the 
supply of fatty acids is not limited as in the described 
in vitro experiments, this amount of coelomocytes can 
accumulate approx. 0.2 to 1 mg fatty acid maximally 
before being saturated. 

Echinoderms in general are capable of considerable 
production of coelomocytes (Schinke, 1950; Vanden 
Bossche and Jangoux, 1976; Binyon, 1982). In vitro 
experiments with isolated arms show that Asterias 
rubens is able to renew its population of coelomocytes 
in the perivisceral coelomic cavity within a period of 
approx. 3 days (Binyon, 1982). If this high turnover 
rate in coelomocytes would be a normal phenomenon, 
an amount of approx. 7 mg fatty acid would become 
available by lysis of "old" coelomocytes within a 4 
week period (corresponding to 7 times a total popu- 
lation of coelomocytes containing 1 mg fatty acid 
maximally). 

Conclusively, about 81 mg fatty acid can be trans- 
located in a 100g animal by turnover of coelomic 
fluid fatty acid and by coelomocytes within a 4 week 
period. It should be emphasized that the ovaries are 
not the only organs able to benefit from this supply. 
The body wall and other organs bathed by the 
coelomic fluid will also take up fatty acid and other 
nutrients from this fluid (Ferguson, 1964b, 1970). 
Moreover, the amount remaining for the ovaries will 
also be used in sustaining the normal metabolism of 
somatic parts of these organs. Therefore only a very 
small fraction of the calculated 81 mg fatty acid will 
ultimately be available for vitellogenesis. Since the 
average increase in lipid content of the ovaries of 
Asterias rubens is 250 mg/4 weeks for a 100 g animal 
(Oudejans and Van der Sluis, 1979a), it seems impos- 
sible that translocation of fatty acids through the 
perivisceral coelomic cavity can fulfil these require- 
ments. 

It can not be excluded that also other lipid com- 
pounds (e.g. triacylglycerols) may play a role in lipid 
translocation. However, oral administration of radio- 
labelled trioleoylglycerol results in labelling of 
coelomocyte triacylglycerol only with almost no la- 
belling of the coelomic fluid (Oudejans and Rutten, 
1982). A similar calculation as above for the potency 
of coelomocytes to transport triacylglycerols does not 
lead to any substantial amount, particularly since 
these cells contain only small amounts of these 
compounds (Table 4). The lipid composition of coe- 
lomocytes of female animals is in agreement with 
brief data reported earlier for these cells (Oudejans 
and Rutten, 1982) and is rather similar to that of 
female pyloric caeca as reported by Oudejans and 
Van der Sluis (1979b) with the exception of sterols 
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(about twice as much in coelomocytes) and tri- 
acylglycerols (4 to 20 times as much in pyloric caeca). 
The low triacylglycerol content of coelomocytes is 
also indicated by an ultrastructural study of the 
coelomocytes of Dermasterias  imbricata (Kaneshiro 
and Karp, 1980) that reveals only a few lipid droplets 
in micrographs of these cells. 

After intra-coelomic injection of radiolabelled oleic 
acid, most of the label associated with coelomocytes 
is recovered in the fatty acid fraction. Since the label 
can not be removed with detergent and is incorpo- 
rated in vitro into triacylglycerols, fatty acid evidently 
is not merely adsorbed at the cell membrane but is 
incorporated into intracellular pools. The high label- 
ling of triacylglycerol in vitro (Table 4) is surprising. 
Although the incubation system used may represent 
a powerful tool in studying the physiological func- 
tioning of coelomocytes, important differences evi- 
dently exist with the in vivo situation that can not be 
readily explained. 

Turnover rate o f  amino acid 

Van der Heyde (1922) injected glycine in amounts 
ranging from 150 to 700 mg in the coelomic fluid of 
Asterias rubens. Although these quantities are no 
tracer amounts, his experiments roughly indicate a 
turnover time of approx. 20min. Ferguson (1962, 
1964b) used isolated pyloric caeca submersed in sea 
water or cell-free coelomic fluid. After extrapolation 
for a total intact sea star he deduced a turnover time 
of approx. 40 min for glycine. The same author also 
studied uptake constants of several amino acids and 
reported that all neutral amino acids are absorbed at 
approximately the same rate by pyloric caeca in vitro 
(Ferguson, 1968). 

Giordano et al. (1950) reported the presence of five 
amino acids (arg, gly, phe, ser, trp) in the cell-free 
coelomic fluid of Pisaster brevispinus. Glycine was the 
most abundant one (67% of total amino acid) and 
serine the second most prominent one. These data 
are in good agreement with the results presented in 
Table 2. The total amino acid content of the cell-free 
coelomic fluid of Asterias rubens (4.33/~g/ml) is low 
compared with values reported for Pisaster brevi- 
spinus (15ktg/ml; Giordano et al., 1950) and Echi-  
naster modestus (6 to 29/lg/ml; Ferguson, 1980). This 
may be due to differences between species or condi- 
tion of animals. Also, the last authors measured total 
amino acid directly, thus including tryptophan and 
the basic amino acids too. However, their and other 
studies (Ferguson, 1975a, 1979) indicate that these 
amino acids are present in only very small amounts. 

We have measured a turnover rate of 201mg 
amino acid in a 4 week period in a 100g animal. 
Again, only a small fraction of this amount will be 
available for vitellogenesis since also the body wall 
and other internal organs take up amino acid from 
the coelomic fluid (Ferguson, 1970). The average 
increase in protein and free amino acid content of the 
ovaries of Asterias rubens is 500 and 110 mg re- 
spectively in a 4 week period for a 100g animal 
(Oudejans and Van der Sluis, 1979a). If the increase 
in protein content is the result of autosynthetic yolk 
formation, translocation of amino acids by the coe- 
lomic fluid is not sufficient. 

Conclusively, translocation of both amino acids 

and fatty acids through the perivisceral coelomic 
cavity can not fulfil the needs of the growing ovaries. 
Therefore other systems that connect the ovaries and 
the digestive system, will have to be in use. In this 
respect the haemal sinuses and perihaemal coelomic 
cavities have been advanced in both morphological 
(Walker, 1979; Schoenmakers et al., 1981 ; Beijnink et 
al., 1984) and experimental studies (Broertjes et al., 
1980a,b). Recent biochemical studies (Broertjes et al.. 
in press a,b) indicate that heterosynthesis may occur 
in Asterias rubens involving the supply of gly- 
colipoproteins through the haemal system. To obtain 
more detailed information on the possible routes of 
nutrient transfer, autoradiographic experiments cur- 
rently are in progress in our laboratory. 
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