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ABSTRACT: The settlement of pedal stolons of scyphopolyps of Aurelia aurita Lamarck could be 
induced by addition of a species of bacteria from the family Micrococcaceae. After treatment of the 
bacteria with several organic solvents a crude lipid extract free of bacteria could be obtained which 
was shown to be effective in inducing stolon settlement. Crude lipids extracted from the late 
logarithmic growth phase had an optimal effect on stolon attachment, in contrast to previously 
published experiments showing that all logarithmic phases of bacteria had the same level of 
effectiveness. After separation of the crude lipid extracts by thin layer chromatography and 
subsequent bioassay of the reeluated substances, acylgalactosidyldiglyceride and monogalac- 
tosidyldiglyceride were identified as the effective substances. Monogalactosidyldiglyceride was 
only found in bacteria from the medium logarithmic growth phase, whereas the former was found at 
all stages. The effectiveness of acylgalactosidyldiglyceride was independent of the growth phase of 
the extracted bacteria. 

INTRODUCTION 

A previous inves t iga t ion  (Schmahl, 1984) showed  that the se t t l ement  of the stolons of 

Aurelia aurita is bacter ia l ly  induced.  From a substrate capab le  of induc ing  set t lement ,  
several  species  of bac ter ia  w e r e  isolated, one  of wh ich  was  shown to be  espec ia l ly  

effective. The  se t t lement  react ion could only be  e v o k e d  on direct  contact  of the stolons 
with the bacter ia  and the bac ter ia  were  only effect ive  dur ing  their  phase  of logar i thmic  

growth. Bacterial ly induced  se t t l ement  has b e e n  inves t iga ted  in some mar ine  coelenter -  

ate larvae and in animals  b e l o n g i n g  to different  phyla.  
Swimming  buds and p lanu la  larvae  of Cassiopea andromeda (Scyphozoa) were  

induced  to sett le and me tamorphose  by a factor e m a n a t i n g  into the cul ture  m e d i u m  from 

a species  of Vibrio dur ing  growth (Neumann,  1976; Hofmann  et al., 1978; Neumann ,  
1979; N e u m a n n  et al., 1980). In the p lanu la  la rvae  of Hydractinia echinata (Hydrozoa) a 

phe romone- l ike  l ipid which  is excre ted  by various species  of bacter ia  was effect ive in 

inducing  metamorphos is  (Miiller, 1969; 1973a). H e r r m a n n  (1976) assumed that  e lec-  
t rokinet ic  processes  on bacter ia l  surfaces were  respons ib le  for the in i t ia t ion of metamor-  

phosis in the larvae  of Phoronis muelleri (Phoronida). 
The aim of the present  study descr ibed  here  was to isolate and charac ter ize  the 

bacterial  product  that induces  se t t l ement  of stolons in Aurelia aurita. 
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MATERIALS AND METHODS 

A n i m a 1 s, The scyphopolyps of Aurel ia  aurita were from a clone of p l anu lae  from 
a medusa  of the Mutsu  Bay in  the North of the Hondo i s land (Japan), 

The scyphis tomae were  kept  in  4 1 glass tanks  at 19.5 _+ 0.5 °C on a 16 : 8 h l ight :  dark 
cycle in  seawater  (30 %~ salinity}. The an imals  were fed naup l i i  of Artemla  sallna twice 
weekly.  The cul ture  m e d i u m  was changed  3-5  h after feeding.  

For the experiments ,  seawater  con ta in ing  ant ibiot ics  was used (100 mg penic i l l in  
G-potass ium salt (Serva), 129 mg s t reptomycin-sulfate  (Serva) x 1000 ml - I  pasteur ized 
seawater}. Scyphis tomae without  buds  and  stolons were chosen. The basal  fifth of the 
an imals  was dissected a day before the b e g i n n i n g  of the exper iment  with an  ophthal- 
mological  scalpel.  Thereafter,  the an imals  were kept  in  150 ml Boveri dishes in seawater 
con ta in ing  antibiotics.  With in  24 h after the operat ion each an imal  normal ly  produced 
one stolon, so that an imals  with stolons of the same age were avai lable  for the 
experiments .  

Se t t lement  of the stolon tips was cons idered  to have t aken  place when  the tip could 
not be  removed from the substrate  without  tear ing  the shaft of the stolon w h e n  probed 
with a steri l ized needle .  

S t o c k c u 1 t u r e o f b a c t e r i a. Bacteria were m a i n t a i n e d  in ei ther  agar cultures 
(40 g tryptic soy agar, Difco; 5 g agar, Merck; 25 g NaC1 x 1000 m1-1 dist i l led water}, or 
l iquid  culture (200 mg bacto-pepton,  Difco; 1000 mg D {+}-Glucose x 1000 ml - I  
seawater}. 

The prepara t ions  were autoclaved for 30 min  at 0.5 bars. 
H a r v e s t i n g  o f  b a c t e r i a l  l i p i d s .  The start ing mater ial  for harvest ing 

l ipids were samples  of 2000 ml in  volume.  In order to start with the same amount  of 
bacter ia  per vo lume unit ,  samples  from different growth phases  were adjus ted  to the 
same ext inct ion va lue  of E460: 0.250. In this manner ,  p repared  samples  of l iquid  cultures 
were cent r i fuged to get bacter ia l  pel lets  for p repara t ion  of lipids. 

The l ipids were  extracted according to the method  of Bligh & Dyer (1959). The 
extract ion of bacter ia  from the three phases  of logari thmic growth chosen (E4~0:0.150, 
E460: 0.250, E46 o: 0.690) y ie lded  almost  the same amoun t  of total l ipid (1.98-2.04 mg) each 
of which  was dissolved in  1 ml  of chloroform. BHT (2.6-Dis.-tert.-butyl-4 methyl-phenol ,  
F luka  AG} was added  to the solvents  as an  an t i -oxidant  {Dodge, 1966). 

For the bio-assays the crude l ipid equ iva len t s  were always empt ied  into the dish in  a 
fashion so as to al low the bottom to be  covered by a l ipid film after the solvent  had 
evaporated.  For very small  vo lume  equiva len t s  {e.g. 50 ~1, 175 ~tl), this was  achieved by 
add ing  2 ml  of chloroform so that  the bottom of the Boveri dish was just  covered. For 
larger  vo lume equivalents ,  evapora t ion  was achieved in steps, or the volumes of the 
samples  were reduced unde r  vacuum condit ions before they were empt ied  into the 
Boveri dishes. 

T h i n 1 a y e r c h r o m a t o g r a p h y. The extract of the crude l ipid was separated 
by means  of commercia l ly  fabricated plates (Silicic gel 60, layer  0.5 resp. 0.25 mm, 
Merck}. They were act ivated before use for 3 h at l l 0 ° C .  The lipids were made  visible 
with iodine vapour. The ident i f icat ion of the l ipid fractions was achieved by co- 
chromatography of reference subs tances  and  by demons t ra t ing  the presence of certain 
classes of subs tances  such as: 
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P h o s p h o r i c a c i d e s t e r s. Ammoniummolybda t e -pe rch lo r ine  acid was used  
as a tracer. After spraying the plates  they were  hea ted  at 120°C for 20-30 min.  
Phospholipids were s ta ined blue.  

A m i n o - g r o u p s. Amino-groups  were  traced wi th  0.1% Ninhydr in - sp ray ing  
reagent (Merck}. After 5-10 min  at 105°C, purple  spots s ignif ied a posit ive reaction. 

G 1 y c o 1 i p i d s. Glycolipids were traced by periodate-Schiff  r eagen t  (Shaw, 1968}. 
G 1 y c o s i d e s i n g 1 y k o 1 i p i d s. After a mild,  acid hydrolysis, a l iquots  of the 

hydrolysate were chromatographed on Na-ace ta te -buffered  cel lulose plates  (0.1 mm 
thickness, Merck} in e thy lace ta te /pyr id ine /wate r  (v :v  = 2 :1 :2 )  at room temperature .  
The qual i ta t ive  demonst ra t ion  of glycosides was ach ieved  by  spray ing  the plates with 
silver ni trate solution, 0.5 n NaOH in  e thanol  and  5 % aqueous  Nathiosulfate  solution. 
Glycosides were recognized as dark brown spots on a l ight  b rown background.  

S t a t i s t i c s. For compar ison b e t w e e n  pairs, the U-test of M a n n  & Whi tney  was 
used. For comparison be tween  groups the Chi -square  test was used. The level  of 
s ignif icance for all  calculat ions was cons idered  to be the 1% limit. 

RESULTS 

A n u m b e r  of different ways of t rea t ing samples  of bacter ia  to ob ta in  a subs tance  
which induced  stolon a t tachment  were tested but  proved to be unsuccessful .  Among  
these were dialyses, UV-irradiat ion,  and  heat  t reatment .  The only  successful  method  was 
extraction with organic solvents. The effective substance  was located in  the l ipophi lous  
phase after separation,  whi le  the s u p e m a t a n t  of the hydrophi lous  phase  had  no effect on 
stolon at tachment.  

For the exper iment  descr ibed below, the bacter ia l  l ipids were extracted and  their  
biological  effectiveness was tested. The amoun t  of crude extract tested was the y ie ld  of 
the bacterial  sed iment  in  a 50 ml sample  (constant ext inct ion value  E46o:0.250). 

The effectiveness of the l ipid extracts depends  upon  the phase  of bacter ia l  growth as 
follows: Crude l ipid extracts from bacter ia  of the late logari thmic growth phase  resul ted 
in the highest  numbers  of set t led polyps. Extracts from bacter ia  in  early a nd  m e d i u m  lo 9- 
phase were s ignif icant ly less effective (Table 1}. 

Dose effect of crude l ipid extract. In order to examine  the ques t ion of whe ther  a 
dose-effect re la t ionship  exists be tween  the n u m b e r  of set t led stolons and  the vo lume of 

Table 1. Aurella aurita. Stolon settlement on addition of extracted entire bacterial lipids 

Growth phase (E460} No. of stolons ° 
24 h 48 h 

attached free attached free 

Early log. (0.150) 43 57 75 25 
Medium log. (0.350) 47 53 81 19 
Late log. {0.690} 79 21 91 9 

Control: 
Seawater containing antibiotics 0 100 0 100 

° Values from 5 experiments on 20 polyps each 



T
ab

le
 

2.
 A

u
re

fi
a

 
a

u
ri

ta
, 

S
to

lo
n

 
se

tt
le

m
en

t;
 

d
o

se
 

ef
fe

ct
 r

el
at

io
n

sh
ip

 
of

 c
ru

d
e 

li
pi

d 
ex

tr
ac

t 
d

ep
en

d
in

g
 

u
p

o
n

 t
h

e 
g

ro
w

th
 p

h
as

e 
of

 t
h

e 
b

ac
te

ri
a 

ex
tr

ac
te

d
 

V
o

lu
m

e 
+ 

of
 

Q
u

an
ti

ty
 o

f 
li

q
u

id
 

B
ac

te
ri

a 
ea

rl
y

 
In

te
rm

ed
ia

te
 

L
at

e 
cr

u
d

e 
li

pi
d 

cu
lt

u
re

 o
f 

b
ac

te
ri

a 
lo

g.
 g

ro
w

th
 p

h
as

e 
lo

g.
 g

ro
w

th
 p

h
as

e 
lo

g.
 g

ro
w

th
 p

h
as

e 
ex

tr
ac

t 
p

er
 

co
rr

es
p

o
n

d
in

g
 t

o 
th

e 
(E

46
 o 

: 0
.1

50
) 

* 
(E

46
 o 

: 0
.3

50
) 

* 
(E

4~
 0 

: 0
.6

90
) 

* 
d

is
h

 (
~

tl
t 

v
o

lu
m

e 
of

 c
ru

d
e 

li
pi

d 
N

o.
 o

f 
st

ol
on

s*
 *

 

ex
tr

ac
t 

(m
t)

 
24

 h
 

48
 h

 
24

 h
 

48
 h

 
24

 h
 

48
 h

 

ar
t.

 
fr

ee
 

at
t.

 
fr

ee
 

at
t.

 
fr

ee
 

ar
t.

 
fr

ee
 

at
t.

 
fr

ee
 

ar
t.

 
fr

ee
 

50
 

1.
00

 
5 

75
 

27
 

53
 

6 
74

 
29

 
51

 
14

 
66

 
27

 
53

 
87

 
1.

75
 

16
 

64
 

29
 

51
 

13
 

67
 

27
 

53
 

22
 

58
 

37
 

43
 

17
5 

3.
50

 
24

 
56

 
39

 
41

 
31

 
49

 
37

 
43

 
29

 
51

 
41

 
39

 
35

0 
7.

00
 

58
 

22
 

67
 

13
 

32
 

48
 

52
 

28
 

61
 

19
 

67
 

13
 

1,
00

0 
20

.0
0 

39
 

41
 

62
 

18
 

37
 

43
 

57
 

23
 

64
 

16
 

72
 

8 
2,

50
0 

50
.0

0 
41

 
39

 
65

 
15

 
35

 
45

 
66

 
14

 
63

 
17

 
77

 
3 

3,
50

0 
70

.0
0 

32
 

48
 

59
 

21
 

41
 

39
 

58
 

22
 

62
 

18
 

78
 

2 
5,

00
0 

10
0.

00
 

34
 

46
 

53
 

27
 

38
 

42
 

61
 

19
 

71
 

9 
80

 
0 

7,
50

0 
15

0.
00

 
40

 
40

 
58

 
22

 
43

 
37

 
67

 
13

 
61

 
19

 
63

 
17

 
10

,0
00

 
20

0.
00

 
35

 
45

 
57

 
23

 
45

 
35

 
65

 
15

 
49

 
31

 
59

 
21

 
15

,0
00

 
30

0.
00

 
26

 
54

 
39

 
41

 
32

 
48

 
59

 
21

 
32

 
48

 
43

 
37

 
20

,0
00

 
40

0.
00

 
12

 
68

 
20

 
60

 
25

 
5

5
 

53
 

27
 

19
 

61
 

23
 

57
 

40
,0

00
 

80
0.

00
 

3 
77

 
4 

76
 

13
 

67
 

16
 

64
 

8 
72

 
11

 
69

 

* 
T

it
re

 o
f 

li
q

u
id

 c
u

lt
u

re
 a

d
ap

te
d

 t
o 

E
46

0:
 0

.2
50

; 
v

o
lu

m
e 

of
 e

x
tr

ac
te

d
 s

am
p

le
 :

 2
00

0 
m

l 
• 

* 
V

al
u

es
 f

ro
m

 4
 e

x
p

er
im

en
ts

 o
n 

20
 p

o
ly

p
s 

ea
ch

 
+ 

T
h

e 
v

o
lu

m
e 

of
 c

ru
d

e 
li

pi
d 

ex
tr

ac
t 

w
as

 f
il

le
d 

u
p

 w
it

h
 c

h
lo

ro
fo

rm
 t

o 
10

0 
m

l 
to

 a
ch

ie
v

e 
b

et
te

r 
d

o
sa

g
e 

in
 t

h
e 

b
io

lo
g

ic
al

 
as

sa
y

 

C
~ 

(/
) 



Induction of stolon se t t l ement  in the scyphopolyps  of A u r e l i a  aurita 121 

crude l ipid applied,  different concentra t ions  of crude l ipid were  added  to scyphis tomae 
(Table 2). 

Crude l ipid extract from 1 ml of bacter ia l  suspension in all 3 stages of the logari th-  
mic growth phase  resul ted  in no s ignif icant  increase  of stolon se t t l ement  as compared  to 

controls in sterile seawater .  However ,  w h e n  the dose of crude l ipid was ra ised  to 

equivalents  of 1.75, 3.5 ml bac ter ia l  suspension,  the n u m b e r  of set t led stolons increased.  
Equivalents  b e t w e e n  7 and 200 ml (early and m e d i u m  log. phase) also showed  an 

opt imum range  of stolon set t lement .  Fur ther  increases  above  7 ml, but  less than  150 ml, 

did not result  in a s ignif icant  increase  in the n u m b e r  of set t led polyps.  
Still h igher  doses of bacter ia l  extracts from the ear ly  logar i thmic  growth  phase  

(E460: 0.150) and from the late logar i thmic  phase  led  to a dec rease  in stolon set t lement .  In 
these latter exper iments  the an imals  showed  signs of damage :  some w e r e  a t tached  to the 

bottom by their  hypostomes,  and some had shor tened tentacles,  and some were  pe rma-  
nent ly contracted.  

In all  tests above,  an increase  in stolon se t t l ement  was noted after 48 h. 
On compar ing  the ef fec t iveness  of l ipid extracts from var ious  bac ter ia l  g rowth  

phases wi th in  the range  of the op t imum values  for a t tachment ,  one  can m a k e  the 
fol lowing genera l iza t ions :  

(1) Crude l ipid extracts from bacter ia  in the late logar i thmic  phase  lead  to the 

highest  pe rcen tages  of set t lement .  

(2) Extracts from bacter ia  of the ear ly  and m e d i u m  logar i thmic  phase  are signifi-  

cantly less effective, and they do not differ from one another.  

Thin layer chromatography  of l ipid extract: The  crude l ipid extract  contains  phos- 

pholipids and glycol ipids  among  other  lipids. The  phospho-  and glycol ip ids  were  
ident i f ied by compar ing  them to the Rf values  of s tandard  prepara t ions  that  had  b e e n  
chromatographed  s imul taneous ly  and by the react ions of the different  substances  to 

various reagents .  The crude l ipid extracts were  ch romatographed  in f ive different  

solvent systems in order to warrant  a re l iab le  ident i f ica t ion of the ind iv idua l  fractions. 

Table 3. Micrococcus sp. Identification of phospho- and glycolipids by thin layer chromatography 

Identified substance Solvent systems* Rf-values 

Cardiolipin 2 4 0.24 0.44 
Lysophosphatidylethanolamine 3 ~ 0.05 
Phosphatidylethanolamine 1 2 4 0.51 0.15 0.35 
Phosphatidylglycerol 1 2 4 0.40 0.38 0.28 
Phosphatidylserin 3 0.10 
Neutral lipids I 2 3 4 5 Front line 
Monogalactosidyldiglyceride 1 2 3 4 5 0.72 0.44 0.65 0.70 0.19 
Acylgalactosidyldiglyceride 1 2 4 5 0.95 0.80 0.85 0.62 

* { I) Chloroform/methanol/water = 70 : 30 : 4, , v: v 
(2) Chloroform/methanol/ammonia = 70 : 20 : 1.5, v: v 
(3) Acetone/benzene/water = 91 : 30 : 8, v: v 
(4) Chloroform/methanol/acetic acid/water = 170 : 30 : 20 : 7, v: v 
(5) Chloroform/methanol = 90 : 10, v: v 
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T a b l e  3 l is ts  t h e  s u b s t a n c e s  t h a t  c o u l d  b e  i d e n t i f i e d  b y  t h e  t e c h n i q u e s  m e n t i o n e d  

a b o v e .  

A f t e r  t h e  c h r o m a t o g r a p h i c  s e p a r a t i o n  t h e  f r ac t ions  w e r e  r e m o v e d  f rom t h e  p l a t e s  

a n d  t h e  l i p id  b a n d s  r e e l u a t e d  w i t h  c h l o r o f o r m - m e t h a n o l .  D e f i n e d  v o l u m e s  of t he  

r e e l u a t e s  w e r e  t e s t e d  in  b i o - a s s a y s  a f t e r  t h e  s o l v e n t  h a d  b e e n  e v a p o r a t e d  off. The  

Table 4. Aurelia aurita. Stolon sett lement;  biological assays with reeluated fractions from chromato- 
grams 

Fraction 

Phospholipids and neutral lipids 

Quantity of l iquid Reeluate No. of stolons* 
culture of bacteria (ml) 24 h 48 h 

corresponding to the att. free att. free 
volume of reeluate (ml} 

Cardiolipin 

Phosphat idylethanolamine 

Lysophosphat idylethanolamine 

Phosphatidylglycerol 

Phosphatidylserin 

Neutral lipids 

MGD (Medium log. phase) 

AGD (Early log. phase) 

AGD (Medium log. phase) 

AGD (Late log. phase) 

20 0.4 12 48 15 45 
50 I 14 46 18 42 

100 2 13 47 18 42 

20 0.4 0 60 0 60 
50 1 0 60 0 60 

100 2 0 60 1 59 

20 0.4 0 60 1 59 
50 1 0 60 0 60 

100 2 0 60 0 60 

20 0.4 0 60 0 60 
50 1 0 60 0 60 

100 2 0 60 0 60 

2O O.4 0 6O 0 60 
50 1 0 60 0 60 

100 2 0 60 0 60 

2O O.4 0 6O 0 60 
50 1 0 60 0 60 

100 2 0 6O 0 60 

Glycolipids No. ofstolons** 

20 0.4 30 70 50 50 
50 1 27 73 46 54 

100 2 26 74 45 55 

20 0.4 28 72 65 35 
50 1 33 67 68 32 

100 2 35 65 72 28 

20 0.4 31 69 74 26 
50 1 28 72 75 25 

100 2 32 68 76 24 

20 0.4 34 66 73 27 
50 1 36 64 72 28 

100 2 35 65 79 21 

* Values from 3 experiments  on 20 polyps each per concentration tested 
* * Values from 5 experiments  on 20 polyps each per  concentration tested 
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number  of set t led po lyps  was  coun ted  after  24 h and  after 48 h. The  resul ts  a re  shown in 
Table 4. 

A posi t ive effect on stolon se t t l emen t  was  exe r t ed  by  a c y l g a l a c t o s i d y l d i g l y c e r i d e  
(AGD) and m o n o g a l a c t o d i d y l d i g l y c e r i d e  (MGD). Stolon se t t l emen t  was  obse rved  only 
occasional ly  after a d d i n g  card io l ip in .  The r e m a i n i n g  l ip ids  d id  not  in i t ia te  s tolon 
set t lement.  The  add i t ion  of l y s o p h o s p h a t y l e t h a n o l a m i n e  resu l ted  in m o d e r a t e  d a m a g e  
of the scyphopolyps .  After  add i t i on  of MGD, only  a s l ight  inc rease  in the  n u m b e r  of 
set t led po lyps  was no ted  after  48 h in compar i son  to the  ra te  of se t t l emen t  af ter  24 h. On 
the other  hand,  in d i shes  con ta in ing  AGD the n u m b e r  of se t t l ed  an ima l s  af ter  48 h was  
twice as h igh  as after  24 h. As m e a s u r e d  b y  the  ra te  of s e t t l emen t  af ter  48 h, a c y lga l a c -  
tos idy ld ig lyce r ide  had  op t imal  effect iveness .  In the  se t t led  animals ,  a d is t inct  pe r i sa rc  
layer  was seen  wi thout  excep t ion  at the  end  p la tes  of the  stolons. This  was  an  une-  
quivocal  s ign for very  s t rong contact  b e t w e e n  the s tolon t ip and  the substrate .  

Phosphol ip ids  and  neut ra l  l ip ids  o r ig ina t ing  from crude  bac te r i a l  l ip id  ext rac t  from 
bacter ia  in the  late  logar i thmic  growth  phase ,  and  g lyco l ip ids  from bac te r i a  of al l  3 
s tages  of logar i thmic  growth  were  tes ted  for ab i l i ty  to induce  stolon a t tachment .  

In the Boveri d i shes  con ta in ing  phospho l i p id s  and  neu t ra l  l ip ids  no dose-ef fec t  
re la t ionship  was  found for the concent ra t ions  used.  Not one  of the  concen t ra t ions  had  
any effect. The ab i l i ty  of g lyco l ip id  f ract ions to induce  s to lon a t t a c hme n t  was  also 
i n d e p e n d e n t  of the  bac te r i a l  g rowth  phase ;  however ,  these  fract ions i n d u c e d  a t t a c hme n t  
of stolons b e t w e e n  20 and  100 rnl of ex t rac ted  bac te r i a  (Table  4). 

Subsequent ly ,  r ee lua te s  of effect ive subs tances  we re  c o m b i n e d  in d i f ferent  vo lumes  
and tested.  The propor t ions  of the l ip ids  tes ted  we re  a lways  the same. These  exper i -  
ments  were  done  in order  to test  w h e t h e r  the  ra te  of s tolon se t t l emen t  w o u l d  be  different  
when  severa l  effective subs tances  were  a d d e d  in compar i son  to expe r imen t s  in wh ich  
only one effective subs tance  was  used.  The  quant i t i es  of subs tances  tes ted  were  equ iva-  
lent  to bac te r ia  from 10, 20, 25, 50 and 100 ml of l iqu id  cul ture  ( l iquid s a mp le s  ad jus t ed  
to E460 : 0.250 for all  3 s tages  of loga r i thmic  g rowth  phase) .  Accord ing  to thei r  p r e sence  in 
bac ter ia  from 3 s tages  of logar i thmic  growth  the subs tances  were  c o m b i n e d  as follows: 

AGD + M G D  
AGD + MGD, Card io l ip in  
MGD 
AGD 
AGD 
AGD 

For every  combina t ion  of l ip ids  five d ishes  
each concentrat ion.  Controls  were  mon i to red  
expe r imen t  (Table 5). 

m e d i u m  log. phase  
m e d i u m  log. phase  
m e d i u m  log. p h a s e  
ear ly  log. phase  
m e d i u m  log. p h a s e  
la te  log. phase  

were  f i l led  wi th  an iden t i ca l  vo lume  for 
24, 36 and  48 h after  the  onse t  of the  

The  combined  add i t i on  of MGD a n d  AGD both  from m e d i u m  logar i thmic  g rowth  
phase  resu l ted  in only a s l ight  inc rease  in the  n u m b e r  of se t t l ed  s tolons af ter  24 h as 
compared  to expe r imen t s  wi th  on ly  one  g lyco l ip id  (MGD or AGD,  both  from m e d i u m  
logar i thmic  growth  phase) .  After  36 and  48 h the  combina t ion  of bo th  g lyco l ip ids  was  
found to be  more  effect ive than  the add i t i on  of MGD on its own, whi l e  a c lea r  d i f ference  
from tests wi th  AGD was  not  found. 

Tests that  con ta ined  AGD and  ca rd io l ip in  l ed  to a s ign i f ican t ly  h ighe r  ra te  of s tolon 



T
ab

le
 5

. 
A

u
re

li
a

 a
u

ri
ta

, 
S

to
lo

n
 s

et
tl

em
en

t;
 b

io
lo

g
ic

al
 a

ss
ay

s 
w

it
h

 r
ee

lu
at

ed
 f

ra
ct

io
n

s 
fr

o
m

 c
h

ro
m

at
o

g
ra

m
s:

 g
ly

co
li

p
id

s 
co

m
b

in
ed

; 
g

ly
co

li
p

id
s,

 
si

n
g

le
 a

n
d

 c
o

m
b

in
ed

 w
it

h
 c

ar
d

io
li

p
in

; 
g

ly
co

li
p

id
s 

co
m

b
in

ed
 w

it
h

 c
ar

d
io

li
p

in
 

F
ra

ct
io

n
s 

Q
u

an
ti

ty
 o

f 
li

q
u

id
 

R
ee

lu
at

e 
(m

l}
 

N
o.

 o
f 

st
o

lo
n

s*
 

(G
ro

w
th

 p
h

as
e)

 
cu

lt
u

re
 o

f 
b

ac
te

ri
a 

24
 h

 
36

 h
 

co
rr

es
p

o
n

d
in

g
 to

 t
h

e 
at

t.
 

fr
ee

 
ar

t.
 

fr
ee

 
v

o
lu

m
e 

of
 r

ee
lu

at
e 

(m
l)

 

A
G

D
 +

 M
G

D
 

(M
ed

iu
m

 l
og

. p
h

as
e)

 

A
G

D
 +

 M
G

D
 +

 C
ar

d
io

li
p

in
 

(M
ed

iu
m

 l
og

. p
h

as
e)

 

M
G

D
 +

 C
ar

d
io

li
p

in
 

(M
ed

iu
m

 l
o

g
, 

p
h

as
e)

 

A
G

D
 +

 C
ar

d
io

li
p

in
 

(E
ar

ly
 l

og
. 

p
h

as
e)

 

A
G

D
 +

 C
ar

d
io

li
p

in
 

(M
ed

iu
m

 l
og

, p
h

as
e)

 

A
G

D
 +

 C
ar

d
io

li
p

in
 

(L
at

e 
lo

g.
 p

h
as

e)
 

10
 

0.
2 

+
 0

.2
 

39
 

61
 

77
 

23
 

20
 

0,
4 

+
 0

.4
 

38
 

62
 

75
 

25
 

25
 

0.
5 

+
 0

.5
 

42
 

58
 

76
 

24
 

50
 

1 
-b

 1
 

41
 

59
 

79
 

21
 

10
0 

2 
+

 2
 

43
 

57
 

72
 

28
 

10
 

0.
2 

+
 0

.2
 +

 0
.2

 
6

0
 

4
0

 
79

 
21

 
20

 
0.

4 
+

 0
.4

 +
 0

.4
 

59
 

41
 

78
 

22
 

25
 

0.
5 

+
 0

.5
 +

 0
.5

 
58

 
42

 
82

 
18

 
50

 
1 

+
1

 
+

1
 

63
 

37
 

82
 

18
 

10
0 

2 
+

2
 

+
2

 
61

 
39

 
83

 
17

 

10
 

0.
2 

+
 0

.2
 

4
0

 
60

 
51

 
4

9
 

20
 

0.
4 

+
 0

.4
 

3
6

 
64

 
49

 
51

 
25

 
0.

5 
+

 0
.5

 
39

 
61

 
47

 
53

 
50

 
1 

+
 

1 
34

 
66

 
46

 
54

 
10

0 
2 

+
 2

 
38

 
62

 
52

 
48

 

10
 

0.
2 

+
 0

.2
 

34
 

36
 

78
 

22
 

20
 

0.
4 

+
 0

.4
 

63
 

37
 

77
 

23
 

25
 

0.
5 

+
 0

.5
 

61
 

39
 

85
 

15
 

50
 

1 
+

 1
 

58
 

42
 

80
 

20
 

10
0 

2 
+

 2
 

59
 

41
 

79
 

21
 

10
 

0.
2 

+
 0

.2
 

66
 

34
 

72
 

28
 

20
 

0.
4 

+
 0

.4
 

62
 

38
 

77
 

23
 

25
 

0.
5 

+
 0

.5
 

65
 

35
 

81
 

19
 

50
 

1 
+

 1
 

64
 

36
 

74
 

26
 

I0
0

 
2 

+
 2

 
65

 
35

 
76

 
24

 

10
 

0.
2 

+
 0

.2
 

63
 

37
 

76
 

24
 

20
 

0,
4 

+
 0

.4
 

66
 

34
 

77
 

23
 

25
 

0.
5 

+
 0

.5
 

69
 

31
 

79
 

21
 

50
 

1 
+

 1
 

61
 

39
 

75
 

25
 

10
0 

2 
+

 2
 

63
 

37
 

7
0

 
30

 

* 
V

al
u

es
 f

ro
m

 5
 e

x
p

er
im

en
ts

 o
n

 2
0 

p
o

ly
p

s 
ea

ch
 p

er
 c

o
n

ce
n

tr
at

io
n

 t
es

te
d

 

4
8

h
 

at
t.

 
fr

ee
 

78
 

77
 

76
 

79
 

72
 

92
 

89
 

90
 

93
 

91
 

59
 

62
 

64
 

61
 

65
 

94
 

91
 

96
 

90
 

92
 

94
 

92
 

90
 

89
 

95
 

96
 

10
0 

98
 

97
 

96
 

22
 

23
 

24
 

21
 

28
 8 11
 

10
 7 9 

41
 

38
 

36
 

39
 

35
 6 9 4 10
 8 6 8 10
 

11
 5 4 0 2 3 4 

t~
 



Induction of stolon set t lement in the scyphopolyps of AureIia aurita 125 

settlement in comparison to the experiments  in which MGD was used on its own. An 
unequivocally higher  rate of stolon set t lement was found in combined set-ups after 24 h 
and 48 h, as compared to those containing only AGD. After 36 h, significant differences 
were found. 

AGD, MGD (medium logari thmic phase)/AGD, MGD and cardiolipin (medium 
logarithmic phase): 

Addition of cardiolipin resulted in an increased rate of stolon sett lement when 
combined with MGD and AGD after 24 h as compared with tests not containing 
cardiolipin. The rates after 36 h, however, do not differ significantly from those of assays 
not containing cardiolipin. After 48 h, a significantly increased rate of stolon set t lement 
was found in tests containing cardiolipin in comparison to tests without cardiolipin. 

MGD, AGD and cardiolipin (medium logari thmic growth phase)/MGD and cardio- 
lipin (medium logarithmic growth phase): 

The addition of AGD to MGD and cardiolipin increased the effectiveness on 
initiation of stolon set t lement compared to MGD and cardiol ipin alone. 

AGD and cardiolipin (early, medium and late logari thmic growth phase): 
The origin of the AGD and the cardiolipin in relation to the growth phase of the 

bacteria that was extracted did not play a role in the effectiveness of this combination. 
No significant differences in the numbers of settled stolons were found. 

MGD and cardiolipin (medium logarithmic growth phase)/AGD and cardiolipin 
(medium logarithmic growth phase): 

A comparison of the effectiveness of these two combinations showed that AGD had a 
stronger effect than MGD at any time of sampling.  

AGD, MGD and cardiolipin (medium logari thmic growth phase, AGD and cardio- 
lipin (medium logarithmic growth phase): 

Addit ion of MGD to the combination of and cardiolipin led to no further enhance-  
ment of stolon settlement. 

A dose-effect relationship was not found in any of the combinatory experiments.  
Only in tests containing AGD and cardiolipin was set t lement of more than 50 % of 

the animals observed as early as after 24 h. It seems noteworthy that the crude l ipid 
extract of bacteria from the medium logarithmic growth phase resulted in set t lement of 
more than 50 % of the polyps only some time later. 

In further experiments the maximum effect combination (AGD and cardiolipin) was 
combined with another phosphol ipid each in order to test the influence of the addit ional  
l ipid on stolon settlement. Not all possible combinations were tested. The maximum 
effect combination was combined in a single concentration (equivalent to 50 ml bacterial  
suspension) with one of 3 arbitrari ly chosen phospholipids.  The substances were  phos- 
phatidylethanolamine,  lysophosphatidylethanolamine,  and phosphatidylserine.  All  iso- 
lated lipids came from bacteria of the late logari thmic growth phase. The effectiveness of 
AGD and cardiolipin does not appear  to be changes after addit ion of phosphat idy-  
lethanolamine or phosphatidylserine.  Lysophosphat idylethanolamine caused slight 
damage similar to that seen in the s ingle-substance test, however this effect was not so 
serious at to impair  stolon settlement. After addit ion of phosphat idylethanolamine,  
phosphatidylserine and lysophosphat idylethanolamine the results were comparable  to 
the corresponding tests without these phospholipids.  
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DISCUSSION 

The se t t l emen t  of the  p e d a l  s tolons of Aurelia aurita d e p e n d s  upon  a cer ta in  
subs tance  of bac te r i a l  origin.  After  i so la t ion  of var ious  bac te r ia l  species,  one spec ies  of 
the fami ly  Mic rococcaceae  p roved  expec i a l l y  effect ive on the stolon se t t l ement  reac- 
tion. 

In p r e l i m i n a r y  exper iments ,  it  was  found that  the  effect ive p r inc ip le  possessed  
c lea r ly  l i poph i lous  character is t ics .  The  ex t rac ted  bac te r i a l  l ip ids  proved  effect ive on the 
induc t ion  of s tolon se t t lement .  The  c rude  l ip id  ext rac t  showed  the h ighes t  ef fec t iveness  
if it was  ha rves t ed  from bac te r i a  in the  la te  loga r i thmic  growth  phase .  

W h e n  r e e l u a t e d  fract ions of the  c h r o m a t o g r a p h e d  crude  l ip id  were  tested,  a d e l a y  in 
se t t l emen t  reac t ion  was  no ted  in compar i son  to the  assays  con ta in ing  l ive bacter ia .  The 
d e l a y  of about  12 h was  found in more  than  50 % of the animals .  This  re ta rda t ion  was  
obse rved  for a l l  doses  tes ted.  A poss ib l e  e x p l a n a t i o n  is that  the  ef fec t iveness  of the  l ip ids  
was  i m p a i r e d  by  contact  wi th  the  g lass  surface  of the  cul ture  dish. Ano the r  poss ib i l i ty  is 
a po ten t i a l  a l t e ra t ion  of the effect ive subs tances  du r ing  the p rocedure  of p repara t ion ,  for 
ins tance  by  d i s loca t ion  of d o u b l e - b o n d s  in the  unsa tu ra t ed  fatty acid. 

After  the  p r e p a r a t i o n  of crude l ip id  extracts  by  thin layer  ch roma tog raphy  and 
s ubsequen t  b ioas say  of the  r e e l u a t e d  fractions,  two g lyco l ip ids  were  found to be 
effect ive on the  induc t ion  of s tolon se t t lement ,  w h e n  a p p l i e d  a lone  or in combina t ion  
wi th  the  other. These  subs tances  we re  m o n o g a l a c t o s i d y l d i g l y c e r i d e  and acy lga lac -  
t o s idy ld ig lyce r ide .  

MGD was  p re sen t  only  in extracts  from bac te r i a  of the  m e d i u m  logar i thmic  growth 
phase ,  whi l e  AGD was  found in a l l  extracts .  

The in i t ia t ion  of s e t t l emen t  in p e d a l  s tolons is a p r o b l e m  that  has  not  been  dea l t  with 
yet.  This  is the  reason  w h y  a d i rec t  compar i son  to se t t l ement  in o ther  coe len te ra tes  is 
l ack ing .  The  f ind ing  that  the  se t t l emen t  of these  p ro jec t ions  is i n d u c e d  by  bac te r ia l  
p roduc ts  in A. aurita, permi t s  a l imi t ed  compar i son  to the  se t t l emen t  behav iou r  of o ther  
mar ine  inver tebra tes .  

The first e x a m p l e  for the  in i t ia t ion  of a s e t t l emen t  reac t ion  by  exogeneous ,  bac te r ia l  
factors was  d e s c r i b e d  for the  p l a n u l a e  of I-Iydractinia echinata (Mtiller, 1969, 1973a, b; 
Mi i l l e r  & Buchal,  1973). The  i nduc ing  s t imulus  was  iden t i f i ed  as a shor t - l ived  phos-  
pho l ip id ,  p h o s p h a t i d y l e t h a n o l a m i n e  (Wit tmann,  1977). 

The  me tamorphos i s  of p l a n u l a e  and  s w i m m i n g  buds  of Cassiopea andromeda is 
l i kewi se  i n d u c e d  by  bac t e r i a  (Neumann,  1976; Mii l ler  et al., 1976; Hofmann  et al., 1978; 
Neumann ,  1979). Unl ike  the  bac te r i a  which  in i t ia te  me tamorphos i s  in the  p l a n u l a e  of H. 
echinata, thei r  induc t ive  act ivi ty  does  not res ide  in the  bac te r i a l  surface but  is shed  into 
the  m e d i u m  dur ing  growth.  The  induc t ive  p r inc ip le  was  shown to be  p resen t  in s ter i le  
f i l t ra ted  subs t ra te  a n d  was  cha rac t e r i zed  in more  deta i l .  The  effect ive p r inc ip le  was  
r e l a t ive ly  hea t - s t ab le ,  the  mo lecu l a r  w e i g h t  could  be  shown to r ange  somewhere  
b e t w e e n  1000 and  10 000 dal tons.  From further  inves t iga t ions ,  N e u m a n n  (1980) d rew the 
conclus ion  that  the i nduce r  was pep t i de - l i ke ,  but  at the  same  t ime con ta ined  hetero-  
g roups  l ike  l ip id  and  g lycos id ic  compenen ts .  

A subs t ra te - spec i f i c  se t t l emen t  and  me tamorphos i s  is found in the l a rvae  of the 
hydrozoon  Coryne uchidai; t hey  only  m e t a m o r p h o s e  on tha l t i  of the  a l g a  Sargassum 
tortile. The  induc t ive  subs tance  was  i so l a t ed  and  shown to be  6- tocotr ienol  (Nishihira, 
1966; Kato et al., 1975). The  pa r t i c ipa t ion  of bac t e r i a  has  not ye t  been  excluded.  
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