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Effect of  a Disu l f ide  R e d u c i n g  A g e n t  on  Coe lentera te  N e m a t o c y s t  C a p s u l e s  

Recen t  work  has  revealed the  presence of a single 
hydroxypro l ine- r ich ,  collagen-like pro te in  l inked by  disul- 
fide bonds  in the  microbasic  mas t igophore  n e m a t o c y s t  
capsule of a sea anemone1.  Subsequent ly ,  o ther  workers  
have  conf i rmed this  in a d i f fe rent  species of sea anemone  2. 
Since the  presence  in p ro te in  of t he  imino acid hyd ro x y -  
proline is d iagnost ic  of collagens, and since collagens were 
t h o u g h t  to be devoid of disulfide bonds,  the  above discov- 
ery is of considerable  interest .  Because of this  and be- 
cause of the  grea t  complex i ty  and d ivers i ty  of these  
intracel lular  organelles,  the  p resen t  s tudy  was u n d e r -  
t aken  to  de te rmine  how widespread  was th is  p h e n o m e n o n  
among  the  various classes of coelenterates .  

The coelentera tes  used were collected in Kaneohe  Bay, 
Oahu, Hawaii .  5 species of corals, 4 sea anemones ,  1 
zoanthid ,  1 scyphozoan  and  1 hydro id  were examined .  
The various n e m a t o c y s t  types  were ident i f ied by  a key 
p repared  f rom a va r i e ty  of sources, b u t  main ly  based 
on WERNER 3. 

Excised  ten tac le  smear  p repara t ions  were p repared  by  
convent iona l  means.  To these  p repara t ions  were added  
3 drops  of 10-2M d i th ioe ry th r i to l  (DTE) p repared  in 
T r i s  (hydroxy) m e t h y l a m i n o m e t h a n e  buffer  a t  p H  9.1. 
Based on previous  expe r imen t s  of the  authors ,  th i s  
combina t ion  of concen t ra t ion  and  p H  proved  to  be op t imal  
in a t t ack ing  disulfide l inkages.  The t ime  required tor 
dissolut ion of the  var ious  n e m a t o c y s t  capsules a t  28~ 
was t h e n  observed and recorded.  

I t  was discovered t h a t  t he  nema tocys t s  had  to  be 
d ischarged and  free of sur rounding  mucus  con t amina t i on  
before the  D T E  became  effective.  Most  n e m a t o c y s t s  
t h a t  were e i ther  undischarged  or par t ia l ly  discharged so 

t h a t  the  shaf t  was  blocking the  opercular  opening did 
not  respond  to  t h e  reducing agent ,  even af ter  several  
hours '  exposure.  The  first  de tec tab le  effect  of the  D T E  
on the  d ischarged n e m a t o c y s t  capsule was a s l ight  
buckl ing  of the  normal ly  s mo o t h  capsule wall, The 
capsule wall soon appeared  to  become less dense micro- 
scopically. Solubil izat ion appeared  to s t a r t  f rom the  
inner  surface of t he  capsule wall, and to proceed outward .  
Before the  capsule d i s so lved  entirely,  a th in  m e m b r a n e -  
like coa t  r emained  visible, bu t  this  even tua l ly  d i sappeared  
also. The ever ted  shaft ,  t h r ead  and ba rbs  did no t  dis- 
solve dur ing  the  per iod of observat ion,  ind ica t ing  a pos- 
sible difference in the  chemical  comlzosition of these  
s t ructures .  

I t  will be no ted  f rom the  Table tha t ,  of the  nemato-  
cysts  examined  f rom all 3 classes of coelenterates ,  mos t  
dissolved wi th in  1-3 min, if t h e y  were to be af fec ted  by 
the  D T E  at  all. Fo r  example,  the  s tenoteles  of the  hydroid ,  
P e n n a r i a  t iarella,  the  n e m a t o c y s t s  of t he  scyphozoan,  
the  zoan th id  and  all the  sea anemones  dissolved in 1-3 min.  
A solubil izat ion t ime  greater  t h a n  3 min  for these groups 
general ly ind ica ted  t h a t  the  n e m a t o c y s t s  were not  going 
to be affected b y  the  D T E  under  the  expe r imen ta l  con- 
di t ions.  

The n e m a t o c y s t s  of the  corals seemed the  m o s t  
res i s tan t  to d issolut ion by  DTE.  Of the  4 corals tes ted ,  
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Effect of dithioerythritol (DTE) on neinatocyst capsules and spirocysts 

Species Nematocyst type Time 
for capsule 
to dissolve 
(min) 

Conmlents 

Class Hydrozoa 
(1) Pennaria tiarella 

Class Scyphozoa 
(1) Cassiopeia sp. 

Class Anthozoa 
(0) Aetiniaria (anemones) 

(1) Boloceroides lilac 

(2) Macranthea eookei 
(3) Anthopleura sp. 
(4) Aiptasia pulehella 

(0) Zoanthidia 
(1) Zoanthus sandwichensis 

(0) Madreporaria (stony corals) 
(1) Cyphastrea ocellina 

(2) Porites compressa 
(3) Tubastrea manni 
(4) PociUopora meandrina 
(5) Fungia scutaria 

Large stenotele 
Small stenotele 

Holotrichous isorhiza 
Microbasic homotrichous eurytele 

Spiroeysts 
Microbasic amastigophore 
(discharged and undischarged) 
Mierobasie-p-mastigophore 
Microbasic mastigophore 
Mierobasic amastigophore 
(acontia and tentacles) 
Spiroeysts 

Holotrichous isorhiza 

Holotrichous isorhiza 
Microbasic mastigophore 
Microbasic mastigophore 
Mierobasic.b-mastigophore 
Mierobasic mastigophore 
Atrichous isorhiza 
Mierobasic mastigophore 

1-2  

3 
2 

1-2 

9 
10 
3 

Undissolved after 18 nfin 

Undissolved after 30 rain 

Undissolved after 30 min 

Undissolved after 10 min 
Partially dissolved after 15 min (?) 
Undissolved after 15 rain 
Undissolved after 30 rain 
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on ly  t he  mic robas ic  m a s t i g o p h o r e  of Porites compressa 
dissolved w i t h i n  3 rain,  whereas  those  of Cyphastrea 
requ i red  9-10 m i n  to dissolve.  The  o t h e r  coral  n e m a t o -  
cys ts  e x a m i n e d  r e m a i n e d  und i s so lved  a f t e r  10-30 min  
exposure  to  DTE.  In  all  cases, t he  sp i rocys t s  r e m a i n e d  
una f fec t ed  b y  t he  D T E ,  t h u s  p r o v i d i n g  ev idence  for the  
chemica l  d i f ferences  be t w een  sp i rocys ts  and  n e m a t o c y s t s  
proper*.  E lec t ron  m i c r o g r a p h s  b y  one  of us (R.N.M.) 
h a v e  revea led  t he  d i s t i nc t  u l t r a s t r u c t u r a l  dif ferences  
b e t w e e n  a n e m o n e  sp i rocys ts  and  nem a t ocys t s .  

The  unf i red  n e m a t o c y s t s  of t he  va r ious  coe len te ra tes  
tes ted ,  w i t h  one no t ab l e  except ion ,  r e m a i n e d  unaf fec ted  
b y  t he  D T E  in t he  p re sen t  s tudy .  T he  single excep t ion  
was t he  mic robas ic  a m a s t i g o p h o r e  of t he  s w i m m i n g  sea 
a n e m o n e  Boloceroides; b o t h  t he  d i scha rged  and  undis-  
cha rged  mic robas ic  am as t i gopho r e s  d issolved in 1-2 rain. 

The  fac t  t h a t  on ly  1 n e m a t o c y s t  type ,  the  mic robas ic  
a m a s t i g o p h o r e  of Boloceroides, dissolved in a n  undis-  
cha rged  s t a t e  deserves  f u r t h e r  s t u d y  in r ega rd  to t he  
osmot ic  t h e o r y  of n e m a t o c y s t  discharge.  All t he  o the r  
und i s cha rged  and  pa r t i a l l y  d i scha rged  n e m a t o c y s t s  ap-  
pea red  to be  t o t a l l y  una f fec t ed  by  t h e  DTE.  

T h a t  some of t he  n e m a t o c y s t s  e x a m i n e d  requi red  
9-10 min  to dissolve, or d id  no t  dissolve a t  all du r ing  
the  per iod  u n d e r  e x a m i n a t i o n ,  r em a i ns  enigmat ic .  This  
was  especial ly  t r ue  for t he  coral  nema tocys t s .  One 
obv ious  poss ib i l i ty  is t h a t  some coral  n e m a t o c y s t s  m a y  
differ  chemical ly .  However ,  i t  is also possible  t h a t  t he  
r e l a t ive ly  large a m o u n t s  of mucus  l i be r a t ed  b y  the  
corals  ( compared  to  t he  o the r  coe len te ra tes  examined)  

p ro t ec t ed  t he  n e m a t o c y s t s  f rom d isso lu t ion  b y  D T E  in 
sp i te  of s teps  t a k e n  to min imize  th i s  p r o b l e m  5. 

Zusammen/assung. W/th rend  sich die Mehrzah l  der  
e n t l a d e n e n  Nesse lkapse ln  m e h r e r e r  hawa i i s che r  Coelen- 
t e r a t e n  in D i t h i o e r y t h r i t o l  (DTE)  aufl6st ,  s ind die Spiro- 
zys ten  und  die me i s t en  u n e n t l a d e n e n  Nesse lkapse ln  in 
d iesem die D i s u l f i d b i n d u n g e n  r eduz i e r enden  Reagens  
unl6sl ich.  
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The Role of the Bacterial  Cell Wall in the D e v e l o p m e n t  of the Lethal Effect of Colicin E 1 

The  basic  b io syn t he t i c a l  processes of sens i t ive  bac te r i a l  
cells - and  consequen t l y  t h e i r  g rowth  a n d  d iv is ion  - are 
b locked  b y  colicins i m m e d i a t e l y  a f t e r  t he  con t ac t  1,2. I n  
spi te  of t ha t ,  t h i s  b lockade  is t e m p o r a r i l y  revers ib le ;  in  a 
p a r t  of t he  cells, i t  is possible  to  abo l i sh  t he  i n h i b i t i v e  
ac t ion  of colicins for a l imi ted  t ime  i n t e r v a l  by  t r y p s i n  3 
or a specific an t i -co l ic in  se rum 4. T he  first, revers ib le  
phase  of t he  effect  of colicins can  t h u s  be  r ega rded  as 
t he  bac t e r i o s t a t i c  one;  th i s  g radua l ly  passes  on  to t he  
i r revers ib le  phase  r ep re sen t ing  the  bac te r i c ida l  effect. 

Some prev ious  results ,  w i t h  colicins E 2  and  G, sug- 
ges ted  t h a t  t h e i r  recep tors  could no t  be  s i t ua t ed  in t he  
cell wal l  of a sens i t ive  b a c t e r i u m  (as h a d  been  supposed) ,  
b u t  in  i ts  cy top l a smic  m e m b r a n e  s . I n  t he  p re sen t  p a p e r  
we t h u s  t r i ed  to f ind  ou t  t h e  role of t he  bac te r i a l  cell 
wal l  in  t he  d e v e l o p m e n t  of the  effect  of colicin E 1  
(produced  b y  the  s t r a in  Shigella dispar P 14) ; we fol lowed 
t he  chronologica l  d e p e n d e n c e  of t he  onse t  of the  bac te r i -  
c idal  effect  on  t he  degree of s t r u c t u r a l  d a m a g e  of t h e  
cell wal ls  of sens i t ive  bac ter ia .  

Fi rs t ly ,  we c o m p a r e d  t h e  ou t se t  of t he  bac te r i c ida l  
effect  of colicin E 1 on  i n t a c t  bac te r i a l  cells and  sphero-  
plasts .  Sens i t ive  rods  of t he  s t r a i n  Esckerichia coli B 1 
f rom the  s t a t i o n a r y  phase  of g rowth  or glycine sphero-  
p la s t s  6 of t he  same  s t ra in ,  were i n c u b a t e d  in b r o t h  a t  
37 ~ w i t h  an  excess of col icin E 1. Af te r  1, 21/2 or 5 min ,  
t r y p s i n  (0 .25mg/ml )  was  added,  r e a c t i v a t i n g  those  
e lements ,  t he  i nh ib i t i on  of which  h a d  no t  ye t  r eached  
t he  i r revers ib le  phase.  (Nei ther  t he  cells no r  t he  sphero-  
p las t s  t hemse lves  were inf luenced  b y  t ryps in . )  A d rop  of 
each  suspens ion  was t r a n s f e r r e d  to t he  surface  of a l i t t l e  

aga r  b lock  m o u n t e d  on  a slide, covered  w i th  a covers l ip  
and  f r amed  w i t h  pa ra f f in ;  th i s  p r e p a r a t i o n  was t h e n  
p h o t o g r a p h e d  in a p h a s e - c o n t r a s t  microscope  in 30 min  
in t e rva l s  for 5 6 h. F r o m  the  p h o t o g r a p h s  the  pe rcen tages  
of d iv id ing  rods  or of d iv id ing  and  r e g e n e r a t i n g  sphero-  
plasts ,  t h a t  is of e l emen t s  e x h i b i t i n g  t h e i r  v iab i l i ty ,  were 
ca lcula ted .  

I n  con t ro l  p r e p a r a t i o n s  w i t h o u t  colicin, nea r ly  100% 
of rods  and  over  63% of sphe rop la s t s  divide,  whi le  on ly  
some 10 4% of rods and  sti l l  less sphe rop la s t s  su rv ive  
the  ac t ion  of colicin E 1  (wi thou t  succeeding t r y p s i n  
add i t ion) .  The  effect  of t r y p s i n  r e a c t i v a t i o n  is c lear ly  
vis ible  f rom Tab le  I :  a f te r  all 3 exposures  to  colicin used, 
i t  is possible  to  r e a c t i v a t e  t h e  rods  in a r e m a r k a b l y  
h ighe r  p r o p o r t i o n  t h a n  is t he  case w i t h  spherop las t s .  So 
t he  bac te r i c ida l  s tep  of colicin E 1 effect  s t a r t s  more  read i ly  
in  a n  abso lu te  m a j o r i t y  of spherop las t s ,  l ack ing  t he  r igid 
m u r e i n  cell wal l  layer,  t h a n  in i n t a c t  rods  of t he  same  
s t r a i n ;  th i s  l ayer  ev iden t ly  de lays  t he  onse t  of i ts  i r rever-  
sible, bac t e r i c ida l  effect. 
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