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ABSTRACT  Pear-shaped  phetereceptor-like

cells  are  widely  scattered  in the prostomial
epithelium  of  the  sca]eworm,  LePidonotzas
herot)tPus. The  cell is provided  with  cilia,  the

basal structure  of  svhich  is situated  beneath
the  cuticle.  Having  run  inward  through  a

narro"'  nec.k.,  ciliary  sheaths  soon  branch  eu･t

and  form  a  bulbeus  mass  of  microvMi  (phao･
some)  above  the  nucleus.  Ne  pesitive evi-

dence "'as  obtained  as  regardsthe  continuity

between the  phaesome  and  the  cell  membrane

but menibranous  c]efts  extending  from either

side  are  frequently  observed.  The  cell  is

surrounded  by  supportive  epithelial  cells  and

also  by  presumably  chemo-  or  mechanore-

ceptoral  cells  of  ]ow  electron  density. O"e

of  the  uvo  types  of  e;ectrical  responses  to

light }vhich  were  recorded  over  the prostomiaL

surfa:e  is cDnsidered  to originate  from  e'n'-

traocular  receptors.  The  possibility of  invo-

]vement  of  the photoreceptor-like  ce]ls  in such

responses  is discussed.  (Zool. Mag.  85 ,' 265-
269,  1976)

   Though  dermal  photosensitivity  can  be

seen  in a number  of  animais.  on]y  a  feLv

cells  have been claimed  to be  responsible  fer

it, such  as  ciliated  cells  found  on  the  siphofial

tip of  Nassarius  reticutatus  (Crisp, 1971),

phaosome-cDntaining  cells  in the  epithelium

of  Lumbricus  ierrestris  (R6hlich et  al.,  1970),

etc.  In some  polychaetes,  cells  called  pho-

'
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      toreceptor-]ike  cells  CHermans and  Ctoney,

      1966), sensor]v  sacs  (Zahid and  Golding,  1974),

      or  simple  photoreceptors  CWhittle and  Gold-

      ing, 197A.), have  been  reported.  The  lack ef

      electrophysiological  ex,idence  has  restrained

      these  authers  from  using  the  term  photore-

      ceDtors  for such  cells.  During the  course  of

      ultrastructural  studies  of  the  prostomial

      photoreceptive  systems  of  the  scalewerm,

      LePidonotus  helotsPus, I have  encountered  a

      new  typ. e oi cell scattered  in the  epithelium

      of  the  prostomium,  They  appear  to come

      under  the  same  categery  as  these  mentlened

      abo'fe  and  I shall  fellow  the  terminology  of

      Hermans  and  Cjoney  (1966) for the time

      being. Morpho-physio]oucriczl elucidatien  of

      those  dermal  phetoreceptiye  systems  is the

      principa] aim  of  the  present  iyork.

                 Material  and  Methods

          Scalewornis,  Lel)idonotus helot)'Pus, -'ere

      collected  from  the  Seto Inland  Sea. Prosto-

       mial  regions  were  d}ssected  out  frem  excised

      }vhole  heads  in 3%  glutaraldehyde  in O.IM

       cacody]ate  buffer (pll 7,8) u'ith  the  addition

       ef  S,E)% sucrD$e.  The  pre-fixation that  lasted

       for 3hr was  folloxved by post-fixation in 1%

       osmium  tetroxide  in the same  buffer evernight

       on  ice. Fixed  tlssueg were  routinely  treated

       ior thln  sectioning  en  a  Porter-B]um  MT-2B

       ultratome.  The  sections  stained  svith  uranyl

       acetate  and  lead citrate  were  examined  in a

       Hitachi  HS-8 electron  microscope  operated  at

       lOkV.

          For  electroph}'siolog'ical  experiments,  a

       head  piece  isolated under  dim  red  lig'ht was

       mounted  on  a  sheet  of  moistened  Mter  paper

       with  the  cuticular  side  up.  A  glass  capillary

       microelectrode  filled with  2M  KCI  (2.5MP.
       in the tip  resistance)  Nvas  applied  vertically

       onte  the  preparalion  and  the  indifferent elec-

       trede  of  a  silver  plate was  placed  beneath

       the filter paper.  Electrical responses  "Tere

       amplified  and  disp]nyed on  a  dual beam

       oscilloscope  (Nihon Kohden,  VC-7A)  with  a

       time  constant  of  02  sec,  The  positivity  of
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 the  recording  electrode  was  shown  as  an

 upward  defiection, The  stimuraling  Iight

 source  "'as  a  35YLF tungsten  filament lamp

 "'hich  was  admitted  by means  of  an  eleclro-

 rnagnetic  shutter  and  led te the  preparation
throvgh  an  infrared absorbing  filter and  a

 !ight guide  (10,OOO lux at  the  surface  of  pre-

paration).

                Results

    Photereceptor-like  cells  that  lie perpen-
dicular to the  cuticular  surface  (Fig, 1) are

scattered  under  the cuticle  of  the  prostomium,
about  30stm  deep, and  their  distribution is

nol  limited to the  ocel]ar  region,  The  ce]1

is pear-shaped  and  ciliated,  The  uniqueness

of  its structure  is that  the  nucleus  is situated

at  the  bottom  of  the  cell  whereas  the  ci]ia

have  their basaL structure  beneath  the  cutic]e

and  run  threugh  a  narrow  neck  (2-3gm in

diameter;  l5-201tm in length) that  connects

the  two  extreme  sides  of  the  ceLl. At about

the  middle  of  the  cell  length, the  eiLiary

sheath  branch  out  afid  form  a  bulbous  mass

<7-10 ,um
 in diameter)  of  microyilli  above  the

nucleus.  The  microyi]Ii,  O,l5,um thick  and

spaced  svith  a  gap  of  abou[  14nm,  are  not

arranged  i'n a  fixed pattern but appear  to be

a spirally  coiled  "'hor].  This  may  be cal]ed

a phaosome.  Microtubules of  each  cilium

haye  a pattern Df  2T-9 × 2 at  first but the

centra]  pair are  soon  ]o$t, The  fate of  the

peripheral doublets  was  not  determined,  but

single  tubules  were  occasionaH)r  observed

xvithin  some  of  the  yil]i,  

'

   The  center  of  the  phaosome  is fi11ed with

Fig. 1. The  photoreceptor-]ike  cell.  A,
     Golgi complex;  M,  mitochondria  of

     thelial  cell;  Nr,  nuc]eus  of

     arrow  indicaies  an  axon-]ike  process,
Fig, Lt, The  cleft  (arroxv) extending  ou[ward

     Cm,  cell  membrane;  C[,

     R, ribosomes;  V,  vesicle,  Sca]e/ O.L) ptm,
Fig. 3. The  c]eft  (arrow) extending  inwaTd  

'

     Sca]e: e.Lt ttm,             '

GoTo".

        amorphous

          light

   receptor-]ike

           Scale

              from

ciliary  microtubules

            Irom

 an  amorphous  electron-opaque  matrix  (Fig.
 1), which  may  be regarded  as  a  primitive

 ]ens-Jike structure  by  ana]ogy  to a humor  in

 a  pulmonate  snail,  Hetix asPersa  (Eakin and

 Brandienburger,  1967),

    The  important  question  of  whether  or  not

 the  phaosome  is structurally  connected  u'ith'

 the  outer  ptasmalemma  cannot  be posjtively

 answered.  Hosvever,  the fact that  clefts  are

 seen  frequently  extending  outward  from  the

 phaosome  (Fig. 2) as  well  as  inward  from the

 cell  surface  (Fig, 3) may  suggest  the  presence

 of  mernbrane  continuity,

    The  nucleus,  6gm  by  :1 fim,  is often  ir-

 regu]ar]y  shaped.  The  cell  is proyided  with

 well-cleveloped  Golgi complexes  and  many

 vesic]es  (O.1 Ftm  in d{ameter),  rough-surfaced

 endoplasmic  reticu]a  and  ribosomes  (O.O? ptm)
 but on]y  few  rnitQchonclria  and  pigment  gra-

 nules  (Fig. 1). A narrow  process projecting

 frem  the  innermost  region  of the  cell  was

 ahvays  observed  (arrow). This  rnay  be  an

 axon,  but lacking evidence  with  serial  sec-

 tions,  any  conclusion  must  be  reserved  for

 i'uture work,

    The  photoreceptor-like  cell  is surrounded

 by epithelial  cells  and  electron  light  cel]s  of

 unknown  function. The  epithelial  cells  may

 be supportive  in function, fof they  not  only

 deep]y  interdigitate with  the  recep:or-like

 cells, but also  desmosomes  and  septate  junc-
 tions  are  frequently  observed  betNveen the  two

 types  of  cells.  The  light cell,  on  the  other

 hand, may  be characterized  bythe  abundance

 of mitochondria  and  microtubules.  Though

 not  shown  in the  figure, it projects in addi-

   
matrix;  B, basal bodyl C, cilium;  G,

cel];  Mt,  microtubules;  Ne, nuc]eus  of  epi-

cell;  Ph, phaosome;  Tf, tonofilament.  An
 :1um.   '

    the  phaosome  in the recepteT-like  cei].

  ; Nr, rough-surfaced  endoplasmic  reticulum  ;

 the  cell  membrane  in the  recepter-Iike  cell,

-
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  Responses from  the  cuticular  surface  of  the  head region  (pro- and  pertstomium),

(IS"C). Lig'ht
 slimuli  were  delivered  at  constant  inters'als {2 sec).  Occasional]y,

sDontaneous
 pulses  from  the  brain  u'ere  seen  (B and  C). Upper records  in A  and  B;

responses  from  the  median  part  of  the  prostomiurn.  Lo-'er  recoTds  in A;responses

      the  anterjor  oce]Ius:  ln B;  aboye  the posterior  oceHus,  Recerds on  the  left

     and  B;  responses  after  3min  in darkness,  Records  on  the  right  in A  and  B;
responses  to  the  9th and  S[h stimuli,  respecttvely.  C;a  responseafter3min  in dark-

     frorn a part  between  anterior  and  posterlor ocelli.  D; a response  after  3min
  darkness  frorn the  peristomium.

         into  the  cuticu]ar  Iayer. These

     suggest  that  the cell  may  be chemo-
mechanoreceptoral,

          responses  recorded  from the

       surface  "'ere  either  positive or

         sign,  depending  on  the pesition

   electrede  (Fig. ･4). Compared  with  the

      responses  Nvhich  xyere  restricted  to

        region,  the  positive ones  were

      distribution, s]naller  in amplitude

           latency in dark-adapted  prep-

      (Fi-ffs. 4A  and  B, left), The

         occurrence  of  the  two  types  of

          be Teversed  by repetitive  sti-

      however, so  that  the  pesitlve Te-

    appear  before  the  negatjve  ones  at  the

8th or  9th stimuli  (A and  B, right).  The

differenee in adaptability  as  well  as  the  op-

posite po]arity may  be taken  to inclicate that

the  two  are  originated  from  different sources.

The  negative  responses  are  possibly derived

from  the  ocellus,  because  as  the electrode

wasshifted  a"'ay  from  the  ecel]ar  region,  the

amplitude  became  srnaller  (Figs, 4C  and  D).

It is pSausible that the  positive responses

haye  been  deriyed from some  photoreceptoral
elements  ether  than  oce]]i  in the  prostomium.

               Discussion

   The  phaosomal  stnicture  descrlbed  above

is similar  in some  respects  to  that  of  the

earthworm,  L"mhricus  terrestris (ROhlich vi  ag.,

-
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1970) and  the  leech, Ifelobdeila sta.onalis

(Clark, 1967). Though  the  presence  of  the

ciliary  structure  resembles  that  of  the  eavth-

worm  cells,  the separation  of  the  basal struc-

ture and  the  nucleus  at  the  t"'o  extremes  of

the pear-shaped  ce]l  is entirely  ne"'.

   The  analog.  y  arneng  the  three  cells  ]ies

in that  the  rnass  of  micros'ilii  is surrounded

by the  ce]1  from  svhich  they  originated.  In

the  leech, the  continuity  betxyeen  the  phao-

some  and  the  ce]l  rnembrane  has  been  demon-

strated  morphologicall'y  (SYhite and  Walther,

1969) as  well  as  electrophysio]ogically  (Fiera-
vanti  and  FuorLes,  19T'2), but not  in the

earthworm.  Nor  was  it possible to  reyeal

the  continuity  in Lhis  species,  but we  cannot

dismiss  at  this  stage  the  possibility of  its

presence  throu.ffh deep  invaginations of  the

cell  membrane.  The  presence  of  the  dermal

photoreceptors  has  been  suggested  in eyeless

preparations of  Nereis  b}' behavioral  responses

(Evans, 1969) as  well  as  bv  tmpulse  genera-

tions  (G"'illiam, 1969). The  s]ew  potentials

recorded  in the  present  stud},･  may  be consid-

ered  to have been  o[iginated  from  extrao-

cular  elements.  It is thus  highly  probable,

but is sti]l to be determined that  the pho-

tereceptor-like  ce]ls  are  the source  of  such

electrical  activities,
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