
464 ~IOCHZMlCA I~;'l ' BI(IPIIYSICA ACTA VOL. 1 6  ( I955 )  
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The trichocysts of Paramecium have been extensively studied with the light 
microscope 1, and they were first examined in the electron microscope by JAKUS and 
co-workers2,3, 4. The shaft of the discharged organelles proved to have an interesting 
submicroscopic structure, being composed of a fibrous protein with prominent cross 
striations. The period of the cross striations was less than that for collagen fibres, and 
some of the chemical properties of the shaft were shown to resemble those of collagen. 
Other investigations on the structure of the trichocysts have been made with the 
electron microscope by a number of workers 5,6,7,8,U, ~0,~. 

Concurrently with an investigation on the cilia of Paramecium ~2, some observations 
were made on the structure of the trichocysts. This paper is an account of these findings. 

EXPERIMENTAL 

Paramecia, of unident i f ied  species, were grown in O s t e r h a u t - v e g e m i t e  cu l tu re  med ia  la, t w o  
concen t r a t ions  of vegemi t e  (o .o5-o. i  '}o and  o.2 0. 3 }~)) being used.  The  o rgan i sms  were t ransfe r red  
to dist i l led wa te r  and  concen t r a t ed  by  gent le  cen t r i fuga t ion .  Af ter  the  s u p e r n a t a n t  liquid had  been 
kep t  ove rn igh t  in the  ref r igera tor  it  con ta ined  d i scharged  t r ichocys ts .  Pa r t i cu la r ly  af ter  harder  
cen t r i fuga t ion ,  cell f r agmen t s ,  inc luding  pieces of the  pellicle and  res t ing  t r ichocys ts ,  were also found  
in the  suspens ions .  

Tr i chocys t s  were examined ,  bo th  wi th  and  w i t hou t  f ixat ion in 2(~(, os in ium te t roxide ,  af ter  
d ry ing  drops  of the  suspens ions  on to  collodion fihns. 

The  ine thod  used  for p repa r ing  sect ions has  a l ready  been indica ted  12, the  e m b e d d i n g  being 
carr ied ou t  essent ia l ly  as in PALADE'S p rocedure  14. Sect ions of res t ing  t r i chocys t s  were ob ta ined  
f rom o rgan i sms  p r o m p t l y  fixed af ter  t h e y  had  been t rans fe r red  to disti l led water ,  while sect ions 
of the  d i scharged  organel les  were mos t l y  cfl)tained from at p repa ra t ion  in which f ixat ion was delayed 
for several  hours .  

The  electron microscope used for these  inves t iga t ions  was a Phil ips "Meta l ix"  i n s t r u m e n t  
opera ted  a t  6o or 8o kilovolts .  The  magni f ica t ion  me te r  was ca l ibra ted  aga ins t  po lys ty rene  la tex  
part icles.  

RESULTS 

Resting trichoeysts 

Whole undischarged trichocysts were occasionally found on specimens, and they 
each consisted of a dense body and a tip similar to the structure seen on the discharged 
trichocysts (Fig. I). As the whole organelles were electron optically opaque it was 
necessary to examine sections in order to study their internal composition. Fig. 2 is a 
section of JParamecium showing three trichocysts which appear to be located in cavities 
in the cytoplasm. Cone-shaped structures surround the tips and lead to the surface of the 
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ceil. The body is surrounded by a membrane adhering closely to its contents, which 
consist of a dense and apparent ly homogeneous material. 

In sections, the resting trichocysts were often traversed by striae produced in 
sectioning; this suggested that  they were 
harder in composition than the surroun- 
ding tissue. The denser regions on one side 
of the trichoeysts in Fig. 2 were also 
probably produced during sectioning. 

l:ig. i . Resting trichocyst and parts of several 
discharged trichocysts (lO,OOO). 

~ : i  iz ¸ q 

Fig. 2. Section of Paramecium showing resting 
trichocysts (×: t4,ooo ). 

I:ig. 3. se(-ti(n~ of Paramecium 
s h ~ w i n , ~  l h o  t ' l l t r  3" l l f  ~1 c i l i u m  ~il/,;1 
t i l t '  s t r t l t t t u r ~ "  i ) f  t i l t  ~ pellicle 

( ,  3t~,o(>o). 

lfc/('rcJ~cf's k" 47 °. 

7"l~e pelliclt; 

I t  is of interest to compare the appearance of detached pellicular fragments 15 with 
that seen in sections obtained in the present investigations. Sections (Figs. 2 and 3) 

showed that  the pellicle itself was a double membrane, 
with outer layer continuous with the ciliary membranes 
and inner layer continuous with a membrane closely 
applied to the cytoplasm. The pellicle was separated 
from the cytoplasm by large gaps, except at the de- 
pressed ciliary entry points, and at trichocyst exit points 
and other ridges in the cytoplasm (Figs. 2 and 3). These 
ridges undoubtedly correspond to the edges of polygons 
seen oll the surface of P a r a m e c i u m  t5,16. Indeed, the 
general picture revealed in these sections is in accord 
with previous observations, although a fibrous network 
defining the polygons ~5 was not seen. 

Discharged  tr ichocysts  

Whole discharged trichocysts, similar in appear- 
ancc to those described by other authors a, 11, w e r e  ob- 
served. Such shafts were low in density and very flat 
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(Figs. I and 4), but  occasional ly  less col lapsed shafts  were seen. Some shafts  with 
s t ra t i f ied  deposi ts  of denser  mater ia l  on them were found in most  p repara t ions  (Fig. I). 
However ,  when the t r ichocys ts  were d ischarged from organisms grown in the more 
concen t ra ted  cul ture  medium,  besides t r ichocysts  with such low dens i ty  shafts,  others  
were observed which were e i ther  homogeneous ly  dense s t ruc tures  or which had dense 
cores (Fig. 5). The high dens i ty  of the former appea red  to be the result  of the  deposi t ion 
of denser  mater ia l  on the  outside of the shaft ,  and,  in such cases, the shafts  did  not  
f la t ten grea t ly  on drying.  

The low dens i ty  shafts  usual ly  appeared  s l ight ly  denser a t  the centre than at the 
peripheries,  an effect which, i t  is suggested,  is caused by the solid na ture  of the col lapsed 
shaft .  Those found in p repa ra t ions  from P a r a m e c i a  grown in more concen t ra ted  cul ture  
med ia  often had sharp and ex t r eme ly  dense cores, which were higher than  the less dense 

Fig, 4. Discharged  t r i chocys t s  showing  
the  superpcr iod ic i ty  ( , i(~,ooo}. 

l"ig. 5. Discharged t r i chocys t s  from organ i sms  grown in 
the  llll)l'U cl)Rc(?ntratcd ('ll]ttlFC lllt!ditll/1 ( .  5,ooo). 

per ipher ies  of the shaft .  The cross s t r ia t ions  passed across tile whole shaft,  but the 
impress ion was given tha t  the cross s t r ia ted  mater ia l  sur rounded  a central  denser 
core (Fig. 5)- 

Sections of t r ichocys ts  from the more concen t ra ted  cul ture  medium showed no clear 
evidence of a central  core different in COml)osition from the outer  layer,  a l though 
sometimes,  there  were regions of s l ight ly  different dens i ty  in the centre of the shaft. 
The cross s t r ia t ions  were prominent  in sections, and  each dark  band appea red  to consist 
ot three fine lines (Fig. 6). 

The per iod of the cross s t r ia t ions  in whole t r ichocysts  was of the  same order  as 
found bv JaI~US a. In the few sections obta ined,  the per iod var ied  over  a much wider 
range;  the apparen t  period might  b(, expectcd to incrcasc with obli(Ffity of the scott(m, 
but the min imum (,I,scrvc(t w a s  a])(~lll 400  . \ ,  which is c~msi(lcrab]\' less lhan  lhc 52o-  

Igcflucmc< /,. t7 , .  
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580 A usual ly  found in the whole shafts.  This difference 
m a y  be the  resul ts  of differences in t r ea tmen t .  

In  hoth  whole and sect ioned t r ichocysts ,  no signs 
of a membrane  sur rounding  the cross-s t r ia ted  ma te r i a l  
were seen. 

lgig. O. Sections of discharged tri- 
choc\'sls sh{,wing fine structure 
(arrow) in the cross striations 

( ,  40,{)00). 

The sup,~rperiodicity i~ the shafts o~ discharged trichocysts 

As o ther  authorsa,7, n observed,  a superper iod-  
ic i ty  is super imposed  on the cross s t r ia t ions  of the 
t r ichocys t  shaf t ;  the per iod is four t imes  tha t  of the 
cross s t r ia t ions .  I t  usual ly  consists of lines of grea ter  
dens i ty  t ravers ing  the shaft  at  an angle to the  cross 
s t r ia t ions ,  so t ha t  on the per ipher ies  of the  shaft ,  the 
ends of the  lines coincide with dark  bands  of the cross 
s t r ia t ions.  Each line takes  twice the  iperiod of the  
cross s t r ia t ions  or half of the  superper iod  to cross the 
shaft  (Fig. 4). When  shadowed so t ha t  the  direct ion of 
shadowing  is perpendicu la r  to the cross s t r ia t ions,  "~hese 
lines appear  as r idges  which are most prominent  a t  the  
edges of the  shaft  (Fig. 4)- Project ions  of these r idges 
beyond  the edges of the  shaft  appea r  to correspond to 
the a l t e rna te  tuf ts  or spots  previous ly  descr ibed a, 11. In  
less col lapsed shafts  the contours  of the edges of the  
shaft  are re la ted  to the superper i -  
odici ty .  In  a few of the  t r ichocysts  
which had been t r ea ted  with 
phosphotungs t ic  acid, the shaft  

appea red  to be sur rounded  by  a fine helical cord with p i tch  equal 
to the superper iod.  

The superper iod ic i ty  was somet imes  re ta ined  by  the  com- 
t)onent fibrils in shafts  which had  frayed.  In  Fig.  7, for example ,  
it is mani fes ted  as a wave-l ike configurat ion.  

Many t r ichocysts  did  not  exhibi t  the  superper iod ic i ty  at  all, 
while in others  it was appa ren t  in only pa r t  of the  shaft .  Sections 
usual ly  showed no traces of the  superper iodic i ty ,  bu t  in some, 
denser  lines t ravers ing  the shaft  a t  an angle to the  cross s t r ia t ions  
and pro jec t ing  beyond  the edges had  a per iod  four t imes  tha t  of 
the cross s t r ia t ions.  

The effect o/ hca.ting tfichocysts 

Discharged t r ichocysts ,  on being hea ted  to t e mpe ra tu r e s  of 
the same order  as the  shr inkage t e m p e r a t u r e  of collagen, underwent  
a p ronounced  change in appearance .  Af ter  being hea ted  to about  
8o ° C the shaft  was a re la t ive ly  dense nar row s t ructure ,  su r rounded  
by  what  appea red  to be a helical  cord (Fig. 8). In the  less dense 
shafts,  this  appearance  was seen to resul t  from the shape of the 
surfime of the shaft ,  r a the r  than  from a separa te  helical component  

leelcreJlccs p. 47 o, 

Fig. 7. Discharged 
trichocyst in which 
the shaft has frayed 

into fine fibrils 
( ,  ,,5o{~). 
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(Fig. 8). The cross s t r ia t ions  t r aversed  the whole s t ruc ture ,  ' ....... 
and  the pi tch  of the  helix was again  four t imes  tha t  of the  
cross s t r ia t ions.  In  f rayed  shafts  the helical charac te r  was 
evident  in the componen t s  as a w a w q i k e  configurat ion.  ~. 

Because of the wide range of lengths found for unhea ted  ~-  
t r ichocysts ,  it wits difficult to de te rmine  whether  these con- 
t r ac ted  longi tud ina l ly  on heat ing.  However ,  f requent ly  the 
shafts  appea red  to be unusual ly  short ,  and in such in- 
stances,  the  pi tch  of the associa ted helix was its nmch as 

half  of the  normal  superper iod.  
-- ;~=;~ Af ter  a suspension conta in ing  t r ichocvsts  

d ischarged from organisms grown in the 
more concen t ra t ed  cul ture  medium had been 

~ hea ted  to ahout  ~)5' (', s imilar  t r ichocvsts  
• were observed,  but  in addi t ion ,  in some of 

the  shafts,  separa t ion  into a dense core and a 
less dense sur rounding  layer  occurred.  This 
gave the impression that  in the more 
compac t  par t s  of the shaft (Fig. q) the cross 
s t r i a t ed  mater ia l  sur rounded  the denser core. 
In such cases the helical s t ruc ture  was usual ly  
confined to the central  region. The cores, 
themselves,  in cont ras t  to those in unhea ted  t r ichocvsts ,  were wave-l ike 
in appearance ,  suggest ing cont rac t ion  of the surroundin~ mater ia l .  
Hea t ing  to 4 °` (~ (lid not affect the t r ichocysts .  

N 

l"i~. 8. P a r t s  o f  t h e  s h a f t s  
~f  d i s c h a r g e d  t r i c l m c v s t s  
a f t e r  h e a t i n u  t o  a l ) o u t  ,~) (" 

I t ) I ( ) ( ) ( )  I .  

l"ig. (~. I ' a r t  ~1 t h e  s h a f t  (~l a d i s c l m r g e d  t r i c h , ) c y s t ,  I r o m  t h e  ram' , -  c ~ m c e m r a t e d  
c u l t u r c  m e t l i l l m ,  a f t e r  h e a t i n g  l o  a l ) ( m t  ~)5 (" , 2o.oo()) .  

I)ISCUSSION 

lqeslin~, lrichocysts 

,]AKITS 3 observed on]}" whole res t ing t r ichocysts  wi th  caps sur rounding  thei r  tips. 
In the present  invest igat ions ,  p repara t ions  y ie lded  only t r ichocysts  wi thout  these caps. 
However,  in sections, cone-shaped s t ruc tures  were observed sur rounding the t ips of the 
t r ichocysts .  

:ks t(Rt;(;ER 1 observed,  the res t ing t r ichocys t  is sur rounded  by a membrane .  The 
body,  af ter  fixation, appears  to be occupied by a dense, hard and a ppa re n t l y  homogeneous 
mater ia l .  

l)ischarg~cd lrichocysts 

As random sections of t r ichocyst  shafts  are t ) rominent ly  cross-s t r ia ted,  it  is clear 
tha t  the bulk of the shaft  must  be occupied by  the cross-s t r ia ted substance.  The usual 
very fiat charac te r  of whole t r ichocyst  shafts  must,  therefore,  be the result  of tile loss of 
large quant i t i es  of water  in drying.  

It is n()t surpr is ing tha t  the shaft  is n()t .~uirounded by  ~ separa te  meml)rmw in 
\ ' iew ()[" the elongat ion involved in discharge..[.kl<lJs a regarde(l  the cross-s t r ia ted laver as 
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a membrane,  which KRUGER 1 had described from obseivations with the dark field 
microscope. He also found within the membrane,  a "Quellkorper",  the swelling of which 
was responsible for the elongation of the shaft on extrusion. JAKUS s did not find this 
structure, but it appears from the present investigations, that  the cross-striated material 
itself is the "Quellkorper".  

I t  might appear from the observations on whole trichocysts that  the core of the 
shaft is occupied by  material different in composition from the outer layer, but this is not 
confirmed from the sections. 

The dense deposits occurring on the outside and inside of the shafts of trichocysts 
from organisms grown in the more concentrated culture medium, are probably slats 1°. 
Their occurrence could be associated with the uptake of water involved in discharge, or 
it may  reflect an osmo-regulating function as WOHLFARTH-BOTTERMANN 10 suggested. 

The cross-striated fibrils 

As JAKUS a has pointed out, the cross striations of the trichocyst shaft superficially 
resemble those of collagen. The superperiodicity, which is clearly of a helical character, 
is a more unusual feature. Some authors n considered it to be the result of a helical fibre 
surrounding the shaft. While there is evidence to support this view, it cannot be reconciled 
with the appearance of frayed shafts, of heated trichocysts, or of some sections. Though 
sometimes apparently restricted to the denser core of the shaft, it is more probably an 
inherent structural feature of the organised cross-striated fibrils. 

.JAKuS a has shown that  in some ways the trichocyst shaft resembles collagen, and 
although like collagen, it is profoundly changed on heat denaturation, it does not appear 
to contract to the same. extent, and unlike collagen, it retains the cross striations. 
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S U M M A R Y  

Some fea tu res  of t he  s t r u c t u r e  of t r i chocys t s  h a v e  been  de t e rmined  f rom obse rva t ions  on 
sec t ioned  t r i chocys t s  and  f rom fu r the r  obse rva t ions  on whole t r ichocys ts .  T h e  res t ing  t r i chocys t  
consis ts  of t ip  and  b o d y w h i c h  is s u r r o u n d e d  by  a m e m b r a n e  and  occupied by  a p p a r e n t l y  h o m o g e n e o u s  
mater ia l .  The  sha f t  of t he  d i scharged  t r i chocys t  is largely composed  of c ross -s t r ia ted  fibrils, and  
i t  h a s  no s u r r o u n d i n g  m e m b r a n e .  A superper iod ic i ty  of helical  cha rac t e r  is man i f e s t ed  in severa l  
different  fo rms ;  i t  is p robab l y  a~st ructura l  fea ture  of t he  c ross -s t r ia ted  fibrils r a t he r  t h a n  a sepa ra te  
helical  fibre. The  a p p e a r a n c e  of t he  t r i chocys t s  depends  on t h e  original  cu l ture  m e d i u m ,  and  i t  is 
p ro found ly  changed  on hea t ing .  

RI~SUMI;; 

Les  obse rva t ions  sur  des t r i chocys tes  sec t ionn6s  et  sur  des t r i chocys tes  ent iers  on t  pe rmis  de 
d6 te rmine r  que lques  t r a i t s  de la s t r uc t u r e  de ces organi tes .  Le t r i chocys te  au  repos  es t  cons t i tu6  
pa r  une  ex t r6mi t6  et  u n  corps qui  es t  en tour4  d ' u n e  m e m b r a n e  et  rempl i  d ' u n e  s u b s t a n c e  a p p a r a m -  
meri t  homog6ne .  La  fl6che du  t r i chocys te  d6velopp6 es t  compos6 essent ie l le lnent  de fibrilles stri6es 
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t ransversa lement  et n 'es t  pas entour~}e d 'une membrane.  Uric superp~riodicitd de caractbre hdlicoidal 
est observable darts plusieurs formes diff6rentes; elle t ient  A un trai t  s t ruc tura l  des fibrilles stri6es 
t ransversa lement  p lu t6 t  qu'& une fibre h61icoidale distincte. L 'aspect  des trichocystes ddpend du 
milieu de culture initial e t e s t  profonddment  modifi6 par  chauffage. 

ZUSAMMENFASSITN(;  

Einige Tatsachen fiber die S t ruk tu r  yon Trichocysten wurden durch Beobachtung yon durch- 
schni t tenen und zusXtzliche Beobachtung von ganzen Trichocysten festgelegt. Die ruhenden Tricho- 
cysten bestehen aus Spitze und Rumpfteil ,  welche yon einer Membran  eingeschlossen und nlit 
scheinbar  homogenem Material geffillt sind. Der Schaft der entfal teten Trichocysten besteht  grOssten- 
teils aus quergestreif ten Fibrillen und besitzt keine Membran.  Eine fibergeordnete Periode yon 
schraubenar t igem Chara!~ter zeigte sich verschiedentlich an ihnen, doch handel t  es sich hier eher 
unl eine s trukturel le  Eigenschaft  der quergestreif ten Eibrillen, als um eine getrennte  schraubenart ige 
Faser. Das Aussehen der Trichocysten h~ngt  yon der ursprfinglichen Nahrfltissigkeit ab und wird 
dutch  Hitze vOllig ver~ndert.  
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