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ABSTRACT: Pirsonia gudnarch'ae gen. et spec. nov. was discovered as a parasite on Guinardia 
flaccida in the North Sea near  List/Sylt during a bloom of this centric planktonic diatom. It is a 
colourless, small flagellate with an oblique cell apex and two subapicaily insert ing flagella of 
different length and  different orientation. The flagellates at tach to a host cell and form an  antapical  
process which pierces the diatom fmstule and develops inside into a "trophosome", consisting of a 
proximal digestion vacuole and  distal pseudopodia which phagocytise host cytoplasm. The main 
body, the "auxosome", remains outside the host ceU. The trophosome persists for some time after the 
de tachment  of the auxosome or its derivatives. There are two types of Pirsonia guinardiae. Type A 
at taches to the valvae as well as to the girdle region, the auxosome remains flagellated and  general ly 
detaches after the feeding process to divide twice {seldom 3 times). Thick-walled (resting?) cysts are 
formed, Occasionally, a fusion of two sister cells has been  observed. Type B attaches only to the 
valvae; the auxosome lacks flagella; it divides during the feeding process to give rise to a bouque t  of 
8 to more than 50 daughter  cells which become flagellated when  they detach. The taxonomical  
position of the flagellate is discussed. Diagnoses of genus  and species are given. 

I N T R O D U C T I O N  

D u r i n g  r o u t i n e  w e e k l y  p h y t o p l a n k t o n  m o n i t o r i n g ,  in  J u l y  1989, a b l o o m  of t h e  

c e n t r i c  p l a n k t o n i c  d i a t o m  Guinardia flaccida w a s  o b s e r v e d  in  t h e  W a d d e n  S e a  n e a r  Lis t /  

Sylt  ( G e r m a n  Bight ,  N o r t h  Sea).  T h e  p o p u l a t i o n  w a s  h e a v i l y  i n f e c t e d  b y  a h i t h e r t o  

u n d e s c r i b e d  pa ra s i t i c  f l age l la te .  As  ye t  w e  c a n n o t  a s c r i be  i t  to a n y  of t h e  k n o w n  taxa .  

W e  s t u d i e d  t he  s t r u c t u r e  a n d  d e v e l o p m e n t  of th is  f l age l l a t e  a n d  its m o d e  of food  

u p t a k e  a n d  o b s e r v e d  a n  u n u s u a l  p s e u d o p o d i u m -  or h a u s t o r i u m - l i k e  a n t a p i c a l  cel l  

d i f f e ren t i a t ion ,  t h e  " t r o p h o s o m e " ,  w h i c h  p e r f o r m s  p h a g o c y t o s i s  a n d  d i g e s t i o n .  L a c k i n g  

c lose  s imi la r i t i e s  w i t h  o t h e r  f l age l l a t e s ,  a n e w  g e n u s ,  Pirsonia, w a s  e s t a b l i s h e d ,  in  h o n o r  

of Prof. Dr. A. Pirson,  G 6 t t i n g e n ,  a n d  t h e  s p e c i e s  n a m e d  Pirsonia guinardiae. T w o  t y p e s  

( type  A a n d  B) a re  d i s t i n g u i s h e d ,  e a c h  s h o w i n g  d i f f e r e n t  d e v e l o p m e n t ,  a n d  t h e i r  r e l a t i o n -  

sh ip  is d i s cus sed .  

* Dedicated to Prof. Dr. A. Pirson on the occasion of his eightieth birthday. 
" * Mitglied der Taxonomischen Arbei tsgruppe an der Biologischen Anstalt  Helgoland. 
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MATERIALS AND METHODS 

We used  p lank ton  samples,  freshly collected from the W a d d e n  Sea n e a r  List/Sylt, in 
addi t ion to raw cul tures  of the host, Guinardia  flaccida (Castr.) Pe raga l lo  (Centrales,  
Baci l lar iophyceae) ,  and  of the parasi te .  They  were  kep t  in Petri dishes  in t he  Met  m e d i u m  
desc r ibed  by  Sch6ne & Sch6ne (1982) at 16~ and  unde r  a 14:I0 h l i gh t : da rk  regime.  
Subsequen t  to this study,  clonal  cul tures of paras i te  and  host  could b e  es tab l i shed .  

The paras i te ,  t oge the r  with infected host  cells, was s tudied  mainly  in t h e  l iving stage,  
in the  Petri  dishes,  by  means  of s ea -wa te r  immers ion  object ives  (Leitz). The  d e v e l o p m e n t  
was  documen ted  b y  flash l ight  pho tographs  and by  means  of a v ideo  recorder .  The  h igh  
sensi t ivi ty of the  paras i tes ,  especia l ly  "Type B" cells, p r e v e n t e d  an obse rva t ion  of the  
same cell over  severa l  hours. The documenta t ion  of the comple te  d e v e l o p m e n t  of an 
indiv idual  cell was  thus impossible.  The figures are  a r r anged  with r e s p e c t  to the  two 
types,  not  to the deve lopmenta l  stages.  Each figure has  the  magnif ica t ion  x 1000. 

DNA was  s ta ined  with DAPI. 
We name  the par t  of the paras i te  inside the diatom shell  the " t rophosome" ;  this par t  

is spec ia l ized  for food up take  and digestion.  The nuc lea te  par t  g rowing  a n d  dividing 
outs ide the d ia tom shel l  we name  the "auxosome".  Trophosome and  a u x o s o m e  form the 
t rophont ic  phase ,  the  "trophont",  of the  parasite.  

RESULTS 

I n f e c t i o n  r a t e s  

In the  first w e e k s  of July  1989, Guinardia flaccida was the domina t ing  p l a n k t o n  a lga  
near  the ha rbour  of List as well  as in the open sea. The [empera tu re  of the  w a t e r  init ial ly 
r anged  b e t w e e n  17 ~ and  19 ~ then d ropped  to 1~~ wi thout  inf luencing the  a b u n d a n c e  
of the a lgae  and  the parasi tes .  On Ju ly  11, about  25 000 cells pe r  dm -3 w e r e  p resen t  of 
which  at  least  15 % were  infected with Pirsonia; by Ju ly  19 at leas t  30 % of abou t  55 000 
cells pe r  dm -3 were  infected, whe reas  on July 28 the cell  dens i ty  of Guinardia had  
d r o p p e d  to 2000 cells pe r  dm -3 and  about  20 % were  parasi t ized.  Pirsonia h a d  not  been  
de tec ted  dur ing  rout ine p lankton  moni tor ing in the previous  years .  

The freshly col lected mater ia l  conta ined  mainly  the type  B, w he re a s  t h e  type  A was 
found only rarely.  In raw cultures, the la t ter  soon became  appa ren t  and  then  dominat ing,  
ex t inguish ing  the host  within a few days.  In contrast, type B d id  not r e a d i l y  deve lop  in 
culture. All  exper iments ,  therefore, were  carried out with type  A. 

T h e  f l a g e l l a t e  s t a g e  

The  moti le  s t age  of the paras i te  consists of small,  colourless f lage l la tes  which  have  
the same  s t ructure  in both  type A (Figs 1-5) and type  B (Fig. 44). They  a r e  var iab le  in 

Pigs 1-7. Pirsonia guinardiae, type A, on Guinardia flaccida, x 1000. Scale bar 10 ~m. Fig. 1. Free- 
swimming flageUate with shorter anterior (right) and longer posterior flagellum (left}. Figs 2 and 3. 
Hagellate swimming along a host cell, two consecutive micrographs, flagella partly out of focus. Pigs 
4, 5 and 6. Attachment of a flagellate, intervals of about 20 sec between the single micrographs. 

Fig. 7. Many young trophonts in the girdle region of a single host cell, valvar view 
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shape  and  size, genera l ly  e longate  and  la tera l ly  sl ightly f la t tened  w i t h  a l ength  of 
7-12 ~m and  a width  of 5-7  ~m. The ovoid nucleus  is eukaryot ic  and  m e a s u r e s  4 x 3 ~m. 
The cells contain  many  refractive granules,  main ly  in the an tap ica l  region o f  the  cell, bu t  
no vacuoles.  The  apical  par t  of the cell is  obhque;  there  a re  two f l age l l a  inser ted  
subapica l ly  (see also Figs 8, 10), close toge ther  nea r  the  nucleus.  They  di f fer  in l eng th  and  
in orientation.  The  anter ior  f lagel lum measures  about  15 ~m, the  other  i s  about  25 ~m 
long and  or ien ted  backward  (Fig. 1). The difference in l eng th  can also b e  seen  dur ing 
f lagel lar  d e v e l o p m e n t  (Fig. 43). The f lagel la tes  swim rapidly,  genera l ly  i n  a quiver ing 
movement ,  and  are  able  to change  direct ion abrupt ly  into reverse.  

A t t a c h m e n t  

The f lagel la tes  seem to be  a t t racted chemotact ica l ly  by  the host  cells. ~Nhen vege ta -  
tive Guinardia cens  are  put  into a dish with f lagel la tes  that  have  been  s t a r v e d  for some 
time, the  f lagena tes  approach  a host  cell wi thin one minute,  s w i m m i n g  wi th  their  
f lagenar  side a long  the surface of the frustule (Figs 2, 3). Within less than  5 min, the  first 
cells a t tach thei r  an tapica l  pole  to the diatom shell  (Figs 4-6). The B type  i s  found near ly  
exclusively on a va lva  (Figs 27-41), whereas  A- type  f lagel la tes  sett le d o w n  both  in the 
girdle  region  (e.g. Figs 7, 14-19) as wel l  as on the va lvae  (Figs 8, 9, 12, 13). The  f lagel la  
wind  a round  the  cell  apex  within 2 sec (Figs 5, 6, see  also Figs 7-12); they  pe r s i s t  in type-  
A cells (Figs 18, 19) but  are  lack ing  in a t t ached  type-B cells (Fig. 27). 

Some Guinardia cells s eem to be  more at tract ive for the  paras i tes  than  others. 
Severa l  type-B cells can be  found upon  a s ingle va lva  (Figs 29, 30, 39) e v e n  in p lank ton  
samples  which  were  not heavi ly  infected. When  cultures with "hungry"  f l age l l a t e s  are  
fed with only a few host  cells, many  (up to more  than, 20) paras i te  cells a t t a c k  a single 
Guinardia cell  (Fig. 7). 

In such r aw  cultures,  but  never  in wild plankton,  also Rhizosolenia delicatula Cleve 
was  found covered  with a t t ached  paras i te  cells of the  A type  (Fig. 46). In th is  case, only a 
few formed a smal l  t rophosome (see below) and  deve loped  further  (Fig. 47). 

I n f e c t i o n  

Soon after  a t tachment ,  the f lagel la te  different iates  into the  t rophont .  It forms an 
an tap ica l  process  which  p ierces  the d ia tom shell  and  becomes  visible as  a smal l  knob-  

Figs 8-17. Pirsonia guinardiae, typeA, on Guinardia flaccida, xl000. Scale bar  10~m. Fig. 8. 
Flagellate attached to a valva just before penetration of host cell, Fig. 9. The valva has been pierced, 
the developing trophosome appears as knob-hke structure (arrowhead). Fig. 10. Developing tropho- 
some in the girdle region; pseudopodia on a plasmolysed, chloroplast-free region of the host 
protoplast (arrowhead). Fig. 11. Young infection stage, the small trophosome (arrowhead) pushesthe 
host plasmalemma inward; valvar region. Note the stellate chloroplasts. Fig. 12. A small digestion 
vacuole, containing one chloroplast, within the trophosome; valvar region. Fig. 13. Later trophont 
stage, a phagocytotic vacuole (arrowhead) in the trophosome between the proximal digestion 
vacuole and the distal pseudopodia upon a plasmolysed, chloroplast-free area of the host protoplast; 
valvar region. Fig. 14. Accumulation of host cytoplasm around the trophosomes of two trophonts that 
have pierced the girdle region. Figs 15-17. Formation of a phagocytotic vesicle (arrowhead) and it~ 

incorporation into the digestion vacuole; girdle region 
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hke  structure in the interior  of the  host  cell (Fig. 9) after about  one hour. It conta ins  some 
refractive granules  typical  of the paras i te  (Pig. 27) and  pushes  the pro toplas t  of the  host  
towards  the interior  of the cell (Fig. 1!). 

F o o d  i n g e s t i o n  a n d  d i g e s t i o n  

The host cytoplasm reacts soon to the  invasion. Cytoplasm and, especial ly ,  chloro- 
plasts  move a long cytoplasmic s t rands  toward  the infection site as if they  are  a t t rac ted  by  
the paras i te  (Figs 27-29). Later  a bu lk  of  cytoplasm, f requent ly  toge ther  wi th  the nucleus,  
concentrates  nea r  the invasion site(s) (Figs 14, 30-37). The chloroplasts ,  which  are  
stel late in una t t acked  parts  of the  cell  (Pig. 11), become spherical .  The pa ra s i t e ' s  process  
inside the host  frustule enlarges  and  differentiates  into the " t rophosbme",  consis t ing of 
an expand ing  "digest ion vacuole"  and  some distal ly s i tuated p s e u d o p o d i a - l i k e  parts  
(Figs 10-13). The ext ravalvar  main  body  of the t rophont  develops  into the "auxosome"  
(see below). Since the accumulat ion of chloroplasts  a round a de ve lop ing  t rophosome (see 
e.g. Fig. 14) h inders  recognit ion of the  further deve lopmen t  in detail ,  the fol lowing da ta  
are  b a s e d  mainly  on cells with mul t ip le  infections, which  have  less mass ive  concen-  
trations of host cy toplasm around  the t rophosome and  often are p lasmolysed .  

Normally,  i.e. in non-p lasmolysed  cells, there  is a more or less nar row space  b e t w e e n  
the t rophosome and  the locally d i sp laced  host  p l a s m a l e m m a  (Pigs 30, 32, 37, 40). Only  at  
the  distal  cup of the globular  part  of the t rophosome are the p l a sma  m e m b r a n e s  of host  
and  paras i te  in close contact. The  structural  detai ls  of this contact  a rea  are  visible only 
when  the ad jacen t  region of the host  cytoplasm is chloroplast-free,  as in p lasmolysed  
cells. Then it becomes  obvious that  the distal  part  of the t rophosome forms irregular ,  
p seudopod ium- l ike  outgrowths which  cover the host protoplast  and  pene t r a t e  into the 
la t ter  (Pigs 10, 13). Here  host and  paras i te  are in t imate ly  inden ted  and  here  is the  site of 
phagocytosis .  In p lasmolysed  host  cells, the g lobular  part  of the  t rophosome with the  
d iges t ion  vacuole  is connected  with the phagocyt i s ing  part  through a cy toplasmic  strand. 
The phagocytot ic  vesicles migra te  th rough  this s t rand from the site of phagocy tos i s  to the 
digest ion vacuole  (Pigs 12, 13, 15-17, 18, 40). 

During phagocytosis ,  a port ion of host  cytoplasm becomes  isola ted from the proto-  
plast  and  is inc luded  in a phagocyto t ic  vesicle. Figures  15-17 show the format ion  of a 
phagocytot ic  vesicle  and  its fusion with the digest ion vacuole  in a p l a smo lysed  A type  
infection; Figures  18 and  19 r ep resen t  similar s tages.  In the A type, a re la t ive ly  small  
phagocyto t ic  vesicle fuses antapica l ly  with the  digest ion vacuole.  

Figs 18-26. Pirsonia guinardiae attached to (Figs 18-20) or detached from Guinardia flaccida (Figs 
21-26), • 1000. Scale bar 10 ~tm. Pig. I8. Two host chloroplasts are phagocytised; girdle region. Note 
the flagella of the auxosome. Fig. 19. Nearly mature auxosome (note the flagella), phagocytosis of 
chloroplasts at the antapical pole of the trophosome; girdle region. Fig. 20. Trophosomes left after the 
detachment of the auxosomes, The arrowhead marks a previous connecting strand between 
auxosome and trophosome, passing the overlap between two intercalary bands. Surface view of the 
girdle region. Fig. 21. Cytokinesis of a detached auxosome. Fig. 22. The two offspring of an 
auxosome after the first division, interphase. Pig. 23. The two offspring of an auxosome, prophase of 
the second mitosis. Fig. 24. Second cytokinesis, note the tetrad-like configuration. Fig. 25. The four 
flagellates derived from one auxosome after the second division. Fig. 26. Eight flagellates derived 

from one auxosome 
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The phagocytotic vesicles of type-B parasite are general ly larger and  conta in  several 
(up to about  10) chloroplasts which become closely appressed to one another.  The 
phagocytotic vesicles can reach a diameter  of 12 ~m or more. Their deve lopment  and 
migration are shown in Figures 32. 33 and 35-37. They become si tuated be t w e e n  the 
plasma membrane  of the trophosome and  the membrane  of the digestion vacuole. As a 
consequence,  the former bulges outward (Fig. 34), whereas the latter extends  into the 
vacuole (Fig. 31). Trophosome and  phagocytotic vesicle often form an aggrega te  like two 
soap bubbles  at tached to each other. 

Only occasionally, and then again in chloroplast-free, plasmolysed host cell areas, 
some parasite cytoplasm can be seen to surround the phagocytotic vacuole  (Fig. 40); 
generally, the two membranes  which ensheath  it (plasmalemma and vacuole membrane)  
are immediate ly  adjacent  to each other so that they cannot  be resolxred in profile view. 
The same is true for the border of the digestion vacuole and  for the A type as well. 

The phagocytotic vesicle moves from the distal end toward the proximal part of the 
trophosome (Pigs 32, 33 and 35-37). Finally, its outer surface is fitted into the circumfer- 
ence of the trophosome and no longer bulges out. Thereafter, the phagocytotic vesicle 
fuses with the digestion vacuole. This process becomes visible by the changes  in the 
appearance  of the chloroplasts. They swell, change their colour, and dis integrate  within 
about 3 rain. Later, they are transformed into an irregular, brownish residual  body. 

The time span of the whole process, from the separation of a portion of host 
cytoplasm to its entrance into the digestion vacuole, varies considerably. It takes a few 
minutes when  only a small droplet of cytoplasm without chloroplasts is ingested,  but  
some 15 min  when the portion is very big. Cont inuous i l lumination impairs  the uptake 
process. In the B type, usually about 5 big portions of host cytoplasm are t aken  up and 
digested. Due to the differences in development  (see be, low), fully grown trophosomes of 
the A type have a rather uniform size (about 15 ~m in diameter) whereas  those of the B 
type may reach 35 ~m. Initially the portions of chloroplast remnants  differ in color and 
structure (Fig. 34). Finally, only a single, brown, dense mass is left behind,  the residual  
body (Fig. 39). The pseudopodial  parts of the trophosome are wi thdrawn at the end  of the 
feeding period. During the whole feeding process there is no vacuole visible in the 
auxosome. 

Pirsonia has a un ique  way of defecation. The remaining trophosome with the 
digestion vacuole and  the residual body persists for a short time when the deve lopment  of 
the auxosome has been  completed (see below) and the latter has detached from the host 
cell (Figs 20, 39). Occasionally, it is then possible to recognize the small connec t ing  strand 
be tween  trophosome and auxosome and to see that it passes the overlap b e t w e e n  two 
intercalary bands  of the diatom shell (Pig. 20). 

Figs 27-31. Pirsonia guinardiae, type B, on valvae of Guinardia flaccida, xl000. Scale bar 10~m. 
Fig. 27. Young infection stage with tiny pseudopodium (arrowhead). Fig. 28. Disintegration of the 
first ingested chloroplasts (arrowhead) within the digestion vacuole. Fig. 29. The first ingested 
chloroplasts have been disintegrated; a group of other chloroplasts begins to be included in a 
phagocytotic vesicle (arrow); arrowhead: border of the trophosome. Fig. 30. A divided and further 
dividing (left) and a not yet divided (right) auxosome. The left trophosome contains a big phagocyto- 
tic vesicle (arrowhead), the right auxosome is in close lateral contact with the invaginated plasma 
membrane of the host cell (arrow). Fig. 31. Trophosome with a big, bulging phagocytotic vesicle, 

filled with chloroplasts 
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The host  cell  pro toplas t  "deplasmolyses"  and recovers  when  the mer r lb ranes  of the 
t rophosome dis integrate .  The res idual  body  is then inc luded  b e t w e e n  the p l a s m a l e m m a  
and the frustute (Fig. 38) and  r ema ins  there  even after the division of the  cel l .  

A host  cell m a y  survive the a t tack  of a single parasi te ,  because  t h e  nucleus  is 
genera l ly  not  i nges t ed  {Fig. 40}. In p lankton  samples  only about  one third o f  the  infected 
cells were  kil led.  In heavi ly  infected cells, the cytoplasm is consumed  n e a r l y  comple te ly  
(Figs 20, 39), f requent ly  with the except ion of the central  vacuole  w h i c h  is f i l led with 
refractive reserve  substances.  

D e v e l o p m e n t  of t h e  a u x o s o m e  

The deve lopmen t  of the type-A paras i te  differs cons iderably  from that  of the  B type. 
Type-A f lagel la tes  a t tach in the girdle band  region but  also on the vaivae.  T h e y  re ta in  the 
f lagel la  which  become  wound  around  the cell apex  in the  very  momen t  of  a t t achment  
{Figs 4-6) and  then  remain  non-motile.  During the feed ing  process  t h e  auxosome 
becomes  th icker  {Figs 17-19}, f inally assuming the shape  of a b ig  app le  w i th  a d iamete r  
of 12-18 ~tm. The  f lagel la  inser t  in an  apical  depression.  Genera l ly ,  t h e s e  cells do not  
divide as long as they  are  a t t ached  to the host cell. 

When  the d iges t ion  process  is finished, the f lagel la  become  mot i l e  again .  The 
auxosome de taches  and  swims away,  but  slowly and  only for a short d i s tance .  It then 
sett les down, r ema in ing  flagellate,  unde rgoes  mitosis and  divides  (Fig. 21). Usual ly ,  there  
are two subsequen t  divisions (Figs 22-25) within one hour. As a r e su l t  a te t rad  of 
daugh te r  cells is formed (Fig. 24), indica t ing  that  the division p lanes  c h a n g e  their  
direction. Occasional ly,  a third division follows (Fig. 26). The  new f l age l l a  a re  formed 
dur ing division. 

Mitotic nucle i  are  conspicuously  globular,  clearly de l imi ted  aga ins t  t h e  cy toplasm 
and  conta in  wel l  d iscernible  chromosomes (Fig. 23). The dividing cells a re  more  or less 
g lobular  (Figs 22, 23) bu t  b e c o m e  i r regular ly  ameboid- l ike  in shape  d u r i n g  cytokinesis  
{Figs 21, 24). 

In two cases, we  observed  two cells of a te t rad  remain ing  close toge the r .  About  
10 rain after the last  division, they became  amoeboid  and  fused (not shown). The 
"zygo te" -hke  cell  b e c a m e  moti le  20 min after  the  fusion. 

As it was poss ible  to exper iment  with type -A cells in culture, da ta  on t h e  l eng ths  of 
the single deve lopmen ta l  s teps  (at 16-20 ~ can be  given. The "hungry"  f l age l l a t e s  were  
a t t rac ted  within one minute  and  a t t ached  about  5 min after be ing  fed with hos t  cells (time 
zero}. Then it took about  1 h for the t rophosome to become clear ly  v i s ib le  and  3-5  h to 
comple te  the feed ing  process.  A matura t ion  phase  followed. The  first ce l ls  d e t a c h e d  
8-10 h after zero. The  first te t rads  were  observed  10-13 h after zero and  it took 16-20 h 
until  new infect ions were  observed.  

Figs 32-37. Pirsonia guinardiae, type B, on valvae of Guinardia flaccida, • I000. Scale bar 10 ~m. 
Figs 32 and 33. Two consecutive stages of formation and migration of a phagocytotic vesicle 
(arrowhead). Fig. 34. Bulging trophosome with a big phagocytotic vesicle (arrowhead) and two 
portions of chloroplast remnants within the digestion vacuole. Figs 35-37. Migration of a big 
phagocytotic vesicle along the digestion vacuole (Figs 35, 36), and disintegration of its chloroplast 
after fusion with the latter (Fig. 36): arrowhead; formation and migration of another, smaller 

phagocytotic vesicle: arrow 
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Flagel la tes  of the  B type  a t tach only to the va lvae  of the host  cell. Soon after 
set t lement ,  the  f lagel la  are no longer  visible. Because of the difficulties in culture we  
could not find out whe ther  the f lagel la te  wi thdraws  or detaches .  Dur ing  the feeding  
process,  the auxosome becomes  thicker. It soon divides longi tudinal ly ,  b e g i n n i n g  from 
the apical  pole  (Fig. 30). Initially, the  sister cells remain  connec ted  with  the  t rophosome 
and  continue to divide (Figs 32-37). 

As a result ,  the B type forms a bouque t -hke  group of oblong cells on the  valva,  
consist ing of 10-20, in some cases  of more than 50 offspring (Figs 40, 41). The final 
divisions and  deve lopmen ta l  processes  are not synchronous.  While  the  first, genera l ly  
la teral ly  si tuated,  cells become sepa ra t ed  from the t rophosome and beg in  to different iate  
into flagellates,  other  cells cont inue to grow and to divide. 

During the final differentiation, which  takes  about  one hour, the cells a s sume the 
normal  shape  of the f lagel la te  s tage  and  develop f lagel la  (Figs 40, 41). The  f lagel la tes  
may  de tach  from the bouque t  even when  their  differentiat ion has  not  ye t  b e e n  com- 
pleted,  especia l ly  when  there  is a b ig  group of offspring. In Figure  42, a g roup  of g lobular  
offspring is shown which  have  become  free even before the last division. The  f lagel la  will 
develop  when  this division has  t aken  p lace  and the daugh te r  cells have  not  ye t  a s sumed  
the e longate  shape;  the  unequa l  length  of the f lagel la  is seen  in very y o u n g  s tages  too 
(Fig. 43). It cannot  be  exc luded  that  this i r regular i ty  is a consequence  of a longer  
i l luminat ion dur ing  the observat ion  unde r  the microscope.  

Auxosomes  of the  A and the B type  can easily be  d is t inguished  by  the  p resence  or 
absence  of the f lagel la  as wel l  as by  the other  differences men t ioned  above .  There  are, 
however ,  in te rmedia te  forms. In p lank ton  samples  and in raw cul tures  w e  occasional ly  
observed  B-type l ike infections also in the girdle region and  B-type l ike a g g r e g a t e s  from 
which single cells may  de tach  before  the last division had  occurred,  as m e n t i o n e d  above.  
Rarely, A- type  t rophonts  were  observed,  which divided while  still a t t a c h e d  to the  host. 
Infections with A- type  cells resul ted  exclusively from A- type  offspring. 

The quest ion whe the r  Pirsonia has a DNA-r ich  k inetoplas t  bes ides  the  nucleus  was 
t ack led  with DAPI staining of t rophonts  of the A type. Only the nucleus  r e a c t e d  posi t ively 
(not shown). 

All the results  descr ibed  above  are der ived  from observat ions on raw cultures.  Later, 
we  succeeded  in es tabl ishing clonal  cul tures of paras i te  (type A) and host. T h e y  enab led  
us to note, addi t ional ly,  the occurrence  of th ick-wal led  cysts (no t figured).  T h e y  develop  
in age ing  cultures.  There  are g lobular  cysts with a d iameter  of about  I0 ~m a n d  f la t tened 
ones which are  closely appres sed  onto the bot tom of the Petri dish. The cysts  a re  c rowded 
with refractive granules  of reserve  subs tance  and have a consp icuous ly  brownish-  
coloured wall. The flat cysts are, moreover,  sur rounded  by a b rown mater ia l .  

Figs 38-40. Pirsonia guinardiae, type B, on valvae of Guinardia flaccida, x 1000. Scale bar 10 ~m. 
Fig. 38. Recovered host cell, residual body between host plasmalernma and valva (right). Fig. 39. 
Multiple infection, one complete trophont (below), one left trophosome after auxosome detachment 
(middle) and one residual body liberated by the disintegration of the phagosome (above). Fig. 40. 
Nearly mature trophont; the offspring begin to form flagella; the trophosome has invaginated the 
host plasmalemma (double arrowhead); a small phagocytotic vesicle (arrowheads: its membrane) 
surrounded by some parasite cytoplasm attached to the digestion vacuole; the host cell is deprived of 

the chloroplasts (arrow: host cell nucleus) 
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DISCUSSION 

Flagel la tes  which  take  up par t icula te  food inges t  it genera l ly  th rough  a cytostome 
which is s i tuated near  the f lagei lar  bases ,  or .by p seudopod ia  which can b e  formed over  
the whole  cell surface, To our knowledge ,  the occurrence  of an up take  "organel le"  l ike 
the. " t rophosome" of Pirsonia has never  been  descr ibed  previously.  Food up t ake  of 
Pafisporomonas apodinium De Saedeleer ,  a paras i t ic  f lagel la te  which feeds  on mar ine  
diatoms,  seems  to be  similar in some respec t  though  the descr ipt ion of the  process  (De 
Saedeleer ,  1946) does  not show this (see below). Our  observat ions  are thus  of in teres t  in 
r ega rd  to cell b io logy but  may  have  taxonomical  implicat ions as w e l l  

F o o d  u p t a k e  

Some protists have  special  feed ing  structures; examples  are the Suctoria  or the  
Hehozoa  with their  axopodia.  Especial ly  diverse  are the food up t ake  structures of 
phago t roph ic  and /o r  parasi t ic  dinoflagel la tes ,  "peduncles"  in Ooch'nium Chat ton  
(Cachon & Cachon,  1971), "rhizoids" (Lore & Lawler, 1973), " feeding tubes"  as, for 
example ,  in Paulsenefla Chat ton (Schnepf et al., 1985), or the "pa lhums"  (see also the  
rev iew of Gaines  & Elbrfichter, 1987). Especia l ly  in teres t ing  is that  Schizochytriodinium 
Elbr~ichter forms a "holdfast  and  sucking  organel le"  which  consists essent ia l ly  of a 
ves icular  s tructure within the host protoplast ,  as in Pirsonia. It serves  to inges t  food which  
then, however ,  is d iges ted  in vacuoles  within the main  body  of the pa ras i t e  (Elbr~chter, 
1988). 

The  t rophosome of Pirsonia develops  l ike a pseudopodium.  It p ierces  the  shell  of the  
host  cell  and  then  phagocyt i ses  host cytoplasm. In contrast  to a true p seudopod ium,  it is 
only par t ly  re t rac ted  when  the feeding  process  has  bedn  finished. The d iges t ion  vacuole  
with the  sur rounding  p lasma and the p l a sma  m e m b r a n e  is then s e ve re d  from the 
auxosome.  It does not represent  a haus tor ium because  it is not covered by  a cell wall  and  
does not  t ake  up nutr ients  in a soluble form but  phagocyt ises .  To emphas i ze  its un ique-  
ness, we  n a m e d  the specia l ised par t  of the paras i te  inside the d ia tom cell  the "tropho- 
some".  

The e labora t ion  of a structure l ike the t rophosome is an adapta t ion  to paras i t ic  life 
and  to the pecul iar i t ies  of the host cell. It is p re sumab ly  due  to the  exis tence  of the  d ia tom 
frustule and the constraints in connect ion with the deve lopmen t  of the  pa ras i t e  which 
takes  p lace  outs ide  the shell  and  thus allows the offspring to move a w a y  easily. The 
solution of these  problems is to phagocyt i se  and to d iges t  food par t ic les  essent ia l ly  

Figs 41-47. Pirsonia guinardiae, x 1000. Scale bar 10 ~tm. Fig. 41. Mature type B trophont at the valva 
of Guinardia flaccida, offspring with nearly full-length flagella. Fig. 42. Premature detached off- 
spring, type B, four ceils before division, one dividing (arrowhead) and one divided (arrow) cell pair. 
Fig. 43. Premature detached offspring, type B, formation of the flagella. Note the unequal length of 
the developing flagella (arrowhead). Fig. 44. Nearly mature flagellates, type B. Fig. 45. Offspring of 
the A type at the girdle region of a host cell, forming an unusual cell aggregate. Fig. 46. Flagellates of 
the A type attached to a Rhizosolenia deh'catula cell. Fig. 47. Trophont (A type) on a Rhizosolenia 

delicatula cell; the trophosome (arrowhead) is surrounded by chloroplasts 
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outside the ma in  body,  to different iate  a t rophosome and  an  auxosome a n d  to connect  
both  by  a t iny cytoplasmic  connect ion s t rand through which  only d i s in t eg ra t ed  food can 
pass. 

This un ique  mode  of nutri t ion is favoured b y  the t endency  of the  d ia tom cytoplasm to 
aggrega te .  The invasion of the  paras i te  seems to imitate  a s ignal  which  u n d e r  normal  
condit ions l eads  to a systrophe of cytoplasm a round  the nucleus.  In c o n s e q u e n c e  it is 
t ransferred toward  the invasion site, by  means  of the  host  cell 's  own t ranspor t  machinery ,  
often even toge ther  wi th  the  nucleus.  One can assume that  d i s tu rbances  of the  ionic 
distr ibution are involved in this process.  

A cell of Guinardia flaccida is only weak ly  sihcified. This obvious ly  enab les  the 
paras i te  to pene t r a t e  directly through the valva.  It has  only a s ingle tab ia te  p rocess  which, 
however ,  because  of its shape is not  sui ted to serve as an en t rance  (see Has le ,  1975}. The 
occurrence of mul t ip le  infections at one valva hkewise  indica tes  that  the  shell  is real ly  
pierced.  In the girdle region the space  b e t w e e n  the over lapp ing  cingul  a s eems  to be  used  
to pene t ra te  the  cell. 

Palisporomonas apodinium is a f lagel la te  which  hkewise  remains  ou ts ide  the  diatom 
shell but  pene t ra t e s  it through its openings  by  an an tap ica l  process  (De Saede lee r ,  1946}. 
The host cy toplasm then  concentra tes  a round the invasion site, as in a cel l  a t t acked  by  
Pirsonia. Then  a "trophic sac" is said to be  formed from the host  cytoplasm. This seems  to 
be  a misinterpretat ion,  or the process  was incorrect ly observed.  In contrast  to Pirsonia, the 
par t  of the Palisporomonas t rophont  which is outs ide the d ia tom cell (cor responding  to 
the auxosome} is said to contain a food vacuole  in its basa l  par t  but  only "hquid"  food is 
b e h e v e d  to be  t aken  up (De Saedeleer ,  1946}. If this is true, a dist inct  s epa ra t ion  b e t w e e n  
auxosome and t rophosome does not occur in Pallsporomonas, in cont ras t  to Pirsonia, 
which, in addit ion,  takes  up par t icula te  food. 

T a x o n o m y  

It remains  as  ye t  unexp la ined  why  the B type  prefers  main ly  the va lva r  reg ion  for 
infection whe rea s  the  A type is not specia l ized  in this respect .  The  di f ferences  in 
deve lopmen t  - re tent ion  of the  f lagel la  after a t t achment  or not, d e t a c h m e n t  of a single 
cell which d iv ides  (in general)  only twice a f t e r de tachment ,  or d e v e l o p m e n t  of a 
bouque t -hke  a r r a n g e m e n t  of many  daugh te r  cells r ema in ing  a t t ached  - could  be  further 
a rguments  to suppor t  the idea  that  the two types are  two separa te  species.  Because  of the 
occasional  occur rence  of in te rmedia te  types  we hesi tate,  however ,  to t ake  the  B type  as a 
sepa ra te  species.  

It must  also be  r e m e m b e r e d  that  a re-fusion of te t rad  cells was  o b s e r v e d  which  arose 
by  the twofold division of the t rophont  of type A. These  d e v e l o p m e n t  s teps m a y  represen t  
a meiosis with a subsequen t  zygote  formation by  the fusion of i sogametes .  If this proves 
true, the A type  would  be  the diploid phase  which  itself runs th rough  an infect ious cycle. 
The B type would  then  be the haplo id  phase,  with a similar but  not  iden t ica l  vege ta t ive  
cycle. It is, moreover ,  not usual  that  the same ecological  n iche  is occupied  b y  two closely 
re la ted  species.  

Fur ther  s tudies  can perhaps  clarify the re la t ionship b e t w e e n  the two types.  In any 
case, the cul ture condit ions obviously favour type  A. In nature ,  type  B may  become .  
overwhelming  because  of its h igher  number  of offspring. Addi t ional ly ,  the or igin (sexual- 
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ity involved?), function (resting cysts?) and fate of the thick-walled cysts have to be 
investigated. 

To our knowledge,  a parasitic flagellate with a similar special differentiation into 
trophosome and auxosome and a similar way of phagocytosis, digestion and  defecation 
has never  b e e n  described before. Dactyh'osolen mediterraneus (H. Perag.) H. Perag, a 
diatom closely related to Guinardia flaccida, was frequently found to be covered with an 
e p i p h y t i c flagellate, Solenicola setigera Pavillard (Pavillard, 1916; see also Lebour, 
1930; Pavillard, 1931; Cupp, 1943), but  the data on its occurrence (no report about  
a t tachment  to Guinardia flaccida), shape, flagellation and color indicate that this 
epiphyte is quite different from the present  parasite. 

As ment ioned  above, there is a certain similarity be tween  Pirsonia and  Palis- 
poromonas with respect to the structures formed for food uptake.  The resemblance  
be tween  both organisms is perhaps even closer than the description of De Saedeleer  
(1946) indicates. There are, however, many differences be tween  the two organisms, not 
only in that Palisporomonas seems to contain a food vacuole in the main  cell body and 
thus does not have the organization into trophosome and auxosome. Palisporomonas is 
described as having trophocytes with only one (but sometimes two) flagellum and  the 
zoospores are hkewise said to have one or two flagella (then of slightly inequa l  length). 
The flagella are inser ted subapically, but both are oriented foreward. In contrast, Pirsonia 
has always two flagella of different length and of different orientation. The main  
distinction is the mode of cell division. In Palisporomonas the trophocyte divides distally 
to give rise to one or a few gonocytes. The gonocytes produce sporocytes by successive 
division ("palisporogenesis"). Trophocyte, gonocyte and sporocyte remain  connected by 
cytoplasmic bridges for a longer time, forming cell chains. The sporocytes eventual ly  
transform into zoospores. 

The unique  structure of the present  parasitic flagellate, the trophosome, the flagella- 
tion and the cell shape prompted us not only to erect a new species but  also a new genus. 
There seems to be no closer relationship with other flagellates; the position of the genus  
thus remains unde te rmined  as yet. A more extensive investigation of Palisporomonas has 
to show whether  perhaps the similarities be tween  the two parasites are greater than one 
can deduce at present  from the data of De Saedeleer  (1946). If so, one will have to 
consider whether  Pirsonia is to be included, with uncertain position, in the Pahs- 
poromonadidae,  a family erected by De Saedeleer (1946). 

The kind of flagellation precludes a relationship of Pirsonia with bodonoid flagellates 
(FOR, 1971; Lee & Hutner,  1985). The mode of swimming likewise resembles  that of 
Pseudobodo tremulans (Griel~mann, 1913). In this case, Pirsonia should have a kineto- 
plast which, however, could not be detected with DAPI staining. In addition, Bodo 
Ehrenberg ingests food by means  of a cytostome near  the flagellar bases and one of the 
flagella is a trailing one. The Cercomonadina (Lee, 1985) are likewise not very similar to 
Pirsonia. 

In the Euglenophyceae,  there are both freshwater and mar ine  parasitic flagellates 
which have one flagellum point ing foreward and  the other one directed backward  
(Michajlow, 1972, 1977; Drebes, 1974). There are, however, no indicat ions that Pirsonia 
has a pelhcle; on the contrary, the occasionally ameboid changes in cell shape are hardly 
possible in the presence of a rigid outer cell layer. The obvious lack of paramylum grains 
(see Michajlow, 1964), and the mode of food uptake are further differences be tween  
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Pirsonia and eug leno id  flagellates.  Bouquet- l ike  cell agg rega t e s  hke  those  in the B type  
occur in Eug lenophyceae ,  too {Michajlow, 1964). They are  found, however ,  in various,  
not closely re la ted  groups  of f lagellates,  e.g. also in the Chrysophyceae  (Fott, 1971). 

Cryp tophyceae  m a y  have  a similar  f lagellat ion,  and  when  they  l ack  a cy topharynx  
and trichocysts (Fort, 1971), they  may  somehow resemble  Pirsonia. 

Spiromonas Aiexeieff,  also a b i f lage l la ted  paras i te  of unknown  taxonomica l  posi t ion 
(Foissner & Foissner,  1984), differs in its mode  of a t t achment  (at the apical  pole)  and  by  its 
way  of nutrition. 

Some parasi t ic  d inof lagel la tes  do not  develop typical  gymnodino id  swarmers  nor do 
they a lways  have  typical  dinokaryot ic  nucle i  (see Cachon & Cachon, 1987 for review). 
Never theless ,  n e i t h e r  t h e  motile s tage  nor the eukaryot ic  nucleus  give any  hint  that  
Pirsonia may be long  to the dinof lagel la tes  - a group in which paras i t i sm is abundant .  

It is, as yet, p rema tu re  to give Pirsonia a definite taxonomical  posi t ion.  

D i a g n o s e s  

Diagnosis:  Pirsonia Schnepf,  Drebes  & Elbr~ichter, gen. nov. 
Parasi tes of diatoms. F ree - swimming  s tages  are coloufless, small  f lagel la tes ,  la teral ly  

f la t tened with obl ique cell apex  and two subapica l ly  inser ted  flagella,  a long  anter ior ly  
or ien ted  one and  a very long poster ior ly oriented: one. The  cytoplasm conta ins  many  
refractive granules .  The  f lagel la te  a t taches  to a host  celt and  b e c o m e s  a trophont,  
different iat ing into an  auxosome and a t rophosome.  The t rophosome is s i tua ted  inside the  
diatom shell; it inc ludes  a digest ion vacuole  and has small  p seudopod ia  which  phagocy t -  
ise host  cytoplasm. The  auxosome remains  outside the frustule; it does  not  contain 
vacuoles.  Auxosome and  t rophosome are  connected  ,by a thin cy top lasmic  strand. The 
auxosome de taches  and  divides thereaf ter  or divides still a t t ached  to the  hos t  cell, g iving 
rise to many  offspring. The t rophosome persists  a short t ime after the d e t a c h m e n t  of the 
auxosome or its derivatives.  Mas t igophora  incer tae  sedis. 

Type  species:  Pirsonia guinardiae Schnepf,  Drebes  & Elhrachter  spec .  nov. 
Diagnosis:  Pirsonia guinardiae Schnepf,  Drebes  & Elbrachter ,  sp. nov. 
Structure as descr ibed  for the  genus.  Flagel la tes  la teral ly  f lat tened,  a b o u t  10 ~m long 

and  6 ~m wide.  Auxosome remains  f lagel la ted.  Mature  auxosomes  a p p l e - s h a p e d ,  about  
15 ~m in diameter ,  genera l ly  de tach ing  before division, giving rise to 4 (to 8) daugh te r  
cells which  are  infectious without  a longer  rest ing phase .  Th ick-wal led  cysts  present .  
Host: the mar ine  p lanktonic  diatom Guinardia flaccida, the valvae  and the  girdle region 
are  pene t ra ted .  Distribution: mar ine  plankton.  Type  locality: North Sea, n e a r  List/Sylt. 

Holotype:  Figs 1-26. 
There  is a second cell type (Figs 27--44) which pene t ra tes  only the va lvae .  Auxosome 

without  flagella,  d ivides  longi tudinal ly  to give rise to a bouque t  of offspring which  remain  
connec ted  with the  t rophosome.  They  become f lagel la ted when  they de tach .  
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