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ABSTRACT: Wild and cultured material of Donkinia recta (Donk.) Grun. has been examined using 
light microscopy, and both the structure of the living cell and its vegetative cell division are 
described. Unlike most naviculoid diatoms, D. recta has four chloroplasts per cell, each with four 
oblong pyrenoids, and division of the chloroplasts follows rather than precedes mitosis and cell 
division. These two unusual features are probably linked. The species is briefly discussed in 
relation to other naviculoid taxa in the light of these findings. 

INTRODUCTION 

Al though rarely abundant ,  Donkinia recta (Donk.) Grun. is an easi ly recognised  

diatom, occurr ing on sandy beaches  a long North Sea coasts. Its taxonomic  treatment ,  
however ,  has varied. Some authors e.g. van Heurck  (1896), H e n d e y  (1964) recognise  

Donkinia Ralfs (Pritchard, 1861) as a val id  genus,  whi le  others p lace  its m e m b e r  species  

in Pleurosigrna W.Sm. (Peragal lo & Peragallo,  1897-1908), or in Gyrosigma Hassal l  

(Cleve, 1894; VanLand ingham,  1969). Similar ly  it has b e e n  cons idered  re la ted to 
Pleurosigma and Gyrosigma on the one hand, and to Tropidoneis Cleve  and Amphiprora 
Cleve  on the other. Members  of Donkinia have  a s igmoid  raphe (cf. Pleurosigma and 
Gyrosigma) al though the valvar  out l ine  is bare ly  sigmoid,  wh i l e  the raphe  is raised on a 
r idge (cf. Tropidoneis and Amphiprora), and in girdle  v i ew the cells are central ly  

constricted. However ,  there  is very little pub l i shed  informat ion on the genus,  and l iv ing 

mater ia l  has only b e e n  descr ibed  by Karsten (1899, 1928) and Mereschkowsky  
(1902-1903). Al though nei ther  i l lustrated l iv ing cells both repor ted  that they have  four 

chloroplasts per cell, with pyrenoids  according to Mereschkowsky  (1902-1903), wi thout  

according to Karsten (1899, 1928). Both sugges ted  that Donkinia is re la ted to 
Tropidoneis; Mereschkowsky  (1902-1903) cons idered  that it represents  a transi t ion from 

Navicula to Tropidoneis, Karsten (1928) p laced  it b e t w e e n  Tropidoneis and Amphiprora 
in his systematic  t rea tment  of genera.  

The widespread  occurrence  of D. recta on the shores of the W a d d e n  Sea off the North 

Sea island of Sylt, in au tumn 1980, and its subsequen t  growth in culture, faci l i ta ted a 
deta i led  inves t iga t ion  of its vege ta t ive  structure and cell  division, va lvar  structure and 
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variat ion over a period of time. A difference in the t iming  of chloroplast division in the 
cell cycle, compared to other naviculoid  diatoms was discovered. The vegetat ive cell 
divis ion is therefore descr ibed and  the possible s ignif icance of the variat ion from the 
normal  pat tern discussed. The results of frustular studies and  long term growth studies 
will be descr ibed and  discussed elsewhere.  

MATERIALS AND METHODS 

Living mater ial  of Donkinia recta was collected from a n u m b e r  of sites around the 
is land of Sylt, off the north west  coast of Germany,  in the au tumn  of 1980. Cells were 
grown in F2 m e d i u m  (McLachlan, 1973) in plastic petri dishes, at 15 °C in a l ight-dark 
regime of 14 h light, 10 h dark, with l ight in tens i ty  be tween  1400 and 2000 lux. 

Examinat ion  of l iv ing cells was conducted us ing a Leitz Ortholux microscope with 
sea-water  immers ion  objectives, and photographed on Agfa Ortho film. Other material  
was fixed, ei ther in di lute g lu tara ldehyde  or chromic acid, and  cell contents examined,  
with or without  the aid of cytological stains, e.g. a l izar in green,  Delafietd 's  haematoxy- 
Iin, nuc lea r  red and  Sudan  IV. 

RESULTS 

V e g e t a t i v e  ce l l  m o r p h o l o g y  

In valve view, cells of Donkinia recta are l inear,  with acute to sub-acute,  oppositely 
deflected apices. At each apex one valve marg in  subtends  a larger angle  with the apical 
axis than does the other, the raphe ly ing closer to the former (Fig. 1: 1, 4). The raphe is 
s igmoid (Fig. 1: 1, 4) and raised upon  a r idge for most of its length,  except near the 
central  nodule.  As a result, in girdle view the more or less rec tangular  out l ine is centrally 
constricted (Fig. 2: 1). Valves are 70-150 ~m long, 10-20 ~m wide, and the girdle is 
usual ly  20-30 ~m deep. The girdle consists of two u n m a r k e d  bands  (Fig. 3: 8-10; Fig. 4: 
3), each about  12 ~m wide, and the depth of the frustule varies with the stage in the life 
cycle and  the degree of overlap of the two bands.  Immedia te ly  after cell division cells are 
about  20 ~m deep, just  before the fol lowing cell division they may be almost 40 ~m deep, 
when  the b a n d  overlap is minimal .  It is possible to see that the valve is finely striated and 
has a deep mant le  (Fig. 2: 1-3; Fig. 3). 

Each cell has four pla te- l ike  chloroplasts which have four pairs of lobes along their 
longer  marg ins  (Fig. 2: 1), these be ing  further dissected and  ex tending  onto the valve 
face (Fig. 1 : t) except where  this is crossed by the raphe.  The chloroplasts lie along the 
girdle, each occupying approximate ly  one quar ter  of the perimeter ,  from opposite the 
nuc leus  to the apex (Fig. 1: 2,3). Thus two plast ids a long one marg in  may be considered 
the equ iva len t  of one plast id in most Mavicula species (cf. Cox, 1981; Karsten, 1899, 
1928; Mereschkowsky,  1902-1903). Henceforth, when  a pair  of plastids is referred to, 
they are the two on one side of the cell, der ived from a single plastid, as described later. 
Along the centre of each ptastid, with the major lobes opposite them, are four oblong 
refractive bodies  (Fig. 2: 1). These are inc l ined  at approximate ly  45 ° to the plastid axis, 
a long the plastid and into the cell l umen  (Fig. 1: 3), towards one apex in one pair, the 
opposite in the other. Differential  s ta in ing  with al izarin green and nuclear  red, plus 
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s t a i n i n g  wi th  D e l a f i e l d ' s  h a e m a t o x y l i n  i n d i c a t e  t ha t  t h e s e  are  p y r e n o i d s .  (Rarely  t h r e e  or 

f ive p y r e n o i d s  p e r  p l a s t i d  w e r e  o b s e r v e d . )  

As in m o s t  n a v i c u l o i d  d i a t o m s  the  n u c l e u s  l ies  in t he  c y t o p l a s m i c  c o n n e c t i o n  ac ross  

t he  c e n t r e  of t he  cel t  (Fig. 1 : 2). T w o  l a r g e  v a c u o l e s  a re  p r e s e n t ,  o n e  b e t w e e n  the  n u c l e u s  

a n d  e a c h  a p e x  (Fig. 1 : 2,3). Oil d r o p l e t s  m a y  a lso  be  p r e s e n t ,  m o r e  c o m m o n l y  w h e n  the  

ce l l s  h a v e  b e e n  c u l t u r e d  t h a n  in the  wi ld .  

C e l l  d i v i s i o n  

For the  first  f ew  m o n t h s  of g r o w t h  in  cu l t u r e  cel l  d i v i s i o n  o c c u r r e d  d u r i n g  the  la t te r  

par t  of the  da rk  pe r iod ,  a l t h o u g h  la te r  m o r e  ce l l s  w e r e  f o u n d  d i v i d i n g  d u r i n g  t h e  l igh t  

phase .  Before  the  o n s e t  of cel l  d iv i s ion ,  the  cel l  e x p a n d s  to its m a x i m u m  v o l u m e ,  t he  

g i rd le  b a n d  ove r l ap  b e i n g  r e d u c e d  to a l l ow this,  the  c h l o r o p l a s t s  b e c o m e  less  l o b e d  a n d  

m o r e  r o u n d e d  (Fig. 2: 2i a n d  t h e  p y r e n o i d s  a re  l e ss  obv ious .  

The  p l a s t i d s  of e a c h  pa i r  m o v e  in o p p o s i t e  d i r ec t ions ,  o n e  in to  e a c h  va lve  (Fig. 2: 

3-7), so tha t  the  g i r d l e  is v a c a t e d  (Fig. 2: 0] a n d  two e l l i p s o i d a l  p l a s t ids ,  o n e  f rom e a c h  

l j 
1 ....... 2 3 4 

Fig. 1. Light micrographs of valve vtews of D o n k i m a  recta. All scale lines represent  10 [ml. I: 
Sigmoid raphe and the lobes of the plastids under the valve, face. Tile valve striae al~, also visible. 2: 
Centrally located nucleus, with two large vacuoles, one be tween the nucleus and each apex. 3: 
Pyrenoids inclined into the cell lumen and to one apex along one side, the other on the opposite side 
of the valve. 4: Plastids during cell division in the valvar region, diagonally positioned across the 

cetl 
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pair  lie in each  va lvar  region (Fig. 2: 7). If seen  in va lve  v i e w  the plast ids under  each  
va lve  lie d iagona l ly  opposi te  each other  with the central  cytoplasm b e t w e e n  (Fig. 1: 4). 
All four are c lear ly  vis ib le  in gi rdle  v iew (Fig. 2: 6-8). The nucleus  is more easi ly seen  at 

the centre  of the cell  (Fig. 2: 7), often with  a conspicuous nucleolus  (Fig. 2: 6, 8) and the 

dictyosomes are more obvious (Fig. 2: 8). This phase  usual ly  takes about  two hours. 
In l iv ing mater ia l  it is often difficult to see the chromosomes,  but  the me taphase  

plate lies at a slight angle  to the valvar  p lane  (Fig. 2: 9-1l ;  Fig. 3: 1). Dur ing anaphase  

chromosomes are more easi ly seen  (Fig. 2: 11, 12; Fig. 3: 2-4). Invagina t ion  of the 
p l a sma lemma begins  in anaphase  (Fig. 2: 11, 12; Fig. 3: 2-5) and cytokinesis  follows 

quite  quickly (Fig. 3: 6, 7), often comple t ed  in 5-10  min. P l a sma lemma invag ina t ion  is 

seen most clearly as it p roceeds  from pole  to centre  (Fig. 3: 2-6), but  it is also moving  in 
from side to side, i.e. cent r ipe ta l ly  (Fig. 4: 4-6), not in a scissor-l ike manner .  As the 
central cytoplasm becomes  dumb-be l l  shaped  at late anaphase  and early te lophase  (Fig. 

3: 5-7; Fig. 4: 5,6) the p l a s m a l e m m a  bisects this and cytokinesis  is comple te  (Fig. 3: 7). 

While the daughter  nuclei  pass through te lophase  to in te rphase  (Fig. 3: 8-1I) ,  the shape 

of the cytoplasm around them changes,  the extent  of the contact  wi th  each  p l a s m a l e m m a  
increases  and cell  wall  deposi t ion begins  (Fig. 3: 7-9). Vesicles  can be seen  in the reg ion  

of the p l a s m a l e m m a e  as this p roceeds  (Fig. 3: 9-1i ) .  
As te lophase  is r eached  and the silica wal l  is be ing  laid down, the chloroplasts  move 

so that they lie one a long each side of the daughte r  cells (Fig. 3: 8-10), they e longa te  
apical ly (Fig. 3: 11), become more lobed (Fig. 3: 12; Fig. 4: 1) and div ide  t ransversely  at 

the middle  (Fig. 4: 2,3) to restore the or iginal  number  of four. As the plast ids rega in  their  

lobed outline, the pyrenoids  aga in  become  conspicuous  (Fig. 3: 12; Fig. 4: 1-3) showing  
the same orientat ion in both daughter  cells, and finally the daughte r  ceils separate .  

S imul taneously  with the restoration of normal  chloroplast  morpho logy  the nuc leus  

moves  from the hypovalvar  region to a more central  posi t ion in the celt (Fig. 3: 11, 12; 
Fig. 4: I, 2). Formation of the hypoc ingu lum is the last s tage in the process and may occur 

after cell separation.  The comple te  sequence ,  i.e. redis t r ibut ion of chloroplasts,  mitosis, 

cytokinesis, new valve  formation and reorganisa t ion  of the ce l lu lar  contents,  takes about  

6'/2 h, of which only 20-30 min is requi red  for mitosis and cytokinesis.  

DISCUSSION 

As ment ioned  before ,Donkinia  recta is unusua l  in hav ing  four plast ids per  cell, and 

in the t iming of chloroplast  division in the cell  cycle. A few other species  are known with 
four plastids per  frustule, but their  cell divis ion has not b e e n  described.  

Fig. 2. Light micrographs of girdle views of Donkinia recta. All scale lines represent 10 grn. Times of 
photographs given in brackets. 1: Vegetative cell showing the lobed plastids with the rectangular 
pyrenoids visible, inclined towards one apex. 2-7: Showing the migration of the chloroplasts and 
the pyrenoids, visible prior to mitosis. 2: Plastids rounded up. 3-7: Movement towards valvar 
regions, each plastid of a pair moving in opposite directions. (3:00 rain; 4 : t2  rain; 5:25 rain; 6:38 
min; 7:81 rain). 8, 9: Prophase - metaphase. 8: Cell in prophase, nucleolus, and dictyosomes near 
the nucleus in the epivalve, visible (00 min). 9: Metaphase plate at an angle to the valvar plane (01 
min). 10-12: Metaphase - anaphase. I0', Metaphase with the chromosomes at the metaphase plate 
visible (00 min). 1I: Early anaphase - metaphase plate disappearing and the invagination of the 
plasmalemma beginning (05 min). 12: Anaphase - movement of the chromosomes to the poles (06 

min) 
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Fig, 4. Light  m i c r o g r a p h s  of g i rd le  v iews .  All  sca le  l ines  r e p r e s e n t  10 !nn. T i m e s  of p h o t o g r a p h s  
g iven  in brackets ,  l -3 :  Plast id divis ion,  l: D e e p  centra l  i n v a g i n a t i o n  of fhe  p las t id  w s i b l e  a n d  fo/Jr 
p y r e n o i d s  v is ih le  in e dch  hdlf  (164 fill[l), 2: Div i s ion  of p l a s t i d s  a l m o s t  comple t e . . 2 :  T w o  d a u g h t e r  
cel ls  shor t ly  before  the i r  s epa ra t ion .  4-6 ;  A n a p h a s e  a n d  c y t o k i n e s i s  s h o w i n g  ves i cu l a r  ac t iv i ty  
bes ide  the  p l a s m a l e m m a  and  the  cen t r ipe t a l  m o d e  of its invagin~t t ion ( 4 : 0 0  min;  5 :01  rain; 6 : 0 3  

rain) 

Fig. 3 Mitos is  arid cell d ivis ion.  All scale  l ines  r e p r e s e n t  10 tin1. T i m e s  of p h o t o g r a p h s  g i v e n  in 
brackets .  1: M e t a p h a s e ,  s b o w i n g  the  m e t a p h a s e  p la te  r e c l i ned  to the  va lva r  p l a n e  (00 ruin). 2: Early 
a n a p h a s e  (05 rain). 3: A n a p h a s e  - the  c h r o m o s o m e s  are  v i s ib le  as t hey  m o v e  to the  poles .  
P l a s m a l e m m d  i n v a g i n a t i o n  b e g i n n i n g  {07 rain). 4: A n a p h a s e  - c h r o m o s o m e s  a l m o s t  at the  po l e s  
and  i n v a g i n a t i o n  p r o g r e s s i n g  (08 rnin), 5: T e l o p h a s e  i n v a g i n a t i o n  a p p r o a c h i n g  t he  cen t ra l  
cy top l a sm {09 rain). 6: T e l o p h a s e  - c y t o k i n e s i s  a l mos t  c o m p l e t e  (11 rain). 7: T e l o p h a s e  -- cy tok ine s i s  
comple te ;  no te  l he  ves icu la r  act ivi ty b e s i d e  the  p l a s m a l e m m a e  (14 rain). 8: Nuc l e i  g o i n g  into 
i n t e r p h a s e  and  walI depos i t i on  b e g i n n i n g .  T h e  con tac t  b e t w e e n  the  cen t ra l  c y t o p l a s m  and  p la s  
m a l e m m a  ~n e,~ch cell  is g r e a t e r  anr_l ch lo rop la s t  m o v e m e n t  b e g i n n i n g  a g a i n  (25 min) .  f}: C o n t i n u a -  
tion of wall  depos i t ion  ~nd ch lo rop la s t  r e a l i g n m e n t  (28 rain). 10: Ohto iop la s t s  more  cu less  in lice 
cen t re  of e ach  girdle ,  d a u g h t e r  nuc l e i  c o n d e n s i n g  (36 rain), l l ;  E l o n g a t i o n  of ch lo rop la s t s  occur-  
ring, d a u g h t e r  nuc le i  in i n t e r p h a s e  a n d  the  cen t ra l  c y t o p l a s m  n a r r o w e r  (58 min) .  12: Chlo rop l a s t s  

fully e x t e n d e d  a l ong  g i rd les  and  b e c o m i n g  lobecl. Py reno ids  r e a p p e a r i n g  (109 rain]. 
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Normal ly  in naviculo id  diatoms plast id  divis ion occurs before mitosis and where  

there  is only one plast id per  cell  c lear ly  this is essential ,  as cytokinesis  follows quickly 

after mitosis. Usual ly  in a cell  with two plast ids one moves  to each  valve  and they divide 

more or less t ransverse ly  before the start of mitosis. Nuc lea r  and cell divis ion follow, and 
w h e n  these are comple te  the plastids in the daugh te r  cells migra te  so that one lies along 
each  side of the cell. Often the t ransverse  d ivis ion of the plastids is somewhat  obl ique 

(Geitler,  1979; Thaler,  1972; Cox, unpubl.),  the behav iour  showing  a def ini te  right- or 

le f t -handedness ,  as in other  p h e n o m e n a  associa ted with reproduct ion  in penna te  
dia toms (Geitler,  1979; Rudzki,  1964). In D o n k i n i a  the posit ion of the plastids in each 

va lvar  reg ion  prior to cel l  d ivis ion is also diagonal ,  across the apical  axis. 

I mifosis I ~  cyfokinesis 

HTI-] p[asfid movemenf FR:FI p[asfid division 

l---I vegefafive D daughfer ce[kseparation 

Fig. 5. Diagram to show the sequence of events in the cell cycle of a typical naviculoid diatom and of 
Donkinia recta. (Not to a time scale) 

Chloroplas t  divis ion prior to mitosis and cytokinesis  is essent ia l  in species with only 

one plast id per  vege t a t i ve  cell  if both daugh te r  cells are to contain chloroplasts,  a l though 
for cells wi th  two plastids, their  divis ion could, theoret ical ly,  occur before or after 
cytokinesis .  Gei t le r  (1977) repor ted  one Eunot ia  species  in which  the chloroplasts d ivide 

after cell  d ivis ion a l though other  Funo t ia  species  show pre-mitot ic  plast id division. 

When,  as in Donk in ia ,  four plast ids are present  in the vege t a t i ve  cell, post-mitotic 

d ivis ion means  there  are never  more than four plast ids in a cell, which  must certainly 
simplify redis t r ibut ion of o rgane l les  dur ing cell  division. How such a change  in t iming 

came about  is a mat ter  of speculat ion.  
One  exp lana t ion  wou ld  be  that  the t iming  of divis ion b e c a m e  steadi ly ear l ier  in the 

cell  cycle  so that  wha t  had b e e n  a pre-mi to t ic  condi t ion b e c a m e  the vege ta t ive  state, i.e. 
the t ime b e t w e e n  cell  d iv is ion and the fo l lowing chloroplast  divis ion was shor tened (see 

Fig. 5). This exp lana t ion  demands  concomitant  changes  in chloroplast  posi t ion after 

d iv is ion and before  mitosis. The  other  possibi l i ty  is that pos t -cytokinet ic  plast id division 
occurred  as these  were  b e c o m i n g  more lobed,  from an or iginal  two plast id  condition, and 

that  the fo l lowing pre-mi to t ic  d ivis ion was suppressed.  This would  not requi re  further 

reor ien ta t ion  of the plastids, but  does assume that  somehow the cell  controls the number  
of plast id  divis ions b e t w e e n  success ive  mitoses. Perhaps examina t ion  of the cell  cycles 

of other  species  wi th  four plast ids wil l  shed l ight  on this issue. It is worth not ing that the 
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plastids in Donkinia rarely move complete ly  un de r  the valve face as they can in  other 
genera,  e.g. Navicula, Gyrosigma, but  this is unnecessary  in Donkinia because  its deep 
valve mant le  al lows accomodat ion of the plastids, such that the girdle region is not 
occupied whi le  cell division is proceeding.  Plastid movemen t  is almost ent i re ly  in  one 
plane,  and  is shown d iagrammat ica l ly  in  Fig. 6. 

1 2 3 

4 5 6 

Fig. 6. Diagram to show the movement of the plastids and their division. Stippling indicate the two 
plastids from one pair and their descendants 

The n u m b e r  and  dis t r ibut ion of chloroplasts in Donkinia shows some similari ty to 
Tropldoneis (Cox, unpubl .) ,  a l though Schfitt (1896) reported that the latter had  only two 
plastids, and Karsten (1899, 1928) reported two or four. Tropidoneis also has its raphe 
raised upon  a ridge, a lbei t  straight not  sigmoid. Plastids with h ighly  dissected marg ins  
have been  observed in G. balticum (Ehrenb.) Cleve (Cox, unpubl . ) ,  a l though the latter 
has only two per cell, but  the cells are s igmoid un l ike  Tropidoneis. Geitler  (1937) 
described obl iquely  or ientated pyrenoids in the plastids of Gyrosigma species, but  
rec tangular  pyrenoids have previously only b e e n  reported for hZIastogloia grevillii W.Sm. 
(Stoermer et a1.,1964). The pyrenoids in  Donkinia are indis t inct  dur ing  mitosis, part icu- 
larly be tween  metaphase  and telophase, r eappea r ing  clearly only as the chloroplasts 
e longate "and then divide. They are p resumab ly  repl ica t ing dur ing  this time, prior to 
plastid division, since before its complet ion four pyrenoids  are present  in  each half of the 
plastid. Confirmation of this requires further invest igat ion,  possibly involv ing  electron 
microscopy. 

Thus a study of l iv ing mater ia l  of Donkinia has revealed  u n u s u a l  features for a 
naviculoid  diatom, and  ones which l ink  it wi th  both Gyrosigma and  Tropidoneis. 
Although it has s igmoid symmetry, Gyrosigma is usual ly  p laced  firmly in the 
Naviculaceae,  but  Tropidoneis, in hav ing  a kee led  raphe,  shows some similari ty to 
Amphiprora. The latter has a canal  raphe (Paddock & Sims, 1977) and  thus shows 
paral lels  with members  of the Epi themiaceae,  Nitzschiaceae and  Surirel laceae,  bu t  it 
has only one large chloroplast  according to Karsten (1899, 1928) and  Mereschkowsky 
(1902-1903). Whether  Donkinia is re la ted to other kee led  diatoms must  await  fuller  
invest igat ions in which studies of l iving mater ia l  must  play an in tegra l  part. It cer ta inly 
seems l ikely that other variants  on the basic pat tern  of cell divis ion in  diatoms rema in  to 
be s tudied and described. 
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