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Introduction 

This paper records one aspect of a detailed investigation of the nuclear 
structure and division in some flagellated members of the Dinophyeeae 
(~div is ion  Pyxa',ophyta). It has been shown ( D o d g e  1963) that these 
organisms possess an unusual nucleus with the chromosomes condensed 
throughout the mitotic cycle. The mitosis appears to take place without 
the aid of normal spindle and eentromeres. When a 'I)inoflagellate w.as 
treated with x-rays (D o d g e and G ~o d w a r d 1963), as might be expected 
it reacted in a unique manner. The chromosomes were readily fragmented 
but the pieces were still able to segregate to the daughter nuclei. The size 
of the chromosome fragments was found to be roughly proportional to d.ose. 
As regards survival these organisms appear to be more resistant to x-rays 
than most higher organisms but by no means as resistant as most other 
micro-algae (G o d w a r d 1962). 

In the present study, Prorocentrum rnicans Ehrenberg was irradiated 
with ultra-violet light (U. V.). Although a number of other algae have been 
treated with U.V. this is the first time its effects upon a member of the 
Dinophyceae have been investigated. 

Material and Methods 

Clonal cultures of Prorocentrum micans Ehrenberg (strains 7 A and 7 E) 
were grown in supplemented sea water under artificial illumination by the 
methods already described ( D o d g e  1963). The cultures originated from 
the Plymouth laboratory of the Marine Biological Association. Freshly 
innoculated cultures in the logarithmic phase of growth were used for the 
experiments. 
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Two ultra violet sources of the low pressure lnercury type  have been 
used. In  each ease the mater ia l  was placed cent ra l ly  beneath  the tube and 
20 ems. a w a y  from it. 

Source A. Vitreosil T/M 5/369 giving a p p r o x i m a t e l y  760,000 micro- 
watts/sq.em, at 20 ems. 

Source B. Hanov ia  Model i1 giving a p p r o x i m a t e l y  70,600 mierowat ts /  
sq.cm at 20 ems. Both lamps produced over 99% of their rad ia t ion  at the 
2537 Angst rmn wavelength.  

For  i r radia t ion 5mls.  aliquots of cell suspension in the normal  sea 
water  medium were placed in sterile 9 em. petr i  dishes (without cover) 
under  the source. As the cells are motile no shaking was given. After  the 
required exposure  the mater ia l  was t ransfer red  by  means of a sterile p ipe t te  
to a conical flask containing about  d~0 mls of fresh culture medium. For  
cytological  examinat ion  5mls.  samples  were removed at intervals of 
2-3  days, fixed, stained and examined  by  the s tandard  procedure.  The 
number  of mitotic stages and any  abnormali t ies  were scored. 

For  establ ishing the survival  curve, l m l .  samples  were wi thdrawn,  
diluted and a sub-sample  placed in a counting chamber wi th  Lugol 's 
iodine. Af ter  sedilnentation had taken place the number  of surviving cells 
was counted by  means of an inverted microscope. 

Results 

A. E f f e c t s  o n  s u r v i v a l  a n d  a b i l i t y  o f  c e l l s  t o  d i v i d e  

As individual  ceils could not be p la ted  out survival  was est imated by 
sampl ing  the cultures at intervals af ter  irradiat ion.  As cell division had 
often taken place the percentages  of survivors are often more than 100. 
The curve obtained af ter  various doses of UV is shown in Fig. 1. Here  one 
set of points (open spots) represents  the mean  percentage  surviva l  a f ter  
assessing the cell popula t ion  at 3, 7, 13 and 24 days  af ter  i r radia t ion with 
Source B. The other set of points (solid spots) represent  the surviving 
percentage  at seven days  af ter  i rradiat ion.  The survival  curve shows the 
normal  exponent ia l  relat ionship between survival  and dose which has 
previously  been obtained for m a n y  micro-organisms (cf. H o l 1 a e n d e r 
! 955). 

The progressive changes in the cultures used for survival  est imation are 
shown in Fig. 2. ]t will be seen that  5 minutes exposure  to U.V. scarcely  
affected the cells and the normal  type  of growth curve (K a i n  1960) was 
obtained, wi th  the logar i thmic phase giving w a y  t.o a more or less station- 
a ry  phase  af ter  about  one week. After  a dose of 15 minutes the pic ture  
was ra ther  different. There  was a delay of several  days  dur ing which t ime 
no divisions took place but  then the cells increased in number  and 
eventual ly  achieved a total only slightly lower than that  reached following 
the five minutes dose. 

The mater ia l  exposed for 30 minutes gave a very  different response. 
For  the first few days  there was a rap id  decline in cell numbers,  this was 
followed b y  a small increase as a few cells divided but  eventual ly  most 
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died and af ter  24 days  the survivors represented only 8% of the original 
i r radia ted  populat ion.  

Another  aspect  of surv iva l  is the abil i ty,  or otherwise, of the cells to 
divide following i rradiat ion.  In  an exper iment  using source A the cells in 
mitosis .and those exhibi t ing  abnorma l  divisions were counted at intervals 
af ter  i rradiat ion.  The da ta  obtained are summar ised  in Fig. 3. The per-  
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Fig. t. The survival of Prorocentrum after various doses of U.V. The open spots 
( O - O )  represent the mean percentage of survivors at 3, 7, 13 and 24 days after 
the irradiation and the solid spots ( e - O )  the survivors at 7 days. (U. V. source B). 

Fig. 2. Progressive survival curves for Prorocentrum. Here are plotted the same 
data as used for Fig. t but shown against time after irradiation. 

t en /age  of cells in mitosis (open spots) is seen to decrease wi th  dose a l though 
the nine minutes exposure  gave an unexpec ted  increase. The percentage  
of cells exhi,bifing abnormal  divisions of the chromosome bridge t ype  (solid 
spots) is roughly  similar  for al l  ,doses and  there was not a great  increase 
wi th  dose as h appened  af ter  x - r a y  t rea tment  ( D o d g e  and G o d w a r d  
1963). The totals of abnorma l  divisions (bridges and cleavage failures) 
increas,ed sl ightly wi th  dose. 

Progressive da ta  f rom the same expe r imen t  (as for Fig. 3) are i l lustrated 
in Fig. 4. Here  the percentage  of normal  or abnormal  divisions are shown 
by  the height of the his tograms at various times af ter  i rradiat ion.  This 
i l lustrates two points. F i r s t ly  that  af ter  higher doses (6 and 9 minutes) 
there is a de lay  before a n y  ,division takes place. This was over a week in 
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~he case of the highest dose. Secondly it shows the time of appearance  of 
the chromosome aberration,s after the various doses. In each case they are 
confined to a short period preceded and followed by normal mitoses. The 
significance of this fact will be dfseussed later. 

o 

> 

. c  

r 

o 

2.0 

I'0 

~ ,  . . , , 
I 3 6 9 

D o s e ,  minutes 

M M 

:5 
c 

S 

F 
4. 

3. 
2- 
I 

onl 
,h 

Days af ter  

 nHn 

I g 20 
rradiation 

Fig. 3. Fig. 4. 

9 

6 

m 

C 
3 E 

c 

~3 

I o 
s  

n 

O 

Fig. 3. The percentage of cells found in division after various doses of U.V. 
(source A). The open spots (O-O) represent the total percentage in division and 
the triangles (A--A) show the proportion of these divisions which were abnormal 
(chromosome bridges or cleavage failures). The lower line ( O - S )  shows the per- 

eentage of chromosome bridges found. 

Fig. 4. The percentage of dividing cells at various times after irradiation with 
different doses (source A). Note the delay before any divisions took plaee after 
the higher doses. The portions shaded in black represent the divisions showing 

chromosome bridges. 

Figs. 5 6. Two focal levels of a &romosome bridge between the two daughter 
nuclei following" treatment for six minutes (X1,600). 

Figs. 7-8. Another bridge formed after a one minute exposure (X2,00,0). 
Figs. 5 8: Aeeto-earmine stained. U.V. from source A. 
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Fig 5 -8  

Protoplasma,  Bd. LTX/3--4 32 
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B. E f f e c t s  o n  t h e  c h r o m o s o m e s  

I r radia t ion  of Prorocentrum with U. u produced chromosome aber- 
rations in a small percentage of cells. At the anaphase following t reatment  
the aberrations were observed as either chromosome bridges or fragments.  
The bridges were composed of two (Fig. 9) .or four (Figs. 5-8) closely 
associated chromosomes. No single chromosome bridges and no f ragment  
bridges (see D o d  g e and G o d w a r d 1965) were discovered. From the 
fact  that  pairs .of &romosomes were apparen t ly  involved in all the bridges 
it is l ikely that  the .original aberration,  which made  possible the chromo- 
some exchange seen as a bridge, was of the chromosome break  type.  If  

Y 
Fig. 9. Drawing of a nuclear division with chromosome bridge and fragment. 
Only about one sixth of the normal chromosome complement is shown. The dotted 
oval bodies at the top of the picture are the two halves of the wall of the parent 

cell. 

chromatid breaks occurred these should give rise to single chromosome 
bridges. 

Chromosome fragments were found occasionally (Fig. 9). They  invari- 
ably had one end drawn out as a tail and this suggests that  they were often 
the remaining par t  of a chromosome bridge which had been broken by  the 
tension appl ied during anaphase. On  one occasion a small f ragment  was 
seen in an interphase nucleus. 

C. M u t a t i o n  

Ultraviolet  light is much used for the product ion .of mutants in micro- 
organisms. Genera l ly  these are biochemical mutants  but  morphological  
mutants have been obtained in fungi and alga.e. Prorocentrum cannot as 
ye t  be grown in a defined medium so it has not been possible to screen for 
biochemical mutants.  However,  certain morphological  changes apparen t ly  
resulting from the eff:eets of the irradiation, have been observed. Genera l ly  
th.ese take the form of gross aberrations which prove lethal; the cell t~eing 
unable to divide again. One non-l.ethal mutant  has been observed (Fig. 11). 
This appeared  some months af te r  a culture was t reated with the sub-lethal 
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dose of 50 minutes i r radia t ion (Source B). O f  the surviving popula t ion  five 
months a f te r  this i r radia t ion  17% of the cells were  found to have  the form 
il lustrated,  wi th  the r ight  anter ior  corner of the cell missing. Figure  10 
shows a cell of  normal  shape  f rom the same culture. Cytologica l  examina -  
tions (Fig. l l )  showed tha t  the nucleus a p p e a r e d  normal  and no gross 
chromosome aber ra t ion  could be seen. 

Fig. I0'. Fig. ii. 

Figs. 10 11. Cells stained with aceto-earmine, photographs X2,00,0. U.V. source B, 
30 minutes exposure. 

Fig. 10. Prorocentrum micans. Cell of normal shape but with nucleus in which 
some chromosomes at the top are slightly separated from the remainder. 

Fig'. 11. Cell of abnormal shape found after irradiation. The nucleus is normal 
here. 

Discussion 

Although m a n y  algae have  been t reated with  U.Y.  the effects of the 
irra,diation have  no rma l ly  been ass.es.sed in different ways  b y  workers  
interested in different  effects, thus mak ing  comparisons ve ry  .difficult. I t  
m a y  be of interest  to outline the main  discoveries. The first worke r  in the 
field was M e  i e r (1952) who found that  .certain wavelenghts  were lethal  
to Chlorella. Late r  S h e t t 1 e,s (195S) found that  large d.oses of U.V.  a t  
2557 A were lethal  to Peranema. More recent ly  it has been shown that  in 
ChIorella (R e d f o r d and M y e r s 1951), ChIamydomouas (N y b o m 1955) 
and Eudorina (R a y n s 1961) increase in dose .decreased the percentage  of 

32* 
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survivors. Normal ly  an exponent ia l  relationship of the type  obtained here 
for Prorocentrum was observed. 

The effects of large doses of U.V. on respirat ion and photosynthesis of 
algae have been examined by  H o 1 t, B r o o k s and A r n o 1 d (1951) and 
M c L e o d and M c L a e h 1 a n (1959). Tl~e lat ter  found that  diatoms were 
more sensitive than the members of the Chlorophyta  which were irradiated.  

Morphological  mutants  have been obtained in the desmid Cosmarium 
( K o r n  1959) .and in Chlamydornonas ( L e w i n  1954, N y b o m  1955, 
G o w a ns  1960) mntations aff;eeting the flagellar appara tus  have been 
obtained. Non-motile mutants  have been isolated in Euglena and Pandorina 
(L e w i n 1960). A large number  of biochemical mutants  have been obtained 
in Chlamydomonas (reviewed by  L e v i n e  and E b e r s o l d  1950 and 
E b e r s o 1 d 1962). A number  have been obtained in ChIorella (B e n d i x 
and A l l e n  1962, K v i t k o  and K h r o p o u a  1963). The morphological  
mutant  described in the present  paper  is the first mutant  recorded in the 
Dinophyeeae  or in any  of the yellow .or brown pigmented divisions of the 
algae. 

Pro,rocentrum is also the first alga in which chromosome aberrations 
have been observed af ter  U. u  irradiation. Such aberrations are never  very  
frequent  in higher plants (S w a n s o n 1957) and in fact  al though mutants  
and perhaps  chromosome fragments can be produced relat ively .easily, 
chromosome exchanges of the type  necessary to give an anaphase bridge 
are very  rare. 

The time of appearance  of the Proroeentrum bridges is of considerable 
interest. As normal  divisions were observed both before (even in the ease 
of considerably .delayed mitosis) and after  the aberrant  divisions it would 
appear  that  the original lesion occurred only  in a small percentage of cells 
which were in a par t icu lar  phase of the mKotic cycle, p resumably  the stage 
of chromosome (or DNA) duplication. Tha t  this stage is highly sensitive to a 
small threshold dose of U. V. at 2537 A is born out by  the similar p,ercentage 
of cells with aberrations no mat ter  what  dose was given. It  is to be hoped 
that  fur ther  work on this organism will shed some light on the replicat ion 
of the chromosomes and on the whole question of the mechanism of radiat ion 
induced chromosome breakage. 

Summary 

I r radia t ion of Prorocentrum micans with ul tra  violet light gave rise to 
the normal .exponential survival-dose relationship. The number  of cells 
able to engage in nuclear division also decreased with increase of dose. 
Some chromosome breaks and exchanges giving rise to anaphase bridges 
were observed and a morphological  mutant  (cell form) was discovered. 
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