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SUMMARY

P r a s i noc ladus  mar inus  ( C i e n k . )  Waern. [C la ss  P ras lnophyceae ]  grows 

a t  h ig h  w a te r  mark on shores and in  e s t u a r i e s ,  r e g io n s  o f  s a l i n i t y  

f l u c t u a t i o n .  The e f f e c t s o f  s a l i n i t y  v a r i a t i o n  on the  g rowth  and 

some aspec ts  o f  c e l l  m e tabo l i sm  have been i n v e s t i g a t e d .  The a lg a  

was t o l e r a n t  o f  bo th  i n c re a s e d  and reduced s a l i n i t i e s  bu t  grew b es t  

In a s a l i n i t y  range c lo s e  to  t h a t  o f  normal sea w a t e r .  The e x t r a ­

c e l l u l a r  re le a s e  o f  c a r b o h y d r a te  a t  bo th  in c re a s e d  and reduced 

s a l i n i t i e s  was g r e a t e r  than  t h a t  a t  normal s a l i n i t y .  The re le a s e  was 

found to  in c re a s e  a t  the  e a r l y  and l a t e  s tages  o f  g ro w th .  The 

c h l o r o p l a s t  p igments  and the  r a t i o  o f  n i t r o g e n  t o  phosphorus  uptake 

seem no t  to  be a f f e c t e d  by th e  s a l i n i t y  v a r i a t i o n  i n  the  ranges in 

wh ich  c o n s i d e r a b l e  g rowth  take s  p l a c e .



Chapte r  1 

INTRODUCTION

P ra s in o c ]a d u s  mar inus  grows as a non~mot i1e pnase near h ig h  w a te r  

mark on s h o re s ,  in  e s t u a r i e s  and in  h i g h - l e v e l  rock poo ls  ( F i g ,  l a ) .  

Q u a d r i f l a g e l l a t e  m o t i l e  c e l l s  ( F i g .  2a) a re  p roduced ,  wh ich  in  t h e i r  c e l l  

o r g a n i z a t i o n  and posse ss io n  o f  s c a l e - b e a r i n g  f l a g e l l a ,  show a l l  the  

c h a r a c t e r i s t i c s  o f  a member o f  the  c l a s s  Pras lnophyceae  ( C h r i s t e n s e n ,  

1962; Parke and Manton, 1965).  I t  was o r i g i n a l l y  d e s c r ib e d  as 

Pras i n o d  adus l u b r i c u s  Kuckuck bu t  is  now regarded as j^. mar i nus 

(C h ih a ra ,  19&3; Parke and D ixon ,  1964) .  The m o t i l e  c e l l s  swim a c t i v e l y  

f o r  a s h o r t  w h i l e ,  then s e t t l e  on s u i t a b l e  s u b s t r a t a  by t h e i r  f l a g e l l a r  

po les  and s u b s e q u e n t l y  produce  branched d en d ro id  s t r u c t u r e s  formed o f  

empty thecae and t e r m i n a t i n g  w i t h  l i v i n g  c e l l s .  S tu d ie s  on the  l i f e  

h i s t o r y  and v a r i o u s  a spec ts  o f  the  b i o l o g y  o f  Pras i n o d  adus have been 

made by Lambert  (1 9 3 0 ) ,  F r i t s c h  (1949), .  P roskaue r  ( 1 9 5 0 ) ,  Waern (1952) 

and Ch ihara  ( I 963) .  A good deal o f  i n f o r m a t i o n  about  the  f i n e  s t r u c t u r e  

has been g iv e n  by Parke and Manton (1965 ) .

I t  is  known f rom f i e l d  s t u d i e s  and in l a b o r a t o r y  c u l t u r e s  t h a t  

some p r o p o r t i o n  o f  the  p ro d u c t s  o f  p h y t o p l a n k t o n  p h o t o s y n t h e s i s  is  

l i b e r a t e d  e x t r a c e l l u l a r l y .  E x t r a c e l l u l a r  p r o d u c t s ,  wh ich  may be d e f i n e d  

as s o l u b l e  o r g a n i c  subs tances  l i b e r a t e d  f rom h e a l t h y ,  as d i s t i n c t  f rom 

i n j u r e d  o r  decomposing c e l l s ,  a re  produced by a lgae  in  g r e a t  v a r i e t y  and 

amount (Fogg,  I 966) .  A s u b s t a n t i a l  amount o f  work has been done on both  

the  t o t a l  amount l i b e r a t e d  and the  chemica l  n a tu r e  o f  the  p ro d u c ts  

( G u i l l a r d  and Wangersky,  1958; H e l l e b u s t ,  1965; M arke r ,  1965;

Huntsman, 1972,; M y k le s ta d ,  Haug and Larsen ,  1972; I g n a t i a d e s ,  1973; 

and I g n a t ia d e s  and Fogg, 1973).  E x t r a c e l l u l a r  p r o d u c t i o n  was found to



v a ry  f rom le s s  than  0.5% up to  34% o f  the  t o t a l  p h o t o s y n t h e t i c  p ro d u c ts  

(Fogg,  1966) .  V a r io u s  subs tances  a re  produced e x t r a c e l l u l a r l y ,  v i z .  

g l y c o l  l i e  a c i d ,  c a r b o h y d r a te s ,  n i t r o g e n o u s  su bs ta nce s ,  v i t a m i n s ,  g rowth  

p rom o t ing  subs tances  and v o l a t i l e  compounds (Fogg,  1962 and I 966) .

Carbohydra tes  appear  t o  be a s i g n i f i c a n t  f r a c t i o n  o f  the  e x t r a ­

c e l l u l a r  p r o d u c t s .  A p r e l i m i n a r y  s tu d y  made by G u i l l a r d  and Wangersky 

( 1958) on seven mar ine  a lg a e ,  showed t h a t  a cc u m u la t io n  o f  c a rb o h y d ra te  

in  the  medium in c re ase d  a t  the  end o f  the  l o g a r i t h m i c  phase o f  g ro w th ,  

and in  most in s ta n c e s  in c rease d  d u r i n g  the  s t a t i o n a r y  phase w i t h  

senescence o f  the  c u l t u r e s .  Marker (1965) s t u d ie d  some f a c t o r s  a f f e c t i n g  

the  l i b e r a t i o n  o f  e x t r a c e l l u l a r  c a rb o h y d ra te  in  pure  c u l t u r e s  o f  two 

mar ine  Chrysophyceae , I s o c h r y s i s  ga lbana and Prymnesium parvum. He 

found t h a t  i nc reased  l i b e r a t i o n  o f  c a r b o h y d r a te  o c c u r re d  a t  reduced 

s a l i n i t y  and low l i g h t  I n t e n s i t y .  The r a t e  o f  l i b e r a t i o n  was g r e a t e s t  

in  the  e a r l y  and l a t e  s tages  o f  g ro w th .  Marker favo u re d  the  assumpt ion  

t h a t  the  e x t r a c e l l u l a r  c a rb o h y d ra te s  a re  p a s s i v e l y  r e le a se d  f rom dead o r  

d y in g  c e l l s .  M y k le s ta d ,  Haug and Larsen (1972) s t u d i e d  the  c a r b o h y d ra te  

p r o d u c t i o n  by the  m ar ine  d ia to m  Chaetoceros  a f f i n i s  and conc luded  t h a t  

the  e x t r a c e l l u l a r  p o l y s a c c h a r i d e  i s o l a t e d  f rom the c u l t u r e  medium is  n o t  

produced by leakage f rom dead o r  d y in g  c e l l s ,  b u t  i s  r e le ase d  f rom 

h e a l t h y  c e l l s  o f  Chaetoceros  a f f i n i s  in  the  s t a t i o n a r y  phase o f  g ro w th .

Because o f  the  l o c a l  I z a t i o n  o f  P ras i  n oc1adus mar i n u s  a t  h ig h  w a te r  

mark on ro cky  shores and in e s t u a r i e s ,  i t  Is expec ted  to  be a f f e c t e d  by 

s a l i n i t y  f l u c t u a t i o n  due to  the  e v a p o r a t i o n  o f  sea w a t e r ,  heavy r a i n f a l l  

and t i d a l  movements. S a l i n i t y  Is  c o n s id e re d  an im p o r t a n t  e c o l o g i c a l  

v a r i a b l e  in  the  mar ine  e n v i ro n m e n t ,  p a r t i c u l a r l y  in  in s h o re  areas  

( P r o v a s o l i ,  1958).  The change in  s a l i n i t y ,  w he the r  I t  i s  sudden o r  

g r a d u a l ,  may i n t e r r u p t  d i r e c t l y  o r  i n d i r e c t l y  the  m e t a b o l i c  a c t i v i t i e s



o f  th e  o rg a n ism  (Boney,  I 966) .

L i t t l e  a t t e n t i o n  in  the  p a s t  appears to  have been p a id  t o  the  

p h y s i o l o g y  o f  P̂ . marl  n u s . I t  was s e l e c t e d  f o r  the  e x p e r im e n ta l  s tu d y  

because o f  i t s  a b i l i t y  to  t o l e r a t e  v a r i o u s  s a l i n i t y  changes wh ich  a re  

v e ry  common in i t s  n a t u r a l  h a b i t a t ,  and because o f  the  r e l a t i v e l y  s h o r t  

p e r i o d  o f  t im e  r e q u i r e d  f o r  I t s  g ro w th .

The proposed theme o f  s tu d y  was p lanned to  I n v e s t i g a t e  the  e f f e c t  

o f  s a l i n i t y  v a r i a t i o n  on the  g row th  and some aspec ts  o f  m e t a b o l i c  a c t i v i t y  

o f  P r a s i n o c 1adus m a r i n u s . A s e r i e s  o f  e xp e r im e n ts  were c a r r i e d  o u t  t o  

i n v e s t i g a t e  q u a n t i t a t i v e l y  the  p r o p o r t i o n  o f  c a r b o h y d r a te  re le a s e d  in  

t h e  e x t r a c e l l u l a r  fo rm  d u r i n g  the  course  o f  g rowth  a t  normal s a l i n i t y  

and w i t h  s a l i n i t y  v a r i a t i o n .  A p r e l i m i n a r y  i n v e s t i g a t i o n  was made i n t o  

the  n a t u r e  o f  the  e x t r a c e l l u l a r  c a r b o h y d r a te ,  and i t s  r e l a t i o n  t o  the  

i n t r a c e l l u l a r  f r a c t i o n .  Assessments were made o f  the  p ig m e n t ’ s 

c o m p o s i t i o n  and the  e f f e c t  o f  v a r i o u s  s a l i n i t i e s  on the  q u a n t i t i e s  o f  

c h l o r o p h y l l  £  and t o t a l  c a r o t e n o i d s .  The uptake o f  phosphate  and n i t r a t e  

f rom the  medium a t  v a r i o u s  s a l i n i t i e s  was a l s o  s t u d i e d .



C hap te r  2 

MATERIALS and METHODS

I . M a t e r i a l s

A c u l t u r e  o f  P r a s i n o d a d u s  mar inus  ( C ie n k . )  Waern. was o b t a i n e d  

f rom the  C u l t u r e  C o l l e c t i o n  o f  A lg ae  and P ro to z o a ,  Cambridge (Ref .  

No. 163/1)  as a u n i - a l g a l  c u l t u r e .  An axe i r ic  c u l t u r e  ( s u c c e s s f u l l y  

e s t a b l i s h e d  by t r e a t m e n t  w i t h  a n t i b i o t i c s  as d e s c r ib e d  l a t e r )  was 

used as a t e s t  m a t e r i a l  f o r  th e  v a r i o u s  e x p e r im e n ts .

I I . C u l t u r e  methods

a. C u l t u r e  medi a.

i -  E n r iched  sea w a te r  medium ( P r o v a s o l i ' s  sea w a te r  

e n r i c h m e n t  medium as quo ted  by West ,  1966) .

S tock  s o l u t i o n

Na^ g l y c e ro p h o s p h a te  

NaNoo

V i t a m in  B
12

ThIami ne 

B i o t i n  

T r i s  b u f f e r  

Fe(NH^)2(So^) . OĤ O

500 mg in  10 mis d i s t i l l e d  w a te r

3 .5  grams in  10 mis d i s t i l l e d  w a te r  

100 yg in  10 mis d i s t i l l e d  w a te r

5 mg in  10 mis d i s t i l l e d  w a te r  

50 yg in  10 mis d i s t i l l e d  w a te r  

5 grams in  100 mis d i s t i l l e d  w a te r

175.5 mgf )

[CH^N (CH^.COOHj . CH^.COO Na]^ . ZH^O

in  250 mis 
) d i s t i l l e d

.165 mg ) w a te r

Note.  pH o f  T r i s  b u f f e r  a d j u s t e d  to  7 .6  -  8 .0  w i t h  IN NCI.



Trace  m e ta ls  s o l u t i o n

H^Bo^ 285 mg

FeCl^ . 6H^0 12.25 mg

MnSo^ . 41 mg

ZnSo^ . yH^O 5 .5  mg

CoSo^ , yH^O ' 1 .2  mg

Na^ EDTA 250 mg

D i s t i l l e d  w a te r  250 ml

The s to c k  s o l u t i o n  and the  t r a c e  metal  s o l u t i o n s  were mixed ,  and 

the  f i n a l  volume was b ro u g h t  t o  1250 ml w i t h  d i s t i l l e d  w a t e r .

The f i n a l  s t o c k  s o l u t i o n  was s t e r i l i z e d  by means o f  a 

b a c t e r i o l o g i c a l  f i l t e r .  20 ml o f  the  s t e r i l i z e d  m ix t u r e  was added 

a s e p t i c a l l y  to  one l i t r e  o f  aged sea w a te r  ( s u p p l i e d  by the  Mar ine  

B i o l o g i c a l  S t a t i o n ,  M i l l p o r t )  wh ich  was a u to c la v e d  a t  15 pounds per  

square inch  f o r  30 m in u te s .  The s a l i n i t y  o f  the  aged sea w a te r  

was a p p r o x im a t e l y  3 4 ° /o o .  C u l t u r e  media w i t h  s a l i n i t i e s  h i g h e r  than 

t h a t  o f  the  n a t u r a l  sea w a te r  were p re pa red  by add ing  the  s a l t s  

NaCl,  MgSo^.yH^O, KCl and CaCl^ in  c o n c e n t r a t i o n s  p r o p o r t i o n a l  to 

the  a r t i f i c i a l  sea w a te r  medium ASP^-

i i -  A r t i f i c i a l  sea w a te r  medium ASP^ ( P r o v a s o l i ,

McLaugh l in  and Droop,  1957)-

A f u l l  s t r e n g t h  a r t i f i c i a l  sea w a t e r  medium ( s a l i n i t y  35^ /oo  was 

p repa red  as f o l l o w s : -  

2  “  M a jo r  s a l t  e lements  ( v a r i a b l e )

'  NaCl 2 5 .2  g

MgSo^ . yH^O 7 .0  g

KCl 0 .84  g

CaCl2 0 .14  g

D i s t i l l e d  w a te r  966 ml



^  -  Cons tan t  components

NaNog 25 g/1 2 ml

K^H PO^ 5 g/1 1 ml

Na^ SiOg . gn^O 25 g/1 6 ml

TRIS 166.7  g/1 6 ml

3 mg/1 0 .5  ml

Na^ EDTA 15 g/1 2 ml

FeCl^ ' 0 .8  g/1 1 ml

ZnCl^ 150 mg/1 1 ml

MnCl^ 1.2 g/1 1 ml

CoCl^ 3 mg/1 1 ml

CuCl„  1 .8  mg/1 0 .5  ml2 

’3
V i t a m in  m i x t u r e  10 ml

H^Bo^ 3 g/1 2 ml

34 ml /  1 l i t r e  
medi um

V i t a m in  m i x t u r e  -  p repa re d  as f o l l o w s : -

Th iamine  MCI 50 mg

Ni c o t i  ni  c a c id  10 mg

Ca p a n to th e n a te  10 mg

B i o t i n  1 mg

Inos i  t o i  500 mg

F o l i  c ac i  d 0 .2  mg

Thymine 0 .3  g

D i s t i l l e d  w a te r  1000 ml

The c o n s ta n t  components m i x t u r e  was s t e r i l i z e d  by p ass ing  th rou gh  a 

b a c t e r i o l o g i c a l  f i l t e r .  The m a jo r  s a l t  e lemen ts  were a u to c la v e d  

a t  15 pounds per  square  inch  p. f«ssure  f o r  30 m in u tes  (CaCl s o l u t i o n  

a u to c la v e d  s e p a r a t e l y ) .  The t h r e e  s o l u t i o n s  were co o led  arid mixed 

asep t  i c a l l y .  ^

The pH o f  th e  m a jo r  s ^ l t s  s o l u t i o n  was a d j u s t e d  in o r d e r  to  

make the  f i n a l  pH o f  th e  medium 7 .5  '*■ 7*8





F i g u r e  1

N o n -m o t î l e  c e l l s  o f  P ras i noc ladus  mar inus

A -  A t  normal s a l i n i t y  (35°Voo)

B -  A t  reduced s a l i n i t y  ( 1 0 ° /o o )
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F i g u r e  2

C e i 1 o f  Pras înoc la dus  mari  nus

A “  Mot i 1e c e l 1 

B “  Cys t  s tage





b . Ma in tenance o f  c u l t u r e s .

Stock  c u l t u r e s  were m a in ta in e d  in  the  e n r i c h e d  sea w a te r

medium a t  a c o n s ta n t  te m p e ra tu r e  o f  15°C and an i l l u m i n a t i o n  o f

2160 lu x  f o r  12 hours pe r  day.  S u b c u l t u r e s  o f  b a c t e r i a - f r e e

Pras i  noc ladus  (see p. 13) were made r o u t i n e l y  to  f r e s h  medium every

month w i t h  r e g u l a r  t e s t s  f o r  s t e r i l i t y ,  us ing  the  pep tone sea w a te r

medium d e s c r ib e d  by Spencer ( 1 9 5 2 ) : -

B ac to -p ep tone  5 grams

F e r r i c  phosphate 0.1 gram

Aged sea w a te r  750 ml

D i s t i l l e d  w a te r  250 ml

c.  Growth c o n d i t i o n s .

The s to c k  c u l t u r e s  and the  c u l t u r e s  o f  some e x p e r im e n ts  

wh ich  need a smal l  vo lume o f  media and r e l a t i v e l y  l a r g e  numbers o f  

r e p l i c a t e s  were p laced  on g la s s  sh e lve s  in the  g rowth  room.

I l l u m i n a t i o n  was p ro v id e d  by one 60 w a t t  (5 f e e t  l ong )  A t l a s  

" d a y l i g h t "  f l u o r e s c e n t  tube  beneath each s h e l f ,  wh ich  gave an 

i l l u m i n a t i o n  o f  2160 lu x  a t  the  f l a s k  l e v e l .  The te m p e ra tu re  in 

the  growth  room ranged between 15°C d u r i n g  the d a y t i m e  and 14°C 

d u r i n g  the  n i g h t .

More c o n t r o l l e d  c o n d i t i o n s  o f  t e m p e ra tu re  and a e r a t i o n  were 

ach ieved  by the  use o f  a c u l t u r e  tank  wh ich  was s p e c i a l l y  des igned 

and b u i l t  f o r  t h i s  purpose ( F i g .  3 ) .  I t  c o n s i s t e d  o f  a 4* x 1‘ 6 "  x 1 '6 "  

g la s s  tank  f i l l e d  w i t h  w a t e r .  The tem pe ra tu re  o f  the  w a te r  was 

c o n t r o l l e d  a t  15 ”  0 . 1 °C by us in g  two s ta n d a rd  immersion h ea te r s
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p la ced  on the  bot tom o f  the  tan k  f i l l e d  w i t h  w a t e r .  An even 

te m p e ra tu re  was m a in ta in e d  th r o u g h o u t  the tank  by c o n t in u o u s  

c i r c u l a t i o n  o f  the  w a te r  w i t h  a smal l  w a te r  pump. The maximum 

v a r i a t i o n  o f  the  w a te r  t e m p e ra tu re  was -  Q.1°C. Two 60 w a t t  

(5 f e e t  l e n g th )  A t l a s  " d a y l i g h t "  f l u o r e s c e n t  tubes were f i x e d  on 

each s id e  o f  the  c u l t u r e  tan k  to  g i v e  an I l l u m i n a t i o n  o f  2160 lu x  

a t  th e  f l a s k  p o s i t i o n .  T h i s  was measured by immersing a c u l t u r e  

f l a s k  w i t h o u t  the  neck in  the  w a te r  ba th  a t  the  p la c e  where a 

c u l t u r e  f l a s k  wou ld  n o r m a l l y  be suspended,  and the  i l l u m i n a t i o n  

was measured i n s i d e  the  f l a s k  u s ing  a lu x m e te r .  The c u l t u r e  f l a s k  

was a 1 l i t r e  Pyrex  Roux b o t t l e  w i t h  a c e n t r a l  neck ( F i g .  4 ) ,  f i t t e d  

w i t h  a s ta n d a rd  m u l t i p l e  a d a p te r ,  ADP, ( Q u i c k f i t  Cat.  No. MA 1 /3 ,  

s i z e  B 2 4 / 2 9 ) .  The c e n t r a l  s o c k e t  o f  the  a d a p te r  c a r r i e d  an a e r a t i o n  

t u b e ,  AT, ( Q u i c k f i t  Ca t .  No. MF 15 /2 ,  s i z e  B 19/26)  re a ch in g  n e a r l y  

t o  the  bot tom o f  the  c u l t u r e  f l a s k .  The upper end o f  the  a e r a t i o n  

tube was connec ted  w i t h  s i l i c o n e  rubbe r  t u b in g  wh ich  in  t u r n  was 

connec ted  to  the  a i r  su p p ly  pump (as d e s c r ib e d  l a t e r ) .  The o f f - s e t  

s o cke t  (OF) o f  the  a d a p te r  was p lugged w i t h  n o n -a b s o rb e n t  c o t t o n - w o o l  

and se rved  as an e x i t  f o r  the  o u tg o in g  a i r .  The c u l t u r e s  were 

a e r a te d  w i t h  a i r  f rom a h i g h - f l o w  pump ( F i g .  4 ) ;  t h i s  was f i r s t  

passed th roug h  an a s p i r a t o r  f i l l e d  w i t h  d i s t i l l e d  w a te r  ( o i l  t r a p ) ,  

a f t e r  t h a t  th roug h  a column o f  s i l i c a  gel  ( m o is tu re  t r a p )  and then 

th rough  a n o th e r  a s p i r a t o r  f i l l e d  w i t h  c o t t o n - w o o l  wh ich  was r e g u l a r l y  

a u to c la v e d .  The s t e r i l e  a i r  was then led  I n t o  a m a n i f o l d  w i t h  a 

number o f  o u t l e t s  wh ich  were connec ted  t o  the  i n d i v i d u a l  c u l t u r e  

f l a s k s  by s i l i c o n e  rubbe r  t u b i n g  f i t t e d  w i t h  screw c lamps to  a l l o w  

r e g u l a t i o n  o f  a i r  in  each c u l t u r e  f l a s k .  The a i r  p re s s u r e  was kep t
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F i g u r e  3

Appara tus  f o r  c o n t r o l l e d  g row th  c o n d i t i o n s  o f  

t e m p e ra tu r e ,  l i g h t  and a e r a t i o n .

(The two f l u o r e s c e n t  tubes were removed f rom 

the f r o n t  s id e  f o r  ease o f  p h o to g ra p h y . )



m



12



F I g u re 4

Diagram o f  the  a e r a t i o n  system and the  c u l t u r e  

a p p a r a t u s .

T = o i l  t r a p

CHD = c o n s t a n t  head d e v i c e  

S = s i l i c a  gel  column

CW = a s p i r a t o r  w i t h  c o t t o n - w o o l

OL = o u t l e t  f o r  i n d i v i d u a l  c u l t u r e  f l a s k

B = c o n s t a n t  t e m p e ra tu re  ba th

SC = screw c l i p s

OF = o f f - s e t  s o c k e t

ADP = m u l t i p l e  a d a p te r

F = c u l t u r e  f l a s k

AT = a e r a t i o n  tube



*k«o

uCO t-

C Q

im IT

aX
CJ

3153 i w . f i i ; :  * | :ü j - : : f i ! . ; ' ’,::;:/i?io/̂ :"nni i ‘l ::' ' ! ■ j i ; ! i Vÿ!i i ' l ' i : ' ;■';;;;i j i i r i . '!l!nyw

—pWzr-------

'/'.UiiliiA

it



13

c o n s t a n t  by a l l o w i n g  the  excess to  bubb le  o f f  a g a i n s t  a 150 cm 

column o f  w a t e r .

III. Techn ique f o r  p r e p a r a t i o n  o f  a x e n ic  c u l t u r e s

P_. mar inus was o b t a in e d  as a u n i - a l g a l  c u l t u r e  b u t  i t  was 

co n ta m in a ted  w i t h  mould and b a c t e r i a .  To o b t a i n  a b a c t e r i a - f r e e  

c u l t u r e  was the  most c r u c i a l  s te p  In the  p r e s e n t  s t u d y .  The 

s tan d a rd  p l a t i n g  te c h n iq u e  used w i t h  the  m o t i l e  c e l l s  a t  the  

b e g in n in g  was u n s u c c e s s fu l .  The use o f  u l t r a v i o l e t  l i g h t  was a l s o  

i n v e s t i g a t e d .  Some o f  the  m o t i l e  c e l l s  were s t re a k e d  on e n r i c h e d  

sea w a te r  medium w i t h  1.5% agar  and exposed f o r  v a r y i n g  p e r io d s  a t  

U.V.  source  e m i t t i n g  a t  2^4 nm. Exposures o f  5 and 10 m inu tes  d id  

no t  r e s u l t  in  b a c t e r i a - f r e e  c u l t u r e s .  The l o n g e r  exposure  t im e  

was found to  a f f e c t  the  a l g a l  c e l l s .

A n t i b i o t i c  methods were t h e r e f o r e  n e c e s s a r i l y  a p p l i e d .

D roo p 's  ( 1967) s u c c e s s fu l  t e c h n iq u e  w i t h  a w ide range o f  a lg ae  depends 

on exposure  to  h ig h  c o n c e n t r a t i o n s  o f  a n t i b i o t i c s  f o r  a s h o r t  t im e .

He c la im ed  t h a t  t h e r e  was "se ldo m  any d i f f i c u l t y  in p u r i f y i n g  the  

o rg a n is m s ;  the  hard p a r t  Is c o n t i n u i n g  to  grow them a f te rw a rd s ' . ' .

His m i x t u r e  VI was a p p l i e d  to  the  c u l t u r e  o f  _P. mar i n u s . The r e s u l t  

o f  24 hours exposure  was t h a t  bo th  the  b a c t e r i a  and th e  a lgae  were 

v i a b l e  in  a l l  the a n t i b i o t i c  c o n c e n t r a t i o n s .  M o d i f i c a t i o n s  were 

made by us in g  a h i g h e r  c o n c e n t r a t i o n  o f  Ch lo ramphen ico l  w i t h  the 

a d d i t i o n  o f  neomycin ,  wh ich  is  a n o th e r  broad spec t rum a n t i b i o t i c .  

A c ted io ne  was added t o  remove the  mould c o n t a m in a t i o n .  The a n t i b i o t i c  

m i x t u r e  wh ich  gave a s u c c e s s fu l  r e s u l t  was p repared  as b e l o w : -
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Benzyl p e n i c i l l i n  Sô ^ 16,000 yg

S t re p to m y c in  So^ 3,200 yg

Ch1oramphen i c o 1 160 yg

Neomyc i n 800 yg

A c t i d i o n e 1,600 yg

21,760 pg per one ml

S ix  tubes o f  the  u n i - a l g a l  c u l t u r e s  numbered f rom 1 to  6 were 

p re p a re d ,  each c o n t a i n i n g  6 ml o f  c u l t u r e .  A s o l u t i o n  o f  a n t i ­

b i o t i c  m i x t u r e  was p repa red  and s t e r i l i z e d  by f i l t r a t i o n .  6 ml 

o f  t h i s  m i x t u r e  was mixed w i t h  c u l t u r e  tube no.  1, a f t e r  t h a t  h a l f  

o f  i t  was mixed w i t h  tube  no.  2 t o  d i l u t e  the  a n t i b i o t i c  c o n c e n t r a t i o n  

to  1 /4 ,  and so on to  g e t  s i x  d i f f e r e n t  c o n c e n t r a t i o n s  o f  the  a n t i ­

b i o t i c  m i x t u r e  (Tab le  1, and as shown in  the  sequence below)

6 ml
a n t i b i o t i c  m ix t u r e  

21,760 yg /m l
mi xed

6 ml 
c u l t u r e

6 ml 
c u l t u r e  

+
â n t i  b i o t i  c

6 ml 
c u l t u r e  

+
a n t i b i o t i c  

10,880 yg/ml
mi xed

6 ml 
c u l t u r e

6 ml 
c u l t u r e  

+
a n t i b i o t i c

6 ml 
c u l t u r e  

+
a n t i  b i o t i  c 
5 ,440 yg /m l

6 ml
c u l t u r e

ml xed

e t c .



A f t e r  24 hours i n c u b a t i o n  a t  l i g h t  i n t e n s i t y  o f  2160 l u x  and 

te m pe ra tu re  15°C, s u b - c u l t u r e s  were made i n t o  a n t i b i o t i c - f r e e  media 

f rom each o f  the s i x  tubes .  S t e r i l i t y  t e s t s  were made on a l l  the  

s u b - c u l t u r e s  a f t e r  t h r e e  weeks us in g  peptone sea w a te r  medium. 

S t e r i l i t y  t e s te d  c u l t u r e s  were in cuba ted  f o r  a t  l e a s t  two f u r t h e r  

weeks a t  25°C to  ensure  c o n f i d e n c e  in any n e g a t i v e  r e s u l t  o b ta i n e d .

Tab le  1. R ou t ine  method o f  o b t a i n i n g  a x e n ic  c u l t u r e s .

Tube number 1 2 3 4 5 6

A n t i b i o t i c  conc.  
( y g / m l ) ,  24 hours 
exposure

10,880 5,440 2,720 1,360 680 340

V i a b l e  b a c t e r i a  
in  s u b - c u l t u r e s

-  - - •h + +

Vi a b le  a lg ae  i n 
s u b - c u l t u r e s

+ + + 4- +

The r e s u l t s  o f  the  d i f f e r e n t  t r e a tm e n ts  i l l u s t r a t e d  In Tab le  1 

show t h a t  in  tube  no. 1 both  the  b a c t e r i a  and the  a lg a e  were k i l l e d ,  

in  tubes nos.  2 and 3 o n l y  the  b a c t e r i a  were k i l l e d .  O the r  tube s ,  

numbered 4,  5 and 6 were s t i l l  co n ta m in a te d  w i t h  b a c t e r i a .  No 

d e t e c t a b l e  changes o c c u r r e d  i n  t h e  p u r i f i e d  a l g a l  c e l l s ,  and they  

grew w e l l  s u b s e q u e n t l y .



I V .  Methods o f  a n a l y s i s

a ”  D e te r m in a t i o n  o f  d ry  w e i g h t .

Samples o f  c e l l  suspens ion  were taken in  p reweighed 

c e n t r i f u g e  tubes and were spun a t  3000 g . The c e n t r i f u g a t e ,  a f t e r  

a q u i c k  r i n s e  w i t h  d i s t i l l e d  w a t e r  and r e c e n t r i f u g a t i o n  a t  the  same 

speed,  was s t o r e d  a t  90°C f o r  t h r e e  o r  f o u r  days u n t i l  i t  a t t a i n e d  

a c o n s t a n t  w e ig h t .  The tubes were rewelghed and the  d i f f e r e n c e s  

in  w e ig h t  gave the  assessment o f  the  d r y  w e ig h t  o f  the  c e l l s .

b -  Wet packed c e l l s  volume d e t e r m i n a t i o n .

W In t robe  (b lo od  s e d i m e n t a t i o n )  tubes were used f o r  the  

e s t i m a t i o n  o f  wet packed volume ( D r l n g ,  19&7). These a re  t h i c k -  

w a l l e d  tubes  w i t h  a h o le  o f  abou t  2 mm. They a re  11 cm lo ng ,  

and are  g ra dua te d  in  mm. S ince  the  t o t a l  volume o f  the  tubes was 

v a r i a b l e ,  they  were c a l i b r a t e d  b e f o r e  use by f i l l i n g  t o  the  100 mm 

mark w i t h  d i s t i l l e d  w a t e r ,  and w e ig h i n g .  The read ing  had then t o  

be c o r r e c t e d  by a f a c t o r  s p e c i f i c  t o  each tube ,  t o  o b t a i n  the  f i n a l  

volume. Samples o f  c e l l  suspens io n  were c e n t r i f u g e d  and the 

d e n t r i f u g a t e  was t r a n s f e r r e d  w i t h  a smal l  volume o f  medium to  a 

W In t ro be  tub e .  Care was taken to  ensure  even p ack ing  and the absence 

o f  a i f - b u b b l e s ,  and the  tubes were then c e n t r i f u g e d  a t  1500 g f o r  

5 m in u te s .  The le v e l  o f  c e l l s  in  the  tubes was noted and the  t o t a l  

volume was c a l c u l a t e d .

c -  C o l o r i m e t r i c  de t e r m i n a t i o n  o f  t o t a l  c a r b o h y d r a t e .

Tes t  samples were c e n t r i f u g e d  a t  3000 g. The c e n t r i f u g a t e  

was mixed w i t h  2m1 o f  c u l t u r e  medium and homogenized by f o r c i n g  the



J /

m i x t u r e  th rough  a f i n e  1 ml s t e r i l e  s y r i n g e  need le .  One ml o f  the  

homogenate was c a r e f u l l y  l a y e re d  on t o  5 ml o f  Ice  c o ld  an th ro n e  

reagen t  (Yemm & W i l l i s ,  1954),  a l l o w e d  to  r e a c t  f o r  5 m in u tes  and 

then t h o r o u g h l y  mixed w h i l e  s t i l l  immersed in  the  ice  w a t e r .  The 

tubes were heated  a t  100°C in  a c o n s t a n t  l e v e l  w a te r  ba th  f o r  10 

m inu tes  and then coo led  in  i c e  ba th  t o  s top  the  r e a c t i o n .  The 

o p t i c a l  d e n s i t y  was measured us in g  one cm fused s i l i c a  c e l l s  a g a i n s t  

c u l t u r e  medium a t  620 nm us in g  a Unicam S . P . 600 S p e c t ro p h o to m e te r .  

Reagent b la nk s  us in g  normal c u l t u r e  medium were p repa red  in  e x a c t l y  

the same way as d e s c r ib e d  above.

Q u a n t i t i e s  o f  c a rb o h y d ra te  e q u i v a l e n t  t o  the  observed  o p t i c a l  

d e n s i t i e s  were e v a lu a te d  by means o f  a c a l i b r a t i o n  c u rve  f o r  g lu c o s e .

An th rone  reagen t  was p repa red  by d i s s o l v i n g  0 .2  gm o f  an th ro ne  

( r e c r y s t a l l i z e d  f rom to l u e n e )  in  100 ml o f  d i l u t e d  H^So^, made by 

add in g  900 ml o f  c o n c e n t r a te d  a c id  t o  100 ml o f  d i s t i l l e d  w a te r .

d -  D e t e r m in a t i o n  o f  e x t r a c e l l u l a r  c a r b o h y d r a t e .

The c e l l  suspens ion  under t e s t  was c e n t r i f u g e d  a t  3000 g.

The c l e a r  s u p e rn a ta n t  was f i l t e r e d  th rou gh  a s i n t e r e d  g la s s  c r u c i b l e  

l i n e d  w i t h  K ie s e lg u h r  and passed th ro u g h  a 0 .37  V- m i l l î p o r e  f i l t e r .

One ml r e p l i c a t e s  were t e s t e d  f o r  c a rb o h y d ra te  as d e s c r ib e d  above.

e "  C a l i b r a t i o n  cu rve  f o r  c a rb o h y d r a t e .

Using the  same e x p e r im e n ta l  p ro c e d u re ,  o p t i c a l  d e n s i t i e s  

o f  d u p l i c a t e  samples o f  known amounts o f  g lucose  (10,  20 - - - -  100 ygs) 

were d e te rm ine d  a t  620 nm u s in g  an S . P . 600 and p l o t t e d  a g a i n s t  

q u a n t i t i e s  ( F i g .  5 ) ,
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F i g u r e  5 .

C a l i b r a t i o n  c u rve  f o r  a n th ro n e  re age n t  w i t h  

s ta n d a rd  g lu c o s e  s o l u t i o n s .
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f  -  E x t r a c t i o n  o f  p igments  f rom c u l t u r e s .

A s u f f i c i e n t  q u a n t i t y  o f  c u l t u r e s  was c e n t r i f u g e d  a t  2000 g 

f o r  15 m in u te s .  A f t e r  d é c a n ta t i o n  o f  the  s u p e r n a ta n t ,  the  c e l l s  

were e x t r a c t e d  w i t h  90% ace tone  in  subdued l i g h t .  The e x t r a c t  was 

c e n t r i f u g e d  and the  s u p e r n a ta n t  l i q u i d  was decan ted .  E x t r a c t i o n  was 

repea ted  t h r e e  t imes w i t h  10 ml a l i q u o t s  o f  90% a ce to ne .  The f o u r  

e x t r a c t s  were combined and p a r t i t i o n e d  w i t h  d i e t h y l  e t h e r  by the  

presence  o f  10% (w /v )  NaCl s o l u t i o n .  The e t h e r  l a y e r  c o n t a i n i n g  the  

p igment  was rewashed w i t h  10 volumes o f  10% (w/v )  NaCl s o l u t i o n .

The p igment  e x t r a c t  was c e n t r i f u g e d  a t  h ig h  speed to  remove d r o p l e t s  

o f  w a te r  and the  s o l v e n t  was e v ap o ra te d  under a s t ream o f  n i t r o g e n .

g -  Th in  l a y e r  ch romatography  o f  p ig m e n ts .

The d r i e d  p igments  were d i s s o l v e d  in  a min im al  q u a n t i t y  o f  

e t h e r  and loaded on to  the  t h i n  l a y e r  p l a t e s  coated  w i t h  a 0.25 mm 

l a y e r  o f  s i l i c a  gel  G under  a c u r r e n t  o f  n i t r o g e n .  The development  

o f  the  p l a t e s  was c a r r i e d  o u t  in  darkness us in g  a m i x t u r e  c o n s i s t i n g  

o f  58 ( v / v )  p e t ro le u m  e t h e r  ( b . p .  60“ 8 0°C ) ,  30% ( v / v )  r e d i s t i l l e d  

e t h y l  a c e t a t e  and 12% ( v / v )  d i e t h y l  ami ne ( R i l e y  and W i l s o n ,  19&5).  

A f t e r  the  deve lopment was comple ted  the  p l a t e s  were a i r  d r i e d  and the  

Rf  va lu es  o f  each band were d e te rm in e d .

The se pa ra ted  bands were e l u t e d  w i t h  a s u i t a b l e  s o l v e n t  ( v i z .  

d i e t h y l  e t h e r ,  hexane,  p e t ro le u m  e t h e r ,  a c e to n e ) ,  and redeve loped  

on t h i n  l a y e r  p l a t e s  u s ing  the  same s o l v e n t  system. The p u r i f i e d  

bands were r e - e l u t e d  and c h a r a c t e r i z e d  by t h e i r  a b s o r p t i o n  s p e c t ra  

us ing  a Uni cam S . P . 800. From the  Rf i n f o r m a t i o n  and th e  a b s o r p t i o n  

maxima o f  the  bands,  t h e  p igments  c o m p o s i t i o n  was c h a r a c t e r i z e d  and
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i d e n t i f i e d  by compar ing  t h e i r  p r o p e r t i e s  w i t h  the  p u b l i s h e d  a u t h e n t i c  

d a t a .

h -  D e te r m in a t i o n  o f  c h l o r o p h y l l  a and t o t a l  c a r o t e n o i d s .

Equal a l i q u o t s  o f  we t  packed volume o f  a l g a l  c e l l s  were 

e x t r a c t e d  w i t h  90% ace to ne .  Each e x t r a c t  was s u b je c te d  t o  u l t r a  

B o n i f i c a t i o n  f o r  30 m in u tes  (N e lson ,  I960) t o  r u p tu r e  th e  c e l l  w a l l .  

The s o n i f i c a t e d  samples were p laced  in  a r e f r i g e r a t o r  in  comple te  

darkness  o v e r n i g h t ,  and the  e x t r a c t  was t r a n s f e r r e d  to  1 cm fused 

s i l i c a  c e l l s  to  no te  the e x t i n c t i o n  a t  6 6 5 , 645,  750 and 480 nm. 

C o n c e n t r a t i o n s  o f  c h l o r o p h y l l  ^  and c a r o te n o i d s  were c a l c u l a t e d  

a c c o r d in g  to  t h e  e q u a t i o n s  o f  S t r i c k l a n d  and Parsons ( I 968) .

C h l o r o p h y l l  £  = 11 .6 E^^^ -  1 .31^^^^

C a ro te n o id s  = 4.0E^gQ

The re ad in g  a t  750 nm was a lways le s s  than 0.012 and was s u b t r a c t e d  

f rom the  o t h e r  e x t i n c t i o n s  to  c o r r e c t  f o r  t u r b i d i t y .

i -  D e te r m in a t i o n  o f  s u g a r s .

1. I n t r a c e l l u l a r  f r a c t i o n .

The p l a n t  m a t e r i a l s  were sepa ra ted  f rom the  c u l t u r e  

medium by c e n t r i f u g a t i o n  and e x t r a c t e d  by r e f l u x  o v e r n i g h t  w i t h  80% 

e th a n o l  a t  85°C. The e x t r a c t  was c e n t r i f u g e d  a t  h ig h  speed and the  

s u p e rn a ta n t  ( a l c o h o l  s o l u b l e  f r a c t i o n )  was c o n c e n t r a te d  j_n vacuo a t  

35°C and p a r t i t i o n e d  between c h l o r o f o r m  and w a te r .  The aqueous phase 

c o n t a i n i n g  the sugars  was h y d r o l y s e d  in  3N s u l p h u r i c  a c id  f o r  3 h ou rs .  

The a c id  was n e u t r a l i z e d  w i t h  BaCo^. Excess ca rb on a te  and s u lp h a te

was removed by m i l l i p o r e  f i l t r a t i o n .
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The a l c o h o l  i n s o l u b l e  f r a c t i o n  was h y d r o ly s e d  as above and the 

e x t r a c t  s u b je c te d  t o  paper p a r t i t i o n  ch romatography .

2. E x t r a c e l l u l a r  f r a c t i o n .

The c u l t u r e  medium, a f t e r  the  s e p a r a t i o n  o f  the  p l a n t  

m a t e r i a l ,  was passed th rou g h  a 0 .3 7  y m i l l i p o r e  f i l t e r  t o  remove 

any f i n e  p a r t i c l e s  o f  a lg a e .  The medium was reduced in  volume to  

abou t  100 ml by e v a p o r a t i o n  a t  reduced p re s s u re  a t  55°C s in c e  i t  

was necessa ry  to  deal w i t h  a r e l a t i v e l y  l a r g e  volume o f  l i q u i d  phase 

(2 l i t r e s )  in  o r d e r  to  d e t e c t  the  d i s s o l v e d  o r g a n i c  subs tances  

l i b e r a t e d  i n t o  the s u r r o u n d in g  medium. D i f f i c u l t i e s  were e x p e r ie n c ed  

in  red uc ing  the  volume o f  t h i s  l i q u i d  phase in the  presence  o f  the  

mass ive  i n o r g a n i c  s a l t s ,  and in  removing these s a l t s  wh ich  i n t e r f e r e d  

w i t h  the ch ro m a to g ra p h ic  s e p a r a t i o n .  D i a l y s i s  was found n o t  to  be 

s a t i s f a c t o r y  because a f t e r  up t o  50 hours  d i a l y s i s  a g a i n s t  d i s t i l l e d  

w a t e r  the  medium was s t i l l  c o n s i d e r a b l y  s a l i n e ,  and p ro long ed  d i a l y s i s  

may have led  to  a lo ss  o f  as much as 50% o f  the  c a r b o h y d ra te  (Marke r,  

1965) .  The d e s a l t i n g  w i t h  an ion  r e t a r d a t i o n  r e s i n  (AG 11A8) was 

t r i e d  and found i n e f f i c i e n t .

D e s a l t i n g  by the  use o f  c a t i o n  and an ion  r e s in  was found t o  be

the  most s a t i s f a c t o r y  method. The medium was passed th rou g h  a column

(50 cm long x 3 .5  cm d ia m e te r )  c o n t a i n i n g  c a t i o n  exchange r e s in  

( a m b e r l i t e  lR -120)  in  t h e  H fo rm ,  and then was passed th rough  a column

(50 cm X  3 . 5 cm) o f  an ion  exchange r e s i n  ( a m b e r l i t e  lR -45 )  in  the  OH

form.  The d e s a l t e d  medium was reduced in  volume a t  reduced p re s s u r e  

and h y d r o l i z e d  w i t h  3N s u l p h u r i c  a c id  f o r  3 hou rs .  The h y d r o l y s a t e  

was n e u t r a l i z e d  in  BaCo^, and the  excess ca rbona te  and s u lp h a te
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removed by m i l l i p o r e  f i l t r a t i o n .  The volume o f  the  e x t r a c t  was 

reduced in  vacuo and s u b je c te d  t o  paper chromatography .

j  “  Paper ch romatography  o f  s u g a r s .

Descending paper  ch romatography  was c a r r i e d  o u t  in  an a i r ­

t i g h t  g la ss  tank  (Pang las chromatapk,  Shandon) o f  a s i z e  s u i t a b l e  

to  take  paper 18 x 22 in c h e s .  The tan k  was f i r s t  s a t u r a t e d  w i t h  

the  s o l v e n t  vapours by c o v e r i n g  the  bo t tom w i t h  the  s o l v e n t  and 

r e p l a c i n g  the  l i d .  Sugar e x t r a c t e d  f rom the  p l a n t  m a t e r i a l  was s p o t t e d  

on Whatman No. 3MM paper  and s e p a ra te d  by downward d is p la c e m e n t .

Severa l  s o l v e n t  systems were t r i e d ,  b u t  two o f  them were s e le c te d  

wh ich  gave a good s e p a r a t i o n .

a) [ v / v ]  n - b u ta n o l  : e th a n o l  : w a te r  (53 : 32 : 16) .

b) [ v / v ]  e t h y l  methy l  ke tone  : a c e t i c  a c i d  : w a t e r  ( s a t u r a t e d  w i t h

b o r i c  a c id )  (9 : 1 : 1 ) .

A marker o f  g lu cose  was a lways used in  p a r a l l e l  w i t h  the  s o l u t i o n  to  

be examined.  A f t e r  the  deve lopment  was comple ted  the  chromatogram 

was a i r  d r i e d ,  and the  spo ts  were s t a i n e d  and i d e n t i f i e d  by means o f  

Rg v a lu e s .

n d i s t a n c e  subs tance  t r a v e l s  f rom the  o r i g i n  ,
Rq = "TV---------------- T---------—r-— — Ï T m —  X 1 00^ d i s t a n c e  g lu cose  t r a v e l s  f rom the  o r i g i n

S t a i n i n g  reagen t  f o r  paper ch romatography

P e r i o d i c  a c id  re age n t  was used as a s t a i n i n g  reagen t  and p re pa red  

as f o l l o w s  : -

a -  P e r i o d i c  a c id  (H_ lO , )  2 .2 8  g in  100 ml d i s t i l l e d  w a te r  . .  1 volume.
5 6

b -  B e n z id in e  184 mg in  95 ml ace tone  w i t h  the a d d i t i o n  o f  4 .4  ml

d i s t i l l e d  w a te r  and 0 .6  ml a c e t i c  a c i d .  , .  . .  . .  19 volumes



The d r i e d  chromatogram was d ipped  in  reagen t  (a) and a l lo w e d  

t o  s tand  f o r  3"4 m in u te s ,  d u r i n g  wh ich  t im e  any sugar p re s e n t  

reduced the p e r i o d i c  a c i d .  The damp paper was then d ipped in 

reagen t  ( b ) . A f t e r  a few m in u tes  a w h i t e  spo t  appeared on a b lu e  

background.

k -  DNA d e t e r m i n a t i o n .

A known volume o f  packed c e l l s  was r e f l u x e d  w i t h  80% 

r e d i s t i l l e d  methanol  t o  a i d  b l e a c h in g  o f  the  c e l l s ,  then c e n t r i f u g e d  

a t  h igh  speed,  and the  re s id u e  t r e a t e d  w i t h  10% ice  c o ld  t r i c h l o r o ­

a c e t i c  a c id  f o r  one hour a t  -15°C .  The p r e c i p i t a t e  thus  o b ta in e d  

was c e n t r i f u g e d  a t  5000 g and e x t r a c t e d  w i t h  a s o l v e n t  m i x t u r e  

c o n s i s t i n g  o f  e t h e r  : e th a n o l  : c h l o r o f o r m  ( 2 : 2 : 1 )  i n  o r d e r  to  

remove f a t  and m o i s t u r e .  The p r e c i p i t a t e  was se pa ra ted  by c e n t r i ­

f u g a t i o n  a t  5000 g and the  p e l l e t  was f u r t h e r  d r i e d  in  vacuo . The 

d r i e d  p e l l e t  was h y d r o l y s e d  w i t h  5 ml KOH (0.5N) f o r  one hour a t  

37*C. The p r e c i p i t a t e  was s e p a ra te d  by c e n t r i f u g a t i o n  a t  h ig h  speed 

a t  0°C and a known volume o f  10% p e r c h l o r i c  a c id  was added,  mixed ,  

and the  r e s u l t i n g  s l u r r y  thus  o b t a i n e d  was incuba ted  a t  90°C f o r  

15 m in u te s .  The c l e a r  s u p e r n a ta n t ,  a f t e r  c e n t r i f u g a t i o n ,  was 

t r a n s f e r r e d  to  1 cm fused s i l i c a  c e l l s  and the  o p t i c a l  d e n s i t y  a t  

260 nm was noted us in g  the  Uni cam S . P . 800 S p e c t ro ph o tom e te r .

1 -  D e te r m in a t i o n  o f  phospha te -phosphorus  in  t h e  medium.

The c o n c e n t r a t i o n  o f  phosphate in the  medium was measured 

us in g  the  t e c h n iq u e  d e s c r ib e d  by Murphy and R i l e y  (1 3 6 2 ) ,  100 ml o f  

the sample was measured w i t h  a g ra du a te d  c y l i n d e r  and poured i n t o  a
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250 ml c a p a c i t y  p o l y th e n e  b o t t l e .  The sample was warmed t o  a 

te m p e ra tu r e  between 15 and 30°C, 10 ml o f  mixed reagen t  were added 

and mixed q u i c k l y .  A f t e r  5 m inu tes  the  e x t i n c t i o n  o f  the  s o l u t i o n  

was measured in  4 cm c e l l s  a t  885 nm us in g  the S .P .600.  The 

e x t i n c t i o n  was c o r r e c t e d  by s u b t r a c t i n g  the  reagen t  b la n k .  The 

phosphate  c o n c e n t r a t i o n  was measured in mic rogram-atoms o f  phosphate 

phosphorus per  l i t r e  f rom the  e x p r e s s io n

yg -  a t  p / l i t r e  =. c o r r e c t e d  e x t i n c t i o n  x F.

3 . 0 0F =
Es -  Eb

= the  mean e x t i n c t i o n  o f  f o u r  s tan da rds  c o n t a i n i n g  3 yg “  a t  p /1 .

E, = the mean e x t i n c t i o n  o f  two-, b la n k s ,  b

m "  D e t e r m in a t i o n  o f  n i t r a t e - n i t r o g e n  in  the medium.

The c o n c e n t r a t i o n  o f  n i t r a t e  in  the  medium was measured 

u s in g  the  method o f  Wood, A rms t rong  and R ichards  (19 67 ) ,  a method 

in  wh ich  n i t r a t e  is  q u a n t i t a t i v e l y  reduced t o  n i t r i t e  by p ass ing  

the sample th roug h  a cadmium-copper column. The sample was then 

t r e a t e d  as a n i t r i t e  sample by th e  method o f  Bendsche ide r  and 

Robinson (1952).



Chapte r  3 

OBSERVATIONS and RESULTS

1. Morphology and mode o f  l i f e .

The newly  s e t t l e d  m o t i l e  c e l l  i s  enc losed  w i t h i n  a theca o f  

unknown chemical  c o m p o s i t i o n  (Boney,  1970),  wh ich  is  somewhat 

v a r i a b l e  in  s i z e  and shape, u s u a l l y  abou t  16-20 ym in  l e n g t h  and 

7"8 ym in d ia m e te r .  The c h l o r o p l a s t  is  lobed o r  l a c i n i a t e  (Parke 

and Manton, 1965) in  wh ic h  a t w o - l a y e r e d  e y e - s p o t  c l e a r l y  s tands  o u t .  

The p y re n o id  is  lo c a te d  near the  c e n t r e  o r  somewhat towards  the  

p o s t e r i o r  end o f  the  c h l o r o p l a s t  and surrounded w i t h  a cup-shaped 

s t a r c h  s h e l l .  The n uc leu s  is  l o c a te d  j u s t  In f r o n t  o f  the  p y r e n o id .  

Four f l a g e l l a ,  wh ich  a re  abou t  h a l f  the  body l e n g t h ,  a r i s e  f rom the  

bot tom o f  a d ep re s s io n  a t  the a n t e r i o r  end o f  the  c e l l .  The 

f l a g e l l a r  s u r f a c e  i s  covered  w i t h  sma l l  p l a t e - s c a l e s  and h a i r s ,  

w h ic h  a re  co n s id e re d  t o  be one o f  the  main c h a r a c t e r i s t i c s  o f  the  

c l a s s  Pras inophyceae  (Parke and Manton, 1965) .  The s e d e n ta ry  phase 

i s  i n i t i a t e d  when the zoo ids  s e t t l e  down by t h e i r  f l a g e l l a r  p o le s .

They th row  t h e i r  f l a g e l l a ,  and the p r o t o p l a s t  s e c r e te s  a new w a l l  

i n s i d e  the  p re v io u s  one. The i n n e r  w a l l  e lo n g a te s  and the  p re v io u s  

w a l l  i s  r u p tu r e d  a t  the  apex.  The upward passage o f  th e  re ju v e n a te d  

c e l l  c o n t i n u e s  to  a more o r  le s s  c o n s i d e r a b l e  e x t e n t  u n t i l  i t s  base 

i s  o n l y  e nc losed  In a c o l l a r - l i k e  s t r i p  o f  the  p r e v io u s  w a l l .  When 

t h i s  p rocess  o f  r e j u v e n a t i o n  i s  repea ted  a number o f  t im e s ,  a f i l a m e n t  

o f  empty w a l l s  ( th eca e )  d e v e lo p s ,  t e r m i n a t i n g  in  a p a r t l y  e x t r u d e d  

c e l l .  B ranch ing  i s  e f f e c t e d  by l o n g i t u d i n a l  and o b l i q u e  d i v i s i o n  

o f  the  t e r m in a l  c e l l ,  and hence a branched d e n d ro id  c o lo n y  may be



fo rmed.  There is  no e v id en ce  o f  any sexual  phase in the  l i f e  o f  

the  o rgan ism .

2.  E s t im a t i o n  o f  g r o w t h .

The i r r e g u l a r l y  branched d e n d ro id  n a tu re  o f j \  m a r l n u s , wh ich  

c o n s i s t s  o f  empty c e l l  enve lopes  and the  green c e l l s ,  made the  normal 

c o u n t in g  methods im p o s s ib l e .  The g rowth  in  clumps p r e v e n ts  the  use 

o f  o p t i c a l  d e n s i t y  measurements.  Measurement o f  the  in c re a s e  in 

c h l o r o p h y l l  c o n t e n t  i n v o l v e s  the  q u a n t i t a t i v e  e x t r a c t i o n  o f  the  

p igments  by an o r g a n i c  s o l v e n t  wh ich  is  n o t  e a s i l y  accom p l i shed .

A ls o  i t  does n o t  g i v e  a measure o f  the  o v e r a l l  p r o d u c t i o n  o f  o r g a n i c  

m a t t e r  by the  o rgan ism .  An a l t e r n a t i v e  method f o r  the  e s t i m a t i o n  

o f  the  growth  was deve loped wh ich  depends on the  measurement o f  the  

compact  volume o f  the  a l g a e ,  and wh ich  was s u f f i c i e n t l y  s e n s i t i v e  t o  

g i v e  a d i r e c t  measure o f  the  o v e r a l l  i n c re a s e  o f  o r g a n i c  m a t t e r  (bo th  

c e l l s  and empty t h e c a e ) .  In a d d i t i o n ,  measurements can be made in 

a s h o r t  t im e  i n t e r v a l .

3. E f f e c t  o f  s a l i n i t y  v a r i a t i o n  on the  amount o f  l i v i n g / n o n - l i v i n g

cel  1 mate r i  a l s .

The e x te r n a l  morpho logy  o f  £ .  ma r i  nus when grown a t  v a r io u s  

s a l i n i t i e s  was no t  s i m i l a r .  In c u l t u r e s  o f  normal s a l i n i t y  the  

empty c e l l  enve lopes  were u s u a l l y  in  a f i l a m e n t o u s  fo rm  ( F i g .  l A ) ,  

w h i l e  a t  reduced s a l i n i t y ,  on the  o t h e r  hand,  the  empty thecae  were 

m a in l y  compact  and i r r e g u l a r  in  t h e i r  appearance ( F i g .  I B ) .  i t  was
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F i g u r e  6 .

Q u a n t i t i e s  o f  DNA pe r  0 .05  ml wet  packed volume o f  

P. mar inus  a t  v a r i o u s  s a l i n i t i e s .

S a l i n i t y  Absorbance a t
range 260 nm

4 5 ° /o o  0 .28

4 0 ° /o o  0.26

3 5° /o o  0 .295

30° /oo  0 .29

2 5 ° /o o  0 .28

15° /oo  0 .27

5 / 0 0  0.295
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t h e r e f o r e  necessa ry  t o  know the  r e l a t i v e  amount o f  l i v i n g  c e l l  

m a t e r i a l  per  a known wet  packed c e l l  volume (and w h e th e r  i t  Is 

s i m i l a r  o r  n o t )  f o r  c u l t u r e s  g row in g  a t  v a r io u s  s a l i n i t i e s .  The 

e s t i m a t i o n  was made on the  b as is  o f  DNA c o n t e n t  o f  the  l i v i n g  c e l l  

m a t e r i a l s  in  a known volume o f  c e l l s .  R i c k e t t s  ( I 966) s t a t e d  t h a t  

the  DNA c o n t e n t  per  average  c e l l  i s  r e l a t i v e l y  c o n s t a n t  in  the  same 

o rg a n i  sm.

Equal a l i q u o t s  (0 .05  ml) o f  wet packed volume o f  P_. ma r i nus 

grown a t  s a l i n i t i e s  o f  5 ° / o o ,  15° / o o ,  25° / o o ,  3 0 ^ /o o ,  3 5 ° /o o ,  4 0 ° / o o ,  

and 4 5 ^ /0 0  were e x t r a c t e d  w i t h  80% methanol  and e s t im a te d  q u a n t i t a t i v e l y  

f o r  the  t o t a l  DNA (see page 2 3 ) .  The r e s u l t s  a re  i l l u s t r a t e d  In 

F ig .  6 and showed no s i g n i f i c a n t  d i f f e r e n c e s  in the  amount o f  DNA 

f rom c u l t u r e s  g row ing  a t  v a r i o u s  s a l i n i t i e s .  T h is  may lead to  

the  c o n c lu s io n  t h a t  equal  we t  packed volumes taken f rom c u l t u r e s  

a t  v a r i o u s  s a l i n i t i e s  c o n t a i n  the  same amount o f  c e l l  m a t e r i a l s ,  

i r r e s p e c t i v e  o f  th e  form taken by the  thecae .

4. E f f e c t  o f  v a r i o u s  s a l i n i t i e s  on g rowth  o f  P. m a r i n u s .

A p r e l i m i n a r y  e x p e r im e n t  was made t o  f i n d  the  p a t t e r n  o f  g rowth  

a t  v a r i o u s  s a l i n i t i e s .  In o c u la  o f  0.1 ml wet  packed volume o f  

2 '  mar inus  ( taken  f rom a c u l t u r e  g row ing  in e n r i c h e d  sea w a te r  medium 

a t  15°C and i l l u m i n a t i o n  o f  2160 l u x )  were suspended in  500 ml o f  

e n r i c h e d  sea w a te r  media o f  v a r i o u s  s a l i n i t i e s  ( 1 0 ° /o o ,  15° / o o ,

2 0 ° / o o ,  2 7 . 5^ / 0 0 , 35^ /00  and 4 5 ° / o o ) .  Two r e p l i c a t e s  o f  each 

s a l i n i t y  range were made. The c u l t u r e  f l a s k s  were 1 l i t r e  Roux 

f l a s k s ,  and s t e r i l i z e d  a i r  was d i s t r i b u t e d  th rough  each c u l t u r e .



The te m p e ra tu re  was 15 "  0 . 1 °C and the  i l l u m i n a t i o n  was 2160 l u x  

f o r  a p e r i o d  o f  12 hours  p e r  day.  A f t e r  10 days i n c u b a t i o n  the  

a l g a l  m a t e r i a l  was se pa ra ted  by c e n t r i f u g a t i o n  and the  f i n a l  c rop  

de te rm ined  by wet  packed volume and d ry  w e ig h t .

I t  can be seen f rom the  r e s u l t s  i l l u s t r a t e d  in F ig ,  7 t h a t  a 

packed volume o f  0 .5  ml a t  normal s a l i n i t y  shows a f i v e - f o l d  in c re a s e  

f rom the  o r i g i n a l  inocu lum o v e r  the  10 days p e r i o d .  By c o n t r a s t ,  

g row th  in media o f  s a l i n i t i e s  1 0 ° /o o ,  15° / o o ,  2 0 ^ /o o ,  2 7 . 5° / o o  and 

4 5 ° /o o  was about  55%, 60%, 75%, 90% and 85% r e s p e c t i v e l y  o f  t h a t  

in  the  normal s a l i n i t y .  However, the  c e l l s  were green in  c o l o u r  

and t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  in t h e i r  appearance in 

a l l  the  s a l i n i t i e s  used.

5. E f f e c t  o f  v a r i o u s  s a l i n i t i e s  on e x t r a - c e l l u l a r  l i b e r a t i o n

o f  c a r b o h y d r a t e .

The o b j e c t  o f  t h i s  e x p e r im e n t  was to  f i n d  the  t o t a l  r e le a s e  o f  

c a rb o h y d ra te  i n t o  the s u r r o u n d in g  media d u r in g  the g rowth  a t  v a r i o u s  

s a l i n i t i e s .  The e x p e r im e n t  was c a r r i e d  o u t  by a l t e r i n g  the  

c o n c e n t r a t i o n  o f  the  m a jo r  s a l t s  (NaCl,  MgSo^, 7H2O, KCl and CaCl^) 

p r o p o r t i o n a t e l y  in  the  a r t i f i c i a l  sea w a t e r  medium ASP^ ( P r o v a s o l i  

SJL .êJ»* » 1957) .  V a r io u s  s a l i n i t i e s  were p repared  (5^Voo,  1 0 ° /o o ,  

1 5 ° /o o ,  20*^/oo, 25^ / 0 0 ,. 30^ / 0 0 , 3 5 ° /o o ,  40^ /o o  and 45 ^ /o o )  w i t h  pH 

a d j u s t e d  between 7*5 “  7 *8 ;  o t h e r  m in e r a l s  and t r a c e  e lements  were 

k e p t  c o n s t a n t  in  a l l  the  p r e p a r a t i o n s .  C u l t u r e s  (100 ml each) were 

p repa red  by i n o c u l a t i o n  w i t h  equal  amounts o f  _P. mar inus  ( i n  

suspens io n )  under a s e p t i c  c o n d i t i o n s .  A f t e r  3 weeks i n c u b a t i o n  a t
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F i g u r e  7 »

E f f e c t  o f  v a r i o u s  s a l i n i t i e s  on g rowth  o f

£ •  mar i n u s .  ©------ , d r y  w e ig h t  as gm/500 ml

c u l t u r e s ;   o  , wet  packed volume as m is .

( i n i t i a l  inocu lu m  was 0.1 ml wet  packed vo lu m e . )
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l i g h t  i n t e n s i t y  o f  2160 l u x  and a te m p e ra tu re  o f  15°C ( w i t h  g e n t l e  

d a i l y  a g i t a t i o n ) ,  the  c e l l s  were h a rv e s te d  by c e n t r i f u g a t i o n  and 

the  s u p e r n a ta n t  f i l t e r e d  th ro u g h  a s i n t e r e d  g la s s  c r u c i b l e  l i n e d  

w i t h  K le s e lg u h r .  The c a rb o h y d r a te  in  both  the  medium ( e x t r a ­

c e l l u l a r )  and the  c e l l s  ( i n t r a c e l l u l a r )  was de te rm ined  us in g  the  

a n th ro n e  reagen t  method (Yemm and W i l l i s ,  1954),  as d e s c r ib e d  on page 17* 

I n t r a - c e l 1u l a r  c a rb o h y d ra te  i s  here  taken to  mean a l l  c a rb o h y d ra te  

a s s o c i a t e d  w i t h  the  o rgan ism and n o t  re leased  in  e x t r a c e l l u l a r  fo rm.

The r e s u l t s  a re  summarized in  Tab le  2 and F ig .  8. They show 

t h a t  the  h i g h e r  r e le a s e  o f  c a rb o h y d ra te  t o  the  medium o c c u r re d  a t  

bo th  reduced ( 2 5 ° /o o ,  2 0 ° /o o  - - -  e t c . )  s a l i n i t y  and in c rease d  (45^ /oo )  

s a l i n i t y  l e v e l s .

T ab le  2 . E f f e c t  o f  v a r i o u s  s a l i n i t i e s  on the  c a r b o h y d r a te  r e le a s e  

i n _P, m a r i n u s . I n i t i a l  inocu lum was 0 .45  mg d ry  w e ig h t  

pe r  100 ml medium (4 .5  m g / I L ) .  Each re a d in g  was the  

mean o f  t h r e e  r e p l i c a t e s .

S a l i n i t y  
range o /o o

pg/ml  e x t r a ­
c e l l u l a r  
c a rb o h y d ra te

yg /m l  c u l t u r e  
i n t r a c e l 1u l a r  
ca rbohyd ra te

R a t io  
e x t r a / i  n t r a -  
c e l l u l a r  
carbohyd ra te

Dry 
w e ig h t  
mg/1 L

.5 1 .82 2 .0 0.91 5

10 5.75 6 .25 0.92 36.5

15 7.5 8 .72 0. 86 31 .0

20 7 .8 10.0 0 .78 38.0

25 8.55 11 .52 0.742 46.5

30 9 .42 14.48 0 .65 66.5

35 11.6 19.2 0 .604 89.5

40 9 .92 16.0 0 .62 99.0

45 12.24 16.32 0.75 94.0
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F ig u re  i,8.

E f f e c t  o f  v a r i o u s  s a l i n i t i e s  on the  c a rb o h y d ra te

re le a s e  in  jP. mar I nus . ------ , d r y  w e ig h t  as

mg/1 l i t r e  c u l t u r e ;  ----- o - - - ,  the  r a t i o  e x t r a c e l l u l a r

t o  i n t r a c e l l u l a r  c a rb o h y d r a te .

5  r e p re s e n ts  the  s ta n d a rd  d e v i a t i o n  abou t  the  mean.
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6.  E x t r a c e l l u l a r  c a rb o h y d ra te  re le a s e  d u r i n g  the course  o f  g r o w t h .

The l i b e r a t i o n  o f  c a r b o h y d r a te  to  the  medium d u r i n g  the  course  

o f  g rowth  o f  £ .  mar inus  was i n v e s t i g a t e d  in  t h i s  e x p e r im e n t .  ^^^2  

medium was p re pa red  w i t h  s a l t  c o n c e n t r a t i o n s  o f  15^ / 0 0 , 35^ /oo  and 

4 5 ° /o o .  C u l t u r e s  (100 ml each) were i n o c u la t e d  w i t h  equal  I n o c u la  

o f  a lg ae  and in cu ba ted  a t  15°C w i t h  l i g h t  i n t e n s i t y  o f  2160 l u x .

Over a p e r io d  o f  6 weeks,  c u l t u r e s  were h a rves te d  and bo th  the i n t r a ­

c e l l u l a r  and e x t r a c e l l u l a r  c a r b o h y d r a te  q u a n t i t y  d e te rm in e d .

From the  r e s u l t s  in  T ab le  3 and F ig s .  9 ,  10 and 11) ,  i t  can be 

seen t h a t  in  the  t h r e e  s a l i n i t i e s  s t u d i e d  the  e x t r a c e l l u l a r  l i b e r a t i o n  

o f  c a rb o h y d ra te  was h ig h  a t  the  e a r l y  p e r io d  o f  g ro w th ;  l a t e r  on ,  

d u r i n g  the  m id -g ro w th  phase,  the  r e le a s e  became le ss  compared to  the 

q u a n t i t y  o f  c a r b o h y d r a te  in  the  i n t r a c e l l u l a r  f r a c t i o n s ,  and in c reased  

a ga in  a t  the  l a t e  s tage  o f  g ro w th .  The h i g h e s t  l e v e l  o f  e x t r a ­

c e l l u l a r  c a rb o h y d ra te  was found in  the  o l d e s t  c u l t u r e s .

A t  any p a r t i c u l a r  t im e  t h e r e  appeared to  be g r e a t e r  e x t r a c e l l u l a r  

p r o d u c t i o n  a t  reduced and in c re a s e d  s a l i n i t i e s  and t h i s  was marked 

a t  a l l  t imes in  g ro w th .

Tab le  3 shows t h a t  the  r a t i o  E x t r a / I n t r a c e l l u l a r  c a rb o h y d ra te  

a f t e r  23 days i n c u b a t i o n  f o r  th e  s a l i n i t i e s  s t u d ie d  was le s s  than the 

r a t i o  observed  in the  p r e v io u s  e x p e r im e n t  a f t e r  3 weeks f o r  the 

s a l i n i t i e s  1 5 ^ /o o ,  3 5 ° /o o  and 4 5 ^ /o o ,  wh ich  is  summarized in  Tab le  2. 

T h is  d i f f e r e n c e  in the  l e v e l  o f  e x c r e t i o n  may be m a in l y  due to  the  

d i f f e r e n c e  in  the  p o p u l a t i o n  d e n s i t y  and i t s  e f f e c t  on the  e x c r e t i o n  

( I g n a t i a d e s  & Fogg, 1973).
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F i g u r e  9 .

Changes in  the  p r o p o r t i o n  o f  c a rb o h y d ra te  re le a s e d  in 

the  e x t r a c e l l u l a r  form d u r in g  the  course  o f  g rowth

o f  _P. mari  nus ( a t  3 5 ° / o o ) . - — o----- -, d ry  w e ig h t

measured as mg/1 l i t r e  c u l t u r e ;  ----- o  , the  r a t i o

o f  e x t r a / i n t r a c e l 1u l a r  c a r b o h y d r a te .

J  r e p re s e n ts  the  s ta n d a rd  d e v i a t i o n  abou t  the  mean.
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F i g u r e  10.

E x t r a c e l l u l a r  re le a s e  o f  c a rb o h y d ra te  d u r i n g  

the  course  o f  g rowth  o f  JP. mari  nus a t  reduced 

s a l i n i t y  ( 1 5 ° / o o J , .  — - e —— , the  d ry  w e ig h t

measured as mg/1 l i t r e  c u l t u r e ;  ——or— , the  

r a t i o  e x t r a / i n t r a c e l l u l a r  c a r b o h y d r a te ,  

( ^ r e p r e s e n t s  the  s ta n d a rd  d e v i a t i o n  about  the  mean
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F i g u r e  1 1 .

E x t r a c e l l u l a r  l i b e r a t i o n  o f  c a rb o h y d ra te  d u r i n g  

the  course  o f  g row th  o f  _P. mari  nus a t  i n c re a s e d

s a l i n i t y  ( 4 5 ^ / o o ) .  ------o-— , d r y  w e ig h t  measured

as mg/1 l i t r e  c u l t u r e ;   o  , the  r a t i o  e x t r a /

i n t r a c e l l u l a r  c a r b o h y d r a te .

^ r e p r e s e n t s  the  s ta n d a rd  d e v i a t i o n  abou t  the  mean
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7. Compos i t i on  o f  the  c a r b o h y d r a te  in  _P. m a r i n u s .

E x te n s iv e  l i t e r a t u r e  co ve rs  the  e x t r a c e l l u l a r  p r o d u c t i o n  o f  

c a r b o h y d r a te s ,  w h i l e  o n l y  l i t t l e  work has been r e p o r te d  on ; the  

chemica l  n a tu r e  o f  the  e x t r a - c e l l u l a r  p ro d u c ts  o f  a lgae  (Fogg,  I 966) .  

Whether the  q u a l i t y  o f  c a r b o h y d r a te  i s  a f f e c t e d  by s t r e s s  c o n d i t i o n s  

o f  s a l i n i t y  was i n v e s t i g a t e d  in the  f o l l o w i n g  e x p e r im e n t .  C u l t u r e s  

o f  2 '  ma r i  nus (2 l i t r e s )  o f  s a l i n i t i e s  1 5^ /oo ,  35^ /oo  and 4 5 ° /o o  

were  p repared  under  a s e p t i c  c o n d i t i o n s  and in c u b a te d  a t  a tem p e ra tu re  

o f  1$*C and l i g h t  i n t e n s i t y  o f  2160 l u x .  A f t e r  2 weeks the  c e l l s  

were sepa ra ted  by c e n t r i f u g a t i o n .  The f i l t r a t e  thus  o b t a i n e d  was 

passed th rou gh  a m l l l i p o r e  f i l t e r  (po re  s i z e  0 .37  p ) , reduced in 

volume and d e s a l t e d .  The c a r b o h y d r a te  in the  e x t r a c e l l u l a r  and 

the i n t r a c e l l u l a r  f r a c t i o n s  was h y d r o l y s e d  and s p o t  loaded on to  

3MM ch romatography  paper (see method o f  a n a l y s i s ) .  The ch romatography  

papers were run in the  s o l v e n t  systems f o r  48 h ou rs ,  then a i r  d r i e d  

and the  d i f f e r e n t  spo ts  were s t a i n e d  and i d e n t i f i e d .  The 

i d e n t i f i c a t i o n  was m a in l y  based on the  Rg va lu es  o f  the  c o r re s p o n d in g  

a u t h e n t i c  samples.  The sugars  se pa ra te d  are  l i s t e d  in  Tab le  4.

Two sugars (m an n i to l  and g lu c os e )  were d e te c te d  in  the  i n t r a c e l l u l a r  

f r a c t i o n s  In the  d i f f e r e n t  t r e a tm e n ts  (1 5 ° /o o ,  3 5° /oo  and 4 5 ° / o o ) .

In th e  e x t r a c e l l u l a r  f r a c t i o n s ,  on the  o t h e r  hand,  o n l y  a f a i n t  spo t  

was o b se rve d ,  wh ich  was i d e n t i f i e d  as g lu c o s e .
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T ab le  4 . The chemical  c o m p o s i t i o n  o f  the  c a rb o h y d ra te s  

in P. m a r inu s .

Sol ven t i n t r a c e l 1u l a r  

S o lu b le  I n s o l u b l e

E x t r a c e l 1u l a r

1) n -b u ta n o l  53 
Ethano l  32 
w a te r  16

Mann I t o i  
G1ucose

Manni t o i  
G1ucose G1ucose

2) E th y lm e th y l  
ke tone  9

Acet  i c 
a c id  1

w a te r  1

Mann i to  
G1ucose

Mann i t o i  
G1ucose G1ucose
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8. Uptake o f  m in e r a l s  ( n i t r a t e  and phosphate)  a t  v a r i o u s

sal  i n i t i e s .

High on the  l i s t  o f  c r i t i c a l  e lem en ts  a re  n i t r o g e n  and 

phosphorus .  T h e i r  im po r tance  r e s t s  upon t h e i r  r o l e  in  

m e tabo l i sm  and in n u t r i t i o n .  The source  o f  n i t r o g e n  is  m o s t l y  

n i t r a t e  and the  source  o f  phosphorus is  o r th o p h o s p h a te  in  s o l u t i o n .  

How the  c e l l s  behave a t  v a r i o u s  s a l i n i t i e s ,  in  r e l a t i o n  to  t h e i r  

c a p a c i t y  to  u t i l i z e  the  a v a i l a b l e  n i t r a t e  and phospha te ,  was 

t h e r e f o r e  s t u d i e d .  By a l t e r i n g  the  c o n c e n t r a t i o n  o f  the  m a jo r  

s a l t s  in  the  a r t i f i c i a l  sea w a t e r  medium ASP^ p r o p o r t i o n a t e l y ,  

v a r i o u s  s a l i n i t i e s  were p repa red  ( 5 ° / o o ,  15° / o o ,  2 5 ° / o o ,  35° /o o  

and 4 $ ° / o o ) .  The pH was a d j u s t e d  between 7*5 "  7 . 8 ;  o t h e r  

m i n e r a l s  and t r a c e  e lements  were ke p t  c o n s t a n t .  C u l t u r e s  (200 ml 

each) were p re pa red  by i n o c u l a t i o n  w i t h  equal  i n o c u la  o f  jP. mar inus  

under a s e p t i c  c o n d i t i o n s .  A f t e r  2 weeks i n c u b a t i o n  a t  l i g h t  

i n t e n s i t y  o f  2160 l u x  and a te m p e ra tu r e  o f  15°C ( w i t h  g e n t l e  d a i l y  

a g i t a t i o n )  the  c e l l s  were s epa ra ted  by c e n t r i f u g a t i o n  and the  medium 

was f u r t h e r  f i l t e r e d  th ro u g h  a m l l l i p o r e  f i l t e r  (po re  s i z e  0 .37 y ) .  

The unused n i t  ra te* “n i t  rogen and phospha te -phosphorus  were e s t im a te d  

c o l o r i m e t r i c a l l y  (see method o f  a n a l y s i s ) ,  and then the  q u a n t i t i e s  

wh ich  were taken  up by the  c e l l s  were e v a lu a te d .

The r e s u l t s  a re  summarized in  Tab le  5* I t  can be seen t h a t  in  

the v a r i o u s  s a l i n i t i e s  s t u d i e d ,  the  q u a n t i t i e s  o f  n i t r a t e ~ n i t r o g e n  

and phospha te -phospho rus  taken up by the  c e l l s  were observed  to 

co r respond  to  the  i n c re a s e  o f  c e l l  p o p u l a t i o n s  in  each range.  At  

the  s a l i n i t i e s  in  wh ich  a marked g rowth  o c c u r re d  ( 1 5 ° /o o ,  2 5 ° / o o ,



tt I

3 5° /o o  and 45^ /o o )  the  r a t i o  o f  N t o  P uptake  was about  15 : i .

In th e  more reduced s a l i n i t y  ( 5 ° / o o ) , on the  o t h e r  hand,  a t  wh ich  

the  g rowth  was much s l o w e r ,  the  r a t i o  o f  N to  P uptake  was a f f e c t e d  

and s h i f t e d  t o  10.5 : i *  In f a c t ,  t h i s  phenomenon is  n o t  easy to  

unde rs tand  due to  the  complex r o l e  o f  n i t r o g e n  and phosphorus  wh ich  

bo th  e n t e r  v a r i o u s  m e t a b o l i c  p ro ce sse s .  But  i t  wou ld  seem to  be 

t h a t  some aspec ts  o f  the  c e l l  m e tabo l i sm  were be ing  a f f e c t e d  by the  

v e ry  reduced s a l i n i t y .  Hence th e  r a t i o  o f  N to  P uptake was s h i f t e d  

t o  10.5 : 1 f rom t h a t  o f  15 : 1 (normal s a l i n i t y ) .

T ab le  5 » Uptake o f  phospha te -phospho rus  and n i t r a t e - n i t r o g e n  

a t  v a r i o u s  s a l i n i t i e s .  I n i t i a l  inocu lum equal  to  

5.1 mg d ry  w e i g h t .  Each rea d ing  mean o f  t h r e e  r e p l i c a t e s

S a l i n i t y mg yg a t  - P /L yg a t  -N /L r a t  fo
range d r y  w e ig h t uptake uptake N : P

5 ^ /0 0 5 .82 3 .13 33.01 10.5  : 1

15° / o o 10.87 15.95 226.95 14.2 : 1

25° / o o 12.45 18.67 259 .8 13.9 : 1

35^ /00 14.49 19.98 302.13 15. 12: 1

4 5 ° /o o 13.33 18.38 277 .96 15.6 : 1
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9. P i gments .

The e f f e c t  o f  s a l i n i t y  v a r i a t i o n  on the  p igment c o m p o s i t i o n  

of 2" mari  nus was i n c lu d e d  in  the  p r e s e n t  s t u d y .  Both q u a l i t a t i v e  

and q u a n t i t a t i v e  e x a m in a t io n  was c a r r i e d  o u t  us in g  t h i n  l a y e r  

chromatography  and s p e c t r o p h o to m e t r y .

A b s o r p t i o n  s p e c t ra  o f  the  t o t a l  e x t r a c t s  f rom c u l t u r e s  grown 

a t  s a l i n i t i e s  o f  15° / o o ,  3 5 ° /o o  and 4 5 ° /o o  when s t u d ie d  us ing  a 

Uni cam S.P.  800 , were seen to  e x h i b i t  no d i f f e r e n c e s  in  the  n a tu re  

ô f  the  peaks ( F i g .  12) .  The t h r e e  e x t r a c t s  were noted  to  have 

a b s o r p t i o n  maxima o f  665 nm in  the  red re g io n  and 452,  430 nm in 

the b lu e  r e g io n .

The chromatograms loaded w i t h  p igments  e x t r a c t e d  f rom c u l t u r e s  

o f  v a r i o u s  s a l i n i t i e s ,  when deve lo ped  in a m ix t u r e  o f  p e t ro le u m  

s p i r i t ,  e t h y l  a c e t a t e  and d i e t h y l  amine ( R i l e y  and W i l s o n ,  1965),  

showed s i m i l a r  p a t t e r n s  o f  s e p a r a t i o n .  The c h a r a c t e r i s t i c s  and 

c o n s t i t u e n t s  o f  some members o f  the  Pras inophyceae  have been 

re p o r te d  ( J e f f r e y ,  1961; R i l e y  and W i l s o n ,  1967; Hussa in ,  1969; 

R i c k e t t s ,  1966, 1967* ,  1967** and 1970) .

The r e s u l t s  a re  summarized in  Tab le  6 and i l l u s t r a t e d  in  

F ig s .  13, 14 and 15. A b l u i s h - g r e e n  spo t  appeared a t  an Rf o f  0 .76  

on the  deve loped  t h i n  l a y e r  o f  s i l i c a  g e l j  I t s  spec t rum a n a l y s i s  

p re s e n te d  the  c h a r a c t e r i s t i c s  o f  c h l o r o p h y l l  _a in  s p i t e  o f  i t s  Rf 

be ing  r e l a t i v e l y  lo w e r  than  the  p u b l i s h e d  d a ta .  The o t h e r  p igments  

( c a r o te n e s ,  c h l o r o p h y l l  _b, l u t e i n ,  v i a l o x a n t h i n  and n e o x a n th in )  

showed a reasonab le  agreement w i t h  the  p r e v io u s  p u b l i s h e d  Rfs and 

a b s o r p t i o n  maxima.
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F i g u r e  12.

A b s o r p t i o n  maxima o f  the  t o t a l  p igments  e x t r a c t  

f rom P. mar lnus  g row ing  a t  v a r i o u s  s a l i n i t i e s .

a) 15^ /00

b) 3 5 ° /o o

c) 4 5 ° / o o
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Fi gur e  13.

A -  A b s o r p t i o n  maxima o f  the  ca ro te n e s  f rom 

the  e x t r a c t  o f  mari  n u s .

B -  A b s o r p t i o n  maxima o f  the  c h l o r o p h y l l  _a 

f rom the  e x t r a c t  o f  P. m a r in u s .
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F i g u r e  1 4 .

A- Absorption maxima of the chlorophyll b 
from the extract of P, marinus.

B “ Absorption maxima of the neoxanthin from 
the extract of P. marinus.
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Figure 15.

A- Absorption spectrum of the vialoxanthin from 
the extract of P. marinus>

B -  Absorption spectrum of the l 6 U t i n  from the 

extract of P. marinus.
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The q u a n t i t i e s  o f  c h l o r o p h y l l  ja and t o t a l  c a r o te n o i d s  t h a t  

formed i n _P. mari  nus when g ro w in g  a t  v a r i o u s  s a l i n i t i e s ,  were 

f u r t h e r  i n v e s t i g a t e d  by t a k i n g  equal  a l i q u o t s  o f  wet  packed c e l l s  

(0 .0 5  ml) f rom c u l t u r e s  aged 3 weeks, g row ing  a t  15” C and 2160 lu x  

w i t h  s a l i n i t i e s  o f  1 5 ° /o o ,  3 5 ° /o o  and 4 5 ° /o o .  An e x t r a c t i o n  was 

made q u a n t i t a t i v e l y  by u l t r a s o n i c  t r e a t m e n t  (see method o f  a n a l y s i s ) .  

The o p t i c a l  d e n s i t i e s  were de te rm in e d  by us in g  a Unlearn S . P . 600, 

and the  q u a n t i t i e s  o f  c h l o r o p h y l l  £  and t o t a l  c a r o t e n o i d s  c a l c u l a t e d  

by the  e q u a t i o n s  o f  S t r i c k l a n d  and Parsons (1968) .  The r e s u l t s  o f  

the  d i f f e r e n t  t r e a tm e n ts  a re  shown in  Tab le  7> wh ich  I n d i c a t e s  t h a t  

f o r  the  known volume o f  packed c e l l s ,  the  v a r i a t i o n  in  the  s a l i n i t y  

o f  the  c u l t u r e  medium ( w i t h i n  ranges a t  wh ich  a c o n s i d e r a b l e  growth  

takes  p la c e )  has o n l y  a l i t t l e  e f f e c t  on the  q u a n t i t i e s  o f  the  

c h l o r o p h y l l  ^  and t o t a l  c a r o t e n o i d s  t h a t  a re  s y n th e s i z e d  by _P. m a r i n u s . 

The r a t i o  c h l o r o p h y l l  _a /  t o t a l  c a r o t e n o i d s  was a p p r o x im a t e l y  the  

same in  the  t h r e e  t r e a t m e n t s .

Tab le  ~J. R e l a t i v e  q u a n t i t i e s  o f  c h l o r o p h y l l  ^  and t o t a l  c a r o te n o i d s  

(pe r  0 .05  ml wet packed volume) a t  v a r i o u s  s a l i n i t i e s .

S a l i n i t y  
range

C h io r o p h y 11 £
yg

t o t a l  c a r o te n o i d s
yg

R a t io  
ca ro te n o i  d s /  
c h l o r o p h y l l  a

15 ° /o o  

3 5^/00  

4 5 ° /o o

4 .77

5 .357

5 . 2 8 1

4.01

4.221

4 .218

0.84

0.79

0 . 8 0



Chapter  4 

DISCUSSION

P r a s i h o c ] adus mar inus  is  a t y p i c a l  member o f  the  c la s s  

P r a s Î nophyceae, a c la s s  wh ich  i n c l u d e s  f l a g e l l a t e s  d i s t i n g u i s h e d  

f rom the  Ch1orophycean monads in  many c h a r a c t e r s ,  n o t a b l y  the  s c a l e -  

b e a r in g  f l a g e l l a  wh ich  a r i s e  f rom an a p i c a l  d e p r e s s io n ,  and the  

absence o f  the  c e l l  w a l l  wh ich  is  re p la c e d  by sca le s  o r  a s p e c ia l  

type  o f  t h e c a . The m u l t i  c e l l u l a r  ( t h a l l o i d )  forms wh ich  a re  seen in 

the  Ch lo rophyceae  a re  no t  known in  the  P ra s in o p h ycea e . In a d d i t i o n  

t o  these main c h a r a c t e r s ,  _P. mar inus  is  d i s t i n g u i s h e d  by i t s  d en d ro id  

h a b i t ,  w i t h  c e l l s  o c c u r r i n g  on a s t a l k - l i k e  s t r u c t u r e  o f  empty theca< 1 

m a t e r i a l .  The g rowth  (wh ich  may be d e f i n e d  as the  i n c re a s e  in t o t a l  

c e l l u l a r  m a t e r i a l )  takes  p la c e  o n l y  in  the  n o n - m o t i le  phase o f  the 

o rgan ism and in  a v e ry  unusual  manner.  Any c e l l  is  capab le  o f  

p ro d u c in g  a new theca  w i t h i n  the  o l d  one a t  f r e q u e n t  i n t e r v a l s  and w i t h  

o r  w i t h o u t  an i n t e r v e n i n g  c e l l  d i v i s i o n .  No p re v io u s  r e p o r t s  a re  

a v a i l a b l e  r e g a r d in g  the  measurement o f  the  growth  o f  t h i s  o rgan ism.

The g ro w th  e s t i m a t i o n  te c h n iq u e  wh ich  has been used in  t h i s  s tudy  

p ro v id e s  a d i r e c t  measure o f  the  whole  in c re a s e  o f  o r g a n i c  m a t t e r  wh ich  

i s  produced by the  p l a n t  ( i n c r e a s e  in  c e l l s  and the  theca e l  m a t e r i a l ) .  

Measurement o f  packed c e l l  volume i s  a r e l a t i v e l y  s t r a i g h t f o r w a r d  

o p e r a t i o n ,  and measurements can be made in  a s h o r t  i n t e r v a l  o f  t im e .

Pras i n o d  adus i s  found a t  h ig h  w a te r  mark on rocky  shores  and in  

e s t u a r i e s  ( F r i t s c h ,  1949; P ro s k a u e r ,  1950; Parke and Manton,  19&5),  

a l l  r e g ion s  o f  s a l i n i t y  v a r i a t i o n ,  and i t  would be expec ted  t h e r e f o r e  

to  contend w i t h  lowered and in c re ase d  s a l i n i t i e s .  The e x t e r n a l



morpho logy o f  the p l a n t ,  when examined under the  m ic rosco p e ,  was no t  

s i m i l a r  in  c u l t u r e s  o f  v a r i o u s  s a l i n i t i e s .  The empty thecae were 

u s u a l l y  f i l a m e n t o u s  a t  normal s a l i n i t y  ( F i g .  l a ) ,  w h i l e  m a in l y  compact  

and i r r e g u l a r  a t  the  reduced s a l i n i t i e s  ( F i g .  l b ) .  An i n t e r e s t i n g  

f i n d i n g  was t h a t  the  p r o d u c t i o n  o f  theca 1 m a t e r i a l  was c l o s e l y  s i m i l a r  

in  p l a n t s  g row ing  a t  v a r i o u s  s a l i n i t i e s ,  i r r e s p e c t i v e  o f  the  form taken  

by the  thecae .  Hence the  d i f f e r e n c e s  due t o  the  s a l i n i t y  seem t o  be 

d i f f e r e n c e s  in  c e l l  form bu t  n o t  in  q u a n t i t y  o f  cel  1s / t h e c a e 1 m a t e r i a l .

The p a t t e r n  o f  g rowth  w i t h i n  the  range o f  s a l i n i t i e s  wh ich  is  

expec ted  in  the  n a t u r a l  h a b i t a t  o f  _P. mar lnus  (5 ^ /o o  “  45^Voo) was 

s t u d i e d .  The opt imum s a l i n i t y  f o r  th e  g rowth  was observed  w i t h i n  the

range 35^/oo  -  40°Voo, wh ich  is  the  f u l l  s t r e n g t h  o f  sea w a te r  o r

s l i g h t l y  h i g h e r .  Over o r  below t h i s  range r e d u c t i o n  in  g rowth  o c c u r r e d .  

A t  the  ve ry  reduced s a l i n i t y  ( 5 ° / o o ,  Tab le  2) the  g ro w th  ceased o r  was 

s low b u t  the  c e l l s  were s t i l l  green in  c o l o u r ,  and they  were s t i l l

a b l e  t o  produce  the  zo o id s  (Boney,  1370).  Hence JP. mari  nus appears

to  be a mar ine  o rgan ism bu t  i s  a b l e  t o  adapt  e f f e c t i v e l y  to  the  o s m o t i c  

s t r e s s  due to  the  decrease  o f  the  s a l i n i t y ,  as in  e s t u a r i n e  s i t u a t i o n s .

Exper iments  have c o n f i rm e d  t h a t  under a w ide  range o f  s a l i n i t y  a 

c o n s i d e r a b l e  p r o p o r t i o n  o f  the  c a r b o h y d r a te  was in the  e x t r a c e l l u l a r  

fo rm .  A t  bo th  in c re a s e d  and reduced s a l i n i t y  the  l e v e l  o f  the  e x t r a ­

c e l l u l a r  c a rb o h y d ra te  rose .  Boney (1970) found t h a t  _P. m a r in u s,  when 

g row ing  a t  reduced s a l i n i t y ,  became more s e n s i t i v e  to  the  t o x i c  subs tance 

( o i l - s p i l l  e m u l s i f i e r )  than the  normal s a l i n i t y .  , I t  is  p ro b a b le  t h a t  

the  le s s  f a v o u r a b l e  c o n d i t i o n s  f o r  g rowth  are  r e f l e c t e d  in  the  c e l l  

m e tab o l i sm ,  so ca us ing  a r e l a t i v e l y  h i g h e r  r e le a s e  o f  c a rb o h y d ra te  

f rom the  c e l l s ;  o r  the  s a l i n i t y  o f  the  medium m ig h t  a f f e c t  the  r e l a t i v e  

importance  o f  the  m e t a b o l i c  pathway in  the s y s te m , le a d in g  to  less  

c a r b o h y d r a te  in  the  more b r a c k i s h  env i ronm en ts  (M arke r ,  1965).  At  the



v e ry  reduced s a l i n i t y  (5 ^V oo ) ,  however,  the  h ig h e r  l e v e l  o f  r e le a s e  

may be p a r t i a l l y  due t o  the  damage o f  the  c e l l s .

Dur ing  the  course  o f  g ro w th ,  the  l e v e l  o f  the  e x t r a c e l l u l a r

c a rb o h y d ra te  l i b e r a t i o n  was r e l a t i v e l y  h igh  a t  the  e a r l y  p e r i o d  o f

g rowth  in  a l l  s a l i n i t i e s  s t u d i e d  ( 1 5 ° /o o ,  35^ /00  and 4 5 ° / o o ) ; l a t e r  

on ,  d u r i n g  the  a c t i v e  phase o f  g ro w th ,  the  re le a s e  became r e l a t i v e l y  

le s s  and then in c re ase d  a ga in  a t  the  l a t e  s tage o f  g ro w th .  The h ig h e r  

l e v e l  o f  r e le a s e  a t  the  e a r l y  s tage  o f  g rowth  may have r e s u l t e d  f rom 

the  low i n i t i a l  p o p u l a t i o n  d e n s i t y  and the  shock o c c u r r i n g  on i n o c u l a t i o n  

(Huntsman, 1972),  o r  may be p a r t i a l l y  due to  the  b reak  up o f  some c e l l s  

o f  the  inocu lum (M arke r ,  1965).  The senescence o f  the  c e l l s  a t  the  

l a t e  s ta g e ,  on the  o t h e r  hand,  may have led  to  a h i g h e r  l e v e l  o f  r e le a s e  

( i g n a t i a d e s  and Fogg, 1973).

A n a l y s i s  o f  the  c a rb o h y d r a te  component showed t h a t  m a n n i to l  and 

g lu c o s e  were found in  the  i n t r a c e l l u l a r  f r a c t i o n ;  these  o b s e r v a t i o n s  

a re  in  agreement w i t h  those  r e p o r te d  by Cra I g i e ejt aj_. ( I 967) .  I n

the  e x t r a c e l l u l a r  f r a c t i o n  o n l y  g lu c o s e  was found.  In f a c t ,  i t  is

hard  t o  say t h a t  m a n n i to l  Is  no t  p r e s e n t  in  the  f i l t r a t e ,  bu t  I t  co u ld  

be e x p la in e d  t h a t  the  q u a n t i t y  o f  m a n n i to l  in the  medium was l i t t l e  

and u n d e te c t a b le .

A b s o r p t i o n  s p e c t r a  o f  the  t o t a l  p igment e x t r a c t s  f rom c u l t u r e s  

g ro w in g  a t  d i f f e r e n t  s a l i n i t i e s  ( 1 5 ^ /o o ,  35^ /oo  and 4 5 ° /o o )  e x h i b i t e d  

no d i f f e r e n c e s  in the  n a tu r e  o f  the  peaks ,  and s i m i l a r  bands were 

sepa ra ted  on the  t h i n  l a y e r  o f  s i l i c a  gel  f rom these  p igment  e x t r a c t s .

P re v io u s  work re g a r d in g  the  e f f e c t  o f  s a l i n i t y  f l u c t u a t i o n  on 

p igment s y n th e s i s  Is  v e ry  l i t t l e .  McLachlan (1961) found t h a t  in 

some u n i c e l l u l a r  mar ine  a lg ae  wh ich  grew w e l l  in  a w ide  range o f



s a l i n i t i e s ,  t h e r e  i s  no d i s t i n c t  r e l a t i o n s h i p  between the  r e l a t i v e  

c h l o r o p h y l l  c o n t e n t  per  c e l l  and g ro w th .  In the  p r e s e n t  s t u d y ,  the  

q u a n t i t i e s  o f  c h l o r o p h y l l  _a and t o t a l  c a r o te n o i d s  per  equal  amount o f  

wet  packed volume a t  v a r i o u s  s a l i n i t i e s  ( l5 ^V o o ,  35^ /oo  and 4 5 ° /o o )  

were a p p r o x im a t e l y  the  same (see T a b l e d ) *  The h i g h e r  q u a n t i t i e s  

were, observed  a t  3 5 ° /o o ,  wh ich  is  the  opt imum s a l i n i t y  f o r  g ro w th .

But  I t  is  d i f f i c u l t  t o  say t h a t  these  l i t t l e  d i f f e r e n c e s  were d e f i n i t e l y  

due to  the  s a l i n i t y  v a r i a t i o n ,  b e a r in g  in  mind t h a t  i t  is  no t  p o s s i b l e  

to  e x t r a c t  the  p igments  c o m p le t e l y  f rom the p l a n t  m a t e r i a l .  I t  would  

seem t h a t  s t r e s s  s a l i n i t i e s  r e s t r i c t  the  g rowth  o f  JP. m a r i n us whereas 

the  syn theses  o f  c h l o r o p l a s t  p igments  a re  no t  a f f e c t e d  to  the  same 

degree .

T h is  work g iv e s  some i n s i g h t  i n t o  the  growth  and m e tabo l i sm  o f  

t h i s  un ique  green a l g a .  F u r t h e r  work  is  necessary  on o t h e r  f e a t u r e s  

no t  covered  because o f  the  s t r e s s  f a c t o r s  l i k e l y  in  I t s  h a b i t a t ,  s in c e  

the  m e t a b o l i c  pathways in  members o f  the  c l a s s  P ras inophyceae  are  not  

n e c e s s a r i l y  the  same as In green a lg a e  o f  the Ch lo rophyceae ,
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