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The seasona! yhotosynthet ic  performance of t h ree  age c l a s s  b lades  of 
) 

Macrocystis i , d t e g r i f o l i a  was s tudied  by determining t h e i r  photosynthet ic  

r a t e  versus i r r a d i a n c e  (P vs  I) curves and pigment con ten t s  over  15 months. 

A l l  b lade t e s  were i r rad iance-sa tura ted  a t  va lues  ranging from 25 t o  70 9 
+E/m2/sec. y o u 4  and mature blade t i s s u e s  had h igher  photosynthet ic  maxima 

;and i n i t i a l  s lopes  on an a rea  b a s i s  than the  o lde r  b lade  t i s s u e ,  even 

thotgh  the  l a t t e r  had pigment concent ra t ions  s i m i l a r  t o  those i n  t h e  mature 
, . 

blade t i s sue .  A l l  these  parameters var ied on a  seasonal  bas i s .  The 
/ F 2 photosynthe t ic  axima ranged from 0.1-0.8 p o l  C/cm /h,  and showed two ' 

peaks, olie i n  l a t e  sumaer-early f a l l  and the  o t h e r  i n  l a t e  winter .  Changes , 

i n  tbe  i n i t i a l  s lope  of t he  P v s  I curve and pigment concent ra t ions  i n  t he  

f -  
.blade t i s s u e s  suggegt t h a t  changes i n  t he  s i z e  of o r  e f f i c i e n c y  o f  e l e c t r o n  

t r a n s f e r  i n  the  photosynthet ic  u n i t  occur. These d a t a  a r e  discussed i n  

r e l a t i o n  t o  changes i n  seawater temperature and n i t r a t e  concentrat ions.  

* The l i g h t  independent carbon f i x a t i o n  by M. i n t e g r i f o l i a  and the r o l e  
- - 

- 
manqitol ~ l a $ s  in t h i s  process  was determined by incubat ing you% o r  mature 

blade d i s c s  i n  14c-carbonate, with o r  without added mannitol.  The l i g h t  
-/ 

independent carbon f i x a t i o n  r a t e s  of young M. i n t e g r i f o l i a  blade d i s c s  were - % 
g r e a t e r  than those  of mature b lade  d i s c s  - i n  you% blade d i s c s  these  

r a t e s  ranged from 6.0-14.02 of the carbon f ixed i n  t he  l i g h t .  Most of the  . > 

f 4 ~ - a c t i v i t p  i n  blade d i s c s  incubated i n  14c-carbonate was contained i n  - 
d 

the organic  a c i d ,  amino a c i d ,  sugar and ethanol- insoluble  f r ac t ions .  The 

propor t ions  of 14c-label i n  these  f r a c t i o n s  changed with du ra t ion  of 

incubat ion.  l 4 ~ -  a s  we l l  as unlabel led mannital  uas &keen up by H. - 
i n t e g r i f o l i a  b lade  d i s c s .  The uptake' var ied between February and May and 

seemed t o  be g r e a t e r  i n  l i g h i  than i n  dark. The d i s t r i b u t i o n  of 
, , 
-\ 
\ 



J 14c-label led co, nen t s  f r m  d i s c s  incubated i n  * 1 4 c u n n i t o l  was ' s imi la r  t o  
- - - - 

t h a t  found d i s c s  incubated i n  14c-carbonate except t h a t  the a c t i v i t y  i n  

the  et?af;ol-insolubli f r a c t i o n  was increased. Blade d i s c s  which were 

: p&usly depleted of t h e i r  aanni r  01: rese rves  were incubated i n  

14~-carbonate  with added mannitol. Mannitol idcreased the  l i g h t  independent , 

carbon f i x a t i o n  r a t e  and s l i g h t l y  a l t e r e d  the  d i s t r i b u t i o n  of 

/'c - .  - .- 
6 7 2 ,?C-labelled components. From t h e  d a t a  presented i t  i s  apparent  t h a t  

..i - mannit01 taken up o r  synthesized by blade d i s c s  e p t e r s  the  l i g h t  

independent carbon f i x a t i o n  pathway a f t e r '  being broken down t o  phosphoenol 

py ruva te  , and thus  c o n t r i b u t e s  t o  anap le ro t i c  and /or  r e s p i r a t o r y  pathways. 
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- 
The,  purpose of t h i s  s t p d y  was twofold.  F i r s t l y ,  t o  d e t e d n e  t h e  

r; - 
ambient s e a s o n a l  photospithe&' performance of t h r e e  age  c l a s s  * b l a d e s  o f  

t h e  brown a l g a ,  Macrocys t i s  i n t e g r i f o l i a  Bory (Order Laminar ia les ) .  

Secondly ,  t o  de te rmine  how t h e  l i g h t  independent  carbon f i x a t i o n  p r o c e s s  of  
-" 

3. i n t e g r i f o l i a  i s  a f f e c t e d  by extended p e r i o d s  of d a r k n e s s  and t o  - 
de te rmine  what r o l e  manni to l  h a s  i n  t h i s  p rocess .  1 

Seasona l  P h o t o s v n t h e t i c  Performance 

T h e  p h o t o s y n t h e s i s  v e r s u s  i r r a d i a n c e  (P v s  I )  c u r v e s  of a l g a e  a r e  

p o t e n t i a l l y  v e r y  i n f  o r n a t i v e  (Beardal  and Morr i s ,  1976; P r e z e l i n ,  1981; 

T a l l i n g  , 1957). Charges i n  t h e  i r r a d i a n c e - s a t u r a t e d  p h o t o s y n t h e t i c  r a t e  

(P-) prov ide  c l u e s  t o  t h e  o v e r a l l  a c t i v i t i e s  of t h e  carbon f i x a t i o n  
t 

enzymes i s t eeman  N i e l s e n ,  1975) and f a c t o r s  which a f f e c t  t h o s e  enzymes such 

a s  t e m p e r a t u r e  a d  n u t r i e n t % s u p p l y .  Changes i n  t h e  i n i t i a l  s l o p e  r e f l e c t  on '., i . 

' , chzng& i n  t h e  l i g h t  Darrest img c a p a b i l i t s e s  of  a  t i s s u e  s u b j e c t e d  t o  
> 

s u b s a t u r a t i n g  l i g h t  c o n d i t i o n s  a d  t h u s  on cha e s  i n  t h e  s i z e  and /o r  ""gl 
numbers of  p h o t o s y n t h e t i c  u n i t s  (PSC) a n d / o r  t h e  e f f i c i e n c y  of e l e c t r o n  

t r a n s f e r  i n  the  -PSU ( P r e z e l i c ,  1981).  P  v s  I curves  have been used widely  
/ 

ir s c d i e s  on phytoplankton t o  deduce a d a p t i v e  changes under  va ry ing  

e n v i r o n n e n t z i  c o d i t  i o n s  ( s e e  e .g . , B e a r d a l l  and Morris,, 1976; P l a t t  and 
f 

Jzssbp,. 1976; 1981; k l s k m e y e r  and Lorenzen,  1981; Yentsch and 

f - x e ,  1966) b u j _ t h e i r  m e  ir: e s t i m a t i q  t h e  p h o t o s y n t h e t i c  performance of 
% r 

m r f n e  alga:  p c r o p h y ~ s s  b s  been 1in;lted. 

~ G n i n g  (10;i) r epa r t ee  t h a t  the  P, l e v e l s  of  Laminaria hyperb6rea  

i r c r k s  were h i g k  iz .;be s p r i n g - s u m e r  than i n  t h e  ~ i n t e r  months. These 



d a t a  were subsequently v e r i f i e d  f o r  - L, l o n g i c r u r i s  (Hatcher -- e t  a l . ,  1977) 

and seve ra l  o ther '  = r ipe  macrophytes '(King and S chramm , 1976). Severa l  
* 

au tho r s  have reported s i m i l a r  d a t a  f o r  - M. p y r i f e r a  (Clenlenning, 1971) and' 
x 

1 

o t h e r  marine a l g a l  macrophytes (Brinkhuis ,  1977a, 1977b; L i t t l e r  -- e t  a l . ,  

1979; Yokohama, 1973; Zavodnik, 1973) although they d id  not  produce P v s  I 

curves.  These s t u d i e s  have ind ica ted  t h a t  the photosynthet ic  capac i ty  of 

marine a l g a l  macrophytes is, a f f ec t ed  by, seasonal  l i g h t ,  temperature and/or I 

n u t r i e n t  condi t ions .  Tissue age has a l s o  be reported t o  a f f e c t  t he  7' 
photosynthet ic  capac i ty  of ke lp ,  with m a d  t i s s u e s  g e n e r a l l y  having the 

h igher  carbon f i x a t i o n  r a t e s  (Clendenning , 1971 ; Johnstpn - -- e t  a l . ,  1977 ; 

Kiippers' and Kremer, 1978; L&&, 1971; Ijheeler, 1980; k i l l enb r ink  e t  a l . ,  
- 

- 

The l e s s e r  g i a n t  ke lp ,  Macrocystis i n t e g r i f o l i a  Bory i n  B r i t i s h  

Columbia, grows from ca. 4 m 'below low t i d e  t o  the  su r f ace ;  t he re fo re ,  

each plant,  may simultaneously experience. photosynthe t ica l ly  sa tura t ing*  and 

subsa tura t ing  i r rad iances .  The photosynthet ic  performance of - M. p y r i f e r a  - 
and M. i n t e g r i f o l i a  b lades  and t h e i r  P vs I curves i n  r e l a r ion '  t o  age have 

--.. 
- . - 

h e n  recorded previously (Clendenning , 1971 ; Wheeler, 1980; Willenbrink ,;t - 

a l . ,  i979). The presefit s tudy r epor t s  on the seasonal  changes i n  Pma, and - 
i n i t i a l  s lopes  of t h r e e  age c l a s s  b lades  of - M. i n t e g r i f o l i a .  Data on 1 

4 pigment concent ra t ion  and environmental parametfers, such a s  n i t r a t e  

concent ra t ion ,  temperature and i r r a d i a n c e ,  a r e  included. The r e s u l t s  show 

marked d i f f e r e n c e s  in the photosynthet ic  performance of d i f f e r e n t  age c l a s s  

b lades  and pronounced seasonal  v a r i a t i o n s  i n  P- a s  well  as the i n i t i - a 1  

s lope of p h o t ~ s ~ n t h e s i s .  Tbese r e s u l t s ,  provide background d a t a  f o r  a  study 
6 

\ 

of photosynthe t ic  enzyme l e v e l s  and ana lys i s  of pigment-pigment, 



Light Independent Carbon Fixa t ion  

+ 

-Brown a lgae ,  including - H. i n t e g r i f o l i a ' ,  f i x  carbon m i n l y  through the  

reduct ive  pentose phosphate- pathway, u t i l i z i n g  the  enzyme r ibu lose  

bisphosphate c a r b a y l a s e  (RuBPC), although apprec iab le  amounts of carbon 

can be f ixed  i n  you% t i s s u e  through. & c a r b a y l a t i o n  of phosphoenol 
I 

pyruvate (PEP) u t i l i z i n g  the enzgmfl phosphoenol pyruvate carbaxykinase 

a (PEPCK) (Akagawa, 1972a, 1972b, 1 9 7 2 ~ ;  Kremer and Kiippers, 1977; K r e m e r ,  

a ,  1979, 1981; Willenbrink -- e t  al., 1979). The i n i t i a l  products  of the 

3-carbaxylation process  a r e  ATP and aga loace ta te  which i n  turn 

c h a r a c t e r i s t i c a l l y  y i e l d s ,  amongL o t h e r  products ,  amino a c i d s  ( a s p a t t a t e ,  

glutamate add a l a n i n e )  and TCA cycle  organic  a c i d s  ( ~ k a ~ a w a  e t  a l . ,  1972a; 

4 

Craig ie ,  1963; Kremer, 1979). PEP u t i l i z e d  i n  l i g h t  independent carbon 

f i x a t i o n  i s  thought t o  be derived from mannitol i n  t h e  da rk  (&%nston - e t  

al., 1977; L d n g ,  1981; Yamaguchi e t  a l . ,  1966) o r  by the  products of , - 
photosynthesis  i n  the  l i g h t  ( K r e x r ,  1981). Competition f o r  PEP by pyruvate 

k inase ,  the enzyme respons ib le  f o r  converting PEP t o  pyruvate ,  may be a 

. regula tory  s t e p  of t he  & c a r b a y l a t i o n  process  (Kremer , 1981). 

Since &carbaxylat ion Js a l i g h t  independent process ,  Willenbrink - e t  
.Y - 

al. (197.9) hypothesized t h a t  i t  may be important f o r  growth of you% , t i s s u e  - 
J 

l i v i n g  i n  low l i g  nvironments. Kremer (1981) hypothesized t h a t  

p-carbaxylation be a ifteans by- which f a s t  growing brown a l g a l  t i s s u e s  

prcduce a d d i t i o n a l  nergy p lus  t h e i r  required metabol ic  intermediates .  

Previous ligh+/% independent carbon f i x a t i o n  s t u d i e s  have 

i 
c h a r a c t e r i s t i c a l l y  only f a s t ed  f o r  sho r t  time periods (Akagawa -- e t  al., 

1972i, 1972b: Cra ig ie ,  1963; Krener, 1979, 1981; h' i l lenbrink -- e t  a l . ,  1979). 
, 

TFe present  siubg' r epo r t s  on the lmger term l i g h t  hhzpenfem carbon 

f i x a t i o n  r a t e s  and the products of ke lp  d i s c s  and on the  r o l e  of mannitol 



i n  this process. Tbe resu l t s ,  plus a revie? of the energetics h v o l v e d  i n  
- - 

the l i g h t  independent carbon f ixat ion process -as 'compared to  electron * 

transport, sugg that the above hypotjleseg .are not ent ire ly  correct. 

f 
L 



B. MBTEEt%&LS AND tEl"l'ODS 

Seasona l  P h o t o s y n t h e t i c  Performance 
prr r 

S amp 1 Png 

Fronds of Macrocyst i s  i n t e g r i f o l i a  Bory were c o l l e c t e d  monthly,  January  

1981 through March 1982, from a  k e l p  bed s i t u a t e d  i n  f r o n t  o f  Bamfield 
'-4 

- ,  
Marine S t a t i o n  (BMS) , Vancouver I s l a n d ,  B. C., Canada. A t  each sampling 

, . 

t ime ,  ,5 mature  f r o n d s  were h a r v e s t e d  by SCUBA d i v i n g  and mainta ined i n  t h e  

R" s e a  a t  t h e  BMS f l o a t .  Three b l a d e s  were c u t  from each f rondyThese  were:  
\< . 

t h e  f i r s t  f r e e  b l a d e  below t h e  a p i c a l  s c i m i t a r  (young t i s s u e ) ;  t h e  b l a d e  

c l o s e s t  t o  the  h o l d f a s t  which s t i l l  had enough t i s s u e  f o r  exper imedta t ion  

( o l d  t i s s u ? ) ;  an i n t e r m e d i a t e  b l a d e  on o r  n e a r  t h e  water  h r f ace  which 

'could be cons idered  f u l l y  mature (mature t i s s u e ) +  The exc i sed  b l a d e s  were 

kep t  i n  running seawate r  a t  t h e  INS f o r  t h e  d u r a t i o n  o f  t h e  experiments.  

Concurrent environmental  d a t a  on n i t r a t e  c o n c e n t r a t i o n s ,  wa te r  t empera tu res  

and l i g h t  l e v e l s  a t  t h e  s u r f a c e  and 4 m d e p t h  were k i n d l y  supp l ied  by D r .  

L.D. Druehl. 

P h o t o s y n t h e t i c  Performance 

~ r e l i a n a r y  r e s u l t s  i n d i c a t e d  t h a t  t h e  carbon f i x a t i o n  r a t e s  o f  d i s c s  
%. 

( s t a n d a r d i z e d  t o  p m l  carbon f ixed/cm2/h)  were c o n s t a n t  through t h e  ranges  

2 of t e s t e d  i n c u b a t i o n  t i n e s  (5-20 min) ,  d i s c  s i z e s  (2-15 cm ) and 'would 



h e a l i n g  t imes '  ( s e e  below, 0-120 min) and were s u b o p t i m d  .when t h e  - 
= p r e i n c u b a t i o n  times were l e s s -  t h a n  1 0  min ( d a t a  Got shown). Thbs, f o r  

* 
. p h o t o s y n t h e t i c  measurements t h e  fo l lowing  procedure was adopted ( s e e  a l s o  

Kremer, 1978). Two 4 c m 2 . d i s c s *  (both.  s i d e s  o f  t$e d i s c  v e r e  used i n  t h e  

s u r f a c e  farba  - c a l c u l a t i o n )  were punched from e a c h  b l a d e ,  scraped c l e a n  o f  

a a l l  v i s i b l e  ep iphy tes , .  l e f t  ' i n  seawater  f o r  60 min i n  low l i g h t  (wound 

h e a l i n g  t ime)  dur ing which t h e y  s topped exuding muci lage,  and then  

p re incuba ted  f o r  10 min under  t h e  p a r t f c u l a r  c o n d i t i o n s  o f  a n  experiment.  ' 

The d i s c s  were t h e n  placed i n  a n  i n c u b a t i o n  chamber c o n t a i n i n g  1.65 1 o f  

f i l t e r e d  sea  water  ( M i l l i p o r e ,  0.45 urn) and agprax imate ly  300 pCi o f  

14~-sodi;m carbona te  (spec.  a c t i v i t y  59 mCi/mmol , Atomic Energy Commission 
f. 

Ltd., Canada). The i n c u b a t i p n s  l a s t e d  f o r  10 min. The i n c u b a t i o n  chambe-r 

was i l l u m i n a t e d  from bo th  s i d e s .  High i n t e n s i t y  movie f lood  lamps (G.E. 375 

2  w a t t  R-30 lamps) were used f o r  t h e  480 and 240 pE/m / s e t  i r r a d i a n c e s  whi le  

2 
G.E. 150 watt r e f l e c t o r  f lood  +amps were used f o r  t h e  10-120 pE/m / s e c  

i r r a d i a n c e s  ( i r r a d i a n c e s  were measured wi th  a  Li-cor model '185a o r  b  quanta  

mete r ,  L inco ln ,  NB, USA). A change i n  t h e  l i g h t  s o d r c e  was n e c e s s a r y  due a 

t o  t h e  h e a t  ou tpu t  and s h o r t  l i f e t i m e  of  t h e  %high i n t e n s i t y  lamps. 

I m j d i a n c e s  were v a r i e d  by changing t h e  lamps' d i s t a n c e  from t h e  i n c u b a t i o n  

%amber as wel l  a s  by p l a c i n g  n e u t r a l  d e n s i t y  s c r e e n i n g  on an  e x t e r n a l  

_ coA6ling bath .  Incuba t ion  t empera tu res  approximated t h e  ambient t empera tu res  

( s e e  Fig.  2)  i n  t h e  k e l p  ked  and wer'e maintained wi th  a  c o n t r o l l e d  

t empera tu re  u n i t  (Haake m d e l  F3, B e r l i n ,  Germany). A f l a t t e n e d  p l a s t i c  rod 

f i t t e d  i n t o  a  Dremel d r i l l  (Hoto-Tool, ,Rachine W i . ,  USA) provided 

cont inuous  s t i r r i n g  i n  the  i n c u b a t i o n  chamber. F o l l o w i n g ' i n c u b a t i o n ,  t h e -  

d i scs  v e r e  k i l l e d  i n  heated 80% e thano l .  



A n a l y t i c a l  Procedures  - 

where : 

CFR-carbon f i x a t i o n  r a t e  i n  pmol c/cm2/hr 

d i s c  DPMs-total e thano l - so lub le  DPMs p e r  sample d i s c  

, . A - .  

Most of t h e  14c-a 'c t iv i ty  i n  t h e  fed  d i s c s  was p r e s e n t  i n  t h e  
T 

e thano l - so lub le  f r a c t i o n  ( s e e  Table I ) ,  presumably due  t o  t h e  s h o r t  a 

i n c u b a t i o n  t ime  used i n  t h e  experiments.  There fore ,  t h e  1 4 c - a c t i v i t y  i n  t h e  

e t h a n o l - i n s o l u b l e  f r g c t i o n  was ignored f o r  t h e  d e t e r m i n a t i o n  o f  t h e  P v s  I 
"- 

curves .  A 0.5 ml volume of  50% a c e t i c  a c i d  was added t o  a 0.5 m l ,  a l i q u o t  

of t h e  e t h a n o l - s o l u b l e  f r a c t i o n  t o  d r i v e  o f f  a l l  unf ixed  l a b e l l e d  carbon. 

Subsequent ly  7-10 m l  of Aquasol I1 (New E q l a n d  Nuclear)  were added and t h e  

samples counted i n  a  l i q u i d  s c i n t i l l a t i o n  counte.r  (Beckman LS 8000)'. 
.l 

The 14c l e v e l s  i n  t h e  i n c u b a t i o n  medium were monitored b e f o r e  and 
-. 

a f t e r  each exper iment .  F ive  0.25 m l  a l i q u o t s  o f  t h e  i n c u b a t i o n  medium were 

added t o  s o l u t i o n s  con ta in ing  10 ml of  Aquasol II and I .ml o f  0.1 N NaOB 

( s e e  Kobayashi and H a r ~ i s ,  1978) which were subsequen t ly  counted.  T o t a l  

ca rbona te  l e v e l s  i n  t h e  i n c u b a t i o n  medium were determined us ing t h e  pH - 
t echn ique  d e s c r i b e d  by S t r i c k l a n d  and Parsons  (1972).  

Th6 carbon f i x a t i o n  r a t e  o f  e a c h  d i s c  was c a l c u l a t e d  and s tandard ized  

using a  modified formula ( e q u a t i o n  1 l i s t e d  below) p resen ted  by S t r i c k l a n d  

and Parsons  (1972). 

Equat ion 1 : CFR=dise DPMs*C*K*( l / i n c  DPM) 

C-amount of t o t a l  C02 i n  t h e  i n c u b a t i o n  b a t h  

K--unit c o r r e c t i o n  c o n s t a n t  * 
i n c  DPM-total DPMs i n  t h e  i n c u b a t i o n  b a t h  



Pighent Analysis  

\ 

I n  order  t o  s ee  how pigment concent ra t ions  a f f e c t e d  the  i n t i a l  s lope  of t h e  

P vs ' I curve of 5. i n t e g r i f o l i a  blade d i s c s ,  chlorophyll ,  (chl,) , 
chlorophyl lc  (chl , )  and fucoxanthin c o n c e n t r a t i o n s w e r e  determined 1 

throtghout  the  study. These ana lyses  were ca r r i ed  out on f r e s h l y  col leEted .. - 
bfades using the  D B O  method (Seely e t  a l . ,  1972) a s  modified by Wheeler - 

-- 
* - 

(1980). The method involved soaking two 2 cm2 d i s c s  (both s i d e s  of . t h e  

d i s c  were used i n  the. su r f ace  a r e a  ca l c&a t ion )  fro?. each blade i n  Dm0 

f o r  10 min, pouring o f f  the  &SO f r a c t i o n ;  and adding acetone t o  the  

d i s c s .  Water was ,added i n  a  4 : l  (DBO:H20) r a t i 6  t o  t he  D E O ,  f r a c t i o n  and 

the  so lu t ions '  absorbances were theh<  read a t  480, 582, 631 and 665 nm. The 

acetone f r a c t i o n  was r e f r i g e r a t e d  f o r  s eve ra l  hours.  When the  . d i sc s  

appeared pigmentless ,  water and methanol were added i n  a  3:l-:1 (acetone: 

H20:MeOH) r a t i o  and the  so lu t ions '  absorbances were r e c o d e d  at-  470, 581, 

631 and 664 nm. The chi,, chlc  and fucoxant&n concent ra t ions  were 

determined using the equat ions of Seely e t  a l .  (1972). 

Ethanol-insoluble Fract ion 

I n  order  t o  determine whether apprec iab le  amounts of 1 4 c l a b e l  entered t'he 
' 

blade d i s c s  during the 10 min incubat ion period,  the i 4 ~ - a c t i v i t i e s  present  

in the ethanol- insoluble  and -soluble  f r a c t i o n s  of young, mature and old M. 

i n t e g  r i f  o l i a  blade d i s c s  were compared a t  s a tu ra t ing  l i g h t  i r r a d i a n c e s  ( s ee  
' ,  

F i g .  1 2 ) .  The a c t i v i t y  i n  the  ethanol-soluble  f r a c t i o n  was determined a s  

above.' T h e  ethanol--insoluble f r a c t i o n  was ground with a  mortar and p e s t l e ,  



cen t r i f%ed  a t  400 X g f o r  10 min, washed, r e c e n t r i f q e d ,  soaked f o r  10 

min with 50% a c e t i c , a c i d ,  f i l t e r e d ,  combustedLon a Packard Tktcarb B306 ' 

combustor, and counted. The a c t i v i t y  i n  t he  ethanol- insoluble  f r a c t i o n  was , 

expressed a s  a  percentage of the t o t a l  14c-labelled, carbon f ixed.  

/ Ef fec t  of N i t r a t e  on P- 

The seasonal  d i p  i n  t he  P,, of M, i n t e g r i f o l i a  (see  Fig. 9) may p a r t i a l l y  - 
be caused by nutrient de f i c i enc i e s .  To t e s t  t h i s  hypothes is ,  experiments 

were ca r r i ed  ' pu t  wfth young blade d i s c s  i n  June and mature blade d i s c s  i n  

J d y ,  1981. .Each month the t o p  1-2 m of two f ronds  were conditioned f o r  5 

days i n  e i t h e r  n i t r a t e - r i c h  seawater (deep water from the  BMS seawater 

system) o r  n i t ra te -poor  seawater ( sur face  water).  For each of f i v e  days 

d i s c s  were punched from both f ronds  and incubated i n  14~-carbonate  medium 

2 a t  a s a tu ra t ing  l i g h t  i r r a d i a n c e  of 120 pE/m / s ec  ( s ee  Fig. 12). The 

samples were analyzed f o r  t h e i r  ethan'ol-soluble and - inso luble  f r a c t i o n s .  

In  J u l y ,  t e  pigreent concent ra t ions  of buth f ronds  were a l s o  monitored over P 
the f i v e  day period.  h'heeler and Sr ivas tava  (1983) monitored, i n  

conjunction with t h i s  s tudy,  the n i t r a t e  concent ra t ions  of t h e  kelp 's  

i n t e r n a l  n i t  r a t e  pools and the condit ioning medium. 

Light Independent Carbon Flxa t ion  

=c I4c-carbonate' F ixa t ion  

The a b i l i t y  of M. i n t e g r i f o l i a  d i s c s  t o  f i x  "c-carbonate over extended - 
p e r i d s  of t i n e  was determined by incubating d i s c s  i n  Erlynmeyer f l a s k s  



< 6 n t a i n h g  14c-carbonate (1.0 mCi) f o r  u p  t o  22 ht For t h e s e  exper iments  

2 you% and mature  d i s c s  (25.5 cm ) were incubated i n  l i g h t  and dark .  . 

. A g i t a t i o n  of these,  d i s c s ,  and those  of subsequent m p e r i m e n t s ,  was 

accomplished by e i t h e r ;  bubbling w i t h  a k r ,  magnetic s t i r r i n g  b a r s ,  o r  a  

shaker  t a b l e .  
$ 

F u r t h e r  a n a l y s e s  of t h e  I4c - labe l l ed  components o f  s i m i l a r  d i s c s  

h*" 
incuba ted  i n  14C-carbonate were a l s o  c a r r i e d  ou t .  'For t h e s e  exper imehts ,  

Y" 2 
you% and mature  b l a d e  d i s c s  ( a  t o t a l  s u r f a c e  a r e a  .of 70.7 cm ) were 

iQcubkted i n  >250 ml of seawate r  c o n t a i n i n g  250 pCi o f  14f-carbonate.  l%e 

i n c u b a t i o n s  l a s t e d  f o r  4  o r  12 h  in t h e  da rk .  A f u r t h e r  d e s c r i p t i o n  o f  t h e  
0 

methods used f o r  t h e s e  a n a l y s e s  a r e  g i v e n  e lsewhere .  
B 

E f f e c t s  of Incuba t  i o n  and- P r e i n c u b a t i o n  Condi t ions  

The e f f e c t s  o f  extended d a r k  i n c u b a t i o n s  and p r e i n c u b a t i o n s  and l i g h t  

p r e t r e a t m e n t  on t h e  l i g h t  independent  carbon f i x a t i o n  r a t e s  o f  k e l p  t i s s u e s  

have no t  been r e p o r t e d  thus. f a r .  I n  t h i s  s t u d y  t h e s e  were determined by 

i n c u b a t i n g  d i s c s  i n  14C-carbonate whi le  changing t h e  d a r k  p r e c o n d i t i o n i n g  

t ime ,  d a r k  i n c u b a t i o n  t ime o r  t h e  p redark  i n c u b a t i o n  l i g h t  t r e a t m e n t .  

.\, Fresh ly  w l l e c t e d  young b l a d e s  were used f o r  t h e s e  exper iments  because o f  , 

t h e i r  r e p o r t e d  a b i l i t y  t o  f i x  carbon i n  t h e  d a r k  (Kremer, 1979; Wil lenbr ink 

e t  a l . ,  1979). The s tandard  procedure  f o r  t h e s e  d a r k  f i x a t i o n  exper iments  -- i 
inc luded  a  30 min l i g h t  t r e a t m e n t  a t  a  s a t u r a t i n g  l i g h t  i r r a d i a n c e  of 120. 

r) 
i 

pE/m2/sec ( s e e  Fig. 1 2 ) ,  a  1.0 min d a r k  p r e i n c u b a t i o n  per iod and a  10 min 

i n c u b a t i o n  i n  14c-carbonate e n r i c h e d  seawater.  These exper iments  were * 
c a r r i e d  ou t  us ing t h e  P v s  I appara tus .  Depending on t h e  t r e a t m e n t s ,  

v a r i a t i o n s  on t h e  s t andard  t echn ique  were adopted.  



To t e s t  whether mannitol was taken up and u t i l i z e d -  by M. i n t e g r i f o l i a  blade 
L 

d i s c & ,  two experiments were ca r r i ed  out.  I n  the f i r s t  of t hese  experiments 

y y r g  and mature d i s c s  were kept  i n  the dark  f o r  48 h ,  wNcP depleted the  
B 

i n t e r n a l  mannitol r e se rves ,  and then placed i n  media containing m a n d t o l  i n  
, C 

l i g h t  o r  dark  f o r  up t o  12 h. ~ u r t h e ;  d e t a i l $  of t h i s  experiment are' g ipen  

in the  'Effect ,of  Added Mannitol' sec t ion .  To determine t h e  mannitol l e v e l  
, L. ' 

i n  t h e ,  d i s c s ,  the ethanol-soluble  f r a c t i o n  of ground d i s c s  was &xed with 

2.7-7.0'  ug of s o r b i t o l  , an i n t e r n a l  s tandard;  d r i e d ;  ace ty l a t ed  with a  

pyr id ine  f a c e t i ?  anhydrfde &Cure ( 1 : 1 ,  v/v); d r i e d ;  dissolved - i n  

chlorof  o m ;  and analysed by g a s  chromatog raphy (Eewle t t-Packard model 5880, . < 

. 
. g a s  c a p p i l l a r y  column PV225; D r .  K. Rose11 , personal  communication). . -  

I the second experiment,  you% and mature b lade  d i s c s  L-\-r4 
(14 .1-253 cm2) were incubated i n  14~-mann i to l  media (0.63 pCi; spec. 

a c t i v i t y  50 mCi/mmol, Amersham3 i o r  up t o  ,48 h i n  l i g h t  o r  dark.  The 

1 4 ~ - l a b e l  led  conpunents of similar d i s c s  (5. t o t a l  su r f ace  a rea  of 70.7 cm 2 

) incubated i n  14~-mann i to l  media (250 pCi i n  250 m l  of seawater)  f o r  4 o r  

12 h i n  the  da rk  were determined u s i w  t echn ' i pes  descr ibed elsewhere. 

9 

Ef fec t  o f  Added Mannitol on 14c- f ixa t ion  

The e f f e c t  of exogenously supplied mannnitol on a  d i s c ' s  light independent 

carbon f i x a t i o n  r a t e  MS determined i n  March a& May, 1982. Young and 
i 

mature discs (14.1 m2) =-ere darkened f o r  48 h i n  I 1 of seawater ( t o  

deplete the discs of their m n n i t o l  reserves), the water being changed 
"k 

every day. Af te r  c h i s  rime the  d i s c s  were placed i n  e i t h e r  14~-carbonate ,  

14c-carbonate plus z x d t o l  or  mannitol media f o r  up t o  24 hours in dark  



1 
(March and May) and l i g h t  (M$y only). Mannitol and 14c-carbonate were added 

- - 

t o  t he  app ropr i a t e  d 3-4 and 1.1  mC; q u a n t i t i e s ,  respect ively:  

Carbon f i x a t i o n  r a t e s  of the  f i r s t  two t rea tments  were compared t o  t h e  - 
rnannitol 'concentrat ions found wi th in .  t h e  d i s c s  from t h e  t h i r d  t reatment .  . 

The ethanol-soluble  f r a c t i o n  of those d i s c s  which were incubated f o r  12 h 

i n  Hap were f u r t h e r  p a r t i t i o n e d  us'ing techniques descr ibed below. - - >  

w 

t. 

- 
Resp i r a t ion  of C-mannitol i n  the  Dark + I '  4 

/ r 
. 

The amount o f  absorbed mannitol used i n  t he  da rk  r e s p i r a t i p n  of young o r  

mature blade, d i s c s  was determined by incubat ing 5 you% o r  mature blade 

2 d i s c s  ( a  t o t a l  su r f ace  a rea  of 70.7 cm ) i n  darkened sealed f l a s k s  

containing approximately 30 p C i  of 14~-manni to l  f o r  4 h and then i n j e c t i n g ,  

s equen t i a l l y ,  10 m l  of a s a tu ra t ed  KOH so lu t iog  i n t o  a v i a l  suspended 
3 

with in  the  incubat ion  f l a s k  ml of 50% a c e t i c  ac id  i n t o  the sea 

water. medium. It was assumed %t the  a c e t i c  ac id  would d r i v e  o f f  a l l  the 

r e sp i r ed  l4c-m2 which would then be abso y the  KOH so lu t ion .  Flasks 

were opened 10 min a f t e r  t he  a c e t i c  ac id  on. The d i s c ' s  

e thanol-soluble  and - insoluble  f r a c t i o n s  lysed  using standard 

techniques,  while the  resp i red  f r a c t i o n  was a n a l ~ a e d '  by ex t r ac t ing  a 0.5 m l  

a l i q u o t  from the  KOH so lu t ion  and adding 7 m l  of/ Aquasol I1 i n  prepara t ion  

+ 4  - f o r  l i q u i d  s c i n t i l l a t i o n  counting, The low l e v e l s  o C-act ivi ty  i n  these  

samples p;eeluded the  f u r t h e r  pa r t i t i on ing  of t h e  e anol-soluble and + 
- insoluble  f r ac t ions .  



To determine the  f a t e  of 14~-erana i to l  .'incorporated 

dark ,  f i v e  s e t s  of f i v e  d i s c s  ( t o t a l  sur face  a r e a ,  

f o r  4 h in 250 ml of sea water  containing 250 pCi 

by y o u s  d i s c s  i n  t he  

70.7 cm2) were incubated 

of 14c-nnitol. Af te r  

t h i s  ~ e r i a d ,  a l l  d i s c s  were kept i n  'cold'  sea water containing 3 gm of 

added 'cold '  mannitol. Five d i s c s  were then sampled a f t e r  a, 15, 30, 60 

and 120 min ohase periods. The ethanol-soluble and -rinsoluble f r a c t i o n s  of 

these  sampies were f u r t h e r  f r ac t iona ted  using the techniques descr ibed 

below. 
I 

t 

Ethanol-soluble and - insoluble  Frac t iona t ion  

Where app l i cab le ,  the e t h a n ~ l ~ s o l u b l e  and - insoluble  f r a c t i o n s  were 

analyzed using standard techniques. Several  of t he  above samples a l s o  - 
underwent f u r t h e r  a n a l y s i s  . Tbe ethanol-soluble  f i a c  t l o n  of these  samples 

were d r i ed  and redissolved i n  2 ml of 0.2 N c i t r a t e  bu f fe r .  An a l i q u o t  of  

each sample was then separated i n t o  sugar ( including manni to l ) ,  amino a c i d ,  

organic ac id ,  and phosphate e s t e r  f r a c t i o n s  using ion-exchange . 

chromatography (Sephadex QAE-A-25 and Sf'-C-25, Phannacia,  see Redgwell, 

1980),  with the i 4 ~ - a c t i v i t g  of each f r a c t i o n  being determined by 

s c i n t i l l a t i o n  counting. Tlie e f f i c i ency  of separa t ion  was determined by ! 

evaporati-  the var ious  f r a c t i o n s  of one sample t o  dryness ,  r e d i d l v f n g  

then! i n  4 m l  of 50% e thano l ,  spot t ing  an a l i q u o t  of each on f i l t e r  paper,  

rmd t h e n  treating E&E +*€kt €be fe21owfng rcagee- ninhydrin f o r  amino 

acid de tec t ion ;  bronopherol blue f o r  organic ac id  d e t e c t i o n ;  acid molyWate 

f o r  phosphate  e s t e r  de t ec t ion ;  and p e r i d a t e - s i l v e r  n i t r a t e  f o r  sugar  
\ 

Zs tec t ion  (see S t a U ,  1969).  It was found t h a t  the  sugar f r a c t i o n  contained 



cons iderable  amounts of ninhydrih p o s i t i v e  ma te r i a l s  while the- sugars  . 
- - - - - - - 

themselves were uodetectable .  Further  a n a l y s i s  of the  sugar  f r a c t i o n  by g a s  

chromatography (Hewle tt-Packard model 57 %A; c r o s s  l inked  dimethyl s i l c o n  

column, 12.5 m lo*, 0.2 nrm diameter) .  d i d ,  however, show t h a t  rnannitol 
I I 

and/or sugars  were present  i n  t h i s  f r a c t i o n .   he* r e m i n i n g  f r a c t i o n s  were 
n 

r e l a t i v e l y  contamination f r ee .  

The i d e n t i t i e s  of the t o t a l  and 14c-labelled a d n o a c i d s  present  i h  

the c i t r a t e  b u f f e r  were d e t e r d n e d  with an amino ac id  ana lyzer  (Beckman 
a ~. 

model 119), with 0.04 )rH of N-leucine being added a s  an  i n t e r n a l  standard. 

I n  the case of t h e  I4c - l abd led  amino a c i d s ,  each sample was run through 

the amino a c i d  ana lyze r ' s  column with 0.9 d f p c t i o n s  be-ing c g l l e c t e d ,  
'r 

mixed w i t h  Aquasol 11, and counted on the  s c i n t i l l a t i o n  counter.  

The 14c-ac t i v i t i e s  i n  the  t o t a l  e thaool i insoluble ,  . , fucoidan, alg i n i c '  
. . . . 

ac id  and res idue  f r a c t i o n s  of t he  a h m e  samples were a lko  determined .-' The 

ground and dr ied  ke lp  d i s c s  were divided i n t o  two por t ions :  the, f i r s t  bei'ng 

analysed f o r  i ts  t o t a l  e thanol- insoluble  l 4c -ac t iv i ty  using prev 

descr ibed techniques;  and the  s e c o r d ,  used t o  determine the  14c-ac t iv i ty  i n  

the -fucoidan,  d l g i n i c  ac id  , and res idue  f r a c t i o n s  using the procedure 

- ourl ined i n  f i g u r e  1. 



Figure 1. The methodology f o r  ex t r ac t i ng  fucoidan,  

a l g i n i c  acid and the res idue  from the  e thanol - inso luble  

/ 

f r a c t i o n s  of ground and d r i ed  Macrocystis i n t e g r i f  o l i a  

blade d i s c s  ( D r .  K .  R o s e l l ,  personal comun ica t ion ) .  
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\ 
C. RESULTS 

Seasonal Photosynthet ic  Perforprance 

Ambient Temperature, K i t r a t e  and I r r ad i ance  ~ e v e l s  

The environmental d a t a  a r e  summarized i n  f i g u r e  2. Sur face  water 

temperatures were low i n  winter  (6-lo0 C) and high i n  kmmer (15-16O C ) ;  

a t  4 m depth the seasonal  range was l e s s ,  appproximately 8-fOO C i n  w i n t e r -  

and 12-14O C i n  summer. N i t r a t e  concent ra t ions  i n  su r f ace  waters  were high 

in winter  (Jan-Feb 1981), underwent a p r e c i p i t a t e  d e c l i n e  t o  reach near  

zero l e v e l s  from March t o  J u l y ,  then rose again t o  reach  h igh  l e v e l s  ih 

winter.  N i t r a t e  concent ra t ions  a t  4 m depth followed a s i m i l a r  trend but ' 

were not iceably  h igher  than n i t r a t e  l e v e l s  i n  t h e  su r f ace  water.  I r r a d i a n c e  

d a t a  were only a v a i l a b l e  f o r  January t o  Ju ly ,  1981. These l imi t ed  d a t a ,  

co l l ec t ed  once a week i n  open water a t  midday, i n d i c a t e  tKat su r f ace  

i r r ad i ances  were c d n s i s t e n t l y  h igher  than the  photosynthe t ica l ly  s a tu ra t ing  

i r r a d i a n c e s  of 50-70 p/m2/sec f o r  - M. i n t e g r i f o l i a  blade d i s c s  ( see  Fig. , 

12). .Also, the i r r a d i a n c e s  a t  4 m depth were considerably lower than those 

a t  the su r f ace  and may be photosynthe t ica l ly  subsa tura t ing  f o r  par& of t he  

year.  

Pigment Analysis  

-i 
The pigmeat d a t a  a r e  mrmnarized i n  f i g u r e s  3-5. Chi,, fucaxanthin and ch lc  



Figure 2. Temperature, n i t r a t e  l e v e l s  and i r r a d i a n c e  a t  

suEface water ( c i r c l e s )  and 4 m depth (squares)  

i n  Bamfield. Each parameter was measured weekly and these  

va lues  combined t o  g i v e  monthly means. The n i t r a t e  

l e v e l s  were determined by using an Autoanalyzer (Technicon, 

FLY USA),  whereas the  i r r a d i a n c e s  were taken 

with a quanta meter (Li-cor model 185, Lincoln, NB, USA). 
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concent ra t ions  were g e n e r a l l y  h igher  i n  mature than i n  you-% blade t i s s u e s ;  

pigment l e v e l s  in the  old t i s s u e  f luc tua t ed  between those i n  the you% and 

mature b l ade ,  t i s sues .  The chla  and fucaxanthin l e v e l s  of a l l  t h e e  t i s s u e  

types were high i n  t h e  win ter ,  decl ined i n  spring-summer, and then rose i n  

f a l l  t o  'winter  l e v e l s .  ~b l ,  concent ra t ions  showed a s i m i l a r  seasonal  

p a t t e r n  but i t s  d e c l i n e  and subsequent r i s e  lagged s l i g h t l y  behind those of  

chla  and fucoxanthin. The molar r a t i o s  of fucaxanthin t o  chla  and chl, t o  

c h l  were s imi l a r  f o r  the 3 age c l a s s  blades (Figs.  6-7)., For most of t he  - .  -- 
yea r ,  the fucaxanthin t o  chla  r a t i o  stayed a t  about 0.8 but t h e r e  was a  

r i s e  i n  March and a  s t i l l  l a r g e r  r i s e  i n  August-September. The molar r a t i o s  

of chlc  t o  chla  f l uc tua t ed  arourd 0.25 with pronounced -peaks - i n  March and 
- 0  

May-June and a  depress ion  i n  September-October. The March peaks i n  chi,; t o  
- ~ 

chla  and fucoxanthin t o  ch la  r a t i o s  were more pronounced f o r  young than f o r  
d - 

mafure o r  dSd blacFe t i s s u e s .  

. A 

Photosynthet ic  Performance 

, 

Figure 8 shows t y p i c a l  P vs  I curves f o r  M. i n t e g r i f o l i a  

the t h r e e  age c l a s s e s .  The . s easona l  v a r i a t i o n s  i n  $-: 

9. Mature and .you% blade t i s s u e s  gene ra l ly  showed much h igher  
. i 1 P i  

phot,s,thetic rate.  th&n . .  the old blade &is sues  (&s. 8 .9 ) .  The )& of 

young and mature blade t.i-ssues- showed a marked s5asona l i t y  with minima i n  

A - e a r l y  spring and e a r l y  win ter  and maxima i n  l a t e  summer-early f a l l  and . l a t e  

- _  
winter  (F ig .  9). The seasonal  v a r i a t i o n  i n  P- of -o ld  blade t i s s u e s  was " 

* 3 

n o t  a s  l a r g e <  a s  in '  t h e  you% .and mature b lade  t i s s u e s  but  i t  seemed t o  

shov the same seasonal  trend:' 

The i n i z i a l  s lopes ,  ca lcu la ted  from l i n e a r  regress ion  a n a l y s i s  of 
. . 

d r b o n  f ixa t ion .  r a t e s  of blade d i s c s  incubated uader subsa tura t ing  
1 3 -  ' . - 



Figure 3. Seasonal changes the  chlorophyll ,  concent ra t ions  

of you%, mature and old Macrocystis i ~ t e ~ r i f o l i a  blade 

d i s c s  (when l a r g e r  than the* symbols, the 95% confidence 

i e v e l s  a r e  represented by v e r t i c a l  bars ;  n=10; 

b lades) .  



ung 

old 



Figure 4. Seasonal changes i n  the  chlorophyllc  concent ra t ions  

of young, mature and old Macrocystis i n t e g r i f o l i a  blade 

d i s c s  (when l a r g e r  than the  symbols, the  95% confidence 

l e v e l s  a r e  represented by v e r t i c a l  bars ;  n=10; 

2 d i sc s /b l ade  X 5 blades) .  
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Figure  5. Seasona l  changes i n  t h e  fucoxan th in  c o n c e n t r a t i o n s  

of you%, mature and o ld  Macrocyst is  i n t e g r i f o l i a  b l a d e  

d i s c s  (when l a r g e r  t h a n  t h e  symbols, t h e  95% conf idence  
- 

l e v e l s  a r e  represen ted  by v e r t i c a l  b a r s ;  n=10; 

2 d i s c s l b l a d e  X 5 bladed) .  



old 4 



Figure 6. Seasonal changes i n  the chlorophyl lc  t o  

chlorophyl la  molar r a t i o s  f o r  you%, mature and old 

Macrocystis i n t e g r i f o l i a  blade d i s c s .  The d a t a  p o i n t s  

r ep re sen t  t he  r a t i o s  of - t h e  mean pigment concentrations. .  
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Figure 7. Seasonal changes i n  the fucuxanthin t o  

chlorophyll ,  molar r a t i o s  f o r  young, mature and' o ld  

Macrocystis i n t e g r i f o l i a  blade d i s c s .  The d a t a  po in t s  

r ep re sen t  the r a t i o s  of ;he mean pigment concent ra t ions .  
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Figure 8. Photosynthet ic  ra,te versus i r r ad i ance  curves of  

youxg, mature and old Macrocystis ' i n t e g r i f o l i a  blade 

d i s c s  f o r  September, 1981. The d a t a  were der ived  from the  

1 4 G a c t i v i t y  i n  t he  ethanol-soluble f r a c t i o n s  of d i s c s  

, incubated i n  14c-carbonate f o r  10 .-pin a t  t he  ambient 

seawater temperature ( f o r  more d e t a i l s  s ee  tex t ; 'n=lO;  

when l a r g e r  than the symbols, t he  95% confidence 

l e v e l s  a r e  represented by v e r t i c a l  bars ) .  



mature 
\ 

lrradiance p ~ / r n q s . e c  . c 



Figure 9. Seasonal the i r radiance-sa tura ted  

photosynthe t ic  r a t e  (P-) of young, mature and old 

Macrocystis i n t e g r i f  ol,ia blade d i sc s .  The d a t a  presented 
. 

' a r e  ca lcu la ted  from the carbon f i x a t i o n  r a t e s  a t  -- . , 

2 
C 

80-480 pE/m / sec  i r r a d i a n c e s  f o r  each month of the study 

(when large; than the  symbols, the 95% confidence 

- l e v e l s  a r e  represented by v e r t i c a l  ba r s ;  ~ 4 0 ) .  
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Figure  10. Seasona l  changes i n -  t h e  i n i t i a l  s l o p e  of t h e  

p h o t o s y n t h e t i c  r a t e  ' v e r s u s  i r r a d i a n c e  curve  o f  you% , 

mature  and,  o ld  Macrocyst is  i n t e g r i f o l i a  b l a d e  d i s c s  on an  a r e a  . 
( p o l  C h-l/pE m-2 s e c - l )  b a s i s .  ~ h i s e  d a t a  

are '  d e r i v e d  from l i n e a r  r e g r e s s i o n  a n a l y s i s  o f  t h e  

0 

G 4 0  pE/rn2/sec i r r a d i a n c e  p a r t s  of f h e ' ~  v s  I curves  (n=40). 
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Fig.ure 11. Seasonal changes i n  the i n i t i a l  s lope  of the 

photosynthet ic  r a t e  versus i r r ad i ance  curve of young , 

mature and dld Macrocystis i n t e g r i f o l i a  blade d i s c s  on a  

t o t a l  pigment ( p o l  C p o l  pigment-1 h - l / ~  mm2 see- l )  

bas i s .  These d a t a  a r e  der ived from l i n e a r  r eg re s s ion  ' 

a n a l y s i s  of the  0-40 pE/m2/sec i r r a d i a n c e  p a r t s  
.- 

of the P vs I curves (n=40). 
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Figure 12. Seasonal changes i n  the  sa tu ra t ing  i r r a d i a n c e  

P- t o  i n i t i a l  (Ik) values ,  der ived by taking the 

' s lope  r a t i o ,  of young, mature and old Macrocystis 

i n t e g r i f o l i a  blade d i s c s .  
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i r r a d i a n c e s ,  geneyal ly  pa ra l l e l ed  the  P,, curves; here  a l s o  the  old blade 
- - -  

t i s s u e s  showed lower i n i t i a l  s lopes  and l e s s  seasonal  v a r i a t i o n  than the  

you% and mature b lade  t i s s u e s  (Fig. 10). Initial s lopes  on a molar pigment 

b a s i s  ( B i g .  11)  showed s i m i l a r  seasonal  t r ends  except t h a t  yourg blade ' 

t i s s u e s  had the  h ighes t  i n i t i a l  s lopes  followed by mature and then old 

blade t i s sues .  

Tbe sa tu ra t ihg  i r r a d i a n c e  of photosynthesis  ( Ik )  was derived by 

taking the P- t o  i n i t i a l  s lope  r a t i o .  The Ik i r r a d i a n c e  d i d  not  seem t o .  

vary between the  3 age c l a s s e s  ( F i g .  12). Sa tu ra t ion  occurred a t  about 50 

@/m2/sec, except t h a t  i n  April-May s i g n i f i c a n t l y  lower va lues ,  ca. 25 

p 3 / ~ ~ / s e c ,  were age c l a s s e s  and higher  va lues ,  fa* 70 

pE/rn2/sec, were and old b lade  t i s s u e s  i n  June 

(Fig .  12). 

Ethanol- insoluble  Fract ion 

The 1 4 ~ - a c t i v i t g  i n  the  ethanol- insoluble  f r a c t i o n ,  a s  a percentage of the  

t o t a l  14c f ixed ,  i s  shown i n  Table I. Discs from o l d e r  b lades  gene ra l ly  

showed a higher  proport ion of 14c-ac t iv i ty  i n  t he  ethanol- insoluble  f r a c t i o n  

than d id  the d i s c s  from you-. and mature blades ( see  a l s o  Brinkhuis (1977b) 

f o r  Fucus ves icu losus) .  There was a l s o  a higher  14c-ac t iv i ty  i n  the 

ethanol- insoluble  f r a c t i o n  i n  winter  than i n  spring-sumner f o r  a l l  age 

c l a s s  d i s c s  ( s ee  a l s o  Brinkhuis (1977a) f o r  Ascophyllum nodosum). Despite a 

range of 6.6 t o  22.0%, the 14c a c t i v i t y  i n  the  ethanol- insoluble  f r a c t i o n t  

bid wt alter t h e  agete- ia ted  o r  seasonal  P,, trends a s  deterprfned from 

the ethanol-soluble  f r a c t i o n .  



Table I .  Percentage of the t o t a l  14c fixed i n  the i 
e t h a n o l - i n s o l u b l e  fraction of the  three age class blade, 

discs (va lues  r ep resen t  the mean of 3-10 measurements w i t h  
* . e 

t he  numbers i n  harentheses t h e i r  95% confidence levels). I 

Ethanol-Insoluble Fraction % of T o t a l  

mature o ld  

J u l  1981 7.3 ( 0 . 5 )  8.4 (0.5)  1 3 * 9  ( 1 * 1 )  I 

Nov 1981 8.8 (2 .2)  11.6 (1.9) 22.0 (0.9) - 
Jan 1982 10.8 (1.2) 1291 (1.5) 19.5  (4 .1)  

Peb 1982 19.8 ( 2 . 5 )  10.6 (1 .8)  20.8 ( 5 . 3 )  



F i g u r e  13. The p h o t o s y n t h e t i c  c a p a c i t y  of young (June) 

o r  mature (July) H a c r o c y s t i s  i n t e g r i f o l i a  b l a d e  discs 

cond i t ioned  i n  n i t r a t e - p o o r  ( s u r f a c e  s e a w a t e r ,  s q u a r e s )  o r  

n i t r a t e - r i c h  (deep s e a w a t e r ,  c i r c l e s )  f l o w - t h r o q h  

s e a w a t e r  t anks .  Tke d a t a  =ere  d e r i v e d  from t h e  

14c-ac t io i  t i e s  i n  t h e  e t h a n o l - s o l u b l e  f r a c t i o n s  bf b l a d e  

d i s c s  incubated f o r  10 n i n  i n  1 4 ~ - c a r b o n a t e  a t  an  

i r r a d i a n c e  of i Z C  , p . E , . ~ ~ / b .  The d i s c s  were punched 1 h 

6 t h e i r  i n c u b a t i o n s  (when larger t h a n  t h e  symbols,  

t h e  95% conf idence  i e v e l s  a r e  r epresen ted  by 

v e r t i c a l  bars; c=iO). f 



June 

J u l y  
' - 

I I 1 I I I '  

0 - 1 -2 3 4 5 
\ > Conditioning ~ i m e  .days  



. "  
'!-able 11. Pigment concent ra t ion  and .14L'-activity i n  t h e  ethanol- incolublo f r a c t i o n  o f ' l a c r o c y s t i q  ' 

i n t e g q i f o l r a  blade d i s c s  condit ioned i n  n i t r a t e - r i c h  o r  n i t r a t e - p o o r  seawater f o r  5 days  (n=5,  

t h e  numbers i n  parentheses  r e p r e s e n t  t h e  va lues '  9% confidence l e v e l s ) .  . 
\\ 

condl t ion lng  day pigment concent ra t ions  e thanol - inso luble  
t rea tment  chlorophylla  chlorophyllc  f'ucoxanthln. f r a c t i o n  

a 
n i t x a t e - r i c h  1 - - - 2443 (2069) 
young blades 3 - - - 10412 (907) 

'd 5 - - - 9280 (1306) 
I 

n i t r a t e - b o r  1 - - 
young blsdes , 3 - - 

5 - - 
J u l y  I 

n i t r a t e - t i c h  0 1.98 ( 0 ~ 1 7 )  5.14 0.30 
mature blades 1 1.98 (0.10 4.95 0.25 - 6643 (780) 

4.86 0.15 : 5.13 lo.3,i 3433 - ( 688) 

1.44 0.45 5.10 0.27 3987 (449) 

n i t r a t e - p o o r  
mature bbdes 

0 6.86 (1.42 ' 1.68 (0.35 4.46 (0.16 
1 6472 (0.40 1.73 [0.19/ * 4.59 - 7517 (1157) 

2 :::: 2251 (286) 
3 3.68 (0.13 - 
5 5.62 (0.16 0.63 0.24 4.02 (0.23 

A 3634 (531) , 
a - no data 

# '  



-Effect  of N i t r a t e  on Pmax 

Figure 13 shows the  r a t e s  of 14c incorpora t ion  i n  the  ethanol-soluble  

, 
f r a c t i o n s  of f ronds  kept i n  n i t r a t e - r i c h  or-  n i t ra te -poor  seawater.  I n  June 

the  P,, l e v e l  of you% blade d i s c s  punched from the frond kept  i n  
4 

n i t r a t e - r i c h  seawater were increased r e l a t i v e  t o  those punched from. the  

frond kept i n  ni t rate-poor  seawater a f t e r  2 days. I n  J u l y ,  however, no < 

d i f f e r e n c e s  were de t ec t ed  between the  P,, l e v e l s  of mature b lade  d i s c s  

punched from f r o d s  conditioned i n  n i t r a t e - r i c h  o r  n i t ra te -poor  seawater. 

The ethanol- insoluble  d a t a ,  of you% blade d i s c s  (June) ,  show the  same 
1 

t rends  while t he  n i t r a t e  t reatment  d id  not a f f e c t  the ethanol- insoluble '  

f i x a t i o n  r a t e s  and pigment concent ra t io&.  of mature d i s c s  over the course 

of the  July experiment (Table I I ) d  
/ 

Light  Independent Carbon Flxa t ion  

14Carbonate Uptake 

I 

Figure 14 shows t h a t  young blade d i s c s  incorpora te  f a r  more 

1 4 C  i h t o  the ethanol-soluble  f r a c t i o n  i n  t h e  dgrk than do the  mature b lade  
I 

d i s c s .  The oppos i te  i s  t r u e  f o r  d i s c s  incubated i n  t he  l i g h t .  

Table I11 shows the d i s t r i b u t i o n  of 14c-label i n  va r ious  f r a c t i o n s  

following incubat ion  i n  the dark; The, 14c-ac t iv i ty  was g r e a t e r  i n  you& 

than i n  mature b lade  d i s c s ;  i n  both cases  the  a c t i v i t y  was g r e a t e r  a f t e r  

12 h as compared t o  the 4 h incu+tion with proporti-lly =re' of the  - 

I4c -ac t iv i ty  being fouxxl i n  t he  ethanol- insoluble  f r a c t i o n .  The d a t a  on 

var ious  f r a c t i o n s  a r e  somewhat ambiguous, but show xhat rmost  a f  the 

14c -ac t iv i ty  i n  t hese  d i s c s  was present  in t h e  ethanol-soluble  f r a c t i o n s  



/ 
. Figure 14. 14c f ixed  by young ( c i r c l e s )  o r  mature 

( squares)  Macrocystis i n t e g r i f o l i a  blade d i s c s  i n  l i g h t  

, or  da rk  i n  February. The d a t a  were der ivedl f rom the  . 
14c-ac t i v i t i e s  i n  t h e  ethanol-soluble  f r a c t i o n  of ' 

blade d i s c s  incubated i n  14c-carbonate f o r  var ious  
' 

periods of time. The d a t a  p i n t $  represent  

s i n g l e  measurements. 
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F i g u r e  15. The l i g h t  independent carbon f i x a t i o n  r a t e s  

you% Macrocys t i s  i n t e g r i f o l i a  b lade  d i s c s  

pre incubated i n  t h e  d a r k  f o r  v a r i o u s  t imes;  B, incuba ted  

t h i  d a r k  f o r  v a r i o u s  t imes  and s t a n d a r d i z e d ' t o  a 

min i n c u b a t i o n  t imb; t r e a t e d  wi th  l i g h t  f o r  v a r i o u s  

/ t imes  be fore  t h e  d a r k  incuba t ion .  Experiments were 

c a r r i e d  out  i n  May (c losed  s q u a r e s ) ,  "July (c losed  c i r c l e s )  

and A q u s t  (open c i r c l e s ; ,  n=6; when l a r g e r  t h a n  t h e  

symbols, the  95% conf idence  l e v e l s  a r e  - represen ted  by 

vertical b a r s ) .  



I I 1 I I 

o 60 _ 120 180 24 o 
- 

Time min 



of which the organic  a c i d s  were the  major con t r ibu to r s .  Subs t an t i a l  14c 

a c t i v i t y  was a l s o  present  i n  t he  amino ac id  f r a c t i o n  of y o u q  blade d i s c s  

incubated f o r  4  h. 

Table I V  shows the f u r t h e r  pa r t i t i on ing  f  14c l a b e l  i n t o  amino 

ac ids .  Curiously, the 14c-ac t iv i ty  present  i n  amino ac id  f r a c t i o n  was I 
g r e a t e r  i n  mature than young b lade  d i s c s  h whereas t he  reverse  was 

t r u e  a f t e r  12 h. Tota l  amino ac id  concent ra t ions ,  however, were h igher  i n  

the you% than i n  'mature b lade  d i s c s  a f t e r  4 o r  12. h. Alanine was the  

predominant amino ac id  i n  the  you% and mature blade d i s c s  both on the  

b a s i s  of 14c incorpora t ion  and t o t a l  concent ra t ion ,  but mature b lade  d i s c s  

contained r e l a f i v e l y  g r e a t e r  proport ions of 14c-labelled glutamate and 

a s p a r t a t e  and t o t a l  glutamate.  %en the  incubat ion  time was increased from 

4 t o  12 h ,  the  14c-ac t i  t y  .o you* blade d i s c s  increased  while  t h e  7 
14c -ac t iv i t i e s  of mature b lade  d i s c s  and the  t o t a l  amino ac id  

concent ra t ions  of young and mature blade d i s c s  decreased. Also,  wi th  the 

inc rease  i n  incubat ion  time, a l an ine  became p ropor t iona l ly  more important 

whereas the propor t ions  of  t h e  o t h e r  amino a c i d s  g e n e r a l l y  decreased. 

E f fec t s  of Incubat ion and Preincubat ion Conditions 

The l i g h t  independent carbon f i x a t i o n  r a t e s  of M. i n t e g r i f o l i a  blade d i s c s  - 
were reduced when t h e i r  da rk  preincubat ion times (F ig .  158) and da rk  

incubat ion times (Fig. 15B) were increased.  Futhermore, i t  appears  t h a t  the  

l i g h t  independent carbon f i x a t i o n  r a t e  reached a maximum l e v e l  i f  t he  d i s c s  

received appruximatelg 30 min of 120 pE/m2/sec l i g h t  p r i o r  t o  the  10 mi* 

da rk  incubat ion  (Fig.  15C).  



Mannitol Uptake 

The mannitol l e v e l s  of yourg and .mature blade d i s c s ,  a s  determined by g a s  

chromatography, were deple ted  when the  d i s c s  were k p t  i n  t he  d a r k  f o r  48 k 
h (Table V). When subsequently placed i n  mannitcQ-enriehed media (3  gm/l) 

the mannitol l e v e l s  of these  d i s c s  were p a r t i a l l y  res tored  when incubated 

i n  the dark  and exceeded the  i n i t i a l  l e v e l s  when incubated7 i n  t he  l i g h t .  

The uptake of 14~-mannitol by young and mature d i s c s  incubated i n  

l i g h t  ?dd dark  during 3 separa te  months, a s  determined by the  1 4 ~ - a c t i v i t y  

a r e  shown i n  f i g u r e  16. I n  February and 
I 

uptake of 14~-manni to l  was higher  i n  yourge than i n  'mature 

d id  no t  a f f e c t  t h e  1 4 ~ - m a n n i t o l  uptake 

the young blade d i s c s  i n  March which 

h d  higher  uptake r a t y  i n  l i g h t  than i n  dark. In  May the  14~-mann i to l  

uptake by l i gh t - t r ea t ed  d i s c s  was considerably h igher  than t h a t  of 
d 

dark-treated d i s c s  and mature d i s c s  showed higher  uptake l e v e l s  than youqg 

d i sc s .  

Table V I  shows the d i s t r i b u t i o n  of 1 4 ~ - a c t i v i t y  i n  d i s c s  incubated i n  

14~-mannitol  foe  4 or  12 h i n  the  dark. A t  4 h most of t h e  14c l a b e l  was 

present  i n  tk ethanol-soluble  f r a c t i o n ;  furthermore, i n  mature d i s c s  most 

of t h i s  a c t i v i t y  was i n  the sugar  f r a c t i o n  ( including mannitol ) , a1  though 

some a c t i v i t y  was fourd i n  the  amino acid and organic  ac id  f r a c t i o n s  a s  

wel l .  A t  12 h, however, most of t he  14c-ac t iv i ty  s h i f t e d  i n t o  the  

ethanol- insoluble  f r a c t i o n ,  and the 14c i n  t he  ethanol-soldble  f r a c t i o n  

cons is ted  mustly a f  organic a c i d s  and amino ac ids .  Fur &2 k incubat ions ,  

t h e r e  were no apparent d i f f e r e n c e s  between the  14c-labelling p a t t e r n s  of 

young o r  mature blade d i s c s .  
f 



Table V .  Mannitol - l e v e l s  of  young and mature Flacrocystis i n t e g r l f o l i a  
2 blade d i s c s  (14.1 cm ) t h a t  were kept  i n  t h e  dark f o r  48 h and then  

placed i n  mannitol-enriched seawater  ( 3  gm/l) f o r  va r ious  periods of 

time i n  l i g h t  o r  dark. The 4 n i t i a l  l e v e l  r ep re sen t s  wannitol_concentrat ions 

a t  t h e  time of c o l l e c t i o n ,  and 0 h r ep re sen t s  mannitol concent ra t ions  

a f t e r  48 h i n  t h e  tiark. Subsequent values r ep re sen t  mannitol concent ra t ions  

2 f t e r  t h e  blade discs had been put  i n  mannitol-enriched seawater.  

mannitol l e v e l  (pg) 

young mature 

/<arch - dark 
i n i t i a l  
O h  
l h  
2 h  
24 h 

May - dark 
i n i t i a l  
i 3h  
I h  
2 h  
- h  
12 h 
24 h 

Yzy - l i g h t  

i n i t i a l  
O h  
I h  
2 h  
4 h  
?2  h 
24 h 



Figure 16. The 1 4 ~ - m a n n i t o l - t a k e n  up by you- ( c i r c l e s )  

or  mature (squares)  Macrocystis i n t e g r i f o l i a  b lade  

d i s c s  i n  the l i g h t  (open symbols) or  d a r k  (dark symbols). 

The da ta  a r e  der ived from the  14c-ac t iv i ty  i n '  t h e  

e thanol  -solubf e f r a c t i o n  of blade d f  s c s  incubated i n  

14~-mann i to l  f o r  var ious  pe r iods  of time. Note 

the  change of s c a l e  between t h e  February and March curves 

and those of May. The d a t a  p o i n t s  represent  

s i n g l e  measurements. 
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Table V I I  shows the  f u r t h e r  p a r t i t i o n i n g  of 14c l a b e l  i n  amino ac ids .  

Even thoigh the t o t a l  amino ac id  concent ra t ions  decreased from 4 t o  12 h ,  

t he  1 4 ~ - a c t i b i t y  i n  the amino ac id  f r a c t i o n  of mature b lade  d i s c s  was 

higher  a f t e r  a 12 h, than a f t e r  a 4 h ,  incubat ion  ( see  a l s o  Table V I ) .  

 bung blade d i s c s  contained - l4c- label led a l an ine  , a s b a r t a t e  and g lu tamate ,  

while  mature b lade  d i s c s  contained only 14c-labelled a spa r t a t e .  On a t o t a l  

concent ra t ion  b a s i s ,  a lan ine  wa's the  dominant amino ac id .  Furthermore, when 

the incubat ion  time was increased  from 4 t o  12 h the  proport ion of- a l an ine  

in the amino ac id  pool increased  i n  b o t h  young and mature b lade  d i s c s  , 

L 
while  t h a t  of t he  o t h e r  amino a c i d s ,  except  f p r  glutamate i n  mature b lade  

d i s c s ,  decreased. 
< * 

E f f e c t s  df Added Mannitol on 14c F ixa t ion  

Figure 17 shows the e f f e c t  of added mannitol on the  carbon f i x a t i o n  

c a p a b i l i t i e s  of d i s c s  which were prp t rea ted  i n  d a r  _ f o r  48 h before being 4 
incubated i n  f4~-carborlate.  You* d i s c s  had high ca bon f i x a t i o n  a 
c a p a b i l i t i e s  than mature d i s c s  i n  the  dark ,  while  the  reverse  was . t rue  i n  

the  l i g h t .  The a d d i t i o n  of mannitol enhanced the  ' carbon f i x a t i o n  

c a p a b i l i t i e s  of both you% and mature d i s c s  i n  the  dark  (you% d i sc s '  showed . . *" 
the  g r e a t e r  enhancement)' and young d i s c s  incubated i n  t h e  l i g h t  f o r  up t o  

-12 h and seemed t o  lower the  carbon f i x a t i o n  c a p a b i l i t y  of mature d i s c s  

incubated i n  l i g h t  f o r  24 h. 

The d i s t r i b u t i o n  of 14c l a b e l  i n  the ethanol-soluble  and - insoluble  
* 

fractions of blade d i s c s  kepi in the dark f o r  48 b and the*  f_n_cubat=d 'in 
\ 

14c-carbonate v i t h  or without added mannitol f o r  12 h a r e  shown i n  Table 

V I I I .  Tbe t rends  f o r  mature blade d i s c s  were s imi l a r '  t o  those reported 

e a r l i e r .  I n  the light f a r  more l4c -3abe l  went i n t o  sugars  ( i n c l u d i n g  



' F i g u r e  1 7 .  The 1 4 ~  f i x e d  by you* ( c i r c l e s )  o r  mature  

( s q u a r e s )  b lade  d i s c s  p recondi t ioned  i n  d a r k  f o r  48 h  

and rhen incuba ted  i n  14c-carbonate wiEh ( s o l i d  l l i n )  . 
or -wi thou t  (dashed l i n e )  added manni to l .  The d a t a  were 

*' 

d e r i v e d  from the 1 4 ~ - a c ~ i v i t i e s  i n  the  d i s c ' s  

e t h a n o l - i o l u b l e  f r a c t i o n .  The d a t a  p o i n t s  r e p r e s e n t  

.- P 

s i n g l e  measurements. 
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mannitol)  than i n  amino a c i d s  and organic  a c i d s ,  while t h e  reverse  was t r u e  

i n  the  dark. Young d i s c s  a l s o  incorporated f a r  more 14c l a b e l  i n  sugars  

than i n  amino a c i d s  and organic  a c i d s  i n  t he  l i g h t ,  whereas i n  the  dark  
6 

r e l e t i v e l y  more l a b e l  was present  in the  amino a c i d s  and organic  ac ids .  The 

a d d i t i o n  of mannitol d id  not  seem t o  change . t he  d i s t r i b u t i o n a l  p a t t e r n s  of 

i 4 ~ - l a b e l l i n g  i n  d i s c s  kept i n  l i g h t  o r  dark. 

Table I X  shows t h a t  t he  t o t a l  14c-ac t iv i ty  i n  the  amino ac id  f r a c t i o n  

of these blade d i s c s  was gene ra l ly  g r e a t e r  i n :  mature r a t h e r  than you- 

blade d i s c s ;  d i s c s  incubated i n  t he  l i g h t  r a t h e r  than those incubated i n  

the  dark;  and, d i s c s  incubated with mannitol r a t h e r  than those  incubated 

without mannitol. I n  most ca ses ,  the t o t a l  amino ac id  concent ra t ions  d id  

not seem t o  be a f f ec t ed  by d i s c  age,  l i g h t  o r  mannitol t reatment .  The 

r e l a t i v e  proport ions of the 14c-labelled and t o t a l  amino a c i d s ,  d id  n o t .  seem 

t o  be a f f ec t ed  by t h e  a d d i t i o n  of mannitol whereas the e f f e c t s  of l i g h t  

t reatment  and d i s c  age a r e  unclear .  It seems t h a t  a l an ine ,  a s p a r t a t e  and 

g l u t a m a e  concent ra t ions ,  on a  t o t a l  concent ra t ion  b a s i s ,  were h igher  i n  

the dark  than i n  the  l i g h t .  The 1 4 c - a c t i v i t i e s  of a l an ine  were a l s o  g r e a t e r  

in dark  than i n  l i g h t .  
I '  

3 
To determine the f a t e  of 14c-labelled compounds, following incubat ion  i n  

1 4 ~ l s a n n i t d ,  blade d i s c s  were placed i n  a  'cold'  mannitol s o l u t i o n  f o r  

varying periods of t i m e .  The d i s t r i b u t i o n  of 14c l a b e l  i n  you% blade d i s c s  
1 
I 

.. 
is s h o w  in Table X. As t he  chase period became l a r g e r ,  the t o t a l  

1 4 ~ r f i x e d  in the samples- g e & r a l l y  decreased,  the r e l a t i v e  proport ion of 
r 

I 4 c - a c t i v i t y  present  i n  t he  ethanol- insoluble  and amino ac id  f r a c t i o n s  
iT 

increased ,  and t h a t  in the sugar and organic  acid f r a c t i o n s  decreased. 
I 

"sa 
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Table X I  shows t h a t  t h e  t o t a l  1 4 ~ - a c t i v i t i e s  and amino a c i d  concent ra t ions ,  

of t h e  blade d i s c s  t r ea t ed  a s  above, gene ra l ly  decreased a s  t h e  chase 

period became longer.  I n  t hese  blade d i s c s ,  the 1 4 ~ - a c t i r i t y  w a s  h ighes t  in 

the  glutamate f r a c t i o n  followed by the  a l an ine  and then a s p a r t a t e  f r a c t i o n s  

with no o the r  1 4 ~ - l a b e l l e d  amino a c i d s  being present  (Table X I ) .  The t o t a l  

amino a c i d s ,  however, were dominated by alanine.  Increasing the  chase 

period had no e f f e c t  on t h e  14c-labelled amino ac id  d i s t r i b u t i o n s  whereas 

t he  t o t a l  proport ions of a l a n i n e  increased and those of the  remaining amino 

a c i d s  decreased. 

Resp i r a t ion  of 14~-mann i to l  Taken Up i n  Dark 

Table X I 1  shows t h a t  a l a r g e  proport ion (56-752) of mannitol taken up i n  

the  da rk  i s  r e sp i r ed  and t h a t  only 2544% i s  r e t a ined  i n  t he  

ethanol-soluble  and - insoluble  f r a c t i o n s .  Furthermore, the 14c-act ivi t  

p r e sen t  in the resp i red  f r a c t i o n  was higher  i n  young than in 'ma tu re  b lade  

d i s c s  while t h a t  i n  t he  ethanol- insoluble  f r a c t i o n  was higher  i n  mature 

than i n  you% blade  d i s c s .  

E thanol- insoluble  Frac t ion  

Further  a n a l y s i s  of the  ethanol- insoluble  f r a c t i o n s  of d i s c s  incubated i n  

14~-carbonate  o r  14c-nnitol with o r  without a  chase period showed t h a t  

these d i s c s  contained 1 4 ~ - l a k l l e d  fucoidan, alghk acid, and a reddue - 

f r a c t i o n .  Unfortunately these  r e s u l t s  were not q u a n t i t a t i v e .  Tbe y ie ld  on a  

b r i g h t  b a s i s  var ied  f m n  83 t o  117X, a l e  only 28 t o  90% of t he  

14c-acvt iv i ty  was recovered. This i n d i c a t e s  t h a t  some of t he  



14c may have been exchanged wi th  12c, poss ib ly  due t o  t he  e x t r a c t i o n  

procedures. The propor t ions  of fucoidan, alg i n i  c ac id  and r e s idue  f r a c t i o n s  

on a weight b a s i s  were s i m i l a r  i n  you% and mature b l ade  d i s c s ,  in d i s c s  

incubated i n  14c-carbonate o r  1 4 ~ - n a n o i t o l ,  and i n  d i s c s  incubated f o r  4 o r  

% 12 h i n  the  dark. By weight,  the percentage i n  t h e  r e s idue  f r a c t i o n  ranged 
1 
i 

from 47.8 t o  66.0 %, t h a t  in t h e  a l g i n i c  ac id  f r a c t i o n  from 24.6 t o  35.5 % 

and t h a t  i n  fucoidan from 0.0 t o  15.6%. Table XI11 shows the  

ethanol- insoluble  components of d i s c s  from the  14~-mann i to l  chase 

experiment. The d a t a  show t h a t  the freeze-dried weights of  blade d i s c s  were 

somewhat lower a f t e r  longer  chase periods. Furthermore, t he  r e l a t i v e  

propor t ion  of fucoidan, a l g i n i c  a c i d  and re s idue  d i d  not  change i n  arty 

s i g n i f i c a n t  manner following chase per icds  of 0-120 min. 
,-'- 
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Seasona l  P h o t o s y n t h e t i c  performance 

The r a t e s  of l i g h t  s a t u r a t e d  pho tosyn thes i s  i n  t h i s  s t u d y  v a r i e d  between 

4P - 0.1 and 6.8 p a 1  € f t a 2 f h  (fig. 9). These r a t e s  r e  simctlar  t o  those  

r e p o r t e d  f o r  Y. i n t e p r i f o l i a  (0.6-1.0 Gl ~ / c m ~ / h ,  Wi l l enbr ink  e t  al., - 
(1979))  and - M. p y r i f e r a  (0-3-1.5 p o l  ~ / c m * / h ,  Wheeler, (19801; 0.5 

p o l  c/crn2/h, L i t t l e r  and Hurray,  (1974))' .  They are a l s o  conparable  t o  

r a t e s  f o r  s e v e r a l  s p e c i e s  o f  Laminaria , (Ba tcher  et g., 1977; Johns ton  e t  - 
a l . ,  1977; Lifning', l 9 7 1 ) ,  t i e r e o c y s t i s  ( R i l l e n b r i n k  e t  al., 1979) and o t h e r  - rp 

brown a l g a e  ( B r i n k h i s ,  1977; King and Schram, 1976; L i t t l e r  and Hurray,  

1973). , , 
C "  

This study shows t h a t  f o r  most rnowhij, yourg and mature  b l a d e  d i s c s  . 
had s i m i l a r  P- v a l u e s ,  and t h e s e  v a l u e s  were g e n e r a l l y  much h i g h e r  than  

those  f o r  o ld  t i s s u e s  (F ig ,  9). S i n c e  b a t h  young and mature  b l a d e s  o f  H. - 
i n t e g r i f o l i a  s t u d i e d  here e r e  c o l l e c t e d  from t h e  wate r  s u r f a c e  under 

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

P,, between t h e s e  two b l a d e  t y p e s  a r e  probably  age  r e l a t e d .  Age-relaked 

d i f f e r e n c e s  in P= have been repor ted  p r e v i o u s l y  f o r  b l a d e s  a l o q  a f rond 

o-f X, p y r i f e r a  ( k b e e l e r ,  1980) a d  d i f f e r e n t  p a r t s  of Laminaria and Fucue - 
r h a l l i  (Brinkhuis, 197Tb; Johnston e t  a l , ,  1977; Kiippers and Kremer, 1978). -- 
Old b l a d e s  af -% i n t e g r i f o l i a  c o l l e c t e d  a t  3 t o  4 a d e p t h  i n  t h i s  8 t d y  - 

I p, these e o i c ~ ~ l a t h ~ ~ ,  &eG L Z  ~-€fps03~--~8;-fe-r-- 
t h e  p h o t o s y n t h e t i c  q u o t i e n t  ( S t r i c k l a n d  and P a r s o n s ,  1 972) ,  1 g d r y  w t / i O  g 
v e t  k-t ( p e r s o n a l  o b s e r p a t i a n ) ,  and 0.02 g wet ut/cm2 ( p e r s o n a l  o b s e r v a t i o n )  
were used. 



were s u b j e e t e d  t o  lower and p o s s i b l y  s u b s a t u r a t i n g  irradiances throughout 

t h e  s t u d y  and l o v e r  teraperatures  and h i g h e r  n i t r a t e  c o n c e n t r a t i o n s  dur ing  

t h e  spring-sunnier perid t h a n  t h e  you= and mature  b l a d e s  a t  t h e  s u r f a c e .  

The f a c t  t h a t  t h e s e  b l a d e s  showed much lower P v a l u e s  t h a n  t h e  mature v=- 
and young b l a d e s ,  u d e r  i d e n t i c a l  exper imenta l  c o n d i t i o n s  (Fig. 9 ) ,  

s u g g e s t s  t h a t  long- las t ing  chazg e s  occur  i n  t h e  p h o t o s y n t h e t i c  machinery of 

t h e s e  b lades .  dbese  changes raay be due  t o  reduced + c t i v i t i e s  of t h e  carbon 

f i x a t i o n  enzymes a s  a r e s u l t  of lower i r r a d i a n c e s  and t empera tu res ,  o r  

g r e a t e r  p r e s s u r e s  a t  4 n ,  o r  t i s s u e  age.  B e e l e r  and S r i v a s t a v a  ' ~ 1 9 8 3 )  have 

shown t h a t  o ld  b f a ~ e s  have r e l a t i v e l y  low n i t r a t e  up take  r a t e s  and hence 

advantage.  

Seasonal  v a r i a t i o n s  i n  P- ( P i g .  9) seem t o  be dependent  on s e v e r a l  

p a r a ~ ~ t c r s .  For young znd mature  b l a d e  d i s c s ,  t h e  d r o p  i n  P,, from January 

t o  A p r i l ,  1981, c o r r e l a t e s  we l l  (p.83, n=8) w i t h  t h e  p r e c i p i t a t e  d e c l i n e  
I ?  

i> n i t r a t e  c o n c e n t r a t i o c  i n  t h e  seawate r  (Fig. 2) .  The g r e a t e r  carbon S 
f i x a t i o n  r a t e s  o f  you% b lade  d i s c s  punched from f r o a d s  cond i t ioned  in 1 
a i r r a t e - r i c h  a s  c o c p r e d  t o  n i t r a t e - p o o r  seawate r  i n  June ( F i g .  13; s e e  

a l s o  Kheeler and S r i v a s t a v a  (1983) f o r  s i m i l a r  d a t a )  s u p p o r t s  t h i s  
._ 

hypothes i s .  Also ,  t h i s  i s  i n  agreenen t  with t h e  d a t a  r e p o r t e d  by Chapman e t  - 
ai. (1978) v h i c h  shov a pos i  t i v e  c o r r e l a t i o n  between the  P,, of Laminaria - 
sporophyres  and t h e  nitrate concentrations a t  uttich they were gro?. 

h k e e l e r  and k i d o e r  (1983) show a  s i m i l a r  p o s i t i v e  c o r r e l a t i o n  between t h e  

p h o t o s y n t h e t i c  e r ? z p  a c t i v i t i e s  of Laminaria sporophy t e s  and n i t r a t e  
j 

z o n c e n t r a t i o n s .  T'ne r i s e  i n  P,, f o r  young b l a d e  d i s c s  dur ing  s p r i n g  1981 
- - --- - - - - - - - 

ace  he second ES,, t e p r ~ s s i o o  i n , l a t e  f a l I - e a r l y  w3nter ( P i g .  4 )  both 

c o r r e l a t e  v i t h  t e r n p r a r u r e  ( r=.  92, n=8; r. 95, n=12, r e e p e c t i v e l y )  ( s e e  

- A s o  Ba tcher  g &., ( 1 9 7 7 )  a n d  Luning  (1971) f o r  Laminaria and Kanwisher 



3 

(1%6) and Yokohama (1973) f o r  o ther  brown 'a lgae) ,  Furthermore, t h e  d a t a  
- 

repor ted  by Smith -- et al. (1983) on t h e  seasonal  P- of - M. i n t e g r i f o l i a  

d i s c s  a t  a cons t an t  temperature (15O C) suggest. t h a t  t h e r e  a r e  seasona l  

changes in a c t i v i t i e s  of t h e  p ' ho tosp the t i c  enzymes, These changes which 
- 

\ 

may inc lude  abso lp t e  &mrs and/or  r a t e s l f  enzymes a r e  l i k e l y  to be 

inf luenced both by a v a i l a b i l i t y  of n i t r a t e  (Whegler and Weidner , 1983; o r  

o t h e r  N sources ,  see  Wheeler and Srivastava ' ,  19  3 and seawater  temperature 9 '  % 

\ 

(Pa t t e r son ,  19801, 
r .  - 

The numerical v f o r  t he  initial  s lopes  inc t h i s  s t udy . (F ig .  10) 

ranged from 0.004 t o  0.a8 p o l  C an-' h-'/,pE m-' see-'* "ilhich a r e  

comparable t o  va lues  of 0.005 and 0.012-0.01 9 

p -ml  C an-' h-l/,@ UI-* sec-' computed from k b l i s h e d  d a t a  f o r  - M. 

i n t e g r i f o l i a  (Wil lenbrink - e t  -* dl 3 1979) and - M. p y r i f e r a ,  (Wheeler, 1980) ,& . 

r e spec t ive ly .  I t  i s  a l s o  of i n t e r e s t  t h a t  t he se  va lues  compare favourably 

with - t h e  'values of 0.015 p o l  C mu-' h-l/@ m-2 sec-I f o r  shade-adapted 

higher  p l a n t s  (Bohrring and Burnside, 1956). 
, 

The d a t a  on i n i t i a l  s l o p e s ,  on an a r ea  and pigment b a s i s ,  and molar 
J .  

r a t i o s  of pigments show s e v e r a l  t r ends  (Figs.  10 and 11). The i n i t i a l  

s l opes ,  on an a r ea  b a s i s ,  of you% and mature b l ade  d i s c s  were s i m i l a r ,  

wkereas the i n i t i a l  s lopes  on a pigment b a s i s  of  you% blade  d i s c s  were 

3 e n e r a l l y  h igher  than those of m t u r e  blade d i s c s .  This  sugges t s  t h a t  t he  . 

n a t u r e  blade d i s c s  contained pigments t h a t  d id  no t  f u r t h e r  enhance t h e i r  

i n i t i a l  s lopes .  That ch l a  cad be accumulated i n  su rp lus  i s  ind ica ted  by 

d a t a  of Chpaian -- e t  al, (1978, s ee  Figs. 4,5)  who 'showed t h a t ,  whe'n 

W n a r i a  sporophytes  were grown i n  media conta in ing  increas ing  n i t r a t e  
- - - - -- 

concer;trations, photosl;nthesis s a tu ra t ed  a l e  t h e  chi, concen t r a t i ons  
-- - 

confInued to  r i s e ,  Tfk l a t e  s i i iSkr  r i s e  Fn tTe E f t I a I  ~ w o f y o u n ~  a E p  , 

s a t u r e  blade d i s c s  coincided with the l a t e  s m e r  peak i n  t h e  molar r a t i o s  . .  



of f u c c x a n t h i n  t o  &la, whereas th'e r e l a t i v e l y  h i g h  chl ,  t o  chl, r a t i o s  i n  i 

- - 

March co inc ided  w i t h  t h e  h igh  i n i t i g  s l o p e s  a t  tha,t t i m e .  These d a t a  

s ;ggest  t h a t  changes  i n  t h e  s i z e  o f  PSU and/or t h e  e f f i c i e n c y  of e l e c t r o n  

t r a n s p o r t  i n  the  PSU may occLr i n  you= and mature  b l a d e  d i s c s  ( P r e z e l i n , ,  

1981 ) , but  more p r e c i s e  i n f o r m a t i o n .  on pigment . , p r o t e i n  c o r n p d  i s  needed., 

f- I t  should be noted f h a t  ig  t h e  p resen t '  s t u d y  t h e  ch l ,  l e  1s i n  a l l  t h r e e  

b lade  types  g e n e r a l l y  p a r a l l e l  t h e  n i t t a t e  l e v e l s  i n  t h e  s e r  (cf .  

Figs. 2 and 3 ) .  This' seems c o n s i s t e n t  w i t h -  t h e  i d e a  t h a t  - the  & t h e s i s  . o f  - .  

c h l o r o p h y l l  molecu les ,  which c o n t a i n  n i t r o g e n ,  would, be depressed  when t h e  

n i t r o g e n  s a p q l i e s  a r e  low. , , .- 
Calcula ted Ik v a l u e s  f o r  E. i n t e g r i f o l i a  i n  t h i g ,  s t u d y  ranged f r o ~  25 . . 

t o  70 p.E/m2/sec ( F i g .  ,12). These v a l u e s  a r e  comparable t o  t h o s e  f o r  : 

Xacrocys t i s  spp. ( k h e e l e r ,  1980; K i l l e n b r i n k  -- e t  . a l . ,  :1979), o t h e r  

. Laminar ia les  ( Johns ton  - e t  - a l . ,  1977; ~ h i n ~ ,  1971; ~ ' l l e n b r i n k  e t  a l ; ,  

1979) and . f o r  v a r i o u s  g r e e n  a l g a e  (Arnold and &ray ,  1980). They a r e  *lower 

than  those  f o r  h igher  p l a n t s ,  which have Ik v a l u e s  t h a t  range from 100 

pE/02 / sec  i n  shade-adapted p l a n t s  t o  over  1600 pE/m21sec i n  - sun-adapted 

' p l a n t s    archer , 1975).  

The p r e s e n t  s t u d y  i d e n t i f i e s  s e v e r a l  pa ramete rs  which i n f l u e n c e  t h e  

p h o t o s y n t h e t i c  p e r f o m n c e  of M. i n t e g r i f d i a  p l a n t s .  A d d i t i o n a l  s t y d i e s ,  = 

on t h e  p h o t o s y n t h e t i c  enzynses and pigment-pigment , pigment-proJein and - 
i .  ? 

e l e c t r o n  t r a n s f e r  i n t e r a c t i o n s  i n  t h e  P S U ,  should g i v e  u s  a  b e t t e r  . 

unders tkcding of how t h e s e  parameters  i n f l u e n c e  t h e  p h o t o s y n t h e t i c  
a- 

p e r f o m a n c e  of ke lps .  



Light  Independent Carbon Fixa t ion  

The present  s tudy confirmed the w e l l  known observa t ion  t h a t  mature blade 

d i s c s  f i x  more. carbon than you- blade d i s c s  i n  t h e  l i g h t  while t he  

reverse  is  t r u e  i n  the dark  (Fig. 14; see  a l sp '  Kremer, 1979; H l l e n b r i n k  

e t  dl 1979). Moreover, the  dark  CO2 f i x a t i o n  r a t e s  of young b lade  d i s c s  - 
ranged from 6-14 % of t h e i r  CD2 f i x a t i o n  r a t e s  i n  the  l i g h t .  These d a t a  

a r e  comparable t o  those reported previously by s e v e r a l  au thors  f o r  a 
b 

v a r i e t y  of brown a lgae  (Akagawa -- e t  a l . ,  1972b; Kremer and Kuppers, 1975; t 

Kremer, 1979, 1981; Kremer and Kiippers, 1977; Kil lenbrink .et -- al., 1979). 
f 

Amino ac ids  and organic  a c i d s  a r e  t he  i n i t i a l  products  of  B-ca rbay la t ion  

of PEP i n  kelps in  the  d a r k  (Akagawa e t  a l . ,  1972a; Craigie ,  1963; Kremer, 

1979). I n  t h i s  s tudy,  most of t h e  14c-labelled me tabo l i t e s  following 

14c-carbonate incubat ions  i n  the  dark  were contained i n  t h e  above 

f r a c t i o n s ;  however, considerable  14c -ac t iv i t i e s  were a l s o  found i n  the  

ethanol- insoluble  and sugar f r ac t ions .  ( I t  i s  poss ib le  t h a t  some of the 

14c-ac t iv i ty  in the sugar  f r a c t i o n  was due t o  conta&nation by the  amiho 

ac ids .  ) Tbe 14c -ac t iv i t i e s  i n  the  ethanol- insoluble  and s a r  f r a c t i o n s  
Yg 

increased a f t e r  a 12 h i n c u b a a r i o d  (Table 111). This i n d i c a t e s  t h a t  

amino a c i d s  and organic  a c i d s ,  the  i n i t i a l  products  of l i g h t  independent 

carbon f i x a t i o n ,  a r e  a c t i v e l y  metabolized i n  fhe  dark. 

Mannitol i s  taken up by - H. i n t e g r i f o l i a  blade d i s c s  (Fig. 16) and 

apparent ly the  r a t e s  of uptake vary wi th  t i s s u e  age,  season and 

dark. In  February and March 1982, young blade d i s c s  had higber  

14~-nni tol  uptake r a t e s  than m t u r e  blade d i s c s .  I n  Hay, l i gh t - t r ea t ed  

d i s c s  (F ig .  16).  T b  e f f e c t  of l i g h t  on the uptake - of mannitol by blade 
- - - - - -  

d i s c s  i n  Hay vas confirmed by t h e  'cold'  mannitol uptake arperiments  (Table 



V). These d a t a  a r e  a l s o  i n  .agreement with those of Weidner and' ~ u ~ p e r s  
~ ~- 

(1982) vhfch show t h a t  l i g h t  enhances th-e 14~- .mnn i to l  uptqkh of Lamfnaria 

hyperborea d i s c s .  The 1 4 ~ T n n i t o l  uptake r a t e s  of t he  l i g h t - t r e a t e d  d i s c s  

in May were comparable t o  those  reported.  by Bidwell and Ghosh (1%2a) f o r  
a 1 

dark-treated ' s l i c e s  of pa h c u s  0.33% and 0.50Z a s  compared t o '  0.53% of tb 

supplied rnahnitol/g/h, r e spPe t ive ly  *{tpsuming t h a t  the  uptake by - M. 
i n t e R r i f o l h  b lade  4 i s c s  i s  l i n e a r  f o r  2  h and t h a t  a  d i s c  with a  su r f ace  

a rea  of 1  cm2 has a.  wet w t  ,of 0.02 g ,  pe isonal  observa t ion) .  

I n t e r p r e t a t i o n  of these  d a t a  a r e  d i f f i c u l t .  The mannitol uptake r a t e s  

is measured by 1 4 ~ ~ n n i ~ O l  o r  'cold ' mannitol a r e  unde res t ipa t e s  s i n c e  

~ i k e  fnannitof is taken up i t  may be resp i red  or col~ve=t& to other 

p r o d ~ c t s . ~ T h e  d i f f e r e n c e s  i n  t h e  mannitol uptake r a t e s  'between ~ e b f u a r ~  and 
I ' 

March 'and May seen here  and those between - M. i n t e g r i f o l i a  and* F U ~  

( ~ i i A l l  and Ghosh, 1962a) may h due t o  , phys io l cg ica l  d i f f e r e n c e s  between 

these t i s s u e s .  In  May, nenn i to l  concent ra t ions ,  growth ,' t r a n s l o c a t i o n  and 

n e t  photosynthesis  i n  - H. i n t e g r i f o l i a  t i s s u e s  a r e  t y p i c a U y  a t  t h e i r  

h ighes t  l e v e l s  (Dr. K, Rose11 , personal  comunica  t h n  ; Lobban, l978a, 
I 

1978b; Tuominen, 1981; r e spec t ive ly ) .  Since mannitol i s '  a  major metabol i te  

of ke lp  (Kremer, 1981) i t s  turnover ,  and . poss ib ly  its uptake,  should be 
- - 

highes t  during the f a s t  growth per iods  of kelp.  I n  February and March, by 

c o n t r a s t ,  uptake r a t e s  may h s luggish  because of the  g e n e r a l l y  poor growth . . 

- r a t e s  a t  t h i s  time. 

Once taken up by d i s c s ,  mannitol seems t o  be used i n  a  v a r i e t y  of 

metabolic pathways i n  H. i n t e g r i f o l i a .  The a d d i t i o n  of mannitol enhanced - 
the  l i g h t  indepeldent  carbon f i x a t i o n  r a t e s  of you= and mature blade d i s c s  

- - - - ---- -- 

vfilch .had been kept in da rk  f o r  48 h  p r i o r  t o  t h e i r  da rk  i n c u b t i o n  (Fig. 
- - - -- 

17) .  Addition of mannitol a l s o  enhanced the 14c f i x a t i k n  r a t e s  of young 
- 

blade- d i s c s  i n  light &dch had been predarkened f o r  48 h ( F i g .  17). These i 



d a t a  

t h a t  

work 

e 

a r e  i n  agreement with those reported by Kremer (1981) t h a t  ind ica ted  
- L - - - 

t he  l i g h t  dependent and l i g h t  independent carbon f i x a t i o n  pathways can 

simultaneously and t h a t  w n n i t o l  a c t s  a s  a s u b s t r a t e  f o r  , t he  

l ight-independent '  carbon f i x a t i o n  process. 

The p o t e n t i a l  f o r  l i g h t  independent carbon f i x a t i o n  of a d i s c  seems 
, 

t o  be p a r t i a l l y  dependent on i t s  s u b s t r a t e  a v a i l a b i l i t y ,  The l i g h t  
* 

independent carbon f i x a t i o n  r a t e s  were increased when 'added mannitol was 
' 

supplied t o  d i s c s  (Fig, 17) and when the  d i s c s  were p r e i r r a d i a t e d  Gefiore 

t h e  dark  incubat ion  (Fig .  .f5C); the r$te decreased when the  period of dark  

preincuAxtiod or  incubat ion '  t imes ;ere extented (Figs.  15A, B and Table X). 

Tbe d e c l i n e s  of rhe t n t a l  ethanol- iasdlnble  components 4 ~ a b i e  XIII), t o i d  
amino ac id  conc&tra t ions  (Tables I V ,  V I  and 'XI) and 14c-ac t iv i ty  i n  t h e  

' 

1 4 ~ - m a n ~ t o l  chase experiments (Table X )  i n d i c a t e  t h a t  once the  mannitol 

reserves  of a d i s c  a r e  low, o the r  components m y  a c t  a s  s u b s t r a t e s  f o r  the  

l i g h t  indeperident carbon f i x a t i o n  and/or r e s p i r a t o r y  pathways, 

Fur ther ,  Table XI1 shows t h a t  a f t e r  4 h t h e  1 4 ~ - l a b e l l e d  products of 

mannit01 metabolism are present  in the  s p i r e d ,  e thanol-soluble  and 

- i n s o l u b l e * f r i c t i o n ~ .  I? t h i s  s tudy an average of 66% of the 

I 4 c  a c t i v i t y  en ter ing  the  blade d i s c s  was resp i red  a f t e r  4 h and,:& 
- '  

2 

expected,  the young&? blade d i s c s  bad higher  r e s p i r a t o r y  r a t e s  than d i d  the  

m t u r e  blade d i s c s  Gs&e a l s o  Kremer, 1981). ?he above value i~ considerably . 
higher than the r e s p i r a t i o n  r a t e s  of 15.4 and 12-62 reported f o r  , 

i 4 ~ - . a n n i t o l -  and -14~-glucose- r rea ted  Rrcus t i s s u e s ,  

and Ghosh, 1%2a, b).  Tbeae descrepancies  may be due 

between the  tvo plants, t h e i r  phys io lcg ies  and/6r the ', -- - - -  

* T'm ethanol-soluble  f r a c t i o n  of d f s c s  incubated 
% 

r e spec t ive ly  (Bidwell 

t o  b a s i c  d i f f e r e n c e s  

- - -  

contained 1 4 ~ - l a b e l l e d  G a r s  ( p a r t  of which was p r o b a b l y t h e  r. 

1 4 ~ - m n n i t o l  f r o r  the incubat ion  w d i a ) ,  amino a c i d s ,  organic  a c i d s ' a n d  



phosphate e s t e r s .  The. amino a c i d s  and organic  a c i d s  most l i k e l y  r e s u l t  from 

the  conversion of arannitol t o  mannitol-1-P:(utllizing the  enzyme 

mannitol-1-phosphate dehydrcgen&e) and f u r t h e r  t o  g l y c o l y t i c  pathway 

in te rmedia tes  and PEP (&met, 1981) which can be channeled i n t o  e i t h e r :  

the- -T& cycle ,  y ie ld ing  14c-labelled COp, amino a c i d s  and organic  a c i d s ;  o r  
* 

t he  l i g h t  independant carbon f i x a t i o n  process ,  y i e ld ing  amino a c i d s  and 

organic  acids .   he' r e s p i r a t i o n  d a t a  from Table X I 1  and the  enhanced 

' . I4c-carbonate f i x a t i o n  r a t e s  by d i s c s  incubated i n  media containing added 
P ' 

mannit01 (Pig. 17) suggest t h a t  both of these  pathways a r e  opera t ing  i n  5. 

i n t e g r i f o l i a  blade df*&s. The 14c-labelled phosphate e s t e r s  could poss ib ly  

, be der ived  d i r e c t l y  from m n n i t o l  (eg. mannitol-1-P) or p r d u c e d  f r a  

g l y c o l y t i c  pathway ihtermedia ' tes .  Because phosphate e s t e r s  a r e  important i n  

g l y c o l y s i s  a s  wei l  a s  the syn thes i s  of polysaccharides t h e i r  r e l a t i v e l y  low 
u 

1 4 ~ - a c t i v i t i e s  (Tables I I f ,  VI, V I I I  and X) suggest that they have high 

. turnover  r a t e s .  
. . 

- - The amino ac id  d a t a  reported i n  t h i s  s tudy (Tables I V ,  V I I ,  I X  and 

X I )  vere  der ived from s i n g l e  samples. The v a r i a t i o n s  between the  t rea tments  

and the b l a d s  d i s c s  themselves makes the a n a l y s i s  of t he  d a t a  d i f f i c u l t .  

' Bovever, k v e r a l  t rends  a r e  evident .  Alanine had the h ighes t  t o t a l  

concent=at ion and was a l s o  one of the major 14c-label led amino ac ids .  These 

data a r e  i n  agreement vith those reported by Wheeler and S r ivas t ava  (1983) 

and Akagawa -- e t  a l .  (1972a, b), Craig ie  (1963) a d  Kremer (1979); 

respec t ive ly .  I t  should also- be noted t h a t  the  propor t ions  of t o t a l  and 

1 4 ~ - l a b e l l e d  a lan ine  w r e  more predominant In b lade  d i s c s  t h a t  had been 

incubated i n  the dark  f o r  extended periods of time (with the  except ion of  

-the 14c-labelled a l an ine  of Tabfe X I ) .  The t o t a l  amino ac id  concent ra t ions  

of these d i s c s  decreased over time, t he re fo re ,  it  seems poss ib l e  t h a t  
\ 

a lanine  uas being s tored  u h i l e  g l u t a a a t e ,  a s p a r t a t e  and the remaining amino 



a c i d s  were ac t ing  a s  s u b s t r a t e s  f o r  var ious  metabolic pathways. The high  
--  

propor t ions  of I4c-labelled a l an ine  from blade  d i s c s  incubated f o r  extended 

per iods  of time vas  poss ib ly  a  r e s u l t  of t he  above and the  r e l a t i v e l y  

complicated b iosyn the t i c  pathway of d lan ine  i n  d i s c s  incubated with 

14c-carbonate as compared t o  t he  o t h e r  amino ac ids .  (The p c a r b o a y l a t i o n  

of PEP bypasses pyruvate,  the precursor  t o  a l an ine ,  t he re fo re  the 

1 4 ~ - l a b e l l e d  a l a n i n e  must be der ived from the 14c-labelled organic  a c i d s  

of the TCA cycle  (Saltman -- e t  a l . ,  1957)). 

The ethanol- insoluble  f r a c t i o n s  of d i s c s  incubated i n  14c-carbonate o r  

a r a n n i t o l  were analysed and found t o  conta in  (al though not  q u a n t i t a t i v e l y )  

14c-labelled alg i n i c  a c i d ,  fucoidan and r e s idue  (Table X I I I ) .  Neither 

alg i n i c  'acid nor fucoidan a r e  synthesized d i r e c t l y  from mannitol (Bidwell 

and Ghosh, 1962a; Pe rc iva l ,  19791, t he re fo re  t h e  introduced 14~-ca rbona te .  o r  

-mannit01 was probably converted t o  mann6se-1-P, a  precursor  of a l g i n i c  

ac id  syn thes i s  (Bassid,  1970) o r  o the r  compounds which a r e  precursors  of 

fucoidan b iosynthes is .  Ttbe 1 4 ~ - l a b e l l e d  components of the res idue  f r a c t i o n  

possibly include o t h e r  polysaccharides,  besides fucoidan and alg i n i c  a c i d ,  

and pro te in .  

In  the present  s tudy the  l i g h t  independent carbon f i x a t i o n  d a t a  were 

obtained from blade d i s c s  r-hich were incubated f o r  long periods of time. 

Therefore,  ca re  must be taken when these  r e s u l t s  a r e  used t o  expla in  the  

l i g h t  i n d e p e d e n t  carbon f i x a t i o n  process  i n  n a t u r a l l y  occurr ing - M. 

i n t e g r i f d i a  p lan ts .  Tissues from i n t a c t  p l a n t s  t r a n s l o c a t e  while blade 

d i s c s  possibly do not .  Tbe m t a b o l i c  r egu la t ion  i n  ntature b lade  d i s c s  may 

be a f f ec t ed  by the  bu i ld  up of some of t h e i r  products t h a t  a r e  normally 
- - - - - 

t r ans loca t ed ,  Young blade d i s c s  not  receiving any r r a n s l o c a t e  asay be forced 

t o  ase a l t e r n a t e  mixatmi ic patkmmys to fuTfZZ3 th r t e r p i f r e x n t s .  AIEo,- - f 
Hatcher (1977)  found that the r e s p i r a t i o n  r a t e s  of - L. 1onp;icruria t i s s u e  



s l i c e s  were g r e a t e r  than those of i n t a c t  p lants .  It is not  known t o  what 

a c t a t  thwe @en- have affect& ttre-&ts d the p r e s w E  &ttdp- 

A t  this point  the usefulness of l i g h t  independent carbon f i x a t i o n  i n  

kelp i s  s t i l l  a matter of conjecture. There a r e  two major hypotheses: one 

s t a t e s  tha t  l i g h t  independent carbon f i x a t i o n  i s  a means by which young 

kelp sporophytes, growing i n  low l i g h t  environmemts, can f i x  carbon thus 

having an ecological  advantage over o ther  aquat ic  p lan t s  (Willenbrink - et 

a l  1979). Tbe second hypothesis s t a t e s  t h a t  C f i x a t i o n  i n  the  dark i s  a -* 

way i n  which the yoling f a s t  growing kelp  t i s s u e s  produce t h e i r  required 

metabolic i n t e d i a t e s  (Kremer, 1981). Neither of these hypotheses seems 

completely correc t .  Poullg t i s s u e s  genera l ly  contain l e s s  mannitol and have 
- 

a g r e a t e r  demand f o r  m n n i t o l  than o lder  t i s s u e s  (Kremer, 1981). Thus, i n  

the  case of yourtg sporopbytes (where there  is no in f lux  of t ranslocated 

mater ia ls ) ,  l i g h t  independent carbon f i x a t i o n  would possibly depend on 

o ther  subs t ra t e s  besides mannitol (Johnston -- e t  a l . ,  1977). This seems t o  be 

contradictory s ince  i n  a f a s t  growing you% sporophyte the  demand would be 

fo r  increasing the c e l l u l a r  components not metabolizing them away. 

Energetical ly,  the  l f g h t  indepeldent carbon f i x a t i o n  process is a 

r e l a t i v e l y  poor means of producing metabolic intermediates.  For example, 

one molecule of PEP being converted t o  a s p a r t a t e  (a co=on end product of 
I 

the l i g h t  independent carbon f i x a t i o n  process) y i e l d s  16 ATP equ iv i l en t s  

when metabolized throrgh the TCA cycle bu only 1 ATP equivi lent  when P 
metabolized t h r o e h  the l i g h t  independent carbon f i x a t i o n  pathway. Perhaps 

y. it  is the r e p l e n f s b e n t  of the  TCA cycle intermediates,  vhich would allow 

f o r  g r e a t e r  ATP or  reducing power production, that ~ a k e s  l i g h t  independent 

1 1 9 3 2 l T b ~  m y l a t i o n  of p y r w a t e  ( u t i l i z i n g  the  enzyme 

pyruvate c a r b a y l a s e )  yielding ara loaceta te  has a l s o  been reported t o  car ry  





Appendix I 

The following text g i v e s  a b r i e f  d e s c r i p t i o n  of t h r e e  experiments which 
4- 

produced da t a  t h a t  were wt use fu l  t o  the  present  study. 

Oxygen Electrode P v s  I Curves 

I n i t i a l l y ,  the  P v s  I experiments were t o  be c a r r i e d  out  using a closed 

system axygen evolu t ion  technique (see Jassby, 1978). The appa r t a tus  

consis ted of :  a s e a l a b l e  p fex ig l a s  chamber (100 X 30 X 10 an) connected t o  

a submersible p u p  and an oxygen e l ec t rode  and meter  (PSI model 5739 and 

57,  r e spec t ide ly ) ;  a cooling tank using flow t h r o q h  seawater ;  and a l i g h t  

source,  e i t h e r  sun l igh t  with o r  without n e u t r a l  d e n s i t y  s c reens  o r  s eve ra l  

f luorescent  l i g h t  bulbs (Sylvannia Cool White) mounted on a moveable l i g h t  
A 

bank. The temperatures used were those of t h e  s u r f a c e  seawater. The 

water pump crea ted  a cu r ren t  which reduced l a y e r s  over the 

ke lp  blade and a x s e n  e l ec t rode  su r f aces  a s  w&l a s  mired the  water i n  t he  

incubat ion  chamber. 

You- o r  mature - H. f n t e g r i f o l i a  b lades ,  from t h e  su r f ace  o r  7-10 k 

dep th ,  were a t tached  t o  an e leva ted  p l ex ig l a s s  support  and placed i n  the 

chamber. Each blade was prcgress ive ly  i l luminated  with a decreasing s e r i e s  

2 of irradiance3 ranging from 1000 t o  0 pE/m /set. The blades  were 

preincubated and incubat& f o r  15 n i n  a t  each of  t h e  i r r a d i a n c e s  used. The 

n e t  photosynthet ic  r a t e  of a ke lp  blade incubated under a p a r t i c u l a r  s e t  of 

condit , lons M S  de temined  by sub t r ac t ing  the d isso lved  axygen c h a s e  i n  the 
- - - - - - - - - - 

conrro l  chamber (a si&lar thaleber that did no t  conta in  a ke1.p blade)  from 

standardized t o  tk surface  a rea  and d r y  ve ight  of t he  ke lp  blade. 



i r rad iaoce-sa tura ted  at up t o  1000 */s2/sec and t h a t  t h e  photosynthet ic  

r a t e s  a t  these  i r r a d i a n c e s  roughly corresponded t o  1 p o l  02/cm2/h. This 

photosynthet ic  r a t e  i s  comparable t o  t h e  o t h e r s  der ived i n  t h i s  s tudy  (see  

Fig. 9) and those reported by Ri l lenbr ink  -- e t  al. (1979) and Wheeler (1980) 
. . 

f o r  - M. i n t e g r i f o l i a '  and N. p g r i f e r a ,  respec t ive ly .  The s a t u r a t i o n  
- .  

i r r a d i a n c e  (Ik), however, is  considerably h igher  than  those  repor ted  i n  t h e  

above s tud ie s .  TM f a c t o r s ,  amow o t h e r s ,  may account f o r  t h i s  phenomenon. 

\ One, t he  water i n  t h e  incubat ion  chamber may not  have been mixed thoroughly 

cnotgh t o  accu ra t e ly  measure the average d isso lved  mygen content  i n  t he  
- - - 
- - 

- - 
- 

chamber during the 15 nin incubation. Two, the b lades  were only i r r a d i a t e d  

from one s ide.  Thus, i t  is  poss ib l e  t h a t  t he  upper su r f ace  was 

i r rad iance-sa tura ted  while the  l o v e r  su r f ace  remained 

irr&iiance-subsaturatcd. The axygen evolu t ion  r a t e  of t he  upper su r f ace  
7 

would m t  be a f f ec t ed  by an i nc rease  i n  the  i r r a d i a n c e  v h i l e  t h a t  of the  

lower su r f ace  would cont inue t o  r f s e .  

Photosynthet ic  Perfo-cc of Young Sporophytes 

The. photosynthet ic  capac i ty  d i sp l ayed  by Hacrocyst is  is  p a r t i a l l y  dependent 

on the  saaple ' s  t i s s u e  e e  and water dep th  ( h e l e r ,  1980). Tbese f a c t o r s  

cannot be separated from each o t h e r  when dea l ing  with n a t u r a l l y  growing 

a a t u r e  sporophytes. %An at tempt  was. r ade  t o  t r ansp lan t  10 young sporophytes 

from the shallow water Fn uhiah they were found t o  deeper  water. A s  t he  
- - ~ -- 

3ourg sporophytes grev ~ ~ w a r d s  the su r f ace ,  t h e i r  photosynthet ic  
- - --- --- 

perfomances could have been compared t o  the photosynthet ic  perforeances of 

s iu i i la r  aged t i ssws ,  f ro=  the  Eatnre sporophyte,  growing a t  d i f f e r e n t  

depths.  Cnfortunately, t6ese conparisons, vhich would kip sepa ra t e  the 



e f f e c t s  of t i s s u e  age and water depth on the  photosynthet ic  perforreance of 
-- - -- 

- - 

- kelp  t i s s u e ,  could not be made because- the  t ransplan ted  aporophytes died. 

P v s  I Curves of f i c u s  and Ulva 

. . 
P v s  I curves for Futns  and Ulva were a l s o  determined. This +as done so  a - 
comparison could be made between the d a t a  reported here and published d a t a  

- obtained' by var ious au thors  using d i f f e r e n t  experimental techniques. 

, ' Standard 14~-carbonare incubat ion procedures were followed. Discs -were 

ground before ex t rac t ing  the a l i q u o t s  t o -  f a c i l i t a t e  the r e l ea se  of  a l l  the  
- 

ethanol-soluble f r a c t i o n  from the t i s sue .  

The P v s  I curves were wt conclusive. Ulva had ,  t oo  low a - .  
photosynthet ic  r a t e  due perhaps t o  the  xsmall amount of. t i s s u e  . that  was used 

while t he  Fucus .data had l a r g e  degrees of v a r i a b i l i t y ,  ~ e s p i t e  t h i s  problem 

it a p p a r e d  t h a t  Fucus lexhibited a fow l i g h t  sa tura t ion-  l e v e l ,  
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