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SUMMARY 

A rap id  ex t rus ion  of Na  + from Ulva, induced  b y  l ight ,  also occurs wi th  o ther  
cat ions,  as ev idenced by  86Rb+ and  8SSr") t racer  s tudies ;  anion movement  (aGCI-, 
aaSO4 "°- and  [~4Clacetate ) is  not  affected b y  l ight .  The Nav  flux has a p H  op t imum 
of abou t  p H  8, and  has a t ime  cons tan t  s imi lar  to t h a t  for the  movemen t  of H + and  
HCO a- concerned in photosynthes is .  Subs t i t u t ion  exper iments  indicate  t ha t  the  on ly  
ex te rna l ly  added  ion necessary  for t i le  shor t - t e rm l igh t - induced  ion movement s  

is HCO::-. 

INTI{OI)UC'I'[ON 

Pro ton  movemen t  has been shown to have  a pa r t i cu l a r ly  signif icant  role in 
pho tosyn thes i s  of chh)roplasts  1,',. However ,  the  mechanisms  need fur ther  s t udy :  e.g., 

inves t iga t ion  of Rhodospir i l lmn rubrum chromatophore - induced  p H  changes, r a the r  
than  dye and electrode methods  tha t  require  different i n t e rp re t a t ions  a. Most o ther  
s tudies  on ion movement s  have been made  on chloroplas ts  4, and  more unde r s t and ing  
is needed of the  re la t ionsh ip  of H ~ to  n lovements  of o ther  ions wi th in  the  p lant  cell. 
Ulva,  because of i ts  p l ana r  surface and two-cell  thickness ,  is a pa r t i cu l a r ly  useful 
organism on wMch to s t u d y  ques t ions  concerning the role of H + movemen t  in pho to -  
synthesis .  

L igh t  has been shown to evoke rap id  movement s  of Na ! in Ulva a. In o ther  
algae, subs t i tu t i (m in the  ionic env i ronment  can affect me tabo l i sm (),7, and  l ight  changes 
the  net  ion up t ake  over  a per iod  ()f several  hours 8,9. An a lkal ine  pH will slow tile 
pho tosyn the t i c  a c t i v i t y  of l i t t o ra l  mar ine  algae, but  Ulva shows more tolerance t() 
p H  xo than  o the r  algae l°. In an earl ier  s t u d y  5, it  was sugges ted  t ha t  the  movement  
of Na :- from Ulva as induced  b y  l ight ,  had a re la t ionsh ip  to  the  inward  m()vement 
of p ro tons  tha t  occurs wi th  photosyi l thcs is .  In this  paper ,  we will demons t r a t e  tha t  
th is  movement  is not  specific t() Na ~, but  also occurs wi th  several  cat ions.  Other  da ta  
suggest  t ha t  such H ~ changes might  be coupled to the  movemen t  of HCO a , whi('h 
suppl ies  CO.> for the  dark  reacti(>ns (>f photosynthes i s .  
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ION MOVEMENT AND PHOTOSYNTHESIS IN ULVA I 9 9  

METIIODS 

Ulva lobata or Ulva expansa were o b t a i n e d  e i ther  in San Francisco  Bay  or 
Monterey  B a y  and m a i n t a i n e d  in a rec i rcula t ion  aqua r ium sys tem descr ibed else- 
where H. The a p p a r a t u s  and  me thods  used in d e t e r m i n a t i o n  of ra te  cons tan ts  have 
been descr ibed  in de ta i l  ear l ier  5. Briefly, the  t racer  was added  to . h e  side ()f the  
appa ra tus ,  which holds the  algae between two Ioo-nl l  c o m p a r t m e n t s  c, mta in ing  sea 
water ,  and  cooled to  I5 °. Each  compar t l nen t  was sampled  with a IOO-i,1 p ipe t te ,  and 
the a c t i v i t y  d e t e r m i n e d  in a P a c k a r d  Series 4 IoA y - spec t romete r  for 'eNa,  '~';Rb, tav('s, 
and  SSSr, and  in a P a c k a r d  Model 4o0o Tri -Carb for a6C1, 14C1, and aas using a sc in t i l lan t  
mix ture  designed for sea wate r  count ing ~-. The ra te  cons tan t s  for each is~)-tope were 
ca lcu la ted  according to a s t a n d a r d  equa t ion  for exponent ia l  appearance  a. 

R a p i d  changes in H~ movements  were de te rn l ined  by  wrapping  the algae t i gh t l y  
a round  a Sargent  Model S-3oo7o-Io  combina t ion  electrode and securing it wi th  a 
rubber  band.  E x p e r i m e n t s  were pe r fo rmed  in sea water ,  in a b lack plas t ic  cha inber  
with a window and wi th  a hole on top  for the  electrode.  Of numer~ms c . m b i n a t i o n s  
t r ied,  th is  procedure  al lowed for the  most  r ap id  and sensi t ive  n leasurement  of H~ 
m~)vexnent. Changes in H + were measured  d i rec t ly  as a po ten t i a l  difference in mV 
across the  combina t ion  electrode,  r a the r  than  in t)H units .  Most exper iments  were 
moni to red  for 5 rain, the  t ime requi red  to reach 95 °'o of the  s t e a dy - s t a t e  response 
at  cons tan t  pH of 7.8. For  measur ing  diffusion of H + acr()ss l . ' lva, a pair  of H com- 
b ina t ion  electrodes was placed on e i ther  side of the  two c o m p a r t m e n t  apparatus 
descr ibed  above,  and  zoo lnl of 4 M HC1 were a d d e d  to br ing one side t~) approx .  
pH 3.5. Po ten t ia l  differences for each combina t ion  electrode were anlplified by  means 
of a Kei th loy  Model 300 opera t iona l  amplif ier  and  moni to red  through a Honeywel l  
d ig i ta l  vo l t ine tc r  and  d ig i t a l  r e c o r d e r  

The l ight  source for de te rmina t i (m of ra te  cons tan t s  was a 2oo-W quar tz  -i(~dine 
l amp  wi th  a ca l ib ra ted  i r rad iance  (65oo A) of 9.3 tzW/cm', at the  algae sin-face, l;()r 
o the r  tmrposes of i l lumina t ion  a 4oo-W Luca lox  lamp was used at  2o cm. 

IeASSUI.'IS 

Table  I sUlnlnarizes ti le resul ts  of compar tnmnt  s tudies  on the l ight and dark  
ra tes  of some anions  and  cat ions.  Three anions,  a6Cl-, a'~so~" and [t~C]acetate show 
no l ight  effect, and  the i r  da rk  diffusion ra tes  across the  Ulva membrane  are lower 
than  t ha t  of the  cat ions.  SO42 has s ignif icant ly  slower dark  and l ight  ra tes  than  
does CI-, as would be expec ted  if the  s t ronger  nega t ive  change of SOl '  were repel led 
by  the  nega t ive ly  charged cell wall  of Ulva.  The ca t ions  in general  move more r ap id ly  
across the  algae than  anions,  as can be seen b y  compar ing  the i r  da rk  ra te  cons tan t s  
o f  15. IO t a n d  6 .  IO -4, respect ively .  Moreover,  S6Rb+ and 8r'Sr"~ showed an increase 
in flux due to  l ight  s imi lar  to t ha t  of Na + r epor t ed  prev ious ly  5. As measured by  the 
ra te  cons tan t ,  th is  3- to  4-fold increase in ion movemen t  ind ica tes  tha t  an ac t ive  
process is invo lved ;  however,  the  increase is not  specific to a pa r t i cu la r  cat ion.  

The  empi r ica l ly  f i t ted  ra te  cons tan t s  above  were useful in descr ib ing the  ap-  
pearance  of t racer  under  da rk  or l ight  condi t ions .  One mus t  note ,  however,  t ha t  da rk  
n lovement  represents  a diffusional  t r anspor t  of t racer ,  while l ight  movement  repre-  
sents  an ex t rus ion  of t racer  f rom the  tissue. Thus,  m o v e m e n t  of ca t ions  induced  b y  

Biochim. I3iophys. Acta, I73 (19~9) 198-2o5 



200 J . T .  CUMMINS gt al. 

TABLE I 

CHANGES IN THE RATE CONSTANTS FOR MOVEMENT OF SOME TRACER ANIONS AND CATIONS V, r lTH LIGHT 

Based on exponential  appearance of tracer through an Ulva tissue membrane 5. Tracer was injected 
on the distal side of the two-compartment  chamber. Radioactivi ty was sampled at  z5-min intervals 
during 60 mill in dark, then at i-rain intervals during 5 rain in light. 

n Rate constant (rain -I) 

Dark  Light 
0-60 rain 60-62 rain 

Cations 
22Na+ 18 (I 5 ~ 1) '1o .4 (62 -} 9).1o 4 
86Rb+ 4 (18 ~ 2)' lO .4 (69 i 7)" 1°-4 
SSSr"-+ 6 (8 ~ I ) ' I O  4 ( 2 I  ~2 4 ) . i O  4 

A nious 
36C1- io (6 ~ i o ) .  IO -4 (7 ± l O ) - i o  ~ 
35S042 5 (2. 5 2[:_ 2)'  IO -4 (3'5 ± 3)" 10--4 
[14C] Acetate 4 (1.2 ~ 2)"  10  -4  (2'5 ± 3)" IO 4 

TABLE II  

FACILITATION BY LIGHT OF 187Cs+ EXCHANGE FROM ULVA IN RESPONSE TO IONIC RINSE 

Sections were incubated for 18 h at  15 ° in presence of la7Cs+ tracer, rinsed for 3 ° sec in sucrose 
or ionic medium as indicated above, incubated again in sea water for 5 min in l ight or in dark, 
then counted. 

Radioactivity per disc (counts~rain) 

0.82 35 sucrose rinse Sea water 
+ 0.5 m M  CsCl rinse 

Dark 

Light  

Mean 

Mean 

20 ioo 15 ioo 
z8 600 17 500 
17 500 1 7 600 
I S  7 0 0  16 73 ° 

16  4 0 0  S 2 4 0  

I3 5 °o 7 74 ° 
I9 6o0 9 76o 
I6 5oo 8 58o 

l i g h t  d i f fers  f u n d a m e n t a l l y  f r o m  t h r o u g h - t r a n s p o r t  in  d a r k .  T h i s  was  s h o w n  p r e v i o u s l y  

b y  t h e  o b s e r v a t i o n  t h a t  t r a c e r  w as  e x t r u d e d  t r a n s i e n t l y  d u r i n g  l i g h t  f r o m  t h e  t i s s u e  

t o  b o t h  b a t h s  ~. T h e  e x t r u s i o n  is b e t t e r  s h o w n  in  T a b l e  I I ,  w h e r e  d i scs  of U l v a  w e r e  
p r e s o a k e d  for  18 h in  137Cs+, t h e n  e l u t e d  in  l i g h t  or  in  d a r k .  C l ea r l y  b r i e f  l i g h t  e x p o s u r e  

s i g n i f i c a n t l y  r e d u c e d  t h e  t i s s u e  c o n t e n t  of ]arCs+. As  e x p e c t e d ,  t h e r e  was  l i t t l e  d i f fer-  

ence  b e t w e e n  l i g h t  a n d  d a r k  fo r  s uc r o s e  e l u t i o n ,  s ince  suc ro se  s o l u t i o n  p r o v i d e d  n o  

e x c h a n g e a b l e  ions .  
T h e  e x t r u s i o n  of ~2Na+ f r o m  U l v a ,  a f f ec t ed  b y  l i g h t ,  is p H  d e p e n d e n t ,  as  d e m o n -  

s t r a t e d  b y  F ig .  I .  F r o m  p H  3 to  9, t h e  d a r k  r a t e  c o n s t a n t  for  N a  + m o v e m e n t  a c r o s s  

U l v a  r e m a i n s  t h e  s a m e .  H o w e v e r ,  t h e  s h o r t - t e r m  e n h a n c e m e n t  b y  l i g h t  of N a  + m o v e -  

m e n t  is d r a s t i c a l l y  r e d u c e d  o n  e i t h e r  s ide  of a m a x i m u m  a t  p H  8;  t h e  n o r m a l  p H  

Bioehim. Biophys.  Xcta, 173 (1969) I98-2o5 



ION MOVEMENT AND PHOTOSYNTHESIS IN ULVA 201  

for sea water. At pH 3 both the light and dark rate constants are the same. These 
results indicate that the cation extrusion is related to photosynthesis. 
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Fig. i .  p H  o p t i m a  of dark ( 0 - - - 0 ) ,  and l ight  ( O - - O )  rate constants .  U lva  was dark adapted  
for I8 h and p H  was adjusted i m m e d i a t e l y  before exper iment ,  e2Na+ was used as a tracer to 
determine  the  rate  cons tant  for t w o - c o m p a r t m e n t  transfer.  

Fig. 2. Comparison  of H + ( 0 - - - 0 )  and 22Na+ ( O - - O )  m o v e m e n t s  in Ulva  as induced by l ight.  
At  each t ime  interval ,  N a  + increments  represent  mean  of three  determinat ions ,  as radioact iv i ty  
measured minus radioact iv i ty  predicted for dark (diffusional) transport ;  the  latter  a m o u n t e d  to 
on ly  ~ of the  radioact iv i ty  due to l ight .  H + decrements  were determined as the  mV change in 
potent ia l  on a c o m b i n a t i o n  glass electrode, around which  Ulva  t issue was wrapped.  

In Fig. 2, we examined the time courses for Na + extrusion and for proton 
uptake independently with onset of photosynthesis. This was done with a wrapped 
combination electrode, as described earlier. Although the experimental situation is 
quite different from that for determination of rate constants, both ion movements 
are rapid for 3 rain, and decrease thereafter. Ordinarily the proton movement may 
go on for a longer time, but because Ulva is wrapped around the electrode, tile amount 
of H+ may become limiting after pH 9; beyond 9.5, the rate of proton movement is 
very slow. In results not presented, tile H* movement is also inhibited at pH 5 and 3. 
Proton movement seems to show a pH relationship similar to that of Na + movement 
as was depicted in Fig. I, i.e., it is slower on either side of a pH optinmm. One should 
note that our method of measuring H + concentration allowed snlall changes to be 
determined more or less independently of the pH of the surrounding medium. The 
most reasonable explanation for this is that buffering capacity of the sea water be- 
tween the algae and the glass electrode is small compared to that of the Ulva surface, 
so that apparently we are measuring the pH in equilibrimn with the outer cell wall. 
When the pH is above 6.3, CO~ is not soluble, resulting in inhibition of the photo- 
synthetic process. At a basic pH, either CO2 or H + may be limiting. However, it is 
difficult experimentally to separate the movements of HCO 3- and H + in Ulva by 

Biochim. Biopkys..4eta, 173 (1969) 198-2o5 



202  j . T .  CUMMINS et a l .  

the t)rocedures emph)yed in this paper, so that HCO a movements could not be 
lueasured directly. 

For through-transt)ort of tracers under dark conditi(ms, I;ick's first law of dif- 
fusion {}ught to be reasonably applicable f(}r this experimental situation because of 
the planar surface, and thinness of the Ulva tissue, and because of the experimental 
configuration. In Table I I I  diffusion coefficients were calculated from concentration 

TAI3LE I l I  

C O M P A R I S O N  O F  D I F F U S I O N  C O E F F I C I E N T S  F O R  T H R O U G H - T R A N S I ' O R T  O F  P R O T O N S  A N D  O T I I P 2 R  I O N S  

A C R O S S  1 T L V A  ; I ) A R I , :  C O N D I T I O N S  

Diffusion coefficient:  D = (dNA/dt) (~/:\) (l/Ca) where A = I t .  3 cm2; 1 = i o o / , ;  d S t / d t  was 
based on t i m e  ra te  of change  as shown in Fig. 2 for a 6o-nlin in te rva l .  For p ro tons :  d SA/dt 
measured  direct ly .  For  Na  ~ and CI-: dSA/dt  -- ( dLA /d t ) ' ( I /Xa ) ;  e.g., (1. 5 • i o  a coun t s / r a in  22Na~)/ 
(i rain).  (0.45 moles Na+)/(I  coun t / ra in  22Na+). Symbols  as defined in ref. 5. 

[(m Di/j)tsion rate, Conch., (CA) 1) 
dS a/dt (31) (cm2/mM ) 
(l~moleslmin) 

Na ~ oSo 0.45 1. 3. lO a 
S t̀  o.:q o .71.1o a i . o - l o - a  
Cl 318 0.53 o.5.1o a 

TABLF; IX: 

HCOa-- R E Q U I R E M E N T  F O R  P H O T O S Y N T H E T I C  R E L A T E D  P R O T O N  M O V E M E N T  

Three r ep re sen t a t i ve  e x p e r i m e n t s  wi th  Ulva  wrapped  a round  glass e lec t rode;  in each e x p e r i m e n t  
the re  were success ive  changes  in b a t h i n g  medium.  Change in e lect rode p o t e n t i a l  (mV) corresponds  
e i the r  to  r emova l  by  Ulva  of H + froni the  m e d i u m  du r ing  l i gh t  ( i s t  column) or to  r e tu rn  of H + 
dur ing  d a r k  (2nd colunin).  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

£xp l .  1 mannitol  substitution 

Sea wa te r  (pH 7.8) -748 
o. 5 M nlanni to l ,  

1 mM chol ine b i c a r bona t e  (pH 7.8) + 6 8  
0. 5 M manni toI ,  i nlM Tris  (pH 7.8) ~ 17 

£xp l .  I I  choline substitution 

Sea w a t e r  (pH 7.8) +43  
o. 5 M chol ine chloride,  

i mM choline b i ca rbona te  (pH 7.8) -; 51 
0. 5 M choline chloride,  I mM Tris  (pH 7.8) q I0  

Expt .  I l l  a~t~ficial sea water 

Sea wa te r  (pH 7.8) i 50 
ASP2 (NTA)* (pH 7.8; 0.28 mM NaHCOa) i 19 
I n s t a n t  ocean** (pH 7.8; 2.4 mM NaHCOa) -45  
0. 5 M NaC1 (pH 6.7) v l  4 

* l~ef. 13. 
** Ocean Svstenls  Inc. 

Cha~zge in potential 
5 rain light (ml') 

Change in potential 
5 rain dark (mI') 

- -4  o 

--83 
I4 

- -4  ° 

-37  
3 

--41 
18 

- 4 7  
--23 

Biochim. 13iopkys. . lcta,  r73 (196<)) 198 205 



ION M O V E M E N T  A N D  P H O T O S Y N T H E S I S  IN ULVA 2 0 3  

differentials, which were quite large. The net rate of change of material was determined 
by 2~Na+ tracer for stable Na +, and by H-  electrode for protons. There seemed to be 
no essential difference between dark rates of diffusion for either the ions or the protons. 
Thus both H + and Na + diffuse across Ulva by similar mechanisms, probably by ex- 
change diffusion. The observation that C1- diffuses at a slower rate, further supports 
the inference that exchange diffusion is an appropriate model for H + and Na + move- 
ments. 

H ~ uptake due to light can be lowered by substitutions in the media (Table IV). 
However, this effect seems primarily to be a depletion of a limiting concentration of 
HCO a- needed for photosynthesis. Both mannitol and choline can depress the H'- 
response, but this effect can be overcome by adding HCOa-. Other externally added 
anions or cations appear not to be necessary for the rapid H ~- movement. It also 
appears that several artificial sea waters (only data for ASP2 are shown) have too 
little HCO a- for a satisfactory H + response ; this, in turn, may limit culture of algae. 
Another artificial sea water (Instant Ocean) seems quite satisfactory. Movement of 
H + is reversed when light is turned off, as can be seen from the second column of 
Table IV; i.e., the surface of Ulva returns to its original H + concentration. 

Fig. 3 indicates that increasing graded concentrations of HCO a- in mannitol 
solution can result in a saturation response for proton uptake. In choline solution, 
increasing proportions of sea water also give a linear response obviously because of 
the HCO a- present in sea water. In mannitol solution, a saturation response is ap- 
proached only above 5 mM concentrations of HCOa-. This, in part, may reflect dif- 
fusion of CO 2 from the medium. However, it is probable that in many ocean condi- 
tions, the concentration of HCO a- is rate limiting for Ulva growth. These experiments 
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Fig .  3. E f f e c t  of  H C O  a-  on  t h e  I-t + r e s p o n s e :  (A) s u b s t i t u t i o n  of  c h o l i n e  c h l o r i d e  s o l u t i o n  in  l i eu  
of  n o r m a l  s ea  w a t e r  ( c o n t a i n i n g  H C O  a ) ; (B) s u b s t i t u t i o n  of  N a H C O a  s o l u t i o n  for  p u r e  m a n n i t o l  
s o l u t i o n  (no H C O a -  ), E a c h  p o i n t  is t h e  o v e r a l l  5 - m i n  r e s p o n s e  t o  a L u c a l o x  l i g h t  s o u r c e  as  m e a s u r e d  
in mV,  a t  a p a r t i c u l a r  c o n c e n t r a t i o n .  T h e  s a m e  w r a p p e d  a l g a l  p r e p a r a t i o n  w a s  u s e d  t h r o u g h o u t  
A or  B ;  t h e  i n i t i a l  p H  s u r r o u n d i n g  sea  w a t e r  w a s  7.8. 
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204 j .T.  CUMMINS et al. 

indicate three things: that HCOa- concentration can be rate limiting in some 
experimental situations with Ulva, that external HCO a- is needed for an inward 
movement of H + in response to light, and that both ions accompany each other in the 
light response. 

DISCUSSION 

Table I shows that the light-activated Na + flux reported previously 5, is not 
dependent on any particular cation studied. The lack of cation specificity may be 
the result of either a nonenzymatic process, probably cation exchange within the 
anionic nmcopolysaccharide matrix of tile cell wall of Ulva 14, or the movement of 
internal ions from the chloroplasts 4. Either concept is reinforced by the fact that 
among the three anions studied (CI-, SO4 2-, and acetate), there is no significant change 
in flux with the onset of light, and the demonstration that only another cation will 
remove absorbed Na + (ref. 5). It is probable, as seen by the comparison of rates in 
Fig. 2, that proton movement involved in photosynthesis is the active component of 
the light effect, and that as protons move to the interior of the cell, there is a require- 
ment for HCO :-. 

At the same time, Table I I  shows that there is an outer movement of ions, 
probably K ~- as shown by the 13~Cs+ tracer. However, it should be noted that since 
there is little exchange in the sucrose solution, an external exchangeable ion such as 
HCO a- is needed. Since chloroplasts have been shown to undergo conformational 
changes with ligllt 15,~G, it is also possible that the chloroplasts of Ulva, at the same 
time, undergo related changes ~. 

Studies on chloroplastsl, 2 have shown that light induces H + movement into 
the chloroplast, producing a proton gradient. According to the chemiosmotic hypo- 
thesis of MrrCHELL tS,tg, the proton gradient maintains the chemical potential necessary 
for photophosphorylation. In Ulva, the chloroplasts cover the area immediately 
within the cell wall. When light is turned on, there may arise a proton gradient 
reaching equilibrium within a few minutes across, not only the chloroplast, but the 
entire cell walh This corresponds to the time for maximum photosynthetic induction 
as measured by O2 evolution 2°. The process is reversible, because when light is turned 
off, the surface of the algae returns to the original pH within the same time (Table IV), 
as has been shown previously 2~. 

In our determinations, we did not measure HCO 3- directly. However, in cells 
of whole algae, CO.~ fixation seems a necessary part of the movement of protons, as 
evidenced by the requirement for HCO a- (Fig. 3 and Table IV). The cation movement 
induced by light is also HCOa- dependent. As seen from Fig. I, there is inhibition 
at pH 3 and 5, where CO,, is not very soluble. The reason for the inhibition of the 
Na + flux on the alkaline side is more difficult to elucidate, since it can be interpreted 
either as a lack of H + for chemiosnlotic coupling, or as a loss of CO 2 for the dark 
reactions of photosynthesis. Ulva, at an alkaline pH, survives better than most marine 
algae, and this has been attributed to its ability to utilize HCOa- (ref. IO). Alterna- 
tively, this utilization may be due to the ability of Ulva to maintain a more efficient 
proton gradient across its cell wall. 

The rapid H + movement does not require any other externally added ion besides 
HCOa-. All other ions can be replaced, as shown in Table IV by substitution of Tris-  
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mannitol,  Tr is-chol ine  buffer, or pure NaC1.0nly HCO a- as the major ion at pH 7.8, 
is necessary. Possibly the proton moves with HC03-  thus conserving charge and 
implying a function of the proton pump in co-transport, as has been proposed with 
other anions in chloroplasts z2. This may  also have some relevance to the observations 
that  organic acids, stronger than carbonic, have been shown to affect conformational 
changes2a, ~"4. The movement  of HCO a- does not conflict with the chenfiosmotic 
coupling theory 19, since a proton gradient is maintained. 

These results indicate that  the effect of light on transport  of ions in Ulva is 
concerned primarily with proton movement  which is at least dependent on, and 
possibly coupled to movements  of external HCO3-, concerned in C02 fixation. There 
is also a displacement of other cations from both within the cell (notably the chloro- 
plast;  ref. 4) and bound to the cell wall (see Table II),  creating a proton gradient 
from the interior of the algae to the surrounding sea water. The relationship between 
cation and anion (HC03-) movement  seems to require further experimentation. Simi- 
lar ion-exchange mechanisms, as indicated by  the ability of other algae to absorb 
ions 2'~, could also be concerned with maintaining the algae against the high saline 
conditions of its environment, and the assimilation of nutrient ions. 

t¢.I ';FERI~NCES 

I A. T. JAGENDORF AND J. NEUMANN, J. Biol. Chem., 240 (1965) 321o. 
2 A. T. JAC-ENDORF, Federation Proc., 26 (1967) 1361. 
3 K. C o s t  .aND A. W. FRENKEL, Biochemistry, 6 (I967) 663. 
4 1¢.. A. DILLEY AND L. VERXON, Arch. Biochem. Biophys., I I I  (1965) 365 • 
5 J- T. CUI~IMINS, J. A. STRAND AND B. E. VAUGHAN, Biochim. Biophys. Acta, 126 (1966) 33 o. 
6 E. A. C. MACROBBIE, Biochirn. Biophys. Acta, 94 (1965) 64. 
7 L. G. IAGLOVA, Biophysics USSR, English Transl., 3 (1958) 16o. 
8 G. T. SCOTT AND H. I{. HAY\VARD, J. Gen. Physiol., 37 (1954) 6Ol. 
9 F,. W. FA'PLEY, .1. (]en. Physiol., 42 (I958) 281. 

io  L. I5. BLINKS, Protoplasma, 57 (1963) 126. 
i i  J. A. STRAND, J. T. CUMMINS AND B. E. VAUGHAN, Biol. Bull., 131 (1966) 487 . 
12 W. H. SmPMAN, M. G. LAI AND H. A. GOYA, U.S. Naval Radiological Defense Lab. Tech. Rept., 

835 (1965). 
13 L. PROVASOLI, J. J. A. McLAUGHLIN AND M. R. DROOP, Arch. Mihrobiol., 25 (1957) 392. 
14 P. S. O'COLLA, in  R. A. LEWlN, Physiology and Biochemistry of Algae, Academic  Press,  New 

York,  1962, p. 337. 
15 L. PACKER, Biochim. Biophys. Acta, 75 (1963) 12. 
I6  D. W. DEAMER, A. ]~. CROFTS AND L. PACKER, Biochim. Biophys. Acta, 131 (1967) 81. 
17 R. A. DILLEY, Brookhaven Syrup. Biol., 19 (1966) 258. (Clear inghouse for Federa l  Scientific and  

Technica l  I n fo rm a t ion  N a t i o n a l  Bureau  of S tandards ,  U.S. D e p a r t m e n t  of Commerce,  Spr ing-  
field, Va. 22 151. ) 

18 P. MITCHELL, Nature, 191 (1961) t44. 
19 P. MITCHELL, Federation Proc., 26 (1967) 137 o. 
20 K. A. CLENDENNING AND F. T. HAXO, Can. J. Botany, 34 (1956 ) 214. 
21 L. R. BLtNKS AND R. K. SKOW, Proc. Natl. Acad. Sci. U.S., 24 (1938) 413 . 
22 S. J. D. KARLISH AND M. AVRON, Nature, 216 (1967) 11o 7 . 
23 E. L. GROSS AND L. PACKER, Arch. Biochem. Biophys., 122 (1967) 237. 
24 A. R. CROFTS, D. \V. DEAMER AND L. PACKER, Biochim. Biophys. Acta, 131 (1967) 97. 
25 A. V~rASSERMANN, Ann. Bolany London, 13 (1949) 79. 

Biochim. Biophys. Acta, 173 (1969) 198 205 


