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An Electron Microscope Autoradiographic Investigation of the Accumulat ion of Zinc-65 
by a Species of Eutreptia 

Marine organisms have  been  found to concen t ra te  m a n y  
e lements  occurr ing in seawater  in ex t reme  dilution.  
Analyses of mar ine  p lan t s  and  animals  have  shown t h a t  
zinc is accumula ted  l-a to h igher  levels (up to 1000 • t h a t  
in the i r  envi ronments )  t h a n  m a n y  e lements  more  a b u n d a n t  
in the  env i ronmen t  and is readi ly  t rans fe r red  th rough  
mar ine  food chains4-% The up take  and  accumula t ion  of 
zinc by  mar ine  p lan ts  is considered to  be the  resul t  of one 
of th ree  possible processes:  phys ica l  adsorpt ion ,  ion 
exchange,  or metabol ica l ly  med ia t ed  absorp t ion  5. Zinc 
up take  has  been observed  to increase w i th  increasing p H  7, 
increasing l ight  in tens i ty  ~, increasing zinc concen t ra t ion  
in t he  med ium s, increasing surface area to  weight  rat io 8, 
and m a y  be re la ted to t he  chemical  compos i t ion  of the  
cell wall and compet i t ion  by  o ther  cat ions  ~0. 

Eutreptia sp. is a single celled organism,  very  similar  to 
Euglena viridis, which occurs in mar ine  eut rophic  
waters ,  for example  near  large cities~L Near  P o r t  Pirie, 
South  Austral ia ,  there  is an abundance  of these  otherwise  
rare organisms l iving in high concen t ra t ions  of zinc 
( N  30 ~g/ml) resul t ing f rom indust r ia l  effluent.  E lec t ron  
microscope au to rad iog raphy  was employed  to inves t iga te  
the  intracel lular  localization of zinc in the  speMes of 
Eutr@tia occurr ing in an e n v i r o n m e n t  conta in ing  tevels 
of zinc which would be toxic  to  m a n y  o ther  organisms 8. 
Au to rad iog raphy  localized the  zinc intracel lular ly  and  was 
used to  indicate  the  a m o u n t  of zinc incorpora ted ,  on a 
compara t ive  basis, be tween  one organelle and ano the r  12. 

Materials and methods. Eutreptia sp. were isolated by  
h a n d  f rom samples  of the  indust r ia l  eff luent  by  micro- 
p ipe t t e  and ma in t a ined  in sterile seawater  w i th  Zn~sC12 
added  (30 ~g/ml to ta l  zinc concen t ra t ion ;  0.45 ~Ci Zn 65) 
for periods of 12 and 24 h. The suspens ion  of Eutreptia sp. 
was f i l tered onto  Millipore fil ters (0.45 ~m pore size) 
and  f ixed wi th  4% g lu ta ra ldehyde  followed by  2% OsO4, 
d e h y d r a t e d  in an alcohol series and  e m b e d d e d  in Spurr ' s  
m e d i u m  - all on the Millipore filter~K 

The leakage of Zn 6s f rom various f ixa t ion  solut ions 
dur ing specimen p repa ra t ion  was compared :  Na-cacody-  
late bui fered  g lu ta ra ldehyde  ; p h o s p h a t e  buffered glutaral-  
dehyde ;  d i th izone  t r e a t m e n t  (which prec ip i ta tes  Zn 
intracel lular ly  ~4) before f ixa t ion  wi th  Na-cacodyla te  
buffered g lu ta ra ldehyde .  Na-cacody la te  buffered  f ixa t ive  
showed least  loss of Zn 65 and so specimens  p repa red  using 
th is  f ixa t ive  were used for au to rad iography .  

Pale gold sect ions were collected on carbon-coa ted  
copper  grids, coa ted  wi th  a l ight  carbon film, and  coated  
wi th  I lford L4 emulsion using a var ia t ion  of the  loop 
m e t h o d  la: grids were a r ranged  on round  coverslips,  
a t t a c h e d  b y  a th in  s t r ip  of double-s ided  t r ans fe r  t ape  and 
the  coversl ips a t t a ch ed  to  a glass rod and inve r t ed  
th rough  a dry  emuls ion  fi lm which had  been made  by  
d ipp ing  the  open  end of a s t ra igh t - s ided  glass vial  in to  
the  l iquid emulsion di luted 1:4 wi th  dist i l led water .  
Only those  films which  p roduced  a gold in ter ference  
colour (corresponding to  a monolayer  of silver hal ide 
crys ta ls  1~) and  free f rom flaws were used. The f i lmed 
coversl ips were a t t a ch ed  to  glass microscope slides and  
s tored  in a l ight  proof  box  wi th  a small  bag of silica gel a t  
4~ for 50 days.  The grids were developed in K o d a k  
Microdol X developer  for 5 rain a t  20 ~ 

The resul t ing au to rad iographs  were examined  in a 
Siemens E lmiskop  I microscope and  cells were scored 
for the  n u m b e r  of developed grains over  var ious  organelles 
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Cell No. Total cell Nucleus Chloroplasts Mitochondria Remainder 

1 171 801 4 (2.13)I124 5 (3.12)/181 2 (0.61)/38 61458 
2 12 / 704 -- 5 (2.22)/152 2 (0.25)/20 51532 
3 33/ 962 -- 11 (3.83)Ii17 b 3 (0.92)/35 191800 
4 1511102 6 (2.49)/185 ~ 4 (2.42)/232 0 (0.39)/54 51631 
5 261 540 -- 13 (5.09)/102 o 0 (0.56)/19 13/419 
6 5/1019 -- 3 (0.39)[96 b 1 (0.08)136 1[887 
7 91 262 6 (1.27)/44 ~ 2 (0.22)/16 ~ 0 (0.01)/ 3 1/199 
8 25/ 667 -- 12 (4.44)/114 0 (0.59)/25 131528 
9 21/ 382 1 (2.59)138 1 (4.87)/82" 0 (0.51)/ 7 19/255 

10 20/1570 4 (0.71)/58 b 1 (0.18)/17 15/1495 
11 101 909 3 (3.64)/393 3 (1.89)/134 0 (0-21)/20 41362 
12 71 955 5 (3.46)I463 1 (0.55)/127 0 (0.07)I26 1/339 

Autoradiography scores: The top figure in each row is the number of developed grains over the organelle (with the expected number of grains 
in brackets). The last figure is the point count giving the area of the organelle in arbitrary units - this, divided by the total point count for the 
cell, is an estimate of relative area of that class of organelle in the cell. --, there was no nucleus present in the section; ~ significant at the 
0.5-0.01 probability level; b significant at the 0.01-0.001 probability level; o significant at the < 0.001 probability level. 
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(nucleus, chloroplas ts ,  m i tochondr i a )  a n d  t he  re la t ive  
areas  of each  organel le  e s t i m a t e d  f rom p o i n t  coun t s  1~. 

Results_ The  d a t a  were a n a l y s e d  us ing  X 2 tests ,  where  
t he  expec ted  n u m b e r  of gra ins  over  a n  organel le  was  
E(nl)  = A, /Ai  + A~- N 
where  A, was  t he  a rea  of the  f i rs t  organel le ,  Aj was  t he  
a rea  of t he  second organelle ,  a n d  N was t he  t o t a l  n u m b e r  
of gra ins  over  t h e  2 organelleS. 

The  h y p o t h e s i s  be ing  t e s t ed  was t h a t  t he  a m o u n t  of 
label  ove r  t h e  organel les  was expec t ed  to be  p r o p o r t i o n a l  
to  t h e i r  r e la t ive  areas.  Because  e x p e c t a t i o n s  in  classes 
for i n d i v i d u a l  cells were f r e q u e n t l y  less t h a n  5, p r o b a -  
bi l i t ies  (from t h e  i n f o r m a t i o n  s ta t i s t ic )  of t h e  a m o u n t  of 
labe l  over  t h e  organel le  c o m p a r e d  w i t h  t he  r e m a i n d e r  of 
t he  cell were ca lcu la ted  for each  cell. Those organel les  
which  h a d  s ign i f ican t  p robab i l i t i e s  are  ind ica t ed  in t he  
Table .  

E x a m i n a t i o n  of t he  d a t a  (see Table)  i nd i ca t ed  t h a t  t h e r e  
was l i t t le  d i f ference b e t w e e n  t he  expec ted  n u m b e r  of 
gra ins  a n d  t he  ac tua l  n u m b e r  of gra ins  ove r  t he  nuc leus  
and  m i t o c h o n d r i a ;  t he  va lues  for t he  m i t o c h o n d r i a  be ing  
s ign i f i can t ly  less t h a n  t he  expected .  The  organel les  were 
c o m p a r e d  w i t h  t he  r e m a i n d e r  of t he  ceil w h e n  va lues  for 
nuc leus  ch lorop las t s  a n d  m i t o c h o n d r i a  h a d  been  ex- 
t rac ted .  The  cell wal l  was  too  t h i n  to  be  resolved  auto-  
r a d i o g r a p h i c a l l y  a n d  was  inc luded  in t he  va lues  for t he  
' r e m a i n d e r '  of the  cell. The  n u m b e r  of g ra ins  over  t he  
ch lo rop las t s  was in mos t  cases, g rea te r  t h a n  t he  expec ted  
n u m b e r  of grains.  A p a r t  f rom 2 nuclei ,  t h e  on ly  s ign i f ican t  
increase  in c o n c e n t r a t i o n  of Zn 6~ occur red  in the  chloro-  
plasts .  

Discussion. Zinc-65 a u t o r a d i o g r a p h s  of Eutreptia sp. 
i nd ica t ed  t h a t  zinc was a c c u m u l a t e d  b y  these  single- 
celled a lgae and  localized in  t he  chloroplas ts .  The  Eutrepia 
sp. used in th i s  e x p e r i m e n t  were ob t a ined  f rom a h igh  
zinc e n v i r o n m e n t  a n d  t he  n a t u r e  of t he  a c c u m u l a t i o n  of 
zinc in t he  ch lo rop las t s  c a n n o t  be e s t ab l i shed  on  t he  bas is  
of these  resul t s  alone. I t  is t e m p t i n g  to l ink  t h e  h igh  levels 
of zinc-65 in t h e  ch lo rop las t s  w i t h  t he  role of ca rbonic  
anhydrase ,  wh ich  con ta ins  0.33% zinc 17, and  wh ich  
occurs  p r e d o m i n a n t l y  in  t h e  chloroplas ts .  

Eutreplia sp. occurs  a t  t he  b o t t o m  of the  food chain ,  
the re fore  i ts  ab i l i ty  to  a c c u m u l a t e  and  pos s ib ly inco rpo ra t e  
zinc a t  h i g h  levels is of m a j o r  i m p o r t a n c e  since zinc 
be longs  to  t he  g roup  of h e a v y  m e t a l s  wh ich  are poisonous  
to  mos t  o rgan i sms  w h e n  occur r ing  in excessive quan t i t i e s .  

Rdsumd. On a mon t r~  p a r  les t e chn iques  de microscopie  
61ectronique e t  de l ' a u t o r a d i o g r a p h i e  que le zinc-65 
s ' aceumule  duns  les ch lorop las tes  de l'Eutreptia sp. 
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B o r o n  T o l e r a n c e  and E n h a n c e m e n t  of B o r o n  T o x i c i t y  by Chlor ide  Ions  in Alkal i  S a c a t o n  
dur ing  G e r m i n a t i o n  of Sporobolus airoides Torr .  

Alkal i  s aca ton  (Sporobolus airoides Tort . )  is a n  impor -  
t a n t  forage  grass  of s o u t h w e s t e r n  U n i t e d  Sta tes .  I n  an  
effor t  to  i n t r o d u c e  i t  in  P a k i s t a n ,  p r e l i m i n a r y  s tud ies  on  
i t s  sa l t  to le rance  a n d  ca t ion  i n t e r a c t i o n  h a v e  a l r eady  been  
r e p o r t e d L  Since soil s a l in i ty  a n d  b o r o n  t o x i c i t y  are 
closely associated,  t he  p r e s en t  work  was  u n d e r t a k e n  to  
d e t e r m i n e  t he  b o r o n  to le rance  a n d  t he  i n t e r a c t i o n  of 
bo ron  w i t h  o the r  ions of g r o w t h  m e d i u m  d u r i n g  ge rmina -  
t i on  of th i s  grass. 
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Fig. 1. Boron level in the culture solution, a, Control; b, boron-level 
100 ppm; c, 200 ppm; d, 300 ppm, c; 400 ppm; f, 500 ppm; g, 
600 ppm; h, 700 ppm; i, 800. 

G e r m i n a t i o n  t e s t s  were pe r fo rmed  d u r i n g  s u m m e r  
season a t  room t e m p e r a t u r e  in  p las t ic  dishes c o n t a i n i n g  
200 ml  n u t r i e n t  solut ions.  H e a l t h y  seeds were selected 
and  s ter i l ized w i t h  0.1% HgC12 for 1 min.  These  seeds 
were soaked for 18 h in deionized w a t e r  p r io r  to  impos ing  
t r e a t m e n t s .  50 seeds were p laced  on  n y l o n  m e s h  a n d  
suspended  over  t he  n u t r i e n t  so lu t ion  in each  p las t ic  dish.  
The  n u t r i e n t  so lu t ion  used was 1/8 d i lu t ion  of H o a g l a n d  
solut ion.  B o r o n  was added  in t h e  forms of bor ic  acid in t he  
desi red concen t ra t ions .  All  t he  so lu t ions  were p r e p a r e d  
w i t h  deionized water .  Coun t ing  of t he  g e r m i n a t e d  seeds 
was m a d e  eve ry  second day  f rom the  s t a r t  of t he  exper i -  
m e n t  to  12 th  day  w h e n  t he  e x p e r i m e n t  was  concluded.  
G e r m i n a t e d  seeds were d i sca rded  a f te r  coun t ing .  Germi-  
n a t i o n  in 1/8 H o a g l a n d  so lu t ion  se rved  as control .  
T r e a t m e n t s  were r ep l i ca ted  4 t imes.  

1. Boron tolerance. B o r o n  level  in  t he  cu l tu re  so lu t ion  
r anged  f rom 100 p p m  to  800 ppm.  F igure  1 shows t h a t  
pe rcen tage  of g e r m i n a t i o n  decreased as the  level  of bo ron  
in t he  so lu t ion  increased.  R e d u c t i o n  in g e r m i n a t i o n  
b e c a m e  more  p r o n o u n c e d  b e y o n d  500 p p m  b o r o n  and  t h e  
seeds v i r t u a l l y  s topped  g e r m i n a t i o n  a t  t he  h ighes t  con- 
c e n t r a t i o n  of bo ron  used. 

2. EHect o/various salts on boron toxicity. In  s t u d y i n g  the  
i n t e r ac t i on  of va r ious  sa l t  w i t h  boron ,  i ts  c o n c e n t r a t i o n  in 
the  n u t r i e n t  m e d i u m  was m a i n t a i n e d  a t  100 ppm.  At  t h i s  
c o n c e n t r a t i o n  of b o r o n  NaC1, KCI, CaC12 and  MgC12 a t  
5 mEq/1  were added  sepa ra t e ly  to  observe  t h e i r  effect  on  
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