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ABSTRACT 

Chlorella were grown f o r  3 days in the presence of 20 mc /ml  of 
tr i t ium oxide. 
inorganic nutrient solution in the presence of t r a c e r  quantities of C 
bicarbonate. 

Then the cells were grown for  30 hours  in non-radioactive 
14 

The cel ls  were fractionated into several  g ross  fractions and aliquots 
14 

w e r e  plated and counted for  radioactivity. 
w e r e  compared with those in identical fractions of unirradiated control 
cells. 

C contents in each fraction 

Irradiated cells synthesized 2 - 8 t imes  as much triglycerides as 
control cells. 
nucleic acid fraction, and less into the chlorophyll a fraction, than did 
unirradiated control cells. 

The i r radiated cells a lso incorporated m o r e  C14 into the 

Implications of the resul ts  are discussed. 
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THE EFFECT OF TRITIUM OXIDE ON SOME 
SYNTHETIC PROCESSES OF CHLORELLA PYRENOIDOSA 

INTRODUCTION 

Previous papers (’I 2, reported on the effect of several  concentrations 
of t r i t ium oxide on growth, division, average cell  s i ze  and viability of 
Chlorella. 
genetic sys tem of Chlorella and on the ineffectiveness of glucose, bacto 
peptone and yeast  extract  in increasing the survival of irradiated ( t r i t ium 

These papers a lso reported on the action of t r i t ium oxide on the 

oxide exposed) cells. 

The present  paper reports  data on the comparative ability of i r r ad i -  
ated ( t r i t ium oxide) and unirradiated Chlorella to synthesize some cellular 
components. 
presence of C14 bicarbonate and then fractionated. 
of the C14 in each fraction. 

In these studies cells w e r e  grown for  24 - 30 hours in the 
Counts were then made 

14 Differences in C incorporation, in pe r  cent 
of the total C14 incorporated into the cells, were  considered indicative of 
changes in cellular metabolism effected by the t r i t ium oxide. 

METHODS 

Chlorella w e r e  grown fo r  3 days in  inorganic nutrient solution that 
contained 20 mc /ml  of t r i t ium oxide(” 
the nutrient solution, suspended in fresh inorganic nutrient solution and 
s tored  in  the refr igerator  until subcultured. Control cel ls  w e r e  t reated 
identically, except that they were  grown in  the absence of tritium. 

The cells were  centrifuged f rom 

Irradiated and unirradiated Chlorella w e r e  subcultured fo r  24 - 30 
hours  in g lass  stoppered tubes by the following procedure. 
of Myer’s nutrient solution, pH 5.  5, were  added to each of 4 tubes. 

Ten mill i l i ters 
One 
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mill i l i ter  of NaHC03 solution (5  n g / m l )  w a s  added to  each tube and the tubes 
w e r e  inoculated with equal m a s s e s  of algae. 
solutions w e r e  in  the range 0.100 - 0. 300). 

mately 10 pc) of NaHC 
stoppered and placed upon an electrically-driven rocker  platform. 
volume of solution was 11. 5 ml and the f ina l  pH w a s  6. 3 - 6. 5. 
f luorescent light incident on the tubes during the growth period was  approxi- 
mately 250 f. c .  

(Final  optical densit ies of the 
One-tenth mill i l i ter  (approxi- 

1 14 O3 w a s  added to each tube and the tubes w e r e  
The final 

Daylight 

The suspensions of Chlorella w e r e  removed f r o m  each tube a t  the 
end of the growth period, made to  volume, and then light absorption read-  
ings  w e r e  made. Equal quantities of c a r r i e r  cel ls  (non -radioactive) w e r e  
added to the tubes and the cells were centrifuged fo r  2 minutes a t  8500 r p m  
i n  a Serval1 centrifuge. The cells w e r e  resuspended, centrifuged again 
and then made to a volume of 5 ml with cold distilled water. Aliquots were  

plated, and counts of radioactivity w e r e  made. 

The cel ls  w e r e  again centrifuged and then s lu r r i ed  with a minimum 
Extraction of water  (approximately 1. 0 ml) into 40 ml of boiling methanol. 

of pigments w a s  complete af ter  about 15 minutes of refluxing. 
insolubles w e r e  centrifuged, washed with hot methanol, centrifuged, 
washed with ether,  centrifuged and then suspended in 10 ml of water.  An 

aliquot of this  fraction w a s  plated and counts of radioactivity w e r e  made. 
The  remainder  of the fraction w a s  s tored  in the re f r igera tor  and l a t e r  
separa ted  into protein , nucleic acid, s t a r ch  and cellulose fractions.  

Methanol 

The methanol soluble fraction w a s  evaporated to  10 rnl with a s t r e a m  
of nitrogen and an aliquot w a s  plated and counted. 
diluted to 40% with water  and then extracted twice with 10 ml portions of 
ethyl ether. 

The remainder  w a s  

The ether  extract  w a s  washed 3 t imes  with water  and  the 
~~~~~~~ ~ ~~ ~~ 

~ 

' N d d 4 0 3  w a s  obtained f rom Tracer lab ,  Boston, Massachusetts. 
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washes w e r e  combined with the e ther  insoluble fraction. 
and insoluble f ract ions were  made to  volume and aliquots w e r e  plated and 
counted. 
f ract ions were  not made. 

The e ther  soluble 

Fur the r  separations of the methanol soluble, e ther  insoluble 

The e ther  soluble fraction w a s  evaporated to  dryness  with a s t r e a m  
of nitrogen and then taken up i i  70:30 petroleum ether-ethyl e ther ,  The 

solution of lipids was then chromatographed on powdered suc rose  (1. 7 x 
25. cms).  Two fractions,  designated P-carotene and luteol fractions,  
w e r e  taken through the column and collected separately.  
remaining on the column w e r e  divided into 3 fractions and designated as 
chlorophyll a, chlorophyll b and above chlorophyll b. Separations of pig- 
ments  were  excellent, and divisions were made just below luteol, chloro- 

phyll a, chlorophyll b and a yellow band above chlorophyll b. 
f ract ions remaining adsorbed on the suc rose  column w e r e  t r ans fe r r ed  
quantitatively to  clean chromatographic tubes and each fraction w a s  eluted 
with ethyl ether.  
with nitrogen and then made to a volume of 2. 0 ml, 

tion were plated and counted. 

The substances 

The th ree  

Each of the five fract ions w a s  evaporated to  dryness  
Aliquots of each f r a c -  

The P -carotene-triglyceride fraction w a s  refluxed f o r  30 minutes 
with 10 ml of 20% KOH in  methanol. The solution w a s  cooled, diluted with 
an equal volume of water, and then extracted twice with petroleum ether .  
The petroleum ether  solution (non-saponifiables) w a s  washed once with 
water and then made to  volume. An aliquot was plated and counted. 

The water wash was added to  the alkaline methanol solution, and 
the solution was acidified with HC1. 
ethyl ether.  
volume, and an aliquot w a s  plated and counted. 

The solution w a s  extracted twice with 

The e ther  solution (fatty acids)  w a s  washed once, made to 

UNCLASSIFIED 
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The water wash w a s  added to  the acidified alcohol-water solution. 
The solution w a s  evaporated to  dryness,  and the residue w a s  extracted 
with butyl alcohol. An aliquot of the butanol solution was  plated and counted. 

The fatty acids of the e ther  extract  were separa ted  into sa tura ted  
and unsaturated fatty acids by the method of H i l d i t ~ h ( ~ ) .  Palmitic,  s tear ic ,  
capryl ic ,  oleic and linolenic acids  were added as carriers. 
the saturated and unsaturated fatty acid fractions w e r e  plated and counted. 
F u r t h e r  separat ions of the lipids were  not made. 

Aliquots of 

The methanol insoluble fraction was centrifuged again and then 
extracted by shaking with 1 M NaCl for  30 minutes at room temperature .  
The NaCl insoluble fraction was centrifuged and then suspended in 10 ml of 
water. Aliquots of each fraction (XaC1 solubles and NaCl insolubles) were  
plated and counted. 

. 

The protein fraction was solubilized by digestion with crystal l ine 
trypsin. Ten mil l i l i ters  of phosphate buffer, of pH 7. 0, w e r e  added to the 
NaCl insoluble fraction. Two mil l i l i ters  of a solution of crystall ine tryp- 
s in  were  then added and the tubes were incubated fo r  3 hours  a t  35 - 4OoC. 
The non-digestible res idue w a s  centrifuged f rom the trypsin digest and each 
fract ion w a s  made to volume. An aliquot of each fraction was plated and 
counted. 

The insolubles remaining af te r  trypsin digestion were  heated with 1% 
HC1 for  30 minutes. 
(mainly cellulose) w e r e  separa ted  by centrifuging and then each fraction 
w a s  made to volume. Aliquots of each fraction w e r e  plated and counted. 

All counts of CI4 in samples  were  made with a thin mica window 

The acid solubles (mainly s ta rch)  and insolubles 

beta  counter. 
C 
too weak an energy to  p a s s  the mica window). 

(The t r i t ium of the var ious fract ions did not in te r fe re  with 
14 counts, fo r  the beta par t ic le  given off when t r i t ium disintegrates is of 

Samples  of i r radiated and 

UNCLASSIFIED 
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unirradiated cel ls  and fract ions thereof were counted on the s a m e  counter 
and on the s a m e  shelf. 
negligible self absorption, with one o r  two exceptions. 
absorption correction fac tors  w e r e  used in  these cases .  
calculated to  d/m/sample,  with appropriate correction factors ,  s o  that 
C 

Quantities plated w e r e  of weights which gave 
Appropriate self - 

All resu l t s  w e r e  

14 recovery in each fractionation s tep could be  determined. 

RESULTS 

The quantities of C14 incorporated into cellular components of 
i r rad ia ted  and unirradiated Chlorella during a 30 -hour growth period are 
reported in Table I, 
but similar resu l t s  w e r e  obtained in three other experiments.  

Values given are those obtained in a single experiment; 

It will b e  noted (Table  I) that i r radiated Chlorella incorporated m o r e  
14 14 

into the nucleic acid and fatty acid (tr iglyceride) f ract ions and less C C 
into the chlorophyll a fraction than did unirradiated Chlorella. 
s t r iking difference is found in the quantities of C14 incorporated into the 
t r iglycer ide fractions of the two algae. 
i r radiated Chlorella incorporated m o r e  CI4 into both saturated and unsatura-  
ted  fatty acid fract ions than did unirradiated Chlorella. 

The most  

It will be noted also (Table  I) that 

DISCUSSION 

Previously w e  found(2) that a f te r  3 days of growth in 20 mc/ml of 
t r i t ium oxide (approximately 6000 rep/day, calculated) approximately 70 p e r  
cent of Chlorella cells had been changed such that death ensued on subsequent 
growth in non-radioactive solution. Death was not immediate, but r a the r  
gradual over  at least a 3 day growth period; and death of the cel ls  was  not 
due to  selective action of the t r i t ium oxide on the p rocesses  of photosyn- 
thes i s  o r  the synthesis of the substances present  in bacto peptone and yeast 
extract . 

UNCLASSIFIED 
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TABLE I 

THE INCORPORATION OF CI4 INTO IRRADIATED AND UNIRRADIATED 
CHLORELLADURING A 30-HOUR GROWTH PERIOD 

C ontrol-1 C on t ro l -  2 Ir radiated-1 Irradiated - 2 
Original optical density 
Final  optical density 
Cell  mass doublings 

Cel l  Fract ion 
Whole cel ls  
Methanol ex t rac t  
Methanol insolubles 
Ether  extract  
Methanol soluble, e ther  

in  soluble 

. 206 

. 9 6 0  
2.17 

17. 0 

4 . 9  
11. 0 
2 . 9  

1. 4 
b-carotene and t r iglycer ides  .15 
Luteol .14 
Chlorophyll a . 3 8  
Chlorophyll b * 11 
Above chlorophyll b . 5 0  
Non -saponifiabIes 

. 084 
Fat ty  acids  . 081 
Butanol solubles .008 
Unsaturated fatty acids . 0 0 3 7  
Saturated fatty acids .0009 
NaCl extract  (nucleic acids) 
NaCl insolubles 10. 0 

Trypsin digest (protein) 2. 3 
Residue 4 . 4  

Acid soluble ( s ta rch)  1. 9 
Acid insoluble (cellulose) 1. 6 

( j3 - c a r  o t en e) 

. 28 

.207  . 2 0 7  
1.10 840 
2. 33 2-01 

d / m  x 
16. 0 

11. 0 

2.1 

1. 6 

- e  

13 
16 

. 3 4  
9 09 

38 

064 
- 0 3 9  - 010 

. 0 0 7 2  
0 0009 

. 2 8  
9. 6 

1. 9 
4 . 6  

2 . 0  
2.  0 

17. 0 

4 . 6  
10. 0 

2. 5 

1. 7 

. 2 9  
16 
29 

0 09 
. 3 9  

- 0 6 6  
17 

a 013 

D 019 
- 0 0 6  

s 34 
10. 0 

2 . 0  
4 . 3  

1. 9 
1. 6 

. 2 0 2  

. 8 4 0  
2. 04 

17. 0 

4 . 4  
10. 0 

2 . 3  

1.4 
. 2 9  
.12 
. 3 0  
11 

. 4 4  

. 069 
18 

e 011 

. 019 

.007 

. 3 3  
9.  9 

2 . 0  
4 . 3  

1. 9 
1. 6 

UNCLASSIFIED 



UNCLASSIFIED 11 

HW-30252 

The resul ts  reported in  this paper  give additional information on the 
changes that do o r  do not take place in  Chlorella exposed to ionizing radia-  
tions. Surprisingly, many processes  a r e  not affected, a t  least  a t  the gross  
level of analysis we are reporting, by concentrations of tr i t ium oxide which 
inhibit growth and cell division. 
s t a r ch  and carotenoid synthesis are unaffected, in relation to other syn- 
thetic processes  in  the cell, by growth inhibiting levels of tr i t ium oxide. 
It is possible, however, and perhaps even probable, that more detailed 
analysis of these fractions (amino acid separations,  for  example) wil l  show 
some effect of ionizing radiations on these synthetic processes.  

Thus our resul ts  indicate that protein, 

Tri t ium oxide, a t  growth inhibiting concentrations , does affect the 
biosynthesis of triglycerides, and probably also chlorophyll a and nucleic 
acids,  in Chlorella. Cells grown 3 days in  the presence  of 20 m c / m l  o f ’  
t r i t ium oxide synthesized 2 - 8 times a s  much triglycerides (in each of 4 

experiments)  a s  control cells  during a 30-hour growth period in the presence  
of t r a c e r  C 02. 
of CI4 incorporated into experimental and control cells). The i r radiated 
cel ls  also incorporated more CI4 into the nucleic acid fraction, and less 
into the chlorophyll a fraction, than did unirradiated control cells. 

14 (Values are normalized to represent equal total quantities 

The increase in tr iglyceride content of i r radiated Chlorella furnishes 

F o r  an increase a lead as to one of the possible actions of the tr i t ium oxide. 
i n  tr iglyceride content to occur, an increase  in  acetate (acetyl CoA) must 
have occurred i n  the i r radiated Chlorella, o r  the enzymes for  fat synthesis 
i n  the i r radiated Chlorella must have become more efficient in  relation to 
other  enzymes in  the cell. 
e i ther  of three conditions. (1) A block, o r  a partial  block, could have 
occurred  in a reaction o r  reactions, that competes for  acetate, o r  (2 )  more 
acetate could have been formed in  the i r radiated cell by a block in a reaction 
o r  reactions, that competes for  the precursor ,  o r  precursors ,  of acetate, 

An increase in acetate could be brought about by 

UNCLASSIFIED 
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o r  ( 3 )  more  acetate could have been formed through the addition of hydrogen, 
normally oxidized by terminal  oxidases to  water,  to  a two carbon acceptor 
and p r e c u r s o r  of acetate. Selective damage to terminal  oxidases would 
b e  required for  a shunting of hydrogen to  the two carbon acceptor.  

It s e e m s  improbable that the efficiency of fat synthesizing enzymes, 
relative to c the r  enzymes within the cell,  would be increased through the 
action of t r i t ium oxide. These enzymes, in  other species ,  are known to 
be associated with the mitochondria, and they are soluble in  water  under 
appropriate conditions(4). 
radiation (indirect  action produced by the ionization of water )  as would 
other  water soluble enzymes, and unless they are extremely res i s tan t  to 
ionizing radiations, they would be damaged as extensively a s  other  water  
soluble enzymes. 

Presumably they would be  subjected to  as much 
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