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Growth and cel l  division r a t e s  and average s i z e  of cells w e r e  
determined for  Chlorella growing in the presence  and absence of t r i t ium 
oxide. 

Then plate a s says  w e r e  made to determine the number of viable 

cells. Assays of selected colonies were a l so  made to determine whether 
i r radiat ion of Chlorella produced genetically changed cel ls  which differed 
in growth r a t e  f rom that of unirradiated cel ls .  

Results showed that the r a t e  of cel l  division is inhibited to a 
g rea t e r  extent than the rate of cell growth. 
conclusion w a s  found in  a n  increase  in  the average s i z e  of Chlorella af ter  
exposure to tr i t ium oxide. 

Supporting evidence for th i s  

Approximately 70  p e r  cent of the cells present  a f t e r  3 days of 
growth in the presence of 20 m c / m l  of t r i t ium oxide w e r e  unable to  f o r m  
colonies on inorganic nutrient agar .  
dead on plating but died gradually af ter  they w e r e  plated. 
viability of Chlorella, nor  the  growth ra te ,  in per  cent of control, could be 
increased by supplying the cel ls  with organic nutrients.  It is concluded, 
therefore,  that the p rocesses  of photosynthesis and biosynthesis of the 
substances present  in yeast  extract  and bacto-peptone are not selectively 
damaged in Chlorella by t r i t ium oxide. 

The majori ty  of these  cel ls  w e r e  not 
Neither the 

An appreciable number of genetically changed Chlorella w e r e  found 
among ce l l s  surviving t reatment  with t r i t ium oxide. Twenty-five pe r  cent 

of the colonies of a random sec to r  grew m o r e  slowly than the slowest grow- 
ing control selection. One of the selections proved to  be a biochemical 
mutant. A l l  o thers  grew a t  the same ra te ,  o r  slower, in organic nutrient 
solution as in  inorganic nutrient solution. 

Genetic changes observed included those which yielded rough, 
lightly pigmented and clumping selections.  
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GROSS EFFECTS O F  GROWTH INHIBITING LEVELS O F  
TRITIUM OXIDE ON CHLORELLA PYRENOIDOSA 

INTRODUCTION 

A previous paper,  P o r t e r  and Knauss(l), reported on the growth of 
35 3 Chlorella pyrenoidosa in the presence of P32J S , SrgO-YgO and H and 

in subculture in  non-radioactive nutrient solution. 
age s ize  of control and i r radiated cel ls  w e r e  a l so  given. 

Some data on the  aver -  

This paper  presents  the resu l t s  of continued s tudies  with t r i t ium 
oxide. These studies included 1) determinations of the mass, numbers  
and s i z e  of cells growing in the presence and absence of radioactivity, 

2) determinations of mass ,  numbers  and s i z e  of control and i r radiated 
cel ls  in subculture in  organic and inorganic nutrient solutions, 
minations of numbers  of ce l l s  plated a n d  colonies developing on organic 
and inorganic nutrient agar plates, and 4) determinations of growth 
r a t e s  of Chlorella selections i n  inorganic and organic nutrient solutions. 
These selections w e r e  isolated f rom platings on organic nutrient a g a r  of 
cells grown in the presence  and absence of t r i t ium oxide. 

3) deter -  

METHODS 

Growth in the P resence  of Tr i t ium Oxide 

Procedures  and techniques w e r e  the same as reported previously, 
P o r t e r  and Knauss(l), except that algae w e r e  ca r r i ed  on agar s lan ts  
enriched with glucose instead of sucrose,  and MyerOs nutrient solution (2) 

w a s  usually adjusted to pH 6 .0  instead of 5 . 5 .  

UNCLASSIFIED 
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Growth on Subculture 

Inoculum fo r  subculture w a s  prepared  by centrifuging cel ls  f r o m  
the radioactive solution a t  approximately 10,000 r p m  i n  a Serval1 cent r i -  
fuge immediately a f t e r  3 days of growth in the radioactive solutions. 
cel ls  w e r e  then suspended in f r e sh  Myerrs nutrient solution and s tored in 
the re f r igera tor  until subcultured. 

The 

Algae w e r e  subcultured in inorganic nutrient solution under con- 
ditions described previously, P o r t e r  and Knauss(l). Algae w e r e  sub- 
cultured in organic nutrient solution under the same conditions df light 
intensity, t empera ture  and r a t e  of air flow as used when the cel ls  w e r e  
grown in inorganic nutrient solution. Carbon dioxide, other than that 
present  in air, w a s  not provided for  these  cells. 
solution contained MyerQs  salt solution (adjusted to pH 6.0), 1% glucose, 
0.170 bacto-peptone and 0. 0570 yeast  extract .  
maintained i n  all experiments in  which ce l l s  w e r e  subcultured in  organic 
nutrient solution. 

The organic nutrient 

Ster i le  conditions w e r e  

Counts and Size Measurements of Cells 
1 Cell  counts were made  by the standard technique fo r  counting 

white blood cells.  
placed in a haemocytometer and counted a t  100 fold magnification. 
sample  w a s  pipetted in duplicate and counting r e su l t s  w e r e  averaged. 

The algal suspension w a s  diluted with WBC pipette, 
Each 

The s i z e  of the cells, i n  a wet mount, w a s  determined with a 
calibrated filar micrometer  eyepiece and the oil immers ion  lens .  
eters of 50-100 cel ls  w e r e  measured and then averaged. 

Diam- 

1. Spencer Bright-Line Haemocytometer booklet. 

UNCLASSIFIED 
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The entire plating procedure w a s  carried out under aseptic con- 
ditions * ceal suspensisns w e r e  diluted t o  a$etY 800, ~~~ c e l l s b l  

ade. The suspension w a s  fur ther  diluted to  l B O - 2 Q O o  

%e of Growth 

rowth of Chlorella in the presence of tritium 8 
mnutriemt solution w a s  followed in s e v  sses of cells, 

in different concentrations of 'tritium oxide 0 
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The growth of Chl 
nutrient solution, and the 

nutrient solution w e r e  d e  

a on subculture in insr  

Et is evident Pr t the mass of ceus formed per 

unit of t ime in the presence of tritium oxide and on subculture is %pa 
inverse function of the amount of irra iaeion of the ceus .  

dent that cells gr 
as control. cells after one subculture whereas two s u b ~ ~ l t u s e s  of the cells 

I$ is also e%-i- 
resence of 5 mc/ml. of H2Q grew as rapidly 3 

grown in the  presence of 15 m c / m l  of were necessary before these 
cells re turned $0 the same 

Effect on Rate of Cell 

The rate of cell division, in per cent. of control cells, of Chlorella 
rowing in the presence sf tritium oxide in i n o r g a ~ c  nutrient ssaution 

w a s  followed throu h daily cell counts. 

arison w a s  made between the cell numbers and mass, in  
per cent of controls,  of cells grown 3 days in inor 
in the presence s f  different concentrations of tritium oxide. 

plotted in Fi 
Results are 

The r a t e  of cell division durin subculture in inor 
nie nutrient solution was also fo$lowed. T ical sesea%ts are shown in 

It is evident, Fi res 5-7, that the number of CkloreBla cells 
formed in the pses’ence of t r i t ium oxide d on subculture in organic and 

2 .  The symbol is used fo r  conve e. However, inasmuch as the 
itely 1% value in our e 

xisted as in ou r  solutions. 
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inorganic nutrient solution is an inverse function of the dose of radiation 
received by the  cells. e%. of ceus  foPmed in the pres- 

ence of t r i t ium oxide is less, in p e r  cent s f  controls,  than the quantity of 
mass formed. 

Fur the r ,  the nu 

Data on the s i z e  of in  the presence  of t r i t -  

anie nutrient solution and in subculture in o r  
nutrient solutions are  D A small but consistent 

difference in %vera e s i z e  w i l l  be noted. 

Effect on Viabilitv of Cel ls  

Counts were  made of the number of cel ls  plated and the number 0% 

colonies developin for i r radiated a d  i r radiated cells. Table I. shows 

3 per  cent of the i r radiated cells,  control cells set at 
unable to  form coloni anic nutrient aga r .  

that the cells which 
%2y af te r  they were 

Production of 

The number of colonies, in r cent of cells plated, of i r radiated 
and unisradiated cells anic and bwsr anic nutrient a 

plates  a r e  given in Table 1. 

between the number of colonies developin 

(requiring glucose, 

The difference, in per cent of contrcp1 cells, 

awic and inorganic media 

t extract 8%” ~ ~ ~ t ~ - ~ ~ ~ ~ 0 n ~ ~  Pound in these s tud ie s .  
ht be considered e p e r  cent of biochemical mutants ~ 

However, stat is t ic  lysis did not show the diff rence to be s i  

Isolates have been made  f rom r a n  sec to r s  of org  
radiated cells. Forty of the 8E” plates of colokes s f  unirradiated a 

latter and ten of the fo rmer  selections w e r e  grown 3 ays in inorganic 
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Viability of Ch%ore%la Cells after ~~~~~~ for 3 Days in the Presence of 
3 1 R 2 8  in hsrganic Nutrient. Solution 

21 '5" 33 

35 14 40 7 27 

76 2 26 68 15 25 

8s 26 30 4 12 

34 f '9 54 f 38 $5 f PZ 27 f 3 1 Avg, 61 f 3 9  20 f a 

... 

e f standard error at 95% confidence level. 
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nutrient so%ution. Fi ure 9 shows that bO selections (25 per cent) from 
irradiated cells grew more  sl 

unirradiated isolate, Nineteen of the remainin 
r e w  more sllswly thaw the %vera 

selections.  

The $0 slowest rowing selections w e r e  then 
organic and inor trier%% solution, ne selection w a s  definitely a 

nutrient solution as it olaatian. The other selections grew 

at the same sate, or  at a slower rate, in relation eo contro%S, in or  
so%ution as they did in iaor anic solution. 

biochemical mut s as much w e i  

%& appears from the r e s u l t s  repasted in this paper that cell  division 
of Chlorella is inhibited somewhat more  thaw cell 

ionizing particles from tr i t ium oxide. 

the p rocess  of cell division o r  it 
phase of the rowth process that ssenf id  for cell division. 

rowth (mass) by 
This may mean that a primary 

oxide is on some phase of arfic%es from tr i t iu  
mean &ha% the action is on some 

suppsst of these deiuctions is the fac e s i ze  sf i r radiated 
el- than that of unisradiafed cells. 

The action of the ionizin radiations requi res  t ime  fo r  the expres- 
sion of the effec%,an s expression continues for periods of time which 
are dependent upom the dose of radiation received. uring this t ime  cells 

... 
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radually cease to r o w  and divide. The nu 
r o w  and divide cannot be decreased ap reeiably by cu%turhag the cells in 

a c t o - ~ ~ ~ ~ o ~ ~  and yeast  extract .  Hence, 
radiations is not on the cellular p rocesses  of the action d the io 

photosynthesis o r  the synthesis of the substanc s present in yeast extract 
m d  bactO-pE?p%CXIe, OF 3 it is ill par% O%% these prQGE?SSeS, &he action is 

ses which are  essentid fog" cell division and 
reement with those Of Redford and 
t affects photosynthesis far less than glucose 

who 

found that u l t ra  
respiration in 

The action of ioniziga radiations f r o m  tr i t ium oxide on Chlorella 
e systems involve sic cellular p rocesses  such 

(oxidations and reductions) It has recently been 
reported, Anderson(4), that pepsin is sadually inactivated durin 

of e w z p e  activity af ter  exposure to  ionizin radiations.  Conceivab%y the 

ropqrth and division rates s f  c lls foUowed by death of many 
The action mi ht also be direct ly  on the enzymes involved in 

the same effect could be exerted upon cellular enzymes wi th  a gradual 

of the cells. 
cell division. Finally the action m i  enes controllin 

thes i s  of large m%%o%eeules (enzymes) within the cell, Change 

ponents. Death of the cell w o d d  ensue. 
ht resul t  in a fa i lure  sf the cell to  synthesize these necessary  com- 

The action of ionizi n s  on C&%orella resulted in an appre- 
Thus 15 per cent of a randomly 
slowly after many cell ~ e n ~ ~ a ~ ~ o ~ s  

ciable frequency of 
roup of colonies 

than %%%e slowest 
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Genetic c h a  observed amon cells survivi 

%ion from tritium ox were similar so those repsrte 
h seaections were obtained; s ther  selections had a much yellower 

color than control selections. It appears ,  however, that many more s h w  
se%ec%ions arose in t e presence of tritium oxide than Davis 

found after exposure of Chlorella to uatr t. we also obtahed 

some se%eetions which clumped and sedi  

1. 

2. 

3 ,  

4. 

5, 

Poster, J. w.* 
bY 

press) D (1953) 

auss, s'%&ibitiolf 
radioisotopes,  

yers,  J., F i n d  Report to  ffice of Naval 
Redford, L., an effects of ultraviolet  radiations 

- 38,  

papers  presented before the Radiation 
eseareh Society, Iowa city, June 22-24, I 

thetie Chlorella mutants, Amer. Jour. 
- -  


