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SUMMARY 

A strain of Chlorel!a wdgaris,  after having been induced to resist the growth uncoupling 
effect of selenomethionine (and which maintained that  resistance after removal of 
the analogue), absorbed t-[3sS]methionine much more slowly than did unadapted 
cells. Although uptake was slower, a greater proportion of the absorbed 3sS was 
incorporated ipto protein of the induced cells. [3sS]Sulfate absorption and conversion 
to protein, however, were the same in both strains. Sulfur starvation, a t reatment  
that  causes adapted cells to deadapt and regain their sensitivity to selenomethionine, 
restored permeability to methionine in the adapted cells. The uptake of methionine 
was inhibited by dinitrophenol and appears, therefore, to be an active, energy- 
requiring process. Repression of a methionine-absorbing system, perhaps a "permease", 
is held responsible for the induced resistance to selenomethionine. 

INTRODUCTION 

The term "maintenance" was introduced by NOVICK AND WEINER to describe a 
situation in which Escherichia coli could be induced to synthesize the fl-galactosidase- 
permease system under one set of conditions and to maintain the new phenotype in 
another, non-inducing environmenO. The term can aptly be applied to a number of 
other biological systems: the induction of respiratory-deficient Saccharomyces 
(petites) after exposure to euflavine2, 3 or after panthothenate starvation4; the de- 
velopment of L forms in penicillin-treated SalmonellaS; the synthesis of new antigenic 
proteins in Paramecium which has been subjected to a variety of agentse,L In  each 
of these examples a high proportion of the exposed cells, if not all, are phenotypically 
altered, and the new character is transmitted to the progeny despite removal of the 
inducing conditions. 

The Chlorella vulgaris- : ,e lenomethionine  system also displays this type of 
permanent adaptation. The evidence to show that  all or most cells are able to adapt 
has been presented elsewhere s. The permanency of the induced phenotype was 
established under controlled experimental conditions an~l lasted through 220 gener- 
ations in the absence of selenomethionine, at which time the experiments were termi- 
nated g. Adapted strains h a v  since been carried on inorganic salt-glucose agar 
slants for over 2 years without loss of resistance to selenomethionine. 
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Despite the permanency of the new phenotype,  i t  is nevertheless possible to 
deadapt  the cells by  such a simple expedient as sulfur s tarvat ion.  This close relation- 
ship to sulfur metabolism made it seem likely tha t  the  ra te  of methionine synthesis 
from sulfate had been sufficiently accelerated to enable the adapted  ~ells to grow 
and divide normally in the presence of the othexwvise division-inhibitory selene- 
methionine 9. Such an hypothes~s is amenable to isotopic dilution experiments ~ ith 
8sS-labeled metaboli tes.  The uptake of [~S]sulfate and L-[3sS!methionine and their  
incorporation into protein have been followed in sensitive and resistant cells in order 
to test  the hypothesis  and to characterize further the two strains of Chlorella. The 
results show tha t  resistance is correlated with a decreased permeabil i ty  to methionine, 
and tha t  sulfur s ta rva t ion  restores the permeabil i ty.  

MATERIALS AND METHODS 

Cultures of Chlordla  vulgaris B. (Columbia strain) were maintained on slants of the 
following composit ion:  KNO a, o.o25 M ; MgC12.6HzO, o.ozo M; KHzPO4, o.ox8 M; 
FeCI~-4H20, 0.00001 M; potassium c i t ra te .HzO , o .oooorM;  KzSO4, o .oo3IM;  
ZnC12, 0.07 p p m  Zn ; H3BO a, 0.05 ppm ~ ; CuC12- 2H20, o.ooz ppm Cu; MnC1 z- 4H20~ 
0.44 ppm Mn; MoO 3, 0.02 ppm Mo; 2 % agar;  1 °/o glucose. Slants were incubated 
under a fluorescent-light in tensi ty  of about 35 ° ft-candles at  x8 °. 

For  liquid cultures, stock solutions of each salt,  and other substances as required, 
were dispensed into zoo-rid Pyrex culture tubes (300 × 32 mm) cal ibrated at  too rnl, 
and were then di luted to a level of about  50 ml. All materials  were sterilized by  auto- 
claving for 2o min at  I5 lbs pressure. 

Adap ted  cultureswere obtained by  2-3 serial passages in the presence of 3. I .  xo -5 M 
selenomethionine. The morphological and physiological features of an adapt ing cul- 
ture, described Dreviously a, were checked. Adapted  strains were mainta ined on agar  
slants without  selenomethionine. 

Inocula were prepared ei ther from slants ,~-5 days old or from liquid cultures. 
The cells were centrifuged and washed three t imes with distilled water.  Samples 
were counted with a hemacytometer  or with a Coulter electronic counter Model B. 
20- ro  e cells were added to each culture tube and diluted to IOO ml to give an initial  
inoculum size of 2. xo 5 cells per  ml. An aseptic technique was maintained throughout 
the procedure. 

A gauze-wrapped cotton p lug ,  through which a gas inlet had been fitted, was 
inserted into each culture tube. A 3" o/,,o CO~.-95 % air mixture provided the carbon 
source and the bubbling served to st ir  thc cells. The gas mixture was first scrubbed 
through a cotton-filled tube and then through a flask of sterile distilled water. The 
tubes were supported in a glass-walled water  ba th  whose temperature  was maintained 
at  25°-26 °. Light was provided by  4o-W, cool white fluorescent lamps, with a light 
in tensi ty  at  the position of the culture tubes of about  75 ° It-candies, as measured 
with a Weston light meter  Model 756. 

Selenomethionine was synthesized by  the method of KLOSXER.~IA~.X" A.~D 
PA:~'TER m. In our earlier work this analogue had been sterilized by  sintered glass 
fil tration before it was added to the culture medium. In  the present experiments,  
autoclaving in the growth medium was found not  to affect the biological ac t iv i ty  
of the selenomethionine. L-Methionine was obtained from Nutr i t ional  Biochernicals 
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Corp. ; L-[asS]Methionine was obtained from Schwarz Biochemical Research, Inc., or 
from New England Nuclear Corp. ; [a~SJsulfate was purchased from Union Carbide 
Nuclear Co. as H2asSO4, carrier-free in weak HCl. 

For the isotopic uptake experiment~, cells were harvested either by centrifugation 
or by filtration through a membrane disc (Schleicher and Schiill, type A, coarse 
porosity). Care was taken to avoid desiccation during the filtrations. The cells were 
washed -with and then suspended in medium that contained either 3.0. ro -5 M carrier 
sulfate for the radiosulfate uptake experiments, or 3.0" Io -z M sulfate for the radio- 
methionine uptake experiments. After the cultures were incubated for i h under 
growth conditions, the radioactive compound was added, with the bubbling CO2-air 
mixture serving to stir the cell suspension. Aliquots were withdrawn periodically for 
measurement of rates of absorption and incorporation into protein. During the ex- 
perimental perio d there were no significant increases in cell number, size, or weight. 
Dry weights and packed cell volumes were determined in Bauer and Schenck hema- 
tocrit tubes. Rates of uptake and protein incorporation were constant unless otherwise 
specified. 

Radioactivity measurements and cell fractionations were based on techniques 
developed for E. coli by ROBERTS et al. n. For an estimate of protein sulfur, aliquots 
of cells were pipetted into an equal volume of cold IO % trichloroacetic acid, and 
stored at 4 ° for 0.5- 3 h. They were then filtered through membrane discs and washed 
under filtration with cold 5 % trichloroacetic acid. For measurement of total cellular 
radioactivity, aliquots were filtered directly through a membrane disc and washed 
under filtration with the non-radioactive medium. The membrane discs were fastened 
to aluminum planchets with rubber cement. For measurement of total radioactivity 
in the medium, a~iquots of the cell suspension were dispensed into aluminum planchets 
fitted with a disc of lens paper. Several drops of a mixture of 0.5 % sucrose-o.5 % 
A~÷ . . . . .  * unifo__r~lv dispersed the suspension. Planchets were dried in air or under 
heat lamps. 

Counts were made with a nuclear model I8IA scaler equipped with a D-47 
gas-flow detector. Counts were corrected for geometry, self-absorption, and back- 
ground. Specific activities were used to express all cellular concentrations on a molar 
basis. Absorption rates were calculated by the method of averages from the slopes 
of the uptake experiments. 

RESULTS 
Me~,hio~,ine uptake 

The two strains of Chlorella vulgaris differed conspicuously in their ability to 
absorb methionine. Unadapted cells, harvested from young cultures, absorbed the 
amino acid at a much faster rate than did young, selenomethionine-adapted cells. 
They also metabolized the sulfur into protein more rapidly (Fig. I). But of the total 
~adioactivity absorbed, the adapted cell incorporated a larger proportion into its 
proteins than did the unadapted cell. In all experiments with young cultures, the 
unadapted cells incorporated about 35 % of the 3~S into protein by the end of I-h 
incubation, in contrast to the adapted ceils which utilized about 75 %. 

A drop in the rate of absorption, particularly sharp for the unadapted cells, 
occurred with increasing age of the cultures. This rapid drop, coupled with small 
variations in the duration of the lag phase of simultaneously inoculated cultures, 
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was responsible for a constantly changing quantitative relationship between the 
two strains of cells. Measurements, therefore, were made on cells harvested along the 
entire course of the growth curve, a method that allows a more direct comparison 
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Fig. I. L-Methionine absorpt ion and incorporation of 35S in to  protein by  unadap ted  and seleno- 
meth ionine-adapted  ChloveUa vulgaris. Cells were harves ted  from cul tures  t ha t  were 3 days  old. 
The  incubat ion  med ium cgntained xo /tg L-~355]methionine per ml  with a count  of 31ooo 

counts /min /ml .  
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Fig. 2. L-Methionine absorpt ion and  incorporation of 35S into protein by unadap ted  and seleno- 
meth ionine-adapted  Chlc "-5a vulgaris as a funct ion of physiological age of cells. Exponent ia l  
divis ions begin whey ",l, populat ion reaches about  5" lOS cells/ml; deceleration s ta r t s  a t  abou t  
8- IOT cells/ml. Cells w~, harves ted  periodically unti l  t he  s t a r t  of the  deceleration phase  of growth,  

Sulfur conten ts  ,:;ere calculated from slopes of the  kinetic up take  exper iments  (see Fig. x). 
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of cells that  have not reached identical physiological ages (Fig. 2). The striking 
differences between the two cell types vanished at the onset of the deceleration pimse 
of growth, about 5 days after inoculation. In addition, the trichloroacetic acid-soluble 
asS fraction all but  disappeared, with as much as 9 ° % of the absorbed radioactivity 
being incorporated into protein. These curves point to the need for comparing the 
t w o  cell lines at a number of physiological ages rather than at some arbitrarily chosen 
harvest time. 

Sulfate uptake 
The pattern of sulfate absorption and metabolism into protein by the two types 

of cells is illustrated in Fig. 3. No significant differences were detected. As with 
methionine absorption, the rate of sulfate absorption was related to the age of the 
culture from which cells were tal~.n. The size of the soluble sulfur pool, however, 
remained re.latively unchanged vAth increasing physiological age of the cells. 

These results were confirmed from periodic analyses of cells grown with radio- 
sttliate added at the time of inoculation. A high level of carrier sulfate (3" Io-3 M) 
was used to preclude exhaustion of the ion. The total sulfur content was the same 
in both strains, as was the amount of ~*S incorporated into protein. Both total sulfur 
and protein sulfur dropped considerably with increasing age of the cultures (Fig. 4). 
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Fig. 5. Effect of sulfur starvation on L-methiolaine absorption and asS incorporation into protei~ 
by unadapted and selenomethionine-adapted Chl.orella vulgaris. Cells were harvested differ z day 
of sulfur starvation. Popt~_~on densities had increased from z .o - Io  s to z.z-zo 6 cells/ml. The 
incubation media contained xo :,g L-~S]methionine per  ml with ~ count of 8ooo counts/min/mL 
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Effect of sulfur starvation on methionine uptake 

Methionine and selenomethionine are pract ical ly  identical in structure, and they 
are interchangeable in several biochemical systems i~--ln. Previous studies have 
indicated tha t  they  may  also be competi t ive during absorption into the Chlorella 
wdgaris celP ~. I t  can therefore be inferred from the induced loss of permeabi l i ty  to 
methionine tha t  a decreased permeabi l i ty  to selenomethionine was also incurred in 
the  adap ted  cell, this loss being the basis of the resistance to the analogue. Since 
sulfur s tarvat ion causes adapted  cells to, deadapt  9, such t rea tment  should also cause 
the adapted  ceils to regain their  capaci ty  to absorb methionine. (A more direct test  
with selenomethionine, though preferable, could not be carried out because radio- 
act ive selenomethionine was unavailable.) 

Under  conditions of sulfur s tarvat ion,  endogenous sulfur pools and traces of 
sulfur in the medium are sufficient to allow several divisions during the first 2 davs 
of incubation.  After  about  I day  of sulfur s tarvat ion increases in cell number, size, 
and weight equaled those in sulfate-containing cultures, and there were significant 
elevations in the rate of methionine absorption by  both strains of cells (F ig  5;- 
Metabolism of 35S into protein of the sulftlr-starved unadapted  cell remained un- 
changed, but  in the sulfur-starved, ~adapted cell the rate ha~l increased. After  4 8 b 
of sulfur s tarvat ion,  cells cease to divide and chlorosis becomes evident. By this t ime 
the  rate  of methionine uptake  had risen steeply but  was no longer linear (Fig. 6B) ; 
in unadap ted  cells the  absorpt ion per h was 17 t imes greater,  and in adapted  cells 
52 t imes greater  than in the respective sulfate-grown cells. In both cell strains most 
of the 35S remained soluble in cold tr ichloroacetic acid, and there was a decrease in 
the  ra te  of 35S incorporat ion into protein (Fig. 6A). This decrease became even more 
marked with longer s tarvat ion of the  cells (Fig. 7). Two successive events, therefore, 
developed during the course of sulfur s tarvat ion in the adapted cells: (i) methionine 
uptake  was restored and a faster rate  of 35S incorporation into protein v-as observed; 
(2) during extended s tarvat ion an impairment  t.a the protein synthesizing system 
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Fig. 7. Changes in a~S incorporation (derived from L-[a~SJmethiovAne) into protein of unadapted 
and selenomethionine-adapted CMorella vulgaris gre, wr, with and ~ithout sulfate. 
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developed. The greater absorption could not be attributed to increased cell surface, 
since abnormal cell enlargement was not seen during the starvation treatment. 

Ef fec t  o f  d i ' ,d t rophenol  on  L -m e th ion ine  

An active absorption process was indicated by the rapid accumulation of tri- 
chloroacetic acid-soluble radioactivity to cellular levels much higher than the initial 
exogenous methionine concentration (Table I). z,4-Dinitropheno!, an agent that 
prevents ATP synthesis zT, and which could be expected to cut off the energy supply 
for active transport, was therefore tested for its effects on methionine uptake. Almost 
immediately after addition of DNP, absorption of the amino acid stopped (Fig. 8A). 

TABLE I 
ACCUMULATION OF COLD TRICHLOROACETIC ACID SOLUBLE 35~ By Chlorella vulgaris  

,a3f S ~ ml of #e~ked cells* 
External conc'entratioJ¢ of 

t,. [ t~ S ] metMonitte Unadapted A dapttd 
Sulfate gro~n Stdj'ur star~'cd Sulfate gvo~vn Sulfur starved 

0.067/tM/ml 0.95 36.3 o,22 31.5 

* Calculated from data graphed in Figs. 6A and 6]3. 

Sulfur-starved cells, in addition, exhibited a noticeable drop in their total radioactivity 
content (Fig. 8B). Part of the absorbed methionine appears to have been bound 
loosely enough to be released from the cell after DNP was added, or perhaps during 
the washing procedure. The possibility that the DNP had been lethal was checked 
by inoculation of inhibited cells into ][;NP-free medium; growth continued at the 
normal rate. 

DISCUSSION 

The low permeability to methionine shown by the selenomethionine-adapted Chlorel la  

v u l g a r i s  suggests that a methionine "permease"*, or " c a r r i e r  ' 'u ,  responsible for the 
active uptake of this amino acid, has been repressed or is non-functional. The ac-~ive 
nature of the absorption is seen from its inhibition by DNP. Since ~ethionine and 
selenomethionine are so similar, it can be concluded that inability of the seleno- 
methionine to penetrate fast enough to exert its toxic effect is responsible for the 
induced resistance. The earlier suggestion 9 tizat the adapted cells are induced to 
synthesize methionine from sulfate at a higher rate, and in this way prevent the 
absorbed selenomethionine from exerting its effect, is not borne out by the present 
experiments. Had there been a higher rate of endogenous methionine formation, 
much less of the radioactive methionine should have appeared in the proteins of the 
adapted cell, owing to endogenous dilution. Instead, 75 % or more of the absorbed 
methionine sulfur was incorpozated into protein by the adapted cells, in contrast to 
the 35 % utilized by the unadapted cell. 

* The term "permease",  g e n ~ y  used by microbiologists ~, and ~he term "carrier", generally 
used by plant physiologists ag, are equivalent. Both were introdnced to describe ~ component in 
the cell membrane responsible for the active absorption of exogenous substances. 
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The two types of cells do not appear to differ grossly in their metabolism of 
exogenous [35SJsulfate as measured by the techniques of these experiments. Even the 
utilization of whatever methionine did penetrate the adapted cell seems to be the 
same as in the normal cell: almost all of the methionine entering the adapted cell 
occurred in the proteins ; after a brief period of sulfur starvation, the rate at which 
methionine sulfur was incnrporated into protein increased, as would be expected to 
result from the restored permeability. Crypticity, a condition in which a cell, though 
it contains the necessary enzymes, is unable to absorb a nutrient TM,20, appears to 
have been induced in these cells. 

Although the overall metabolisim of inorganic sulfate seems the same, subtler 
di~erences in the sulfur pathways of the two cel! ~ypes must exist, because sulfur 
starvation renders the adapted cell once more sensitive to selenomethionine. Since 
this treatment also restores permeability to methionine, and undoubtedly to seleno- 
methionine, it is likely that the sulfur pathway controls the synthesis or functioning 
of the methionine permease. Selenomethionine, therefore, may be responsible only 
for an initial triggering of a change in the sulfur pathway which in turn is more 
directly linked to control of the methionine permease. As long as sulfate is present, 
even in the absence of sc'.enomethionine, the cells maintain the induced phenotype. 
By analogy with the effects of methionine in bacteria ~-~3, selenomethionine might 
bc expected to mimic methionine and repress enzymes that lead to the synthesis of 
methionine from sulfate. HoweveI, all known cases of repression are reversible soon 
after removal of the metabolite 2°. 

Genet ic Getleiic 
~/~system .~system 

o ~ I oaraconsfifufive "~] Mefhionine 
;~/ enzymes of ~ /  permeate 

sulfate ~ sulfur metabolites ~ rnefhioninef f~ ' r )  
/ 

selen omefhionine 
block 

Fig. 9. Model to describe a hypothetical mechanism for the induction and m~intenance of resistance 
to selenomethionine in Chlorella vulgaris. For explanation see DISCUSSION. 

The mechanism for the induction of the new pher.otype, its maintenance, a n d  
its reversibility bysulfur starvation is not, of course, fully known, but two hypotheses 
bear discussion. The first, for which a model is given in Fig. 9, is based on the mcdel 
of JACOB AND MONOD (ref. 20, p. 344) which describes genic and cytoplasmic c o n t r o l s  
of repression and induction in bacteria. 

In our model, selenomethionine, on being absorbed by the algal cell, is a s s u m e d  
to create a metabolic block which causes sulfur metabolites to accumulate. The 
endogenous accumulation, in turn, induces a greater synthesis of certain of t h e  
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e n z y m e s  respons ib le  for t h e  f u r t h e r  m e t a b o l i s m  of one  or more  of t h e  su l fur  compounds .  

These  e n z y m e s  a re  cons ide red  to  be  p a r a c o n s t i t u t i v e ,  a s t a t e  desc r ibed  b y  SZILARD 
in  w h i c h  e n z y m e s  a re  n e i t h e r  comple t e ly  repressed  nor  a t  t h e i r  m a x i m a l l y  i n d u c e d  
level  2.. As long  as su l fa te  is g iven  to  the  cells, t h i s  new level  as well  as a la rger  pool  
of t h e  su l fur  m e t a b o l i t e s  can  be  m a i n t a i n e d .  T h e  m e t h i o n i n e  pe rmease  in th i s  mode l  
is a lso a s s u m e d  to  be  u n d e r  repress ion  con t ro l  b y  one  or  more  of t h e  su l fur  m e t a b o l i t e s .  

T h e  i n d u c e d  h i g h e r  s t e a d y - s t a t e  level would  t h e n  repress  the  p e r m e a s e  indef in i te ly  

unless  some e n v i r o n m e n t a l  c h a n g e  such  as su l fur  s t a r v a t i o n  caused  e n d o g e n o u s  
su l fu r  levels  to  decrease .  

A n  a l t e r n a t i v e  e x p l a n a t i o n  for t h e  m a i n t e n a n c e  a n d  reve r sa l  effects is ba sed  
o n  t h e  pos s ib i l i t ;  ~i,at contami~ t t i n g  t r aces  of Se a re  a b s o r b e d  b y  t h e  algal  cells 
f r o m  t h e  c u l t u r e  m e d i u m .  Ca lcu la t ions  show t h a t  b y  t h e  27 th  g e n e r a t i o n  a f t e r  r e m o v a l  

of  t h e  ana logue ,  if comple t e  a b s o r p t i o n  occurs  d u r i n g  t h e  in i t i a l  exposure ,  each  cell 
w o u l d  c o n t a i n  I molecule  of t h e  or ig ina l  s e l enometh ion ine .  B y  t h e  s ix th  s u b c u l t u r e  
a l l  ceils w h i c h  c o n t a i n  t h e  I molecule  would  h a v e  been  e l i m i n a t e d  f rom t h e  popu-  
l a t i o n ' .  T r a c e s  of Se, however ,  are  u b i q u i t o u s ,  a n d  t h e  poss ib i l i ty  c a n n o t  be  over-  
looked  t h a t  t h e  g r o w t h  m e d i u m  inc ludes  c o n t a m i n a t i n g  t r aces  of i no rgan i c  Se 
c o m p o u n d s  w h i c h  m a y  h a v e  been  b i o s y n t h e s i z e d  i n to  s e i enome th ion ine .  No d a t a  

a r e  a t  p r e s e n t  a v a i l a b l e  on  t h e  Se c o n t e n t  of t h e  C. vzdgaris g r o w t h  m e d i u m .  However ,  
Om~DA ~-5, u s i n g  n e u t r o n  a c t i v a t i o n ,  e s t i m a t e d  t h e  Se c o n t e n t  of a n  a m m o n i u m  su l fa te  
s a m p l e  as  less t h a n  o.o 5 p p m .  I f  K2SO 4, p r o b a b l y  t h e  m a j o r  source  of Se c o n t a m i -  
n a t i o n  in  t h e  Chlore l la  m e d i u m ,  c o n t a i n s  th i s  t r a c e  level  i t  c a n  be  e s t i m a t e d  t h a t  each  
ChloreUa  cell  a t  m a x i m u m  p o p u l a t i o n  d e n s i t y  wou ld  c o n t a i n  I000  a t o m s  of Se ~*. 

IIt t h i s  respec t ,  POLLOCK 2s h a s  c a l c u l a t e d  t h a t  as  few as I00  penic i l l in  molecules  p e r  

cel l  of  Bacill,us cereus are  n e e d e d  for m a x i m u m  i n d u c t i o n  of penic i l l inase ,  a n d  ~ha t  
a s  l ong  as  t h e r e  is o n l y  I molecu le  b o u n d  p e r  cell some p r o d u c t i o n  of t h e  i n d u c e d  
e n z y m e  con t inues .  W h e t h e r  t h e  IOOO Se a t o m s  a lone  could  be  respons ib le  for t h e  
m a i i i t e n a n c e  effect  is u n k n o w n ,  b u t  c a n n o t  b e  ru led  o u t  a t  p re sen t .  
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"The  inducing concentration of selenomethionine (mol.wt. I96) is 6 pg/ml or 1.84. Io Ig mole- 
cules/ml. Inocula axe kept at  z.o. xo 5 cells/ml. Cultures increase to a maximum population of 
2.o- to s ceUs/ml, the equivalent of Io generations At the end of the ftrst passage, each cell will 
contain 9.2- Io 7 molecules of the analogue, assuming complete absorption. A second passage would 
yield cells with essentially the same number of molecules, since the selenomethiorine absorbed 
duaing the initial passage would have been diluted to 9.o" 104 molecules/cell after i0 generations. 
On subculture in the  absence of selenomethionine, the 9.2" Io 7 molecules/cell will have been diluted 
to about t molecule/cell by the 27th generation. By the 3oth generation 2.6- io ~ cells in the popula- 

of 2.0- to 8 cells]ml will contain i molecule. Each ml of the inoculum for the next subculture 
have only 2.6. i04 cells tha t  contain x analogue molecule. By the end of the subculture this 

number per  ml will remain the same. At the fifth passage only 26 cells in the inoculum of 2.0. xo 5 
ceils will contaixx I selenomethionine molecule. By the sixth passage these  cells will have been 
dihtted out of the culture. 

" "  T h e  K l S O  , concentration of the liquid medium is 3.0, IO -3 M or 545/tg]ml. If the Se content 
of the, KISO 1 is assumed to be 0.05 ppm, there would be 2.7" lO -5/~g of Se or 2.i.  IO lx atoms/ml. 
i f  all the Se is absorbed, each of the 2- los cells would therefore contain iooo atoms of Se. 
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