
BIOCHIMICA ET BIOPHYSICA ACTA 573 

P R E L I M I N A R Y  N O T E S  

BBA 41 143 

Light dependence of temperature-induced bleaching in Euglena gracilis 
Euglena gracilis has been found to be sensitive to a wide range of exogenous 

physical and chemical agents that  induce specific and permanent bleaching. We define 
bleaching to mean the permanent  loss of the ability to form green colonies upon 
plating. This is taken to mean the loss of the ability of the chloroplast to be replicated. 
Growth at elevated temperatures 1 and streptomycin ~ were among the earliest agents 
observed to cause this loss. BRAWERMAN AND CHARGAFF 3 proposed that  chloroplast 
synthesis and function was unimpaired at elevated temperatures but chloroplast 
replication was inhibited. They also suggested that  chloroplast replication was autono- 
mous and controlled by a factor that  was affected by  elevated temperatures. These 
deductions were based on the kinetics of chloroplast formation during growth at 
elevated temperatures and recovery upon return to room temperature. With the 
availability of quanti tat ive plating methods for Euglena a it has become possible to 
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Fig. I. Kinetics of l ight-dependent  temperature- induced loss of the abili ty to form green colonies 
at 32°. E. gracilis, var. bacillaris, Strain Z (Pringsheim) was grown on a defined organic medium 9 
at  32° in a ro ta ry  water -ba th  shaker  at  12o rev. /min,  i l luminated wi th  cool white fluorescent 
lamps at  about  :~. lO 3 ergs/cm2/sec or in darkness. Aliquots were taken at intervals  for cell count ing 
and plating. Generation t imes shown were the same for bo th  light- and dark-grown cultures. 
Plat ing was done by  the method of LYMAN et al. 4. Plates were incubated in the l ight  at  25 ° and 
scored by  count ing green and white colonies. Plates preincubated in the dark for several days 
prior  to incubat ion  in the l ight showed similar  results. Control cultures grown at  26 ° and treated 
similarly yielded all green colonies. There was no loss of viabi l i ty  in the cultures at  320 . 

Fig. 2. Kinetics of l ight-dependent  temperature- induced loss of abil i ty to form green colonies 
at  32 ° in red, green and blue light. The filters were made from o.5-cm-thick plexiglass sheet 
(Rohm and Haas  No. 2444, 2092 and 2424 for red, green and blue, respectively). I l luminat ion  
was provided by  a series of I5o-W cool-beam flood lamps wi th  the l ight intensi ty  adjusted to 
about  5" lO8 ergs/cm2/s ec for each color. Adjus tments  were made in the final calculations for 
approximate ly  equal numbers  of quan t a  at  the peak wavelength for each filter. The red filter 
gave essentially no t ransmiss ion below 65 ° rim; the green and blue filters had m a x i m u m  trans-  
missions at  525 and 47 ° n m ,  respectively. Cells were grown and treated as in Fig. I. Growth  
rates for all cultures were essentially the same. 
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examine more closely the progress of tempera ture- induced bleaching on a dynamic  
basis. We report here tha t  temperature- induced bleaching at 32° requires light. 

Fig. I shows the kinetics of loss of the abi l i ty  to form green colonies at 32°. 
Loss in the light begins at about  the end of the third cell generation,  progresses almost 
l inearly to about  the sixth generat ion,  and  is essentially complete by  the end of the 
eighth generation.  No bleaching was seen in cells grown in the dark at this temperature.  
There was no difference in growth rates of light- and  dark-grown cultures at 32~, 
and  the growth rates were similar at 26 ° where there was no bleaching. Similar results 
were obta ined at 34 ° in the light. Dark-grown cells at 34 ° showed some bleaching, 
bu t  this was delayed and  occurred more slowly than  in the light. There was no growth 

and  no bleaching at 37 °. 
I t  is well known tha t  light mediates the formation of chloroplasts from pro- 

plastids and  chlorophyll synthesis may  be a necessary par t  0f this development.  The 
l ight- induced synthesis of chloroplasts from their precursors, the proplastids, was 
measured at  32 ° using nond iv id ing  cells with chlorophyll synthesis as an index of 
chloroplast synthesis. Chlorophyll and  carotenoid synthesis by  dark-grown cells 5 
placed in the light at 320 was found to be essentially the same as at 26 ° (Table I), 
and  plat ing showed tha t  these resting cells were not  bleached. This experiment  and  
others on resting cells indicate tha t  chloroplast synthesis is not  affected by  elevated 
temperatures  bu t  tha t  growth is necessary to obta in  bleaching. 

The light requirement  for tempera ture- induced bleaching at 320 implies the 
existence of a chromophore that  promotes the effect of temperature.  A pre l iminary 
survey of the effectiveness of broad areas in the red, green and  blue regions of the 
spectrum is shown in Fig. 2. Red or blue light appear to be almost as effective as 
white light, while green light is relat ively ineffective. The part ial  bleaching in green 
light may  be the result of overlap between the t ransmissions of the green and  blue 

filters. 

TABLE I 
LIGHT-INDUCED PIGMENT FORMATION BY E. gracilis AT 320 

Flasks containing defined organic medium were inoculated with dark-grown E. gracilis and allowed 
to grow to near stationary phase in the dark at 26 ° and then transferred into the light at 26 ° 
and 3 2  ° under the conditions given for Fig. i. Little cell division was observed. Samples were 
taken at intervals for cell number, total chlorophyll and carotenoid determinations and plating. 
Plating procedures were as for Fig. I. Chlorophyll was determined by the method of ARNON 1~ 
and carotenoids by the method of KIRK AND ALLEN ll. 

Time Temp. Chlorophyll Carotenoid Green colonies 
(h) (pg/cell) (pg/cell) (%) 

o 26 ° o o.31 IOO 
320 o 0.30 IOO 

20 26 ° o.7 o.5 IOO 
320 1.8 o. 7 IOO 

45 26 ° 2. 5 1.7 IOO 
320 3.5 I.I IOO 

73 26 ° 5.8 2.0 IOO 
32o 5.8 1.5 IOO 

9 5  2 6  ° 7.3 2.0 Ioo 
320 6.8 1.6 IOO 

141 26 ° 8.9 2.5 IOO 
320 7.9 2.4 IOO 
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Kinetics similar to those for temperature-induced bleaching were observed by  
SCHIFF et al. 6 for the loss of photoreactivability of ultraviolet-inhibited chloroplast 
replication in Euglena. Their calculations indicate the loss by dilution of lO-12 par- 
ticles which happens to coincide with the number of chloroplasts. We have noted 
a precipitous drop in the number of targets responsible for ultraviolet-induced 
bleaching during growth in the light at 32 ° as well as a proportional drop in photo- 
reactivability. We are investigating the possible relation between the loss of ultra- 
violet-sensitive sites and the sites of light-dependent temperature-induced bleaching. 
Cells derived from heat-bleached cultures have been shown to lack the characteristic 
satellite DNA that  has been at tr ibuted to the chloroplast% On the other hand, it has 
been shown 8 that  heat-bleached cells can incorporate 3-aminolevulinic acid and form 
fluorescent sites. Whether these sites represent proplastid-like structures remains to 

be shown. 
We are continuing to examine the effects of elevated temperature on the ability 

of Euglena to form green colonies and the role of light in these effects. A detailed 
action spectrum of the light effect is in progress coupled with biochemical analyses 
to identify the cellular sites involved in temperature-induced bleaching. An electron 
and fluorescence microscopic examination of cells during temperature-induced 
bleaching is also in progress. 
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The identity of X in FI" X with Fc 

Recently VALLEJOS et al. 1 described the isolation and the properties of a coupling 
factor which they called F 1 • X*. This soluble factor, which contains a Mg2+-dependent, 
oligomycin-insensitive and cold-labile ATPase, resembles very much the soluble 
ATPase F 1, described by  PULLMAN et al. ~. The major difference between the two 

• VALLEJOS et aL 1 cal led  the  fac tor  F I - X .  Since, however ,  t h i s  m i g h t  i m p l y  a cova len t  bond  
be tween  F 1 and  X, we prefer  to  refer to  i t  in  t h i s  paper  as F I ' X ,  the  cen t ra l  dot  i m p l y i n g  an 
assoc ia t ion  be tween  F 1 and  X. 
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