
Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
CO2 Fixation by Euglena

Permalink
https://escholarship.org/uc/item/7hc5t1h4

Authors
Lynch, V.H.
Calvin, M.

Publication Date
1952-10-13

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/7hc5t1h4
https://escholarship.org
http://www.cdlib.org/


UCRL-1966 
Unclassified-Health and Biology Dis t r ibut ion 

UMIPERSITY OF CALIFORNIA 

Radiation Laboratory 

Contract Moo W-7405-eng-48 

C02 FIXATION BY EUGLENA 

Q. H. Lynch and M o  Calvin 

October 13, 1952 

Berkeley, California 



co, FIXATION BY EUGIENB* 

80 He Lynch and Ma Calvin 

Ibadiation Laboratory and Department of C h e ~ s t r y  
University of G a l i f  ornia 

Berkeley, California 

During a comparative study of the  dark GO2 fixation by microorganisme 

one organism was  found t o  d i f f e r  g r e a t b  from all others investigated, 1 

This microorganfsm w a s  the green f lagel late ,  Euglena ppaciliso 

Euglena has long been a controversial organism, It is claimed both by 

the botanists and the zoologists since it has many of the character is t ics  

of both a plant and an animal and i s  often placed i n  the pbylogenetic t r e e  

on the fork a t  which the plant, and anba l  kingdoms, are conceived t o  have 

separated, The biochemist has been interested i n  i t s  metabolism because of 

+t 
i t s  ready A;r&flizatfon of a e e k t e  and i t s  apparent inabi l i ty  t o  u t i l i z e  sugarso 

Although Explena g r a c i l i s  does not use sugars, 81&aung & aO2 has shown tha t  

the phosphorglated compounds of the glycolytik: cycle are present i n  Euglena, 

In order t o  extend om knowledge of some of the metabolfe reactions of 

Euglena, a brief 6ru1"vey u s b g  radioactive tgaeer techniques was undertakeno 

(*) 'he wrk described 5n this paper w a s  sponsored by the U,So Atomic 
Energy Codssioaa, 

(**I Becent work & Gpamer and Q e r s  has f d f ~ a t e d  that  Euglena gracfiis 
can be trained t o  n t i l i z e  glucose, 



Methods 

One organi s m  used i n  this investigation was E- grac i l i s  var. bac i l la r i s  

obtained *om I;)pO So Ho Hutner sf the Haskins Laboratories, The following 

growth medium w a s  used: 5 gm. Difco tryptone, 5 gmo sodium acetate " 3 H20, 

0.5 gn. m4103, 0.5 gm. &SOq 0 - 7  H20, 0.5 gm. %-, 1 ml. of an i ron solu- 

t ion  containing 0.58 F&Q4 O 7 %0 and 0 . s  t a r t a r i c  acid, and 1 l i t e r  d i s t i l l e d  

water, "r pH was adjusted t o  7.0 w i t h  laOBo After inoculation the culture 

was placed nndep eonstant ill'lunflaation and shaken ocoasfonaPly~ The celle 
**t 

were harvested dter growth periods of 3 t o  7 d q s o  

Cel l  suspensions for  use in the radioactive carbon experiments were pre- 

p s d  in the following manner. The c e l l s  were removed from the growth medium 

by centrifugation and washed once with d i s t i l l e d  water. A I% c e l l  suspension 

w a s  prepared by suspending 1 Hll. of these packed c e l l s  i n  100 mlo of d is t i l led  

water . 
Dark GO=, Fixation. - 50 mlo of a l$ c e l l  suspension were placed i n  L25 mlo 

gU~96 stoppered E r l e m p r  flasks. 'he f lasks  were mapped w i t h  aluminum f o i l  

and placed i n  a d u k  room, A11 subsequen% operations were performed using a 

yellow safety l igh t ,  Radioactive carbon was added t o  the c e l l  suspensions as 

a sodium bicarbonate solution containing 0,0248 ml. M_ NaH603 and 200 &&. cU 

per mlo 0 J  oe, of this bfearbomte solution was tihe amount usual* added per 

experiment, The flasks were theah stoppered, shaken occasfolaally during the 

exposure period the eella, were k i l l ed  by dumping into a volume of boiling 

absolute alcohol t o  give a final 

(*acac> The authors wish t o  thank 
growing these ~ r g a n f  sms . 

concentration of 80% ethanol 

&so Louisa Norris  fo r  her assistance in 



Pkbotassnthetic ernrimeratso - oeU suspensions were placed i n  a l o l l i -  

po$ Bnd exposed t o  a l i g h t  intensi ty of '7,400 laxo A i r  was bubbled through 

for 15 mino before addition of t h e  radioactive bfowbonate solution, The 

lo l l ipop was stoppered, the suspension constantly shaken i r z  the l i g h t  beam 

for a measured time period and then rapidly poured in to  boiling ethanol t o  

give a final concentration of 8G e 

Radioactivity maswements, - A l l  radioactive experbents were analyzed 

in the following mannero Immediately a f t e r  k i l l ing  i n  boiling ethanol the 

suspensions were cooled, tihe volwne determined and am al iquot  of the entire 

suspension plated on caldnm plates a9d the ac t iv i ty  eourakd using a Geiger- 

W e r  counting tube, In tihis manner the to%& amom$ of radioactivity incor- 

porated in to  non-mlstile, s table  compo-s was determhed, The c e l l  exbracts 

were acid enough so that, all unchanged carbon dioxide was removed during the 

plating p~ocedu~pe~  The cell suspeaasicxa was then f i l t e r e d  through Celite and 

8@ aleoh01 ext rac t  was employed to determine the individual eomgounds which 

as the second solvent were run arad the radfoacRive weas of the paper located 

after elut ion ff-aPom the paper and ident if icat ion of the resulting productso 



The mount of radioact ivi ty  in each spot was determined by d i r ec t  counting 

on the or iginal  ehromatogram with a thin-window Geiger-Wler counting tube, 1 

Experimental and Results 

Dark GO3 Fixationo - The radioactive produetr formed during dark C02 

f ixat ion by Euglena g rac i l i s  were s t r ikingly d i f fe rent  from those of any 

other microorganism, e i ther  photosynthetic or non-photosynthetic, that  has 

been investigated.' (Figure 1. ) Not only were the character is t ic  dark GO2 

f ixat ion products, malic, c i t r i c ,  aspart ic  and glutamie acids, formed, but 

many of the phosphorylated compounds typical  of Co2 f ixat ion i n  the l i g h t  

were observed, See Table I. 

The normal procedure for  a dark C02 f ixat ion experiment is  t o  add the 

radioactive bicarbonate solution t o  the c e l l  suspension immediately a f t e r  

placing the c e l l s  i n  darkness* When Chlorella or  Seenedeamus i n  the absence 

of CQ2 are  exposed t o  high l i g h t  in t ens i t i e s  and then immediately placed i n  

the dark and GO2 added, they are capable of f ixing an apprec i~b le  amount of 

C,Q2 i n t o  phosphorylated compounds, the " pre-illumination e f fec t  ." The con+ 

pounds formed ape qual l ta t i re ly  the s& as those produced by photosynthesis. 

To test whether the dark f ixat ion of GO2 into phosphorylated compounds by 

Euglena might also be a "pre-illumination effect," the following experiment 

w a s  parformedo The washed c e l l s  were reeuspended- i n  d i s t i l l e d  water and 

air bubbled through the suspension while kept i n  the dark f o r  16 hours, 

A f t e r  t h i s  time, radioactive GO2 w a s  added while the suspension was s t i l l  i n  

the dark and %he c e l l s  k i l led  a f t e r  40 minuteso AU. operations were carried 

out in t o t a l  darknesso Chromatograms from this experiment again showed that 

phosphorylated compounds, as  weU as the usual organic aefda and amino acids, 



Table I 

Radioactive froducts Formed During a 

40 &no Dark GO2 Fixationbp Euglena ~ a c i l i s  

-- 

5 of 8Ob alcohol soluble* act iv iw 

Product Bk, dark adaptation 16 hrs. dark adaptation 
in  a ir  

W i c  

Citric 

Ehosghogl.yceric 406 6,O 

Sugar monophosphates 19 08 16,Q 

hcleot ides  5 04 -- 

(*) 5 of total f imd activity soluble in  sob alcohol approx. 5@ 
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Bad become radioactive (Table I, column 2 j 0  Therefore, the dark fixation 

of 6% in to  phospho~ylated compounds by Euglena does not involve the use of 

energy stored in the ce l l s  fPom a previous exposure t o  l i g h t  as i n  " p e -  

f Uumilaationot' 

The radioactive phosphates were ident i f ied Qy ~hromatographie position of 

the phosphate and of the carbon compound obtained a f t e r  emgmatic hydrolysis 

with F01idase-S~ The same radioactive phosphates were found to be present 

after dwk GO2 f ixa t ion  as a re  f o m d  during photosynthesiso Even sedo- 

heptulose phosphate> ident i f ied by conversion of sedoheptulose in to  sedo- 

heptulosan by a ~ i d  treatment, was found t o  be radioactive, 

Pnosphoglyceric acid accounted f o r  5% of the t o t a l  soluble ac t iv i ty  and 

the sugar monophosphates fo r  25% of the soluble ac t iv i tyo  The organic acids 

and amino acids represented 43% of the fixed soluble ac t iv i ty ,  Serine and 

glycine, formed only i n  trace amounts i n  most dark f ixat ion experbents with 

other organi sms,  accounted f o r  of the ac t iv i ty  , 

Several experiments were conducted i n  an e f f o r t  t o  determine whether GO2 

might be entering the metabolic pathways of Euglena via two d is t inc t  routes or 

whether cabon dioxide appearing i n  suga~s had f i r s t  been fixed in to  organic 

compounds via reversal. of the tricarborrylie acid cycle, 

The r a t e  at wh5ch GO2 w a s  fixed i n  the dark was determined over the time 

internal  of 5 t o  40 minutes, The amount of ac t iv i ty  fixed during t h i s  t h  

period is shown i n  Figure 2, Both the t o t a l  amount of ac t iv i ty  fixed and the 

ac t iv i ty  fixed i n  80% alcohol soluble compounds are  plotted, The t o t a l  amount 

of ac t iv i ty  increases s teadi ly with time although a t  a decreasing rate ,  The 

daoho l  soluble compounds increase rapidly f o r  the first 10 minutes with a 

very slow increase a t  l a t e r  time, The two d i f fe rent  f ixat ion ra tes  particu- 

l w u  i n  the soluble components suggest %wo s ~ t a n e o u s  different  routes of 

GO2 ~ ~ o r p o r a t i o n ,  



Paper chromatography was used t o  separate and identif'y the compounds 

present i n  the alcohol-soluble fkactiono The amount of radioactivity i n  

each compound w a s  a l so  determined by d i r ec t  counting of the compounds on 

the paper chPomtog~ams~ Therefore, the amount of ac t iv i ty  in each com- 

pound as a function of time could be determined and tihemslilts are  plotted 

i n  Figure 3, 

The sugar rnonophosphates, giving primarily glucose, fructose and sedo- 

heptulose on hydrolpsia, contain the l a rges t  amount of radioactivity a t  the 

shortest  t h e  tested, T b i r  ac t iv i ty  continues t o  remain the major f ract ion 

a t  all of the logger t3me periods investigated, A nucleotide giving glucose 

aa the p r b e i p l e  radioactive compound on phosghatase treatment also contains 

a large f rac t ion  sf the a e t i x i Q ,  This has been shown t o  consist  largely of 

mi  dice d i  phosphate glucose 61 Phosphoglyceric acid contains considerable 

a c t i d t y  but less  than the sugar phosphates even a t  the five-minute interval ,  

Qf the n o n - p h ~ s ~ a ~ r y l a ~ e a i  eompoauads, the combined ac t iv i ty  of glutamic acid 

and glutambe has the highest value. Aspartic and d f c  acids have very low 

a ~ t i v i  ti e s 

Another experiment designed t o  elucidate the manner i n  which GO, - is incor- 

i n  0.05 5 &onate a% $ 4.3 f o r  105 minutes and then radioactive carbon dioxide 

added fo r  15 m h t e s o  Under these conditions, mabonate d t e r e  the f ixat ion 

pattarn of ~ c e n e d e m s  .'l A f t e r  t h i s  treatment the c e l l s  were f Fltered rapidly 

though c e l i t e  and kfQed ?ay pouring bs i l ixg  80% ethanol though the algae, 

A control experiment, i d e n t i a d  emepfi f o r  the om%ssfon of d o n a t e  was a l so  

carried out, The amount 0% alcohol-soluble rdioac.d; i~I%y fixed was the saus 



in both emplea. Determination of the ac t iv i ty  of individual compounds 

also shows t h a t  t he  d o n a t e  treatment had no significant effect  on the 

distr ibut ion of actfvf%y within the individual compounds  able 11). 

Table 

Effect of Mal~nate on 15 mino Dark C% Fixation by Euglena 

Control U o n a t e  treated 
$ of soluble ac t iv i ty  $ of soluble ac t iv i ty  

When rdioaetfve oarborn, dioxide is  administered t o  photosynthetic or 

non-phctasynthstic tissues, radioactive sugars mey be found. However, the 

dfs&ribution of ac t iv i ty  in the iradividwl carbons of t he  sugar skeleton 

i s  e.b;Pikiqgly different for the tuo types of reactions. The radioactive 

glucose obtained by hydrolyds of the phosphates formed by Euglena during 

a L@=minu%e carbon dioxide fixation in the dark w a s  oddized with perio- 

%**I 
date Om the earbola of the primary alcohol group of glucose w i l l  be 



oxidized t o  formaldehyde by this treatmento This formaldehyde was trapped 

with dimdon and i t s  ac t iv i ty  determined, The formaldimedon contained very 

l i t t l e  radioactivity ( l e s s  than 0 ~ 1 3 $ ) ~  The ac t iv i ty  of the other carbon atoms 

was not determined, If carbon dioAde were fixed i n  glucose by the same reac- 

t ions  as occur during photosy9thesis9 the number 6 carbon of glucose so pro- 

duced would be radioactive, In order t o  estimate just  how much radioactivity 

one might e x p e t  t o  find i n  this carbon atom, it is  necessary t o  determine 

approximately w h a t  f ract ion of the labeled glueose found i n  a 40-minute dark 

f ixa t ion  might have been formed by a route corresponding t o  that  occurring 

during photosynthesiso This may be estimated as that corresponding t o  the 

rapid r i s e  i n  the soluble curve of Figme 2, which would be about 8 x 104 

c o/mo/gmo c e l l s o  This i s  an mount of soluble act ivi ty tha t  would correspond 

t o  about 20 seconds of photosynthesis a s  may be seen from Table 111, 

Table 111 

Amount of C1k2 Fixed by one gram of Euglena Cells 

The shortest  photosynthesis experiments available fo r  Euglena w a s  I 

minute and degradation of some glucose from these gave Cg -13% and C4 + C5 

4Go This i s  a p p o x h a t e l y  the same distr ibut ion as  was obtained i n  a 

similar experiment with Seenedems, so tha t  presum&bly the r a t e  of 
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photosynthesis labeling i n  the two organisms are comparable, Hexose from 

30 sec, photosynthetic experiments with Scenedesmus shows 66 -9, If th i s  

f i g m e  i s  ex t rap la ted  back t o  2 0  see, of photosynthesis and then diluted by 

an equal amount of glucose formed by reversible terminal carboxylation reae- 

tions and labeled only i n  C3 and Cq, it i s  clear  tha t  the existing data 

does not e l h i n a t e  the possibi l i ty  of a9 appreciable fract ion of the glucose 

found i n  40 mino dark f ixat ion by Euglena having been formed by a mechanism 

sfmilax t o  that used i n  the l i g h t  reaction, O f  eour°se9 the possibili ty of 

s t i l l  another mode of GO2 f ixa t ion  being available i n  Euglena i s  very likely,  

Photosynthesis Experiments, - Photosynthetic experiments of one and f ive 

minutes exposure t o  radioactive CO2 were perf ormed, The majority of act ivi ty,  

8& in one minute, i n  5 minutes, i s  found i n  phosphorylated compoundso 

(Table IV.) The general photosynthetic pattern f o r  Euglena i s  similar to 

t h a t  of other photosynthetic organismso t3 

Euglena grac i l ia  i s  known a s  one of the acetate f lagel lates ,  preferring 

acids and alcohols t o  sugars as a cwbon substrate, The organisms used i n  our 

laboratory are grown i n  the presence of both l i g h t  and acetate, Therefore, it 

wae of in te res t  for  several reasons t o  investigate the utfPisation of acetate 

by rest ing c e l l s  i n  the premnoe or absence of l igh t ,  Qne mgo of sodium ace- 

ta te-2214 w a s  added t o  a suspension of 500 mg, wet weight of Euglena ce l l s  

in 100 cc, of d i s t i l l e d  water, Four per cent GO2 in air  was continuously bubbled 

through the suspension t o  remove any carbon dioxide which might be formed by 

decomposition of the acetate,  Determinations of the t o t a l  ac t iv i ty  at the end 

of both the l i g h t  and dark experiments (a f te r  12  mi.nutes) showed tha t  none of 

the  radioactivity had been l o s t  duping the expepinento Therefore, the methyl 

carban of the ace t ic  acid was not oxidized t o  carbon diodde,  or9 if  converted 



Table 

Fixation During 1 mino and 5 mine 
Photosynthesis by Ewlena gracilis 

% soluble activity 

Sugar monophos@ks 

Nueleotide phosphate 

Serine 

Glycine 

$ Insolubles 



t o  C%, it was reut i l ized  by the c e l l s  before l idera t ion  in to  the external 

medium fo r  the c e l l s  

The t o t a l  amount of acetate radioactivity converted t o  stable, non- 

vola t i le  compounds was  determined by plat ing and flooding the plate w i t h  

glac ia l  acet ic  acido This last step was necessary t o  i n m e  complete 

removal of unchanged ace t ic  acid, The 8@ alcohol soluble act ivi ty was 

determined i n  an ident ica l  manner. The results are shown i n  Table V o  

Activity 
Fed 

ctso/m 
Activity Fixed 

ctso/m 

Total 804% Alcohol Soluble 

Ught  8,200,000 l , l O O p O O O  230,000 

Dark 8,200,000 400, 000 250,000 

These r e su l t s  show tha t  a considerable mount, 130&, of the acetate fed 

was converted t o  other organic compounds during a twelve-minute period of photo- 

synthesis. In the l i g h t  there i s  a greater u t i l i za t ion  of aeetate than i n  the 

dark, Although more aeetate was ut i l ized  i n  the l ight ,  the same amount of act i -  

v i ty  was found i n  the 8@ aleohol-soluble fractions of the l igh t  and dark experf- 

ments. Chromatograms of the alcohol-soluble materials indicate tha t  i n  the l i g h t  

the p e a t e s t  f rac t ion  (47%) of t h i s  ac t iv i ty  was in the l i p i d  and phospholipid 

fract ion,  I n  the dark only 185 of the alcohol extractable incorporated radio- 

ac t iv i ty  i s  found in the f a t  f ractf  on with 505$ of the fixed act ivi ty present as 



phosphorglated compounds   able VI 1. This enhaneed incorporation of acetate 

in to  l i p i d  under the influence of l i g h t  i s  similar t o  tha t  found eqrhier f o r  
g **a** 

green algae4 (Scenedesmus) and purple bacter ia  9 ( ~ h o d o s ~ f r i l l u m  rulmm) 

Table TTI 

~ c e t a t e - 2 - ~ 1 4  Feeding Experimnt 

% of 8@ alcohol 
soluble ac t iv i ty  

9 
u g h t f  Dark 

AS par t i c  8 ,P 5 02 

Phosphates 2007 4903 

Dextrins 703 3 07 

Lipids and 
phospholipids 4704 1703 

Discussion 

!hat ehapactepistia of the dark f ixa t ion  of carbon dioxide by Euglena 

which is different  from that i n  all other organisms; so far examined i s  most 

c lear ly represented i n  Figure 1, It i s  elear from t h i s  tha t  the pattern of 

compounds into which carbon dioxide i s  fixed i n  the dark by Euglena is very 

s i m i l a ~  t o  t h a t  of photosyrathetic earbon dioxide fixation, This is  not t rue 

of a q ~  of the other tissues so  f a  e d n e d  i n  which the anfmal kingdom is 

represented by liver s l i c e s  and a c o l o ~ l e s s  protozoon, and the plant kingdom 

(***** Unpublished obsematf am in this laboratoryo 
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represented by yeast  and water molds, a variety of aerobic and anaerobic 

bacteria, green algae, and leaves from higher plants. Although the data 

available t o  us a t  present regarding the dis t r ibut ion of the labeled carbon 

i n  compounds produced by the dark f ixat ion does not permit us t o  say unequi- 

vocally t h a t  they have been formed by routes ident ical  with or closely paral- 

l e l  t o  those used in photosynthetic fixation, there i s  some indication that 

this may be soo I n  addition t o  the degradation data on glucose already dis- 

cussed, there fe one other b i t  of information on the malic acid formed during 
****** 

10 minute and 40 minute dark f ixat ions by Euglena. The 10  minute malic 
- - - - - -  

acid shows appro-tely 18% of i t s  radioactivity i n  the U-carboxyl sarbon 

with a31 of the ~emaining ac t iv i ty  (approximately 72%) found i n  the kcarboxyl 

carbon, On the other hand, the 40 minute malic acid shows 25% i n  the a-car- 

b o q l  and about 65% i n  the F c a ~ b o x y l ,  leaving appoximately 15-29 i n  the two 

central  carbon atoms of malic acid, This dis t r ibut ion would indicate tha t  a 

small amount of t h i s  d i c  acid had been formed by a reaction similar t o  those 

by which it i s  formed i n  the l i g h t o  I n  contrast  t o  th is ,  radioactive malic 

acid obtained from Chlorella which have fixed radioactive carbon for  40 minutes 

i n  the dark shows app-oxfnately 50;% of the radioactivity i n  the a-cmboxyl car- 

bon and the remaining 50% i n  the Fcarboxyl carbon, 

Even i f  it is  not possible for  us  t o  say precisely by what meehanfsm the 

carbon dioxide fMs j b ~  way into the photosynthetic intermediates i n  the dark, 

it is  qui te  e lear  t h a t  the coupling of energy, made available by respirat ion 

and/or fermentation, with carbon dioxide reduction, ex i s t s  i n  Euglena t o  an 

(******) These degradatf ons were performed by D r ,  P, K, Christensen, Fellow 
of the Norwegian Council on Scient i f ic  Research, t o  whom we here 
express OW thankso 
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exbent not found i n  a q ) ~  other t i ssue  examined, ei ther  plant or  animal,, A 

further evidence of t h i s  close connection between dark and photosynthetic 

metabolic routes in Buglena may be seen i n  the behavior of labeled acetate, 

In  Euglena, labeled acetate i n  the dark finds i t s  way not only in to  tpicar- 

boxylic acid intermediates but in to  all of the compounds normally found as  

intermediates of photosynthetic GO2 assimilationo This is i n  contrast t o  

the s i tua t ion  fi Scenedesnus i n  which acetate carbon fn the dark finds its 

way only i n t o  the tPiaarbQq1ic acid intermediateso 

Assuming for  the moment that the mechanism fo r  carbon dioxide inem- 

popation i n  the dark includes metabolic pathways very similar t o  those 

used fn tihe I.fght, one can represent the relationships between the Euglena 

studied fa this work with green plants as r e ~ e s e n t e d  by (2iLorelI.a and animal 

organisms represented by T e ~ ~ n a  as shown on the chart  (Figure 4). Here 

it i s  c lear  that t h e  ab i l i ty  t o  u t i l i z e  chemical energy f o r  carbon diox7.de 

f ixat ion i n  a manner similar t o  %hat by which photochemical energy i s  used is 

W t e d  t o  Ewlenao It is capable of carrying out a l l  t h e e  types of rneta- 

bolfc sequence i n  contrast t o  the other two types of o ~ g a n i s m  represented by 

Tetrahpnena or  GhloreUao 

It is  interest ing t o  s p o u l a t e  upon the poeeible signifisernee of these 

f a c t s  w i t h  respect t o  the pbylogenetic relationships of ~ug lena .~ '  They ' 

could be used t o  o o ~ ~  the old notion based upon mok@ology asd gross pkay- 

siology that Euglena r e p e s e n t s  %he type of parent a t  which the separation 

of the plant  and animal kingdom took placeo We could suggest tha t  the evolu- 

t ion  toward the a&ml kingdom involved the loss  of not only the photoehemi@al 

appapatus but the ab i l i ty  t o  reduce carbon dioxide'by the path of carbon dioxide 

fixation, T h i s  does not irnply tha t  all the animal kingdm as we know it today 

must have passed though pbaotosylatheti~ organisms in t he i r  evolutiono It is 



quite conceivable and altogether l fke ly  that mq 0% t h e m  have evolved d i rec t ly  

from the primitive heterotpophia, dependent mpeproduetive dk3, The distino- 

%ion between those which have and %hose which laage not passed *ough a photo- 

\, synthetic stage in the i r  evdu%ion may event- be found on the biochemical 
\ 

'1 * l e v e l  in terms of carbon dioxide f ixat ion patterns or some similar criterion, 
\\ 
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Captions to  Figures 

Fig- 1 - Patterns of l i g h t  and dark GO2 f ixa t ion  by Eugleaa compared 
t o  dark f ixa t ion  by two other o r g & s m ~ ~  

Figure 2 - Time eourse of dark GO;? f ixat ion by Euglena, 

F i m e  3 - Time course of dark CQ2 f ixat ion i n  various compourJds by Euglena, 

Figure 4 - Diagrammatic representation of possible enzymtic interrelationships 
among several organisms* 
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