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Lysine biosynthesis in Chlorella and Euglena: phylogenetic significance 

R e c e n t  t r a c e r  s t u d i e s  w i t h  [ 4 - a ~ C ] a s p a r t a t e  h a v e  i n d i c a t e d  a s i n g l e  o v e r - a l l  m o d e  o f  
l y s i n e  s y n t l a e s i s  ( p r e s u m a b l y  v i a  a , e - d i a m i n o p i m e l i c  a c i d )  in  b a c t e r i a ,  i n c l u d i n g  
s t r a i n s  o f  H3'droge'~o~no'uas /aail is ,  P s e u d o m o n a s  fl,uo;'esa~l~s, A zotobacte¢ agil is ,  A gro- 
baa ter iu~  radiobgoler, A lca l igcnes  /aaaalis, ~,sch'~riddat coil, , l l ivroaoacus lysodeiktic~,s,  
A rthrobacter globi/oemis,  Hacf l Ius  subti l is ,  a n d  Sgre,pfomyces griseus x. H o w e v e r ,  c e r t a i n  
f u n g i ,  i n  h a r m o n y  w i t h  e a r l i e r  r e s u l t s  (e.g., ref .  ~), s h o w e d  a d i f f e r e n t  p a t t e r n  o f  
l a b e l i n g ,  i n d i c a t i v e  o f  a d i f f e r e n t  p a t h  o f  l y s i n e  f o r m a t i o n L  T h e  c o n s i s t e n c y  o f  t h e s e  
r e s u l t s  a n d  o f  c e r t a i n  o t h e r s  a,~ e n c o u r a g e s  t h e  v i e w  t h a t  b i o s y n t h e t i c  p a t h w a y s ,  a s  
" b i o c h e m i c a l  o r g a n e h e s "  r e p r e s e n t i n g  a p p r e c i a b l e  p e r i o d s  o f  e v o l u t i o n ,  a r e  c i m r a c t e r s  
o f  p a r t i c u t a r  p h y l o g e n e t i c  s i g n i f i c a n c e .  T h e  p r e s e n t  f i n d i n g s  s u g g e s t  t h a t  s u c h  c h a r a c -  
t e r s  c a n  r e v e a l  e v o l u t i o n a r y  r e l a t i o n s h i p s  t h a t  a r e  n o t  o t h e r w i s e  r e a d i l y  d i s c e r n i b l e .  

I n  T a b l e  I ,  t h e  l a b e l i n g  p a t t e r n s  o f  C/~lorella vulgar is  a n d  E~tglena graci l is  c a n  

b e  c o m p a r e d  w i t h  t h o s e  o f  B.  subt i l is  a n d  Can.di&, ltHlis. I t  wi l l  b e  s e e n  t h a t  in  t h e  
c a s e  o f  Chlerclla (as o f  t-3acill,¢s), w i t h  e i t h e r  D L - ~ 4 - m 4 C ] a s p a r t a t e  o r  u n i f o r m l y  l a b e l e d  
L - [ x a C ] a s p a r t a t e  a s  t r a c e r ,  p r o t e i n  l y s i n e  s h o w s  a p p r o x i m a t e l y  t h e  s a m e  s p e c i f i c  
a c t i v i t y  a s  d o e s  p r o t e i n  a s p a r t i c  a c i d .  T h e s e  r e s u l t s  a n d  s i m i l a r  o n e s  o b t a i n e d  w i t h  
Chlord la  #yreno idosa  ( A T C C  N o .  I x469) ,  a s  w e l l  a s  e x p e r i m e n t s  w i t h  D r , - ~ I - z a C ] a l a n i n e  
a_~ t r a c e r ,  p r o v i d e  e v i d e n c e  t h a t  in ChlomUa l y s i n e  is  s y n t h e s i z e d  b y  t h e  s a m e  g e n e r a l  

m e c h a n i s m  a s  i t  is  in t h e  b a c t e r i a a ,  a,x°, p r o b a b l y  v i a  ~ , e - d i a m i n o p i m e l i c  a c i d  a s  a n  
i n t e r m e d i a t e .  S u c h  a r o l e  o f  ~ , e - d i a m i n o p i m e l i c  a c i d  is in  a c c o r d  w i t h  t h e  d e m o n -  
s t r a t i o n  o f  ( r e l a t i v e l y  s m a l l  a m o u n t s  of) t h i s  a m i n o  a c i d  i n  a s t r a i n  o f  Chlord la  
ellipsoideaZi, lz. 

A d d i t i o n a l l y ;  T a b l e  I s h o w s  t h a t  g u g l e n a  d i f f e r s  in  i t s  m o d e  o f  l y s i n e  s y n t h e s i s  
f r o m  Chlorella a n d  Bac i l lus ,  b u t  r e s e m b l e s  Candida .  T h a t  t h e  l y s i n e  p a t h w a y  i n  

T A B L E  I 

I N C O R P O R A T I O N  O l :  T R A C E R S  I N T O  I~I~OTI-~IN A M I N O  A C I D S  

(A-~ -'~.t}P'.CIFI{~ & C T I V ] ~ T Y  R E L A T I V E  ~ O  T H ~  R E S P E C T I V E  P R O T E I N  A S P - % R T I C  A C I D  ~ / A L I J E S }  

Orga~is~n T f a t e r  IIS~tIII'¢ *I¢.l~ L~/$[11¢ 

Cklov.'lla vulgar, is I~L- [4A4C] A s p a r t a t e  l eo  98 
Cklovelta vulgavis L- [lIC ] A s p a r t a t e  i oo 96 
t~ac, ilhcs subtdis I)L- [4-tIC] Aspartat*z : oo to  4 
llacillus sublilis L- [ laC]Aspar ta te  l ,>o io  5 
Eugte~ta gr'~citis 1>-- [4-14Cj A s p a r t a t e  Ioo <S~ 1 o 
Euglena gracilis L-[ l~e]Aspar ta te  l eo  52 
Cc**tdida ~titis DL- E4-1~C]Aspartate I oo <2 1 o 
Candidu ulilis L-[ l~C-Aspar ta te  Ioo 3 t 

C. vulg¢zris, s t ra in  21 i / i  ta ,  was k ind ly  furnished by  i)r .  R, XV. Krauss :  E. gracilis, s t ra in  T (No. 
75~), was ob ta ined  frnm the  Ind ian~  Univers i ty  Cul ture  Collect ion of Algae;  and  the  B. suMilis 
(,No. 6o51) and C. utilis (No. 995o) s t ra ins  were ob ta ined  from the  Amer i can  Type  Cul ture  Col- 
lection. The organ isms  were grown in 2o ml med ium in 25o-m| Ilasks e i the r  a t  25 ° wi th  illuminzLtion 
and occasional  ag i t a t ion  (CMorelta, liuglcJ2a) or a t  z8 '> wi th  cont inuous  shak ing  (Bacilius, Cat3di¢la), 
The chemica l ly  defined media  used were s l ight  modif icat ions  of known ones for Chlor#lla ~ and  
l£~¢gle~zg~,r: a glucose-sal ts  med ium was employed  for Bacillus and Candida. Approx .  5 - I 0  mg 
(_,o~4o i~c) of the  labeled aspar t i c  ac ids  were suppl ied pe r  Ilask. Fo r  the  d e t e r m i n a t i o n  ot re la t ive  
molar  amoun t s  of the  three  pro te in  amino  acids, expe r imen t s  wi th  D-[t4Cjglucose as sole m a j o r  
carbon source were pcrfi>rmed 2-~. The cu l tures  ob ta ined  were sub jec ted  to  the  ha rves t ing ,  ex-  
t rac t ion ,  hydro lys i s ,  p~per  ch roma tog raphy ,  and  count ing  proeedur0s  prev ious ly  descr ibed,  and  
specific ac t iv i t ies  were c o m p u t e d  as  before ~,Q 
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Euglena is similar to the one in fungi (such as Ca;u[i,[tt and  :Vaurospora ~,'~} is also 
ind ica ted  by  fu r the r  isotope evidence:  with L-_~tC]aspartate as t racer  and with e i ther  
DL-a-aminoadipic acid or DL-hexahomoeerine as unlabeled supplement ,  the radio- 
a c t i v i t y  in the  prote in  lysine (but  not  in the  prote in  aspar t ic  acid or  threonine)  of 
Euglenct is a lmost  comple te ly  suppressed.  An efficient ut i l izat ion of these un]abeled 
supp lements  in the  synthesis  of ]vsine in this organism has thus  been demons t ra t ed .  
The  subs tan t ia l  laheiing of prote in  lysine with L-~*'C]aspartate, but  not  with Di.- 
[4-~4C]aspartate, in Eugle~ut and  Candida is consis tent  with the  view t h a t  these 
organisms have  a citr ic acid cycle and utilize the  succinyl mo ie ty  of a -ke tog lu ta ra te  
as a source of 4 of the 6 carbon  atones of lysine (c/. refs. '-" and vaj. E x p e r i m e n t s  
with [2-~aC]aeet~tte suggest tha t  in Euglemt the remaining two carbon a toms of !ysine 
are der ivable  f rom ace ta te .  In E ttglana and U~ndida as well as in CMorella and  Bccitlus, 
with e i ther  of the  two labeled a spa r t a t e s  as t racer ,  protein threonine  showed appr<>xi- 
m a t e l y  the  samespec i f i c  a c t i v i t y  as did protein asp.'trtic acid. 

F r o m  a phy togene t i c  point  of view, it is n o t e w o r t h y  tha t ,  with respect  to the 
cha r a c t e r  examined ,  i.e,, lysine synthe:ds, Cldorella appears  to  be related to the 
bac te r ia  (and p ro bab l y  to  the blue-green algae; of. refs. a. I. ,0), but  not  to the  fungi 
men t ioned ;  in con t ras t ,  Ea~glana shows an aft initv to  the fungi r a t he r  than  to  the 
bac te r ia .  

This work was a ided by  e. g ran t  f rom the Nat ional  Science Founda t ion  and by 
a C on t r a c t  be tween the Office of Nitva[ Research,  D e p a r t m e n t  of the  Navy ,  and 
Rutgers ,  The  S t a t e  Univers i ty .  
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