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ABSTRACT 

Acetyl -CoA carboxylase catalyses the rate-limit ing reaction 

in  de novo f atty acid biosynthesis in  a wide var iety of 
organisms. I n  plants however , the signifi cance of this 

enzyme in regulating de novo fatty ac id biosynthesis is 

unknown. 

In  th is invest igat ion acetyl-CoA carboxylase of ma i z e , barley 

and spinach leaves has been studied in  order to compare some 

features of this enzyme in the three pl ants . In mai ze , 

acetyl-CoA c arboxylase is located in chloroplasts , where i t  
occurs as a soluble enzyme in the stromal fraction . Both 

mesophyll and bundle sheath ce l ls also exhibit acetyl -CoA 

carboxylase activity . Activities of acetyl-CoA carboxylase 

in  isol ated c hloroplasts have been compared to rates of l ipid 

synthesis from acetate in orde r to investigate the ro le o f  
acetyl-CoA carboxyl ase i n  regul ating de novo fatty ac id bio

synthesis from acetate . Although acetyl -CoA carboxylase 

activity was higher than that expected from the rate of  

acetate incorporat ion into l ip ids of isolated chloroplasts 
o f  mai ze and bar ley , the opposite was found for chloroplasts 

isolated from spinach . In chloroplasts from the emerg ing 

leaves of ma i ze seedl ings , l ipid synthesis was max imal with 
chloroplasts isolated from the leaf segment corresponding to 

leaf  greening . However , a relationship between leaf deve lop

ment and acetyl -CoA carboxylase activity was less apparent . 

Consequently a regul atory role for acetyl-CoA carboxylase in 
de � fatty acid biosynthesis could not be d irectly estab

l ished from a compar ison of the rates of l ipid synthesis and 

acetyl-CoA c arboxyl ase act iv i t ies . 

An alternative approach to the establishment of  a regulatory 

role for acetyl -CoA carboxylase was to purify the enzyme 

from mai ze and barley leaves , and study its response to var i 

able concentrations o f  substrates , products and certain 

cellular metabolites . Pur i ficat ion of both enzymes was per-



lll 

formed by identi c a l  procedure s ,  includ ing polyethylene glycol 

fract i onation , hydrophobic chromatography and ge l fi ltration . 

Acetyl -CoA carboxylase from b?th mai z e  and barley leave s 

appeared to be an integral enzyme , a s  no evidence for its 

d i s sociation was found , contrary to the find i ngs  of the 

bacteri a l  enzyme . The kinet ic properties o f  the partially 

puri fied enzyme from mai ze and bar ley were very similar . The 

apparent Michael i s  constants for the substrat e s , acetyl-CoA 
and HCO� , were about O . lmM and 2mM , respective ly for both 

enzyme s . The enzymically active form of the substrate , ATP , 
was found to be Mg . ATP . Furthermore , free ATP inhibited 

enzymic activity , while f ree Mg 2 +  act ivated the enzyme from 

both p l ant source s .  Monovalent cations , particular ly K+
, 

were pos itive e f fectors o f  acetyl-CoA carboxyl ase , on the 

other hand , the products o f  the acetyl -CoA c arboxylase re-

action , malonyl -CoA and ADP were inhibitor s . ADP inhibit ion 

was compet itive with respect to ATP , but uncompetitive with 

respect to acetyl-CoA . I nh ibition of acety l -CoA carboxylase 

activ i ty by CoA was noncompet it ive with re spect to acetyl

CoA , while palmitoyl-CoA inhibition wa s uncompetit ive with 

re spect to acetyl-CoA . 

From the view point of regulation o f  acetyl -CoA carboxylase 

act iv i ty , the observed response o f  activity to change s in pH , 

and the concentrat ions o f  Mg2+
, K

+ , ATP and ADP in vitro , may 
be o f  s ign i f i c ance . Changes in the chloroplastic  leve l s  of 

the se e f fecto r s  of  acety l-CoA carboxylase act ivity have been 
reported to occur during l ight-dark tran s i tion of chloro

plasts , and would be cons i stent in regulating acetyl -CoA 
carboxylase a c tivity in the light and dark . 
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act iv ities in c e l l - free extracts and chloro

pl ast s  from ma i z e , bar l ey and spinach 

XIV Acety l-CoA carboxylase in ma i z e  and spinach 

leave s 

XV Pur i f ication o f  acetyl-CoA carboxylase  of 

ma i z e  leave s us ing procedure I 

XVI Pur i f ication o f  acety l-CoA carboxy lase  of ma i z e  

leave s us ing proc edure I I  

XVI I  

XVI I I  

I nte ract ion of ac etyl-CoA c arboxyl ase  with 

Sepharo se-N-Cx 

Stabil ity of part ially pur i f ied ac etyl -CoA 

carboxylase 

XIX Pur i f ication o f  acetyl-CoA carboxyl a s e  of 

barley leave s u s i ng procedure I 

XX Act ivation of ma i z e  lea f  acetyl-CoA c arboxy

lase by monovalent cat ions 

XXI Inhibition of ma i z e  leaf ac etyl -CoA c arboxy-
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lase  act ivity b y  sulfhydryl reacting reagent s  1 2 9  




