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I .  SUMMARY 

f -Cyanoa lan i ne synthase i n  et io lated seed l i ngs of Lupinus 

angustifo l i us is found mai n l y  i n  the m i tochondri a l  f raction of the coty ledons 

and stems . I n  seed l i ngs deve lop i ng at 25 °
C in the dark it reaches a 

maxima l concentration after 5 days , at the same time as asparag i ne accumu-

. 
l otion is  most rapid and othe r  physio log i ca l changes occu r .  However ,  

maxima l abt l i ty to assim i l ate H C N  gas to asparag i ne deve lops afte r 3 to 4 

days , befo re asparag i ne accumu l ation beg ins .  

A partia l purifi cat ion of l up i n  f -cyanoa lan i ne synthase is described 

and i ts d isti nction from cyste i ne synthase conf i rmed . 

Carbon- 14  labe l led substrates were suppl ied to et io l ated seed l i ngs 

of l up i n  in order to ide ntify precursors of asparag i ne .  Four carbon ac ids 

re lated to the TCA cyc le were read i ly converted to asparag i ne in  v ivo 

but not i n  v i tro; the carbon ske leton of aspartate i s  retai ned i n  asparag i ne .  

Comparison of the distribu tion of l abe l i n  the ca(bon ske letons of aspartate 

and asparagi ne from p l ants supp l ied carboxy l l abe lled fumarate shows a 

separat ion of the aspartate poo l for asparag i ne b iosynthesis  f rom most ce l l  

aspartate. Metobo l i tes that could be expected to give r i se to cyan ide and 

f -cyanoa lan ine are re lat ive l y  i neffect ive as asparag i ne precu rso rs . 

Thus the f -cyanoa lan i ne pathway is no t of major importance i n  

asparag i ne b iosynthesis  i n  l upi ns . 
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il. INTROD UCTION 

When B lumenthai-Goldschmid t  et a l .  ( 1 963) and Tschi ersch  ( 1 963) 

observed that H 
14

CN supp l i ed to hig her p l ants was converted i n to asparag i ne 

by  way of f- cyanoa l an i ne, seri ne provid ing the other  three carbon atoms , 

the possib i l i ty suggested i tse l f  that the i n i t ia l  reaction of this pathway was 

cata l ysed by a re lative l y  unspecif ic  cystei ne synthase , poss ib l y  the same as that 

d escribed by Bruggemann et a l . ( 1 962) 

0) 

( i i) 
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synthase 

CH
20H 

I + -
CHNH
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CH
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A l ternat ive l y ,  these observations may be  a c lue to a so lut ion of the vexed 

question of asparag ine bicsynthesis  i n  plants .  Described here i s  work 

i n tended to evaluate the metabo l i c  ro l e  of these proc.'esses . 

Duri ng the course of this work much re levant i nformation has been 

pub l ished. F l oss�· {1965} stud i ed cel l -f ee systems conta i n i ng 

f -cyanoa la n ine synthase , and found that cysteine cou l d  rep l ace ser i� as 

a substrate . Hend ri ckson and Conn (1969) have recent l y  described a part ia l  

puri fi cation of �-cyanoalan ine  synthase from lup i ns.., .and they corroborate 

the evid ence described here ..that  the lupi n enzyme wi l l  ut i l ise cysteine as 

substrate but not ser i ne .  Meanw h i l e ,  doubt has been thrown on  the s ign i f ic-
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once of the enzyme described by Bruggemann et a l . ,  since the metabo lica l l y  

important  substrate for cysteine syn thase in higher p l an ts now appears to be  

0-a cety l  serine (Giovane l li and Mudd ,  1 967; Thompson and Moore, 1 968). 

Hend rickson and Conn found that l upin r-cyanoa l anine syn thase wi l l  u ti lise 

0-acetyl seri ne as substrate at  5% of the rate that it wi l l u ti l i se cysteine. 

In addit ion an 0-acety l ser ine  dependent cysteine synthase was found in 

their p l an t  materia l ,  loca l ised in a different sub ce l lu l a r  fraction . Fowden 

and Bel l (1965) have investigated the d i stribution of f -cyanoa l anine hyd rat­

ase , wh i  eh converts p -cyan6a l anine to asparagine in l egume species, and 

found that i t  is absent i n  those that a ccumu late f -cyanoa l anine  and 

't-g l utamy l -r -cyanoa l anine. Thus i t  is estab l ished that a wide variety of 

h igher p l ants possess two enzym es , f -cyanoa l anine synthase and f -cyanoal anine 

hydratase , that catalyse what wi l l  be ca l l ed in this thesis the 11 p -cyanoa l a nin-e 

pathway" . 

CN IH2 SH 

CHNH
3

+ 

SH 

I -coo 
cysteine 

�/ f- cyanoa lanine 
synthase 

CH2CN H20 CH2CONH
2 I + \.. I + 

CHNH
3 

l>- CHNH
3 I . _ f- cyanoa lan i ne t 

COO · hydratase COO fcyanoa l anine asparagine 

T his information ,  in con1unct ion with the ear lier resu l ts described here,  

makes i t  most improbab le  that the enzymes of  the f-cyanoa l anine pathway are 

invo l ved in cysteine biosynthesis in p l ants. The emphasis in t his work was 

thus directed more towards e l ucida ting the re l ationship between cyanid e 

assimi l a tion and asparagine biosynt hesis in etio l ated Lupinus angustifolius 

· seedJi.ng$; these p l a n ts accumt.date up to 30% of their dry weig ht as asparagine , 
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and a l so readi l y  assimi l ate cyanide . The deve lopment of f-cyanoal ani:ne 

syn thase activity was studied as a function of p l ant  deve l opment, and 

compared with the deve lopment of the abi lity to assimi l ate exogenous 

cyanide and with the accumu l ation of asparagine . Radio-active substrates 

were supp lied to intact p l ants to study which were the preferred substrates 

for asparagine biosynthesis, and to look for possib l e  precursors of cyanide; 

attempts w ere made to locate the asparagine synthetase desc ribed by 

Webster and Varner (1955 a & b) but not found by other workers 

{Meiste r,  1 962; Lees .et a l., 1 968) . T he resu l ts suggest that the m ajor 

pathway of asparagine syn thesis is from four ca rbon di ca rboxylic acids, 

and not from cyanide; but an iso lation of an asparagine synthetase was 

not achieved. 
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