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ABSTRACT 

The met ab o l i sm o f  linamarin in c assava ( Manihot 

es culent a C rant z )  has been investi gated. I n fo rmati o n  

on the b i o synthet i c  pathw ay , s ynthet ic sites , t rans ­

l o c at i on and turnover o f  t he c yanoglucoside has been 

ob tained b y  precurs or adm in i s t rati ons to  various part s 

o f  cass ava plants grown under parti al l y  cont ro lled 

conditions in the gl asshouse . 

i i  

Three vo lat i le 14c - l abel led precursors o f  l inamarin 

i sobutyron it ri le , is obut yral doxime and 2-hydroxyi s obut y­

ronitri le were prep ared , purified and administered t o  

c as s ava leaves by a new techn ique in which t he leaves 

were allowed to t ake up precurso r vapour in an en c losed 

glass chamber . The incorporat ion o f  t hese precurs ors , 

and o f  L-valine a dm inis tered by so luti on upt ake , was 

c ons istent with a pattern o f  linamarin biosynthes is i n  

c ass ava invo lving the react i on sequen ce through val ine , 

i s obutyraldoxime , i s obut yronitrile and 2-hydroxyis obut y­

ronitri le· est ab�ished for other plant s. 

The s o luti on administ rati on of L- [u-14c J  valine t o  

vari ous o rgans o f  the pl ant indic ated that the leaves 

and the shoot apex s ynthes ised linamarin more e fficientl y 

than the w o ody stem and the roots and tubers . More 

det ai led i nves t i gati ons o f  leaf biosynthes i s  showed much 

higher incorporat ion of 14c -val ine ·int o  linam ari n b y  

the pet i o les and m i dribs ( 4S-62% 14c inco rpo ration b y  

pet i o les and 20% by midrib s )  than the leaf b l ades ( 2%) . 

There was no d irect rel at i onship between endo genous 

l inamarin content ( which was higher in the bl ades than 

the pet i o les ) and the apparent abi lity to s ynthes ise 



i i i  

l inamarin from exo genous valine . Howeve r ,  the low 

abi lity of t he b l ade t i s sue to incorporat e valine into 

l inam arin could be due t o  more act ive compet ing pathw a ys 

removing the exogenousl y  adm in is t e red val ine . I n  

further inve st igat i ons w it h  tub e r  pee l s  and the edible  

c o res , simi l ar compet ing pathways have been impli cat e d  

for an apparently low b iosyntheti c e fficiency o f  

linamarin . 

The t rans lo c ation o f  l inrunarin was demons t rated b y  

sp e c i fic al l y  l abel l ing 1 4c-linamarin in att ached l e ave s 

with 2-hydroxy [ 1 -1 4c J is obut yronit ri le vapour and 

fo l lowing the change in lab e l led l inam arin content i n  

t h e  l e af and the dist ribut ion o f  l inamarin to othe r 

p arts o f  the plant . In  both non-tuberous and tub e rous 

p lant s there was a rapid loss  o f  1 4c-linamar in due t o  

trans locat ion from the ful ly exp anded le ave s u p  t o  69 

hours aft e r  s ynthe s i s . How eve r  a res idual component o f  

the 1 4c-linam arin (25-37% of t h at initi al l y  synthe s i se d) 

rem ained in the l e ave s . A compartment ati on o f  

s ynthe s ised linamarin i n  cass ava l e a f  tis sue s into a 

re adi ly mobi le and p arti al l y  immobi le fracti on woul d  

account for these obs e rvat ions . In s ene s ci ng l e aves a 

cont inuous los s o f  both 1 4c - l ab e l le d  and endogenous 

l i n am arin o ccurred l e aving almos t no re s idua l c omponent 

although this was attributed to both t rans l o c at i on and 

turnove r .  

Trans l o c at ed l inamarin w a s  di stribut ed t o  a ll 

part s of the plant but the gene ral pattern o f  t rans l o c at e  

flow differed between non-tube rous and tuberous p lants . 

An api cal dire c t ion o f  l inam arin d istribution  exi s t e d  in 



the n on -tuberous pl an ts w hil e tuber-directed l in amarin 

transl ocation prevail ed in the tuberous pl an ts. Leaf 

senescence apparen tl y en hances l in amarin tran sl ocation to 

the tubers. 

There w as l ittl e turnover of freshl y syn thesised 

14c-l inamarin in detached l eaves and tuber tissu es over 

a period of 1 to 3 days. How ever the l ow recoveries 

of 
14

c-l in amarin in the w hol e pl an t tran sl ocation 

experimen ts suggest that active turnover may be occurrin g 

durin g translocation or in certain sin k tissues. 
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1 

1 .  INTRODUCTION 

Cyano genic  glyc o s ides  are g lycos ides o f  2-hydroxy­

n itriles  l inked to the sugar moiety  in the � -confi gurat ion . 

They are wide ly distributed in higher plants  and o c cur 

most  commonly in the families, Ros ace ae , Pas s i f lorac e ae , 

Gram inaceae and Euphorb i ac e ae . Linamarin ( 2-hydroxy-

i s obut yronitrile- �-D-glucopyranos ide ) for ins t ance  o ccurs 

in  a number  o f  t axonomi c ally  unre lated genera such as 

Linum usit ati s s imum ( Linaceae ) , Dimorphothe c a  ( C ompos it ae ) , 
-

Tri folium repens ( Le gum ino s ae )  and M anihot e s culent a 

( Euphorbiac e ae ) . I t  has been shown ( Butler , 1 965 ) that 

s e ve ral o f  the p lant s , including Vanihot s pp . , that 

c ont ain linam arin also  cont ain it s homologue l o t austra l in . 

1 . 1 Hydro lys is o f  Cyanogenic Glycos ides : 

The c yanogenic glucoside s o f  plants usu al ly undergo 

hydro lys is l iberat ing HCN when the tissues are c rushed o r  

damage d .  Where the glucosides are s imple �-D-glucos ides 

as l inam arin is , a specific endogenous � -gluc o s idase 

re leases t he 2-hydroxynitrile from the sug ar m o iety . The 

de composit ion o f  the 2-hydroxynit ri le to l iberat e c yan ide 

m ay occur s pont ane ous ly , but , at l e ast in s ome p lant s , a 

2-hydroxynitrile  lyase is pre sent t o  cat alyse the 

re action ( figure 1 . 1 ) . 

Whe re the glucos idic mo i e t y  is�a dis accharide , for 

example gentiob i o s e  in the cas e of amygdalin , then othe r 

s pe c i fic hydro lyt i c  enzymes first c le ave the s ac charide 

linkage t o  yie ld the s imple (!>-glucos ide . The emuls in 

s ys t em iso l ated from b itter almonds (Prunus sp . )  i s  a· 

m ixture o f  enzymes whose  act i on on amygdalin o c curs in 

three steps (Haisman and Kni ght , 1 967 ; Haisman e t  �l., 
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1 967 ) : Amygdalin hydro l as e  first c l e aves the �' ( 1 -6 ' ) 

bond o f  the gent iob i o s e  portion of amygdal in to  y i e l d  

p runasin and g luco s e ; prunasin i s  then hydro lysed b y  

prunasin hydro lase  to  D-m ande lonitri lc and glucose ; 

the m ande lonitrile  i s  final l y  c l e aved by the action o f  

hydroxynitri l e  lyas e int o benz aldehyde and HCN . 

Within t he int act p l ant its e l f  cyano genic gluc o s id e s  

appe ar to  be  met abo lic ally  active rathe r than the inert 

end product s  as was once thought to  be the c as e. The 

work o f  Abro l e t  al (1 966 ) indi c ated an active turnove r 

o f  cyanoge nic  glycoside in Nandina domest ic a .  Vi c i anin 

bre akdown has also been ass o c i ated  with p ro t e in s ynthe s is 

in Vi cia  angus t i fo l i a  (Ts chi ers ch , 1 966 ) . The turnove r  

o f  c yanogenic glyc o s ides  i n  cyanogenic plant s would  

result in the re le ase of  HCN into the  tis sue s. How eve r 

c yanogenic p l ants  appe ar t o  b e  e q�ipped w i th some  form o f  

HCN ass im i l at ion o r  det oxi ficat ion s ystem sin c e  free HCN 

3 

that m ay re sult from a po s s ib l e  cyanogenic  gluc o s ide 

turnover is b are ly detect able  in the int act p lant s . 

Fe eding o f  C 1 4c ] -HCN to  p lant s result in the inco rporat ion 

o f  1 4c into � -cyan o al anine and asp aragine as the maj o r  

products ( B lumenthal-Go ldshmidt e t  al . ,  1 96 3 ; Fowden 

and B el l , 1 96 5} Et io l at ed c ass ava seedlings have a ls o  

been shown t o  c onvert C 1 4c J -HCN into asparagine (K art e y , 

1 969) . A s ec ond mechanism of HCN detoxific at i on m ay 

invo lve the e n z ymic  c onversion o f  the free cyanide into 

thiocyanat e . The two enz ymic  activitie s  required for thi s  

conversion , rhodane se  and 3-me rc apto pyruvat e ,  sul furtrans­

feras e , have been det e cted  in plant s including c as s ava (Bo e y  



e t  a l . , 1 976 ; Chew and Boey , 1 972 ; Fiedler and Woo d , 

1 956 ; Sorbo , 1 95 3 ) . 

1 . 2 Toxicity Ass o c i at ed w ith Cyanogenic Glyc o s ides  

While c yanogenic  glycos ide s and their b re akdown 

pro duct s do not exe rt any detectab le t oxic e ffects on 

c y anogenic plant s , the animals and humans which feed on 

s uch plant s are known to show vari ous sympt oms o f  c yanide 

t oxicit y .  Live s t o ck pois oning due t o  ingestion o f  fresh 

c y anogenic plant mat e ri al like Sorghum�· ( Ro s e , 1 941 ) 

and Trifo l ium repens ( Coop and Blake ly , 1 949 ) has been  

report e d .  The � arly l it e rature on  c yanide poison ing o f  

humans due t o  ingest ion o f  cyanogenic plants was reviewed 

by Mont gome ry ( 1 969) . E ating of  Phaseo lus lunatus was  

report ed to have c ause d  de aths to  humans in  W aurit ius 

and Pue rt o  Rico  ( Vi eho eve r , 1 940) and depre s s ion o f  

growth i n  chicks f e d  on  linseed  mea l  have a l s o  been 

rep o rted (MacGre gor and McGinnis ,  1 948 ) .  C armody ( 1 900)  

and C lark� ( 1 936 ) have reported that acute cyanide 

po isoning due to c as s ava w as c ommon in Trinidad and We s t  

Afri c a .  

Tolerat ion o f  sub lethal dos e s  o f  HCN i s  ass o c iat e d  

with a number o f  det oxi fic at ion s ystems i n  animals and 

humans . As in  s ome c yano genic plant s , the principal  

re act i on invo lve s the formation o f  �hiocyanate b y  the 

enzyme rhodane s e  ( Fiedler and Wood , 1 956 ) . The main 

s it e  for this detoxi fi c at ion re act ion is in the live r , 

although the enzyme  i s  widely dist ribute d  in othe r  

t i s sue s (Rosenthal , 1 948) . Mushe t  e t  al ( 1 9 52 ) have 

proposed a second detoxi fic ation system invo lving the 

form at ion o f  c yanoc obalamin ( Vit am in B1 2
) from the 
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re act ion b etwe en HCN and hydroxycob alamin in the live r .  

Thiocyanate ,  a c yanide detoxi fi c ation produc t , i s  

a reversible  c ompe titive inhibitor  o f  the accumulat ion  

o f  iodide by the  thyroid gland . Increas e d  thiocyanate 

leve ls in the b lo o d  le ads to thi o cyanate upt ake by the 

thyroi d  gland and thus pre vents thyroxine form ation 

re sult ing in the e n largement of  t he thyroi d  gland . 

Howeve r ,  no c l e ar evidence of  a go itrogenic e ffect w as 

obt ained when whit e  c lo ver was fed t o  shee p , though an 

e levat ion o f  thiocyanate leve l  in the blood plasma w as 

observed ( But ler  e t  al . ,  1 957 ;  F lux et al . ,  1 960) . 

The literature o f fers only c ircumst ant i al evidence 

to  implicate chronic cyanide inge s t i on in human d is e as e s . 

Seve ral report s de s cribe s igni fic ant corre lat ion b et we en 

C as s ava di ets and the etio logy o f  e ndemic go it re 

(Nwoko lo et  al . ,  1 966 ; Ekpe chi , 1 967) . De lange et al. 

( 1 97 3) have confirmed the ant i thyro i d  propert ies  o f  

Cas s ava and showed that i n  Idjwi I s l and ( Z aire , A fri c a ) , 

an endemic go it re are a , C as s ava c ontribute s  a diet ary 

go itro gen re sponsible for the endemic  go itre . The 

pro longed int ake o f  C ass ava has b e en asso c i ated  with 

the occurrence o f  Tropic al At axic Neuropathy in S outhe rn 

N i ge ri a  ( Osuntokun , 1 97 3) .  The prevalence of  the 

dis e ase in one high C ass ava-e at ing vi llage was 3% o f  

the populat i on while  it w as 8% o f  the peo ple i n  the 50-60 

ye ar-o ld age group . 

1 . 3  Biosynthe s is o f  Cyanogenic Glycos ide s 

E arly att empt s  t o  e lucidat e the biosynthe s i s  o f  

c yanogenic glucos ide s inve sti gated the po ssibi lity o f  

the revers al o f  the hydro l yt i c  re act ion us ing the 
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bre akdown product s  as pre cursors . Cann and c oworke rs 

showed that neither [ 1 4c ] -HCN nor C 1 4cJ -ac e t one was 

s i gn i fi c ant ly  incorporat e d  into c yanogenic g lucoside s  

( Blumenthal-Go lds chmidt e t  al . ,  1 96 3 ; Butl er and Conn , 

1 964) . However experiment s using 1 4c l ab e l led amino 

1 4  
. 

ac ids demonstrat e d  good incorporat ions of C into 

cyanogenic glycos ides in S orghum and Prunus pers i c a  

( Gande r , 1 958 ; Ben-Jehoshua and Conn , 1 964) . The 

convers ion o f  valine into l inamarin and. i s o l euc ine into 

l o t australin was first demonstrat e d  in Tri fo lium repens 

by But ler  and But l e r  ( 1 960 ) . This has been confirm e d  in 

other plant s ( Abro l et a l . , 1 965)  inc luding etio lat e d  

C as s ava seedl ings (Nart e y , 1 968) . 

Several expe riment s us ing 1 4c and 1 5N l abel led amino 

ac ids showed that the nitro gen of cyanogenic  glucos i des 

i s  de rived from the  pre cursor am ino acids . The pos sible 

6 

int e rmediat es  between amino acids and cyanogenic gluc o s ide s 

h ave been inve s t i gat ed prim ari ly by admini s t ering l ab e l le d  

compounds t o  det e rmine the ir e ffe ct ivene ss  a s  precursors 

o f  t he gluco s ide aglycone . H ahlb ro ck e t  al  ( 1 968) showed 

that l inen f l ax seedlings e fficient ly convert [ 1 -1 4c J  

isobutyronitri l e  and 2 -hydroxy [ 1 -1 4c J  isobut yronit rile  

int o l inamarin . I s obutyraldoxime was also shown to  b e  

s i gnificant ly conve rted t o  l inamarin by l inen flax . 

Corre sponding nitriles , hydroxynit ri les and oxime s  were 

s i gnificantl y  incorporat ed int o prunasin in  Cherry l aure l 

shoots  (Hahlbrock et a l . ,  1 968 ; T apper and But le r , 1 971 ; 

Farnden et al , 1 972) . A gene ral pathway o f  cyanogeni c 

glucos ide b i o s ynthe s is from am ino acids vi a aldoxim e s , 

nitriles  and 2 -hydroxynitriles  has been formul ated  and 
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i s  pres ented in f i gure 1 . 2 .  The int ermedia t e s  invo lved 

i n  the b iosynthe s is o f  c yano genic glucos ides h ave not  b e en 

det ected  from ext ract s o f  untre at e d  plants . Neve rthe less  

the re is  good e vi dence t o  support the  exis t enc e of  this  

p athway . By c arrying out t rapping experiment s us ing 

un l abe lled is obutyraldoxime and is obutyronitri l e  

_ adm inistered t o gether with L[U-1 4c J valine , Tapper and 

But l e r  ( 1 972)  i s o l at ed t he c orres ponding 1 4c l ab e l l e d  

oxime and nitri le . In  a s imilar s e t  o f  experiment s t he 

pre s ence o f  inhibitors o f  l inamarin biosynthe s is ( D ,  

L-allo-0 -methylthreonine ; D ,L-2-me thoxyprop ionaldoxim e ; 

D ,L-0 -methylthreonine ) c aus ed the ac cumulati on o f  

r adio act ive i sobutyraldoxime .  

On the enzym i c  leve l the enzym e UDP-gluc o s e -ketone 

cyanohydrin � -glucosyltrans fe ras e , the enzyme responsib le 

for the final glycosylat ion st ep in linamarin and 

l o t austral in b i o s ynthe s is h as b e en isolat ed from linen 

f l ax (Hahlbro ck and Conn , 1 970) . The corresponding e nzym e , 

UDP-glucose-aldehyde-cyanohydrin �-glucos ylt rans fe ras e  

has also been i s o l at ed from sorghum (Reay and Conn , 1 969) . 

R e cent ly r.�cFar l ane  et  a l  ( 1 975)  i s o l ated an enzyme  comple x  

from Sorghum that converts tyros ine to  p-hydroxym and e l o ­

n i t r i l e  vi a p-hydroxyace t a ldoxime . 

Adm inistrat i on o f  other poss ib le int e rmed i at e s  and 

precurs ors to plants has suggested- s ome alt e rnat ive 

p at hways for b io s ynthe s i s  o f  cyano genic gl yco s ide s . 

T apper et al  ( 1 967)  and Tapper and But le r  ( 1 97 1 ) have 

demonstrated  that�-keto-isovaleri c  acid oxime was co nvert e d  

int o l inamarin by l inen flax and 2 -oximino-3-propionic 

acid  t o  prunas in in cherry l aure l l e aves ( Prunus 

l aurocerasus ) .  The invo lvement o f  an oximino aci d  
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in the bio synthet i c  pathway is  howeve r.doubt fu l  becaus e 

o f  the pos sib i l i t y  o f  i t s  non-enzym i c  convers ion int o 

nitri le (Ahmed and S pence r , 1 961 ) . 

An alternat ive pathway involving the convers ion o f  

hydroxyaldoxime s  into c yano genic glycoside s w as consi de red 

as a poss ibi l ity . Tapper et  al  ( 1 972)  demonstrated the 

c onve rs ion of 2-hydroxyisobutyraldoxime into l inam arin 

in l inen flax and DL-2-hydroxyphenylac et aldoxime into 

prunas in in cherry l aurel le aves . However the 

micro s om al enzym e  s ys tem o f  McFarlane ( 1 975)  was us e d  b y  

Shimada and Conn ( 1 977 ) to  demons t r at e  in vit ro that the 

general p athway. invo lving the nitrile  but not the 

2-hydroxyaldoxime appe ars to be the most likely  in �ivo 

pathway o f  dhurrin biosynthe sis in sorghum . 

9 

1 . 4 Cyanogenic glycosides of c ass ava , and the ir import ance 

C as s ava , M anihot e s culent a C rant z  ( Euphorb i ac e ae ) , 

is  a root crop grown in t ro pical re gions whe re it s tub e rs 

are o f  gre at import ance as a source o f  carbohydrate .  

C as s ava (Pl at e s  1 . 4 . 1  and 1 . 4 . 2) has various nam e s  around 

the world : Mandio c a  (Brazi l ) , Yuc a ( C arrib e an) , C as s ava 

( English-spe aking A fri c a ) , T apioca (East I ndi e s ) and 

Manioc  ( French) . It is a s hrubby pe rennial  spe c ie s , 

5-1 2 feet high , with enlarged tub e rous root s .  The s t em s  

m a y  b e  branched o r  unb ranched be aring 5 or  7 -lob e d  

p a lm ate  leaves on long s len�er pet io l e s  ( P l at e  1 ) . I t  

is  grown mainly in lowl and are as often giving  a b i annual 

cro p .  I t  is propagat ed b y  means o f  s tem cutt ings buried 

3-7 cm b elow the s oi l  sur face .  A fri c a  alone pro duces  

30  mi l l ion t ons of  c as s ava tubers accounting fo r 35% o f  
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the world product ion  (Nes t e l ,  1973). The global 

average o f  cass ava yie ld s  i s  quoted as about 9.4 t ons 

per he ct are though yie lds as high as 40 to 60 t ons/h a  

have b e e n  report ed ( Neste l ,  1973). Tradit ionally 

cass ava is grown as a sub s i st ence  c ro p  on a shifting 

cult ivat i on b as i s . 

1.4.1. Cas s ava Toxi c ity 

Consumers o f  c as s ava have been fam i liar 

with the toxic nature o f  c e rt ain vari eties fo r a long 

t ime . Clausius , in 1605, m ade the first known wri t t e n  

re cord o f  the poi s onous nat ure o f  c ass ava tub e rs 

(Mont gomery , 196.4). Duns t an ( 1906) identi fied the 

t oxic principle as linam arin and more recent ly But l e r  

(1965) demonst rat e d  the addit ional pre sence o f  

lot australin as a m inor c omponent in Manihot spp . 

Cyanogenic glucoside s o c cur in al l c as sava 

vari eti e s  although there is cons ide rable  di ffe rence in 

content between di fferent varietie s .  Such variet al 

di fferences led t o  e arlie r  att empts to  cla s s i fy c as s ava 

into ' swee t ' and ' bitte r '  c at e gorie s .  The m a j or 

limit at ion o f  such a taste  c l ass i fi c at ion is  that 

cyanogeni c  glyco s ide content is  sensitive to  various 

environmental c ondit ions ( Ro ge rs , 1963). Environment al 

facto rs that have been implic ated  in the vari at i on o f  

cyanogenic  gluc o s ides i n  c as s ava are plant age , w ater  

stre ss , mineral nut rit ion arid shading . Higher 

cyanogenic glucos ide conten t s  have b e en report ed in 

young le aves compared to o ld e r  le ave s ( de B rui j n , 1971). 

Di ffere nt e ffe cts  o f  age on  cyanogenic gluc os ide 

content s of tub e rs have been report e d  (Bo lhuis , 1954; 
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Sinha and Nair , 1968). The roots o f  young c as s ava 

p l ants und e r  ext reme wat e r  s t re s s  were observe d t o  

doub le the i r  cyano genic g luco s ide cont ents ( de Brui j n , 

1971). As with other c yano gen ic p lant s app l i c ation  o f  

nitrogen fert i l iz e rs tends t o  incre ase , whi ls t  pot as s ium 

appli cat ion re su lt s  in a decre ase , o f  cyano gen i c  

g lucos ide leve l s  i n  l e aves and tub e rs ( de Brui j n , 1971). 

I n  the s am e  report de Brui j n . s t ated t hat shading of 

young plants incre as ed the c yano genic  glucos ide 

concentrat ion of l e aves by as much as 40% and th at of 

roots by 30% . 

The only previ ous inve s t i gation concerning cy ano gen i c  

glucoside biosynthe s is in c as s ava reported the signi fi c ant 

convers i on o f  valine and i s o leucine  into linam arin and 

lotaustralin , re spective l y , b y  eti o l at ed cass ava 

s e edlings (N art e y ,  1968). The actu al bi osynthet i c  

p athways h ave n o t  as  yet been  e luc idat ed.  Pos t -harves t  

handling , deteriorat ion o r  d amage o f  c ass ava t ubers o r  

t issues re l e ase s the enz ym e  linam arase (Mont gome ry , 1969) 

which qui ckly hydro l yses l inam arin and lot aus t ra lin t o  

yield HCN a s  the toxic product . Et io lat ed c as s ava 

s eedlings have b e en shown to conve rt HCN int o as paragine 

( Nart ey , 1970). The enzyme rhodanese  which has b e e n  

11 

detected in c as s ava (Chew and Boey , 1972; Boe y e t  a l . ,  1976) 

m ay also b e  import ant in removal o f
.
HCN from c ass ava t issues . 

Pro c e s s ing m ethods aid 'the removal o f  cyanogenic 

g luco s ide s by l e aching or  hydro lys is  followed  b y  

evaporat i o n  o f  re le ased HCN . So aking , boilin g ,  

ferment at ion and t o ast ing are s ome  o f  the m ethods that 

are used t o  prep are and de toxi fy·c as s ava for use as food . 
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Despite these  t e chniques long term ingesti on o f  residu a l  

HCN and cy anogenic  gluc o s ide s in C as s ava diets  s t i l l  

cons t i tut e a he alt h  haz ard t o  consumers .  The acute 

and chroni c e ffe c t s  o f  c as s ava cy anogenic glucos i de s  

h ave been dis cus s e d  i n  s ec t i on 1. 2. Earl ier report s o f  

de aths due t o  acute  poi s oning have been  recorded-by 

C armody (1900) and C lark ( 1936) whi le tropical  at axi c  

neuropathy and endemic goi tre  (Osuntokun , 1973; De l ange 

e t  a l . ,  1973) are among the pathol o gical c as e s  

impli c at ing chronic cyani de t oxic i ty . 

C ass ava has a gre at pot ent i al in tropical agr icultur e . 

Not only does i t  provide food for ove r  300 m i l l ion pe o p le 

but its us e as anim al fe ed i s  on the incre ase in both 

t ropi c al and t emperate countries ( N e s tel , 1974). There 

is also  growing int ere s t  in the use of c ass ava le ave s as 

ve get ables and for extr action of l e af prot e in 

concentrates  ( Terr a , 1964; Adri an and Peyrot , 1970; 

Ye oh and Chew, 1976). 

1 . 5  Aims o f  the Present Study 

The incre asing ro le o f  c as s ava as foo d  and fe e d  m ake s 

i t  o f  gre at impo rt ance t o  unde rst and something o f  the 

me t abolism o f  cy anogenic glucosides  in the c as s ava p l ant , 

t he changes which o ccur during pro c e s s ing o f  the edibl e  

t i ssues and the fate o f  the glucoside in t he body o f  the 

consumer . The need for further investigat ion o f  the 

phy s i o logy o f  c as s ava with respect  to  the m e t ab o lism o f  

i t s  cyanogenic g lucos ide was emphasised in t he di s cuss ions 

o f  the conference  o f  Chroni c Cas s ava Toxic ity ( � est e l ,  

1973). It  was o f  the opinion that such investigat i ons 

might fac i lit at e  s c reening and bre eding exp eriment s fo r 
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2.1 Source o f  P l ant Wat e ri a ls 

1 4  

C as s ava se eds o f  uns peci fied variet ies  we re obt ained 

from the Cent re I nt e rnacional  de Agricultura Tropic al , 

Cali , C o lombia , whi l e  s t e m  cutt ings o f  vari e t i e s  B e q a , 

M anioke and Navo l au were obt ained from the Ministry o f  

Agriculture , Koronovia  Rese arch St at i on , N ansori , Fi j i . 

2 . 2  P l ant Culture 

2 . 2 . 1  Propagat ion 

2 . 2 . 1 . 1  Propagat ion from Seeds 

C as s ava s eeds were germ inat ed in pe at 

beds cont ained in 2 . 5  litre plast ic pots unde r  glas shous e 

t empe rature s o f  1 8-35°C and 75-90% Re l ative Humidity .  

E ach pot was fil l ed with a m ixture o f  Irish Pe at moss , 

l ime (6g per pot )  and Do l omite  ( 3. 8g per pot ) . The pe at 

beds were drenche d  with 0 . 04% so lut ion of the fungic ide 

Dexon ( Fenaminosul f ;  Sodium 4-dimethylaminobenzened i a z o ­

sulphonat e ,  Baye r 5072)  and kept m o i s t  b y  subsequent 

drenching with t ap wat e r  as re quired . A ft e r  sprout ing 

s e edlings were nourished wit h  the hal f st rength NPK 

s o lut ion described  in T able  2 .4 . 1 , fo l lowe d , four we eks 

l at e r ,  by full  s trength nut rient app l icat ion . 

2 . 2 . 1 . 2  Propagat ion from Sho ot and Stem Cut t in�s 

The cass ava stem  cut t ings o f  t�e seed-grown 

p lant s and cutt ings of the Fij i varieties were propagat ed 

in plas t ic troughs cont aining the pe at bed formulati on as 

de scribed in s ect ion 2 . 2 . 1 . 1 . Each trough ( 73 x 21  x 

26 cm ) was provi ded with drain age ho les and filled with 

the fre e draining moss mixture in which 5-1 0  cm lengths 



T ab l e  2 . 2 . 1 

Compo s it ion o f  s t ock nutri ent s o lut ion fo r c as s ava 

plant s grow ing in pe at beds 

CHEMICALS 

Ure a ,  CO ( NH2) 2 

KN03 

Na4P2o7 . 1 0H20 

Fe ( sequestrene ) ( 6% Fe ) 

CONCENTRATION1 

g/litre 

1 3 . 8  

26.0 

2 . 5  

1.0 

1 Di luted x1 0 be fore app licat ion 

1 5  



o f  c ass ava stems were struck . 

Rooted s e c t ions o f  cass ava for s o lut ion o r  grave l 

culture were obt ained in a numbe r  o f  w ays . Shoot t i p  

cutt ings were ro oted by plant ing i n  a bed o f  po lythene 

be ads kept under mist  s im i l ar to the m ethod l at e r  

pub lished by Who l e y  and C o ck (1975). Some t ips tended 

to rot and better  result s were obt ained us in g s e ct ions 

1 6  

o f  more mature st ems . Ro ot ing also occurred when 

cutt ings were he ld in baske t s  o f  po l yt�ene b e ads part i al ly 

sus pended in ae rat ed wat e r . Some cut tings used for 

grave l culture were rooted in free draining s and under 

mist . The part i cu l ar method chosen was one o f  

convenienc e  for the sub s e quent growth condit ions . 

2 . 2 . 2  Growth o f  c assava in S o lut ion Culture 

Shoots  or stems  that had been s t ruck in 

po lythene or s and beds were plac ed in support b aske t s  

and sus pended through t he cover o f  a 4-litre p l as t i c  pot 

cont aining half st rength nut rient so lution as de s crib e d  

b y  Forno e t  a l  (1973) Tab l e  2 . 2 . 2  • Fresh nut rient w as 

applied  every 14 days and t opped up in betwe en wit h  t ap 

wat e r  and at 8-week int ervals the pot s  we re thoroughl y  

cleaned out and nut rient s o lut ion re - applied . Nut ri ent 

s o lut ion was shi elded from l i ght by a cove ring o f  

aluminium fo i l , l aminat e d  bui ld ing p aper around the pots 

and the s o lut ion i t s e l f  aerated by a cons t ant stre am of 

air bubb led through it . 

Growth w as vi go rous w ith the deve lopment o f  l arge 

le ave s and numerous primary ro ots . No tub e rs were 

produced a ft e r  8 months o f  growth though s ome wo ody 

s e condary thickening o ccurred in some of  t he Beqa plants  

and one  o f  the  Co lombi an varie t ie s . Plant s growing in 



Table  2.2 . 2  

Compos it ion o f  Nut ri ent Solut i on fo r S o lut ion and Grave l 

Cultures  

·CHEMI CALS 

C a( N0 3 )
2 . 4H20 

KN0 3 

KH2Po4 

MgS04 . 7H20 

Fe  ( Se quest rene , 6% Fe ) 

H 3Bo3 

MnS04 . H20 

ZnS04 . 7H20 

CuC 12 . 2H20 

( NH4 ) 6
Mo7o24 .4H20 

CONCENTRATION 
o f  S t ock 
So luti on 1 ( g/li t re )  

2 36 . 0 

1 01 . 0  

1 3 . 6 

246 . 0  

5 . 0 

2 . 86 

4 . 22 

2 . 30 

o .  51 

0 . 04 

Nut ri ent 
Applicat ion 
m l/litre 

4 . 0  

4 . 0  

4 . 0  

1 . 6 

0 . 8  

0 . 8  

0 . 2  

0 . 2  

0 . 2  

0 . 2  

1 The maj o r  nut rient s were stored in 1 l itre plas t ic 

bot t les whi le Mnso4 . H2o ,  znso4 . 7H20, CuC 12 . 2H20 and 

( NH4 )
6Mo7o24 .4H20 we re made up in 1-lit re solut ion 

and applied  at 0 . 2  m l/lit re . 

1 7  



s o luti on culture are shown in P lat e 2 . 2 . 2 .  

2 . 2 . 3  Growth o f  C ass ava in Grave l Cultures 

The failure o f  s o luti on culture s to  produce 

tubers and a need for so lut ion cultured tuberous p l ant s 

fo r experiment al work prompte d  the deve l opment o f  the 

grave l culture t echnique . This  invo lves the periodic 

nutrient circu l ation around the cass ava root s ystem 

supported in loose  grave l .  The c i rculat i on o f  nutrient 

af forded a m e ans o f  root aerat ion while  at t he s ame t ime 

avo iding wat e r- logging around the root syst e m . Sprout e d  

s t em s  were supported  by loose  grave l in free-draining 

pots . Six o f  such pot s were arranged in l arge plastic 

t roughs and nut rient so lut ion pumped from bene ath at  30 

minut e int e rvals such that the s o lut ion pe rco lated the 

grave l cul ture s and drained b ack . In  each cyc le the  

grave l rem ained s aturat ed for about 10  minut e s . 

Nutri ent so lut ion ( Table  2 . 2 . 2) w as m ade up t o  

1 8  

m ark daily with t ap wat e r  and rep l aced at 1 4  d ay inte rvals 

with fre sh nutrient s o lut ion . Cas s ava gr6w th in the 

grave l culture was vigo rous and tubers deve loped re adi l y  

with yie lds o f  u p  t o  800 gm pe r p l ant with in 5 months o f  

growth . 

2 . 2 . 4 Growth and Y aint enance o f  Cass ava Plant s in 

the Glasshouse 

Growth was vi gorous �n both the so lut ion and 

grave l cultured plants . Manioke and Variet y  A grew 

faster than a l l  othe r varie t ie s  but tuber product i on 

occurred e arlier  in the Beqa variety . Tube ri z at i on 

however occurred only in the peat and grave l cultured 

p l ant s . Tuber  deve lopment in c.as s ava has been as soc i ated  
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with the onset of c amb ial  act ivit y within the primary 

ro ot s ( N i l l i ams , 1974). The act ive c ambium produce s  

xylem  parenchym a  c e l l s  which are fi l led w i th s t arch granule s. 

In both B e qa and variety A s econdary thickening of t he 

roo t s  in s o lut ion culture o c curre d a fter  8 months when 

t he cont ainer pots b e c ame exc e s s ive l y  crowded with l arge 

woo dy root s . 

Under t emperate New Z e a l and condit ions , growth o f  

c as s ava t o  m aturit y in t he glas shouse requires contro l 

o f  t empe rature , humidit y and nutrient supp l y . P l ants  

grew well  unde r the gl as shous e  tempe rature s o f  18°C ( in 

winter)  t o  about 35°C ( in summer) and rel at i ve 

hum idit ies  abo ve 75%. During winter  peri od i t  b e c ame 

incre asingly di ffi cu lt to  m aint ain good growth p atterns 

probably due to light and tempe rature effe ct . 

At the e arly s t age s o f  this pro j e ct b e fo re opt imal 

growth condit ions were deve loped the p lant s  exh ibited 

s e ve ral s ymptoms of  po s s ib le dise ase or nut rie nt 

de fic iency . In the variet y  Beqa  whit e l e a f  spots o ft en 

deve loped in t he young le ave s at the shoot apex re gi on 

usually  aft e r  about 6 we eks o f  growth . Fre sh norm a l  

l e ave s soon deve lope d and the re w as no re currence of the 

symptom for the re s t  o f  the l i fe of the p l ant . The surve y 

o f  c ass ava diseases  by Lo z ano and Booth (1974) doe s not 

de s c ribe this sympt om and it s c aus e is unknown . 

Mite  infe ction was a problem common t o  a l l  the 

vari e t ie s . Mites gen erally att acked the l ower  surfaces  

o f  t he o lde r le ave s and if le ft uncont ro l led c ont inued 

infect ion spread upwards t ow ards the younger l e ave s . A 

he avy in fe c t ion le ads t o  di s co lourat ion o f  the leaf 
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fo l lowed by  premature wi l t ing and le a f  dro p .  Early 

contro l att empt s inc lude d  spraying with 0 . '1% Ke lthan e 

( Yat e s ) .  H owever this mit icide t emporari l y  arre s t e d  

apic al growth and furthermore the m i t e s  soon deve loped  

re s is t ance to  the  chemic a l . The re le ase o f  Tedion V-'18 

( Duphe r ,  Ho l l and) smoke b omb also provide d only a 

t emporary contro l .  Spraying w ith 0 . 03% P l ict ran ( act ive 

ingredient , 50% t ricyc lohexylt in hydroxide ) in the 

pre s ence of a wett ing agent , rt:u l  ti F i lm X 77 ( 2 m l/li  t re )  

at 7 day inte rvals e f fect ive ly cont ro l led the mites . 

The growing t ips had t o  be avo ided during spraying with  

th is chemic a l  s ince , l ike Kelthane , it le ads to  t emporary 

arre s t  o f  apic a l  growth . 

S lugs we re an occas ional pest  and were cont ro l l e d  by  

the  use  o f  B ys o l  (2% methioc arb ; Bayer)  o r  Blitzem (3% 

met aldehyde ; Y at e s ) .  In one ins t ance a he avy 

c at e rpillar infect ion occurred and was cont rolled by  

s praying with c abaryl 80  ('1-naphthyl-c arbam ate , Yat e s )  

admin istere d  at 1 . 55 g/l itre . 

2 . 3  Chemica l s  and So lvents 

Valine , s odium cyanide , p icric acid and ninhydrin 

w e re obt ained from Bri t i sh Drug House Ltd . ( BDH ) , Po o l e , 

England . 

Hydrindant in , methylce l loso lve_and Tri-S i l  we re 

procured from Pierce Chemical  Company Rock ford , I l linois , 

USA . 

Linam arin was obt ained from C albi ochem (San Die go , 

USA) while prunasin was prepare d  in  this l aborat ory b y  

M r  W.D. Benne t t  b y  extract ing pe ach shoot s with e thano l ,  

concent rat e d  and ext ract ed w ith e thyl ace t ate . It was 



puri fied by repe at c rys t a ll izat ion from ethyl acet ate . 

C ab-0 -Sil  ( thixot ro pic  ge l powder for l i quid 

s c int i l l at ion count ing sus pens ions ) was purchased from 

Packard Instrument Company , I l lino i s , USA . 

Triton X-100 (alkyl phenoxy po lye thoxye thanol ) and 
(PPO ) 

Omni flour ( 98')( 2, 5-diphenyloxazole 1\ and 2% p-bis-"( o-

Methylst yryl ) -benzene , B i s -MSB ) we re both obt ained from 

New Eng land Nuc le ar , Boston , USA . 

2 2  

I sobut yronitrile  c ame from A ldrich Chemi c al Comp any 

( Mi lwauke e ,  USA )  and Dimethy l  sulphoxide from Hopkins 

and W i l l i ams Ltd ( Chadwe l l  H e ath , England) . 

A c e t one and ethano l were the products  o f  Aj ax 

Chemic als  Ltd . , S ydney , Aus t ralia . Toluene , but ano l ,  

But an-2-one , ace t i c  acid and propan o l  c ame from BDH , 

Poo l e , England . 

2 . 4 Sourc e and preparat i on o f  14c - l abe lled Compound s 

2 . 4 . 1  L [ u-1 4c]va line , C1 4cJ -NaCN and [ 1 -14cJhexade c ane 

were obt ained from the Radiochemic a l  Cent re , Amersham , 

England . 

2 . 4 . 2  [ 1 -1 4cJ I s obutyronitri le 

1 4c -I s obutyronitri le was pre pared by a 

modificat ion o f  Smi le y  and Arnold's ( 1 960) method fo r t�e 

form at ion of aliph at i c  nit riles  from s e condary alkyl 

hal ide s and sodium c yanide in dimethyl sulphoxide solvent . 

A spe cially m ade thick-wal led glass react ion tube 

was us ed for this purpos e . A pie c e  o f  thick-walled 

pyrex g l as s  tubing ( 0 . 5  cm int ernal  diame t er x 25 cm l ong ) 

was se a led at one end ove r  a flame and fo rmed into a 

1 . 7 cm di ameter bulb that se rved as  the re act ion tub e . 

A sm all  magnet ic b ar was ins e rted into the bulb aft e r  



whi ch two constrict ions we re m ade about 7 cm and 

1 3  cm from the bulb . Dry s odium cyanide ( 1 04 rr.g)  and 

isopro pyl chloride ( 366 ?l ) were trans ferred into the 

re act i on tube fo llowed by 500 t"C i  C 14c J  NaCN ( 55 - 5 

?1 Ci/mmo l )  disso lve d in 568 J-il dirr;e thylsulphoxide . VJhi l e  

the re act ion m ixture was fro zen i n  dry ice t h e  tube w a s  

bent ove r  a hot fl ame and t h e  open end se aled o ff unde r 

vacuum ( figure 2 . 4 . 2 ) . The s e al ed tube w as incub at e d  

at 1 00°C for 24 hours accompan ie d  by  continuous st irring 

o f  the re act ion mixture . With the tube incl ined at 

the angle shown in figure 2 . 4 . 2  t he isobut yronit ri le 

formed w as dist i lled  int o the c o l le ct ion t ub e  by plac ing 

the re action bulb in hot w at e r  with the co l le c t ion arm 

imme rs ed in dry i c e -ethan o l  mixture . 

A ft e r  allowing the tub e  t o  come to  ro om t empe rature 

it was snapped open at the vacuum s e al ed po int and the 

total di s t i ll at e  quickly t rans ferre d onto a GLC co lumn 

2 3  

( 2 5% DEGS 60cm x 1 2mm ; de t e ctor and colle c t or temperatures  

80°C ,  Oven t emperature 78°C ,  Nitro gen gas flow rat e 

1 1 0  m l /m in , e lut ion time 1 2  minut e s ) .  The out let o f  

the GLC was conne cted t o  a t rapping s ystem c ons ist ing 

o f  a modified Aero graph pre p co l le ctor  conne cted t o  a 

U-shaped s t ainle ss  stee l tube ( 3mm d i amete r ;  figure 

2 . 4 . 2) . The trapped [ 1 -1 4c J i s obut yronitri le  was 

concentrated int o the s ample  c o l l e c t ion tube  by brie f 

centrifugat ion o f  the Aero graph pre p tube s e ct ion at l ow 

speed . The co l le c t ion tube was de t a ched at the bre ak-

off po int and inve rt ed o ve r  a React i-Vial ( 0 . 3  ml ; 

Pierce Chemi c al Company , Rockford , I ll ino i s , USA)  and 

the nitri le trans ferred int o the vial  by bri e f  
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cent ri fugation . From 2 . 02 mmol C 1 4c J -NaCN at spe c i f i c  

act ivity  247 . 5  rc i/mmo l , 955 rmo l o f  isobutyronitri le 

( speci fic activity  3 36 ?C i/mmol)  were obtained giving a 

radi ochemical yield o f  about 64% . 

2 . 4 . 3  2-Hydroxy[ 1 -1 4c J  isobutyronitri le  

2 5  

2-Hydroxy [ 1 -1 4c J is obutyronitrile  was 

pre pared by a modi fi c at ion o f  the me thod o f  Cox and 

Stormont ( 1 943)  whe re hydrogen cyanide is added to a c e t one . 

About 0 . 8  mg dry NaCN w as transferred into a Re act i-vi a l  

c ont aining a small magnet i c  st irre r and to  this was 

added 500 fC i  C 1 4c J NaCN dis s o lved i n  1 50 �1 dist i lled  

wat e r .  The vi a l  w as s e aled , st irre d to di s s o lve the 

NaCN , 24 fA 1 acet one added and cooled t o  1 0°C in a wat e r  

b ath . Four 1 0  f"l 
. 
aliquot s o f  3M n 3Po4 were then added 

over a period o f  1 5  m inut e s  whi le m aint aining the b at h  

0 t emperature be low 1 5  C .  Aft e r  st anding for 1 hour , 6 ;--t l  

bromo c re s o l  blue indicator  s o lution w as added fo l lowe d 

b y  6 j-Al o f  5M :r3Po4 whi ch shifted the pH o f  the re act ion 

mixture to  be low pH 3 . 6 as indicat e d  by the yel low co lour 

o f  the indicator . Aft e r  a furthe r hour , a gent le  stre am 

o f  dry nitrogen gas was bubb led through the m ixture for 

7 minut e s  to  remove unre acte d  cyanide and othe r re adi l y  

vo lat i le products which we re trapped in 1 M  N aOH solut i on . 

The chemical  yield o f  2-hydroxyis obut yronitrile 

prepared by the ab ove method was e s�imated by a separate 

preparat ion us ing unl ab e l l ed NaCl� fo l lowed b y  as s ay o f  

the product on a Vari an tJo de 1 T-60 N!\ffi Spect rome ter  

us ing dimethyl sulphoxide as  an internal st andard . The 

various methyl protons could be eas i ly ident i fied and 

me asured . The conditions des crib e d  gave a yie ld o f  

approximat e ly 85% ( chem i c al yield ) .  
1 4  2-hydroxy [ 1 - C ]  
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i s obutyronit rile prepared and puri fi ed .by this method 

and s tored at pH be low 3 . 6  w as s t able at  2°C for 

s e ve ral months . 

2 .4 .4 [u-14
c J  I sobutyraldoxime 

[u-14
c J  is obut yraldoxime was prepared b y  

t h e  method o f  Tapper e t  a l . ( 1 967 ) b y  the act ion o f 

hydroxyl amine on isobut yraldehyde prepared from valine . 

L- [u -14
cJ Valine ( 50 �C i ; spe c i fi c  act ivit y  1 0 2  mC i/  

mrno l )  was  disso lve d  in 2 ml  disti l led wat e r  and trans fe rred 

into a re act ion flask cont aining 1 1 . 7 mg  c arrie r  L-Valine , 

1 00 mg ninhydrin and 2 m l  o f  1 M  c itrate buffer ( pH 2 . 5 ) .  

The mixture was . he at ed on a b o i ling wat e r  b ath for 5 

minute s  and isobut yraldehyde s t e am dis t i l l ed into a 

ves s e l  cont aining 1 39 mg hydroxylamine hydro chloride and 

1 64 mg sodium bic arbonat e  in 1 0  m l  o f  dis t i l l e d  wat e r . 

The dist i l l ate co l l e cted ( about 1 8  m l )  was a ll owed t o  

s t and overnight , 1 0  fl o f  pure is obut yraldox ime w as 

added as a c arrie r  and the m ixture ext racted five t im e s  

w i t h  a tot a l  o f  25 m l  diethyl ether . The combine d e the r 

extract was conc ent r ated t o  1 50 �1 and inj e ct e d  on a GLC 

c o lumn ( S i licone O i l  DC 5 50 on Chromosorb W co lumn 2m x 

9 . 5mm OD ) at 1 1 0°C .  I sobut yraldoxime pe ak was trapped 

and trans fe rred to a septum s e aled vial . About 8 �1 o f  

[ 1 -14
c J isobutyraldoxime o f  spe ci fi c  act ivit y 0 . 848 

(7 4 j-1 Ci /rnrno:p 

j-1-C i/mg/\ was recove red whi ch represen
.
t e d  radio chem ical  

yie ld of  1 2% .  

2 .4 . 5  [ 1 -14
c J  Linam arin 

[ 1 -14
c J Linam arin was prepared in this 

l aborat o ry by Dr B . A .  Tapper b y  the adm inis t ration o f  

2 -hydroxyisobutyronitri l e  t o  l inen fl ax seedl ings ( Linum 



us it at i s s imum . 2-Tiydroxy [ 1 -1 4c J  isobut yronit ri le w as 

fre shl y  prep ared under c onditi ons similar to  that 

de s cribed in sect ion 2 . 4 . 3 ,  and administere d  to  flax 

seedlings packed in 1 m l  b e akers . After s t anding 

ove rnight in i llum inated growth chambers ( 21 °C )  the 

s e edlings were rinsed and ext racte d  w ith bo i ling 80% 

ethano l .  The comb ined extracts  were concentrated and 

chromat o graphed on Whatman No 3mm p aper us ing but an o l  
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s aturat ed with water as s o lvent . The zone co rresponding 

to  linam arin w as e luted and fro zen . Rechromatography 

' o f  the e luat e  in  propano l : wat e r  ( 70 : 30)  and But an-2-one :  

Aceton e : Water  ( 1 5 : 5 : 3 ) fo l lowed by e lut ion and count ing 

showed that the e xtract w as radiochem ical ly 87� pure . 

The s pe c i fi c  act ivit y o f  the 1 4c l inamarin w as 1 44 . 9  

?C i/mmo l .  

2 . 5  Preparat ion of Linam arase 

Linamarase was pre pared from linseed by t he method 

of Coop ( 1 940) . Linseed ( Linum u s i t at iss imum , Redwood 

variety)  was ground in a Wari ng b l ende r  and de f atted with 

ether . About 1 00 gm o f  the de fat t e d  me al was vi gorous ly 

shaken for about two minut es  in thre e port ions with 2 

litres o f  wat e r  and immediat e l y  centrifuged . To the 

extract was adde d  200 ml of 0 . 2M ace t ate bu ffer ( 1 00 m l  

o f  0 . 2M sodium acetate  p lus 1 00 m l  o f  0 . 2M acetic  aci d ) 

and le ft t o  s t and . The whit e pre c i pit ate whi ch form e d  

was cent ri fuged o ff and d i s c arded . The supernat ant w as 

coo led t o  1 0°C and one hal f it s vo lume of c o ld ethano l 

added s l owly to give a pre cipitate wh ich was again 

cent ri fuged o f f  and dis c arded . Mo re cold e thano l was 

added t o  the supernat ant to  give an e thano l c oncent rat ion 
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o f  60% ( v/v) and the p re c i p i t ate fo rm e d  was re c o ve re d  

b y  cent r i fu g at i on ( 1 000g for 1 0  minute s )  and s ub s e quent l y  

d i s s o lved i n  2 50 m l  di s t i l l e d  w at e r . The enzym e  

s o lut i on ad <justed t o  pH 7 with d i lut e NaOH w as stored 

at 5°C unde r a few drops o f  t o luene . The c rude enzym e  

pre p ared i n  this w ay was d i lut e d  with 0 . 1� pho s phate 

buffer pH 5 . 6 be fo re use . 

2 . 6  Ext r a c t i on o f  P l ant Mat e r i a l  

Sma l l  p l ant s amples ( le s s  than about 4g) w e re 

e xt ract e d  i n  b o i l in g  SO% e t h an o l m ai nt aine d for 20 

minut e s  in a hot w at e r  b ath . The ins o lubl e  re s i due f ro m  

t h i s  firs t extract i on w as r e -e xt racted thre e t im e s  with 

about 1 5-20 ml  SO% b o i ling ethano l a ft er b l e nding i n  a 

S o rval l Omnimixe r ,  the shaft o f  which was adapt e d  for 

s ample b lending in a b o i ling tub e . 

combine d . 

The ext r a c t s  w e re 

Large r p l ant s amples we re cut int o small e r  p i e c e s , 

ext rac t e d  f o r  30 m inut e s  in b o i ling 9 5% e thano l and 

sub s e quent l y  s o aked in the e xt ract s overni ght at room 

t emperatur e . Ext rac t s  were d e c ant e d  and the r e s i du e  

b lende d  in s ma l l  a l i quots in fre sh SO% ethano l w ith a 

Sorv al l  Omnimixe r .  B lended s am p l e s  were further 

extrac t e d  twice  unde r re flux . C ombi ned ext ract s  w e re 

s t o red i n  the dark at ro om t empe rature or redu c e d  to  

dryness  und e r  vacuum at 50°C ,  the r e s idue t ak e n  up i n  a 

s m a ll vo lume o f  20% pro p ano l and s t o red at 0 °C .  

2 .  7 An a l yt i c a l  !v:ethods 

2 . 7 . 1  Linam arin Est im at i on 



2 . 7 . 1 . 1  Enzymi c hydro lys is Me thod 

The method invo lves  the enzymic 

hydro l ys is o f  l inamarin and t rapping o f  the evo lved HCN 

in a lkaline so lut i on and its  ass ay by  a ca l o rimet ric o r  

pot ent iometric m e thod . Enzymic hydro lys i s  o f  s amp l e s  

w a s  pe rformed i n  diffusion flasks fitted with a cent re 

we l l . To the m ain compartment o f  the flask was 

int roduced 0 . 5  - 1 . 0 m l  o f  phosphat e  buffe r ( 0 . 02M , 
(2;14 moles/min/mg proteirv 

pH 5 . 8) ,  0 . 5 - 1 m l  o f  l inamaras eA s o lution and 0 . 3 -

0 . 5  m l  o f  conc entrat e d  plant ext ract  and m ix e d  by  s light 

agit at ion whil e  the c ent re we l l  cont ained 0 . 5  ml o f  

1M-N a0H . The fl asks we re t i ght l y  s e aled and agi t at e d  

a t  50-1 00 r . p . m . on a rot ary shaker at 25°C for '1 8  hours . 

HCN re le ased from the hydrolyt i c  m ixture w as t rapped in  

the  alkaline so lut ion . The trapped HCN di lut e d  to 

appropriate concentration was init i ally as s ayed 

co lorimetri c a l ly by  the me thod of A ldridge ( 1 944) but in 

- sub s e quent e s t imat ions t r apped cyan ide was ass ayed 

2 9  

dire ctly  b y  a potent iomet ric method with a C yanide I on 

Act ivit y Electro de ( Orion Re se arch . Mode l g4-06 ) 
( 10- S 

- 4 x10 -4M ln 0 . 1  M NaOH ) .  
calibrated b y  m e ans o f  a s et o f  s t a ndards A 

2 . 7 . 1 . 2  Gas Chrom at ographic Nethod 

A gas chromat o graphic t e chnique w as 

deve loped fo r linamarin as say in this laborat ory for the 

e st imat i on of smal l e r  s amples  o f  l inarnarin . The 

t e chnique also enab led the e s t imat i on o f  l inam arin in 

c rude plant ext racts  without int e rference from accompanying 

l o t australin as is the c as e  when t he enzym i c  me thod i s  

us ed i n  the c rude ext ract s .  The t rimethylsi lyl 

de rivat ives  of l inam arin and l o t aus t ralin we re as sayed 



on a Vari a n  Aero graph 1 440 c o nn e c t e d  t o  an e l e c t ro n i c  

d i git a l  int e grat o r  ( Vari an �.�ode l 48 5)  and a re c o rd e r  

( Un i c o rd e r  U-225� ) . About 1 00-1 50 �l p o rt i on s  o f  

e thano l i c  e xt ract s  c o nt ai ning 0 . 04 and 0 . 2  rmo le s  o f  

l in am arin we re t aken t o  dryne s s  at 50°C in a Re act i -

Vi a l  unde r a stre am o f  dry n it rogen g a s . An int e rn a l  

3 0  

s t andard c on s i s t in g  o f  1 00 y1 s o lut i o n  o f  prun as in ( 1 . 0 

mg/m l )  w as adde d , again dri e d  d own and the f in a l  t r a c e s  

o f  w at e r  rem oved in a vacuum de s i c c at o r  o ve r  a s i l i c a  g e l . 

T o  the dri ed s ample w a s  add e d  1 0 0  ?l Tri -S i l  and the 

m ixture w a s  i ncub at e d  for 1 hour at 1 00°C und e r  a t e flon 

s e al . A 1 Jell a1i quot o f  t he TMS ext ract w a s  in j e ct e d  

i n t o  a gl a s s  co lumn ( 2 . 5m x 2 . 2mm i nt e rnal d i am e t e r) 

p acked with 1% fluo ro s i l i c on e  ( QF1 ) on Gas Chrom Q 

( 1 00-1 20 m e sh ) . The N2 c arri e r  gas f l ow -rat e w as 20 

m l/mi n  whi l e  the gas flow rat e s  for the fl ame i o ni z at i on 

de t e c t o rs we re 20 m l/m in for Hydro gen and 300 m l /min 

f o r  A ir .  0 A t emperature pro gramme w a s  u s e d  from 1 70 C 

t o  220° C w i t h  a r at e  o f  i nc re as e  o f  2°C /mi n . Inj e c t i on 

and det e ct i o n  t e mperatur e s  w e re both 200°C .  Prun as in 

s t and ards w e re us e d  to evaluate the linam a ri n  c o nt ent 

. � 
1n e ach ext r act . 

2 . 7 . 2  Paper Chromatogr aphy 

Pap e r  chro m at o graphy o f  concent rat e d  e th an o l 

ext ract s w a s  b y  de s c end ing chro m at�graphy us i n g  �hatman 

No 3r.n� p ap e r . The fo l l ow i n g  s o lvent s ys t e m s  were 

e m p l o ye d , the numbe rs i n  the bracket s  b e i n g  the r at i o  

o f  the s o lve nts b y  vo lume : But ano l s aturat e d  wi th w at e r ; 

but an-2-on e :  ac e t one : w at e r  ( 1 5 : 5 : 3 ) ;  prop ano l : w at e r  ( 7 : 3 ) ;  

but ano 1 :  a c e t i c  a c i d : w at e r  ( 1 2 :  3 : 5) ,  but ana 1 :  pyridine : ·w ater 



( 6 : 4 : 3 )  and pheno l : wat e r  ( 500 : 1 2 5) e quilib r at e d  with 

bo rat e bu f f e r  of pH 8 . 4 O:cFarren , '1 951 ) .  

2 . 7 . 3  Thin Layer E le c t ropho r e s i s  

Th in laye r e le c t ro pho re s i s  f o l lowed b y  

chro m at o graphy w as p e r fo rm e d  a c c o rding t o  the  m e th o d  o f  

B i e l e sk i  and Turne r  ( 1 S66)  with mino r mod i f i c at i on s . 

C e l lu l o s e  thin l ayer p lat e s  us e d  we re e ithe r Po lygram 

C e l l  300 ��:M ( Ttachere ;y-Nage 1 &, C o . ,  Ge rm any) o r  glass  

p l at e s  ( 20 x 20cm) w i th a 2 50 ?m c e l lulose  0.ffN 300)  powd e r  

l a ye r .  Pl ant e xtract was app l i e d  a s  a 2 cm s tre ak n e ar 

one e dge o f  the p l a t e  and the c e l lu l o s e  layer un i fo rm l y  

s prayed w i t h  for'm i c  ac id-ac e t i c  a c i d  buffe r a t  pH 1 .  9 . 

E l e c t ro pho re s i s  was c arried out fo r 40 minu t e s  at 1 0COV 

( 5 5 V/c m )  and 20-30 mA us ing a Warne r-Chi l c o t t  No de l 

E8002B e le ct ro phore s is �pp aratus provided w i t h  a 

c i rcul at ing i c e -wat e r  c o o l ing s ys t e m . The p l at e s  w e re 
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dried in a i r , p l a c ed on edge in abo ut 1 crr. w at e r  at ri ght 

angl e s  t o  the part i a l l y  s e p arat e d  b e�ds s o  that  the b ands 

we re e lut e d  int o  compact spo t s  ab o ve the o r iginal b a s e l ine , 

dri e d  again , and t he n  d e ve lo pe d  chromato graphic al l y  i n  

Methano l : Pyrid ine : Ac e t i c  Ac id : � at e r  ( 80 : 4 : 1 : 20 ) . 

2 . 7 . 4 D e t e c t i o n  o f  Cyano ce n i c  G luco s id e s  

Cyan o geni c gluc o s ide s w e re d e t e c t ed on 

paper o r  thin laye r  chro m at o grams b y  a method adap t e d  

from But l e r  and But l e r  ( 1 960) . The t e c hn i que invo l ve s  

the en z ym i c  hydro lys is o f  l inamarin s po t s  o n  chro mat o grams 

and t he s imu lt aneous re act i on o f  the �CN e vo lved with a 

pi c r i c  a c i d  s o aked p ap e r  o ve rl ay t o  produ c e  brown is h  

c o l oured s po t s . Chro m a t o grams we re l i ght ly s pr ayed w ith 

l in am aras e s o lut ion ( 0 .  5 gm/m l in 0 .  02r,T pho s ph at e buffe r 



at pH 5 . 8) , laid on a gl as s p late and covered w ith 

plastic  me sh . A sheet o f  chromato graphic pape r 

s prayed damp with alkaline pic rate so lution ( 1% w/v 

picric aci d  plus 1 0% w/v Na2co3) was  superimpo s e d  on 

the mesh and we i ghed down with a he avy glass s l ab plac e d  

o n  t o p  o f  the pic rat e  paper . HCN re l e ased by the enz yme 

act ion d i ffused through t he ne ttin g  and re act e d  with the 

p icric ac i d  to give browni sh s pot s ove r  a ye l l owish 

b ackground a ft e r  one hour . 

2 . 7 . 5  �e asurement o f  R adioact ivity 

1 4c - l abelled compounds on paper 

chromat o gr aphi c  s t rips were locat e d  by scanning wit h  

e ithe r a Nuc le ar-Chic ago Acti graph I I I , 47T thin window 

count e r , or  a Packard 7200 , 47T windowless radio chrom ato-

gram s c anner .  Radio active compounds were a l s o  de te cted 

a fter one  o r  two dimensi onal chromato graphic and 

e lectro pho re t i c  s e parat ions by rad i o aut o graphy us ing 

Kodak medi c al X-ray (no -s creen) fi lm . The exposure t ime  

re quired was up t o  4 we eks depending upon the  1 4c 
act ivit y in the s e parat ed spots  or b ands . 

Radio act ive spots  or b ands on pap e r  chrom ato grams 

were e luted int o s c int i l l at i on vi als according to a 

technique  de s c ribed by Tapper ( 1 96 8 ) . The b an ds were 

excised  from the p aper as re ct angular s t rips wh i ch were 

then stood  in a Pet ri-dish cont ain ing a sha l low l aye r o f  

3 2  

water  s o  that al l radio act ive s ub s t anc es  o n  the pap e r  were 

washed t o  the upper end o f  the strip . The wet pape r w as 

ro lled in ' Paraf i lm ' ( Gall enkarnp , London) , inve rt ed and 

held t ight ly in the ne ck o f  a 1 0  m l  conical centri fuge 

tube with the conic al tip cut o ff at the 0 . 5  m l  mark and 
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fitted through a bung into a s c int i llat ion vi al . The 

tube w as l i ght l y  c ent ri fuged and addit ional wat e r  w as 

then added to t he paper s t rip  which was r� centrifuged t o  

give a quant i t ative  e lut i on o f  1 4c from the s trip int o 

the vi al . The s ample was made up t o  1 ml  w it h  d i s t i l l ed 

w at e r  and 1 0  m l  scint i ll ation  mixture ( 1 : 2  Triton-to luene 

s o luti on c ont aining 6 gm Omni flour per lit re ) adde d . 

1 4c act ivity was det e rmined us ing e ithe r  a Pack ard 

Tric arb l i quid s c int i l l at ion spect romet er  ( Mode l 2002 ) 

with a wide and narrow window or  a S e arle I s o c arp/300 

l i quid s c int i l lat i on s ys tem with a Te letyp e  ASC 1 1  p ape r 

punch conne ct ion . Quenched 1 4c s t andards pre p ared b y  

m ixing al i quot s o f  [ 1 -1 4c J  hexade c ane s t and ards with 

incre asing amount s of  ch loro form were count e d  for quench 

corre ct ion . The channe ls rat io me thod was emp lo ye d  for 

count ing on the Tric arb s cint i ll at ion count e r  whi l st the 

ext e rnal s t andard rat io me thod was us e d  for I s o c arb 

count ing . Manual o r  comput e r  pro c e s s ing o f  d at a from 

the quenched s t andards enabl ed " quench curve s "  to  b e  

plotted and us ed t o  deduce t rue s ample activit i e s . 

Count ing e f fi ciency for both s cint i l l at ion counte rs 

ranged from 70-80% fo r most s ample s de pending on the 

cont ent s  of e ach s c int i l l at ion via l . 





ADMINISTRATION OF LINAMARIN PRECURSORS TO CASSAVA 

LEAVES . 
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Seve ral  o f  the radio act i ve p re curs ors that have been 

employed in biosynthe t i c  studi es  o f  linam arin in othe r 

p l ant s we re prepared in the cours e of this s tudy as de s cri be d  

unde r s e ct ion 2 .  The pre cursors inc luded valine , 

i sobutyronitri le , i sobutyraldoxime and 2-hydroxyis obut yro-

nitrile . Valine has  been e xt ens i ve ly used in inve s t i gating 

linamarin b i o s ynthe s is in  plant s b y  al lowing the plant s to  

t ake up  1 4c val ine s o lutions . S o lut ion upt ake te chniques 

· have also  b e en emplo yed in adm inis t e ring the b i o s ynthe t ic 

int ermedi at e s , isobutyraldoxime , 2-hydroxyis obut yron itri le , 

and i s obut yronitri le  to  plant s . These  int ermedi ate s  are 

rathe r vo l at i le and one of them , isobutyronitri le is not 

re adily w ater  s o lub le . I t  is  like ly that s i gnifi c ant 

amount s o f  the se  pre cursors m ay b e  los t from the fe eding 

s o lut ion due t o  vo lat i li z ation . The vo lat i le pro pe rty o f  

the precursors has b e en us ed in this s tudy t o  admini ster  

1 4c lab e l led subst ances  to Cas s ava le ave s by al lowing the 

le ave s to  t ake up the pre curso r  vapours through the s tomat a .  

Thi s  sect ion des crib e s  the re sult s o f  feeding expe riment s 

in which 1 4c l abe lled valine , is obutyronit ri le , 

i s obutyraldoxime and 2-hydroxyis obut yronitri le  we re 

adminis t e red to exc is e d  C as s ava le ave s . The precurso rs 

we re met abo lised b y  the l e af t i s sues  and l inam arin w as 

sub s e quent ly i s o l ated  and the inc orporation o f  1 4c from the 

pre curs o r  de termined . The expe riment s des c ribe d  here 

we re c arri ed out primari ly to as c e rt ain the suit ab i lity o f  

the vari ous pre curs o rs for sub s e quent studie s on 

translo c at i on and the biosynthe t i c  act ivi t y  of di ffe rent 
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tissue s . The y  we re carried out at w ide ly di fferent 

times  but the dat a have b e en co lle cted togethe r in this 

section s ince the re sult s are of  int e rest in c onne ction  

with the pathw ay of  linamarin b i o s ynthe sis in Cas s ava . 

1 4  Adm inis t rat ion o f  C pre cursors : 

For the work des c ribed in thi s  sect i o n  matured 

c as s ava le ave s we re exc i se d  from p lants grown in s o lut i on 

cu lture as de s c ribed in s e ct ion 2 . 2 . 2 .  The l e ave s used 

we re ful ly expanded but t aken from we ll above the r e gi on 

o f  l e a f  s enes cenc e . Le af pet io l e s  were b ent under water  

and det ached whi l e  st i l l  submerge d as  c lo s e  t o  the s tem  

end as po s s ib l e  and the cut ends rinsed repe atedly t o  

remove lat ex exudate . 

3 . 1 . 1  Val ine  administrat ion to leave s : 

Val ine was  fed to the le af  by al lowing  

so lut i on to  be t aken up  through the cut end of  the  pet i o l e . 

Le af p et i o le s  w�re trimmed down whi le submerged i n  water 

to le ave about 2-3 cm  l ength att ached to the l e af b l ade . 
0 . 7  - 1 . 0  

1 4  The fe eding s o lution cont a ined ' Af C L- [U- C ] val ine with 

unl ab e lled  val ine added as a c arri e r  to bring the final 

spe c i fic  act ivit y to betwe en ' 316 1 and · 1000 j--(C i /mmo 1 .  The 

le ave s were placed in the s o luti on in a t empe rature cont ro lled 

growth chamb e r  at 21 °C .  The adm inis tered  s o lut ion was 

gene rally  t aken up with in 20 t o  30 minut e s  a ft e r  which 

le ave s were t ran s ferred into 20 ml  be akers f i lled with  

wat e r . The l e aves  were then cove red with a l arge be ll-

j ar t o  prevent exce s s ive moisture loss e s  and w ilting and 

allowed to me t abo lis e  the val ine for 24 hours . Lab e l led 

le aves were extracted  in b o i l ing 8�h e thano l and 1 4c-

linam arin det e rm ined on the c onc entrated ext racts b y  the 



enzyme hydro l ys i s  method fo llowed b y  alkal ine t rapping 

o f  evo lved H -1 4cN ( Se ction 2. 7 ) . 

Admini s trat ion o f  1 4c Vo lat i le pre curs o rs 
t o  le ave s : 
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The vo lat i l e  pre curs ors , [ 1 -1 4c J  

i sobutyronit ri l e , 2-hydroxy [ 1 -1 4c J i s obut yronit r i le and 

[u -1 4cJ i s obut yraldoxime were adm ini stered to l e aves b y  

vapour upt ake i n  a gl ass fe edi ng chamber . The l i d  o f  

the chamb e r ,  shown in plat e  3 . 1 ,  cons ists  o f  a t hi c k­

walled c ircular gl a s s  dish ( 21 cm di ameter  x 2 cm de e p )  

with two 0 . 7  c m  d i am eter  apertures on  oppo s i t e  s id e s  o f  

i t s wal l c lamped t o  a flat glass  p l at e . The rim o f  t he 

dish was ground and a groo ve l arge e nough t o  accommodat e  

the l e af pe t i o le introduced at one po int o n  the rim . 

The b lade o f  a det ached le a f  w as s pre ad out on the glas s  

plate t i ght l y  c l am ped t o  give a ho ri zont al surfac e . A 

m agneti c  b ar w as p laced on a c l e qr are a o f  the p l at e  

bes ide o n e  o f  the l e a flets  and s t i rred by me ans o f  a 

magnet i c  s t irrer c l amped under the suspended p l at e ; this 

enabled the air to be stirred throughout the period  o f  

vapour fe e ding . The ground rim o f  the gl a s s  chamb e r  lid 

w as lined with a thin l ayer o f  s i l i cone gum (.SE-30 , 

General E lect ric , N . Y . ) and then inve rted ove r  the le af 

b lade so  t hat the pet io le was loo s e l y  accommodat e d  in the 

s ide gro ove . Vfue re neces s ary ext ra gum was added at the 

dish-glas s p l at e  j unct ion and around the point of insertion 

o f  the pe t io le t o  c re ate an a i rt i ght chamber around the 

l e af b l ade . Finally the dish  was t ight ly c l amped down 

on the g l as s  plat e s  with s c rew clamps . Pre curs o r  

s o lut ion w as f e d  through the inlet s eptum b y  m e ans o f  a 

s yringe on  t o  the inner gl a s s  p la t e  with c are b ei ng t aken 



PLATE 3 . 1 . ADMI ISTRATI ON OF 1 4c VOLATI LE 

PRECURSORS TO ATTACHED CASSAVA LEAF . Vapour 

upt ake by low e r  l e a f  o f  an immature cass ava 

plant . 
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to avo id depos it ing the sample too n e ar the l e a f  b l ade . 

In the c as e  o f  2-hydroxy [ 1 -1 4cJ isobutyroni t r i le rapid 

vapouris at ion was a�hie ved by warming the dropl e t  by 

me ans o f  a he ate d  rod plac e d  in c l os e cont act with the 

glass surface underne ath the dro p le t . He ating  the rod 

with w arm water  quickly warmed the droplet re sult ing in 

its vapouri z at ion within 1 0  t o  20 m inutes . He at 

tre atment was not required for vapourization o f  1 4c 

isobutyraldoxime and isobutyronit rile  as the s e  are very 

vo lat i l e  at room temperature . P l astic  bags p art i al ly 

fi l led w ith wat e r  at room  t emperature were s e al ed and 

laid ove r  the top  o f  the fe eding chamber to pre ve nt 

exces s ive he at ge neration wit hin the chamb e r .  

A l l  experiments were c arrie d out in a gla s shous e 

at 21 °C with e ach le af e xposure last ing 3 hours . 

Re sidual vapours were drawn out from the chamb e r  and 

trapped in 1M-NaOH s o lut ion b y  adm itting wat e r  fro m a 

reservo i r  at a s low  rate cont ro lled  b y  an aspirator .  

When the chamber w as about half  fi l le d  with w at e r  al l 

aperture s were s e aled off  and the support plate  s l i ght ly  

agit at e d  to rinse off  mo isture condensates on the inn e r  

chamber walls . A l l  washings we re re covered and aft e r  

dismant l ing the chamber the leaf s urface w as dri e d  with 

absorbent pape r .  Le aves were gene rally ext racted in 

boiling e thano l within one hour aft e r  remova l  from 

feeding chamber thus giving a m aximum of 4 hours met abo lism 

from time  of ini t i al exposure t o  precursor vapours . 

Dete rm ination o f  1 4c linam �rin activity and l inamarin 

content was performed on c oncent rated ext ract s  as 

de scrib e d  in sect ion 2 . 7 .  



3 . 2  Results 

3 . 2 . 1  Ass im i l at ion of L- [u-1 4c J Valine 

The 1 4c dist ributi on pat t ern obt �ined b y  

s c anning a one -dimens ional paper chromat ogram o f  the 

e thano l s olub le e xtracts indic ated  the pres ence o f  1 4c -

l inamarin a s  a m a j o r  pro duct . The pre sence o f  othe r  

l abe lled subst an c e s  showed that ext ens i ve metab o l ism o f  
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the admini stered 1 4c val ine had t aken plac e . The results 

of the valine fe eding experiments are g iven in Tab le 

3 . 2 . 1 . 1  t o gethe r with some value s from the l it e rature 

( T ab le 3 . 2 . 1 . 2) . I n  all 1 4c val ine fe eding experim ent s 

e qual labe l ling . o f  5C atoms of  val ine has been  as sumed . 

S ince the c onve rs i on of valine into linamarin invo lve s a 

de c arboxylat ion o f  val ine at 1 C po s i t i on ( But ler and 

But ler , 1 960)  linamarin act ivit ies  have been adjus t e d  b y  

5/4 t o  give a t rue indi cation  o f  the pe rcent o f  1 4c valine 

incorporat ion and di lut i on o f  s pe c i fi c  act ivit y .  The 

incorporat i on o f  1 4c into 1 4C-linam arin was between  1 1  and 

1 7% .  In this val ine feeding expe riment the e n z ymic  

h d 1 · th d 1 d t 1 4c 1 ·  · y ro ys ls me o was emp o ye o me asure - lnam arln 

c ontent in the e luat e  from the co rresponding l inam arin 

b and of one-dimens ional pape r chrom at o gram . Some amount 

o f  the 1 4c -ace t one  evolved m ay have b e en trapped along 

with 1 4c -HCN . Howe ver the present incorporat i on value s  

are just s li ght l y  higher than the 9-1 3% inc o rp o rat i ons 

reco rded in subse quent 1 4c val ine feed ing to le ave s 

employing improve d  analyt ic a l  t e chniques . The result s are 

consistent with the percent incorporat i on obt ained in 

e t io l ated  c as s ava s e edlings (Narte y ,  1 969 ) . The resu l t s  are 

higher than was obt ained in white  c love r ,  Tri fo l ium repens 



Table  3 . 2 . 1 . 1 

Incorpo rat ion of  Va line into Linamari n 

C as s ava 

variety 

Manioke 

Navo l au 

Variety A 

Fresh 

weight 

gm 

4 . 6  

2 . 0  

2 . 3  

Valine admin istered 
f<C i  )-<IDO l  Upt ake 

% total  
14c fed 

0 . 954 3 . 0  99 . 7  

0 . 700 1 . 0 99 . 8  

1 . 000 1 . 0 98 . 2  

a Corrected for loss o f  carboxyl carbon 

b S . A .  = s pe c i fic act ivit y (�Ci/mmo l )  

Met abo lic  Linamarin 
Time J-ACi b S . A .  

hrs ;JC i/mmo l 

24 0 . 1 64 5 . 2  

24 0 . 070 2 . 0  

24 0 . 091' 3 - 3  

Tab le 3 . 2 . 1 . 2 

Percent .,-q: c 
1 4c D i luti on a 

Inc orpo-
rat ion a 

1 7 . 2  61  

1 2 . 5  3 50 

1 1 . 6  303 

Incorporat ion of Valine into Linamarin in o ther Spe cie s 

Plant Mat e ri al 

Linum us itatiss imum 

Linum us itatiss irnum 

Trifo lium repens 

Nanihot ut i liss ima 

14 -----;·p� 
Valine adm iniste re d Meta- · Percent C C 

bo lic  Incorporat ion Diluti on 
fC i  fliDO l Time into  14c Hrs linarnarin 

1 . 09 1 . 2 7 23 . 0  43 

0 . 1 0 1 . 0  7 48 . 0  62 

0 . 92 4 . 6  X 1 0-3 4-7 6 . 6 1 4200 

1 . 41 0 . 01  48 1 3 . 2 -

Re ferences 

Tappe r  and But ler( 1 971 ) 

Hahlbro ck et  al . ( 1 968 ) 

Hughes and Conn ( 1 976 ) 

Nartey( 1 969)  

+::" 
0 



but generally  lowe r than in l inen fl ax ' (Linum 

us itatiss imum ( T ab l e  3 . 2 . 1 . 2 ) .  

3 . 2 . 2  As sim i l at ion o f  2-hydroxy [ 1 -1 4c J  

i s obutyronitri le 

Le aves fed w ith 2 -hydroxyisobut y-

ronitri l e  took up most o f  the pre cursor vapour . A 

radiochromato gram s c an o f  the ethano l extracts ( fi gure 

3 )  shows a linam arin pe at at Rf 0 . 4 ;  the ident ity o f  

this peak was confirmed i n  other s o lvent s ystems  ( 2-

Butanone-acet one : Wat er  and propano l : wat e r ;  Section 

2 . 7 . 2) . Furthe r re s o lut ion o f  the 1 4c labe l l ed 

compounds was achieved by TLC-electrophore s i s  o f  the 

e thano l extract s fo l lowed b y  autoradiography ( se c t ion 

2 . 7 . 3 ) whi ch showed a he avi l y  labe lled  1 4
c - l inamarin 

s pot p lus s e ve ral l ab e l led amino ac ids . Aspa ragine 

w as the major amino acid l ab e l led and l e s s e r  am ounts o f  

1 4c were pre s ent in  s pots corre sponding to 

�-cyano alanine , glut amine , glut ami c  aci d ,  aspart i c  aci d ,  

glyc ine and histidine . The pat t e rn o f  14c inco rpor at i on 

w as s imilar to that observed when fl ax seedl ings were 

s o luti on fed with 1 4c -2-hydroxyisobutyronitrile  ( Tappe r ,  

1 968 ) . Like the fl ax seedlings the s e parat ed extract s 

showed t he pres ence of  other neutral  subst anc e s . 

The result s g iven in Tab le 3 . 2 . 2 . 1  show that 

· 
t · f 1 4c t · · t · t -1 4c 1 · · 1ncorpora 10n o ac 1v1 y 1n o 1nam ar1n w as 

20% , a leve l s omewhat less than that obt ained for l inen 

f l ax ( T ab l e  3 . 2 . 2 . 2) . 

3 . 2 . 3  Ass imi l a tion o f  [ 1 -1 4c J  isobutyro n i t ri le 

The upt ake o f  1 4c-is obutyronitri l e  was 
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re lative l y  low ( T ab le 3 . 2 . 3 . 1 ) . T. · 1 4c t · · t ne m ax1 mum ac l V l  y 
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C a s s ava 
variety 

Manioke a 

Beqa  

Fre sh 
weight 

gm 

3 . 1  
4 . 1  

T ab le 3 . 2 . 2 . 1  
I ncorpo rat ion o f  2-hydroxyi s obutyronitri le into Linam arin 

2-hydrox§i s obutyron itrile 
�Ci .A.  Uptake 

2 . 58 
3 . 82 

�C i/mmo l % 1 4c fed 

262 
262 

95 . 3  
96 . 0  

Met abo lic 
Time 
( hrs ) 

4 
4 

Linam arin 
;.;..C1 s .A. 

0 . 44 

0 � 79 

_MC i/mmo l 

1 1 . 8  
1 3 . 6 

Percent 
1 4c 

Incorpo ­
rati on 

1 1 . 3  
20 . 6  

a Le af p art i ally wi lted in course o f  expe riment . 

Tab l e  3 . 2 . 2 . 2  

1 4c 
D i lution 

22 . 0  

1 9 . 3  

Incorporation o f  2-hydroxyis obutyronitri le into Linam arin in other Spe c ie s  

P l ant M ateri a l  
2-hydroxyi so- Met abolic Percent 1 4c Re ferences butyronit ri le 1 4c p.Cl )--!IDO l Time D i lu-

( Hrs ) Incorpo- t i on 
ration . 

Linum us i t at i s s imum 4 . 59 2 . 5  7 28 1 7 . 5  T apper and But ler( 1 971 ) 
Linum us it at is s imum 4 . 57 2 . 5  7 28 1 7 . 0  Hahlbrock et al . ( 1 968) 

+:­
\)J 



Table 3 . 2 . 3 . 1  

Incorporat i on o f  I sobutyronitri le into Linam arin 

C as s ava Fresh I s obut�ronitri le Metabo lic Linamarin 

variety we ight ;-< C i  ,u mol  Upt ake Time 1-"C i  S . A .  
% 1 4c Hrs )lCi/mmo l 

fed 

'Manioke 2 . 4  1 1 . 3  33 . 6  3 - 7 4 0 . 052 1 .  9 

Manioke 2 . 0  1 1 . 3  33 . 6  2 . 4 4 0 . 029 1 . 1 

Manioke 2 . 3  1 1 . 3  33 . 6  1 0 . 6  24 0 . 1 90 7 . 9  

Table  3 . 2 . 3 . 2  

Per Cent 1 4c 1 4c D i lution 
Incorpo-
rat ion 

1 2 . 4 1 77 

1 0 . 7  305 

1 5 . 9  43 

Incorporation o f  I sobutyronitrile into Linam arin in othe r  Spe ci e s  

Plant Material  

Linum us it at i s s imum 

Linum us itat i s s imum 

I s obutyron itrile 
f-C i  ,umo l 

0 . 239 1 0 . 0  

0 . 066 1 0 . 1  

Met abo lic 

Time 

Hrs 

7 

7 

Percent 14c�-�C Re ferences 
Incorpo- Dilution 
rat i on 

9 - Tapper and But ler 
( 1 971 ) 

1 1  1 0  Hahlbrock e t  al . 
( 1 968)  

- -

� � 
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t aken up b y  t he le af in 24 hours o f  exp osure w as just  

o ver 1 �6 of  the o ri ginal 1 4c act ivit y ,  although the 

e s t im at ion o f  upt ake was sub j e ct to a s l i ght e rro r . 

Aft e r  di smant l ing the fe eding chambe r  the re was a rapi d  

l o s s  o f  vo l at i le 1 4c act ivity from the l e a f  surface as  

me asured by  surface s canning w ith a hand monit o r  ( Mini-

Monitor , Mul lard MX 1 68 , London , Engl and) . Vo l at i l e  

1 4c i n  the e thano l extracts me asured as the d i f fe rence 

in 1 4c act ivit y  a ft e r  t aking the extract to d ryne s s  under 

a stream o f  dry n itroge n  gas indi c ated  that 27% o f  the 

s o luble ext ract was due to vo l at ile  1 4c activit y .  The 

strip ·  s c ans o f  one dimensional chromat ograms showe d 

bes ides linam arin one o the r major  pe ak at the origin . 

The range o f  1 4c incorporat ion into 1 4c -linamarin was 

comparable to that obt a ined for l inen fl ax shoo t s  ( T able  

3 . 2 . 3 . 1  and 3 . 2 . 3 . 2) as suming that the upt ake fi gure s 

we re accurat e . 

3 . 2 . 4  As s im i l ation o f  [U-1 4c J  i s obutyraldoxime 

A ne arly quant i t at i ve upt ake of 1 4c -

i s obutyraldoxime vapour was obt aine d . A radio chromat o -

graphic s c an o f  the ethanol extract s show ed one o ther 

m a j o r  peak b e s ides l inamarin at the o rigin ( fi gure 3 ) . 

Me asurement o f  1 4c- l inamarin activity gave an incorporat ion 

of 24% o f  the 1 4c act ivity in the oxime into 1 4c - linam arin . 

The leve l o f  1 4c inco rporat ion w as· comp arable to  t hat 

ob tained in l inen flax ( Linum usitat i s s imum ) but much 

higher than in whit e c l ove r ( Tri fo l ium repens ) ,  ( Tab le s 

3 . 2 . 4 . 1  and 3 . 2 . 4 . 2 ) . 



Table  3 . 2 . 4 . 1  

Incorporat ion of I sobutyraldoxime into Linamarin 

C as s ava 

variety 

Manioke 

Fre sh 

weight 

gm 

2 . 3  

Is obutyraldoxime 

�Ci �mo l Upt ake 
% 1 40 
fed 

0 . 61  8 . 22 98 . 8  

Met abolic  

Time 

Hrs 

4 

Linamarin 
}-(C i S .  A .  

J-�.C i/mmo l 

0 . 1 50 6 . 0  

Tab le 3 . 2 . 4 . 2  

Percent 
1 4c 

Incorpo­
rat ion 

24 . 9  

1 40 
Di luti on 

1 2  

Inco rporat ion of I sobutyraldoxime into Lin amarin in other spe ci e s  

Plant Material  I s obut;yraldoxime Met abolic Percent 14c---�c Re ferenc e s  
f'-Ci pmo l Time Incorpo- Di lut ion 

Hrs rat i on -
Linum us itat i s s imum 1 . 33  3 . 40 7 21 21 . 1  Tappe r  et  al . ( 1 967) 

Linum usit ati s s imum 3 . 74 20 . 0  7 24 20 . 5  T appe r( 1 968 ) 

Tri fo lium repen� 0 . 90 1 . 22 - 2 . 6  1 5 . 2  Hughes and Conn( 1 976) 

+:­
(J) 
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The administration o f  vo lat ile  pre curso rs t o  cass ava 

le aves  by the vapour upt ake techni que  has faci l it at e d  

the dire ct feeding o f  pre cursors , to c as s ava bl ade t is sues 

f d 1 4c 1 ·  · · th · Th f · 1  f o r  en o genous - lnamarl n syn e sl s . e al ure o 

the l e aves to t ake up s i gn i ficant amounts o f  1 4c -i s obut yro ­

n i t ri l e  was prob ably due to  the low so lub i l it y  of the 

nitri le result ing in i t s  low diffus ion in the le af s ap .  

The loss o f  1 4c from le aves fed with 1 4c-isobut yronit ri le 

was prob ably due t o  loss  fro m vo lati le 1 4c-isobutyronitri le 

fract i on trapped in l e a f  int erst it i al space s . 

The chromato graphic  s c ans obt ained fro m e xt ract s  o f  

l e ave s fed with vo lat i le pre curs ors show similarit i e s  i n  

1 4c lab e l l ing p at t erns nam e l y  the pres ence o f  l inamarin 

and a maj or pe ak at the ori gin . The 1 4c am ino acid 

pattern was similar t o  the gene ral p attern obt ained when 

1 4c -HCN is fed to p lants inc luding cassava ( Tappe r , 1 968 ; 

Nart ey , 1 969 ; B lumenthal-Go ldschmidt , et al . ,  1 96 3 )  

although free 1 4c -HCN could have ent e red the fed le a f  as 

1 4  an impurity o r  a b re akdown p roduct i n  the c as e  o f  C -2 -

hydroxy-is obutyronitri le  administrat ion . 1 4C -HCN m ay 

also  have been gene rat ed as a re su lt o f  endo genous bre akdown 

o f  1 4c -2-hydroxyis obut yronit ri l e o r  a turnover of the 

synthe s i sed 1 4c -linamarin . 

Although none o f  the fed le ave s showed vis ib le t oxic i t y  

symptoms during pre curso r  administ rat i on i t  is  pos s ib l e  

that the pre curs ors themse lves o r  thei r  bre akdo wn pro duct s  

m a y  exert some e ffect on t h e  gene ral me tab o l ic pat t e rn in 

the le ave s . Howeve r ,  all the 1 4c label led pre curs ors were 

s i gni ficant ly incorporated  into 1 4c - l inam arin w ith s l ight ly  

hiEher value s obt a ined fo r 1 4c-isobut yraldoxime and 

1 4c -2-hydroxyisobut yronit ri le . 
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4 . 1 Linam arin Cont ent o f  C as s ava Tissues . 

One o f  the m ain aims o f  the pre sent s tudy was t o  

asce rt ain which t is sues o f  the c as s ava p lant were act ive 

in l inam arin biosynthes i s . The l inam arin content o f  

vari ous part s o f  the p l ant could give some indi c at i on o f  the 

re l ative biosynthetic  act i vit ies  o f  di fferent organs and 

t i s sues . Dat a  are pres ented he re for the linamarin cont ent 

o f  various t issues o f  the c ass ava varietie s .  The 

linam arin content o f  �,!anioke and varie t y  A w as as s ayed at 

the commencement of this s tudy using the enzymic hydro lys i s  

method a s  des cribed unde r s e ct ion 2 . 7 . 1 .  Linamarin 

det e rminat ions in B e q a  were carrie d  out at a lat e r  date  

and use d  the GLC method de s cribed unde r s e c t ion 2 . 7 . 2 .  

The various o rgans and sections were det ache d from 

approximat e ly 2-month o ld p lants grown in p e at culture . 

The cat e gories used are as i llustrat ed in f i gure 4 .  The 

' Shoot Apex ' cons isted  o f  t he 3-cm length o f  the 

growing tip  re gion . The ' Upper  L e a f '  was t he firs t  ful l y  

expanded l e a f  b l ade ne ar t he apex re gion whi le a ' lower 

le af ' was s e le ct e d  from the  lowe st non-s enes c ing b l ade s on 

the stem . The ' uppe r '  and ' lowe r '  pet io le s  were the 

pet io le s  of uppe r  and lowe r le ave s . The 2 - 3  cm s e c t i ons 

next to  the shoot  apex represented the upper  s t em and a 

s im i lar length o f  stem  midway betwe.en the lowe st l e af and 

the root system repres ent e d . the lowe r st em . The " prim ary 

ro ot s "  comprised the smal l norm al roots of t he plant as 

dist inct from those b e aring swo llen t ubers . Tub e r  cores 

we re 2 x 1 . 5 cm di ame t e r  cores punched from the inner  part 

o f  the swollen tube rous ro o ts , whi l e  the tub e r  pee ls were 



U PPE R 
ST E M  

S HOOT APE X 

UPPER LEA F  
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( 2- 3 c m )  1------------ UPPER PET I OLE 

LOW E R  
S T E M ---------------� 

( 2 -3 cm ) 

I 
I 

'._--- L OWE R L EAF 

'---------- LOW ER PE TI O L E  

F I G U R E  4 D I AG R AM O F  A N  I M MA T U R E  T U B E R O US CASSAVA P LA N T .  Organs and 

t issues employed for l inamarin estimations and for 1 4c-val i ne adm i n istrat ion are ind icated. 
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the out e r  covering re adi l y  det achab le  from the ' edib le '  

tuber . 

Plant sections were extracted in  boi ling aqueous 

e thano l and ass ayed for linam arin . Figure 4 . 1 . 2 i l lus-

trates  a represent at ive G . L . C .  separat ion of  the  TMS 

ether o f  linamarin in the ethano l extract . Linamarin 

is shown s eparat e d  from lot australin which w as pres ent at 

a concentrat ion of 4-6% of t hat o f  linamarin in al l sam ple s .  

Linam arin content o f  various plant s e ct ions to ge ther w it h  

some value s reported i n  the l ite rature are pre s ented i n  

Table  4 . 1 . The re sults represent the me ans o f  

det e rminat ions from at le ast two p l ant s . 

Apart from the tuber c ores the re was a gene ral 

similarity in the distribut i on o f  linamarin in the thre e 

plant vari etie s . The Man ioke tubers had about thre e 

t imes  as much linam arin as t he two other varie t ies . Due 

t o  deve lopment a l  d i f ferenc e s  betwe en vari et i e s  t he tub e rs 

as s ayed were not a l l  the s am e  age and s i z e . The high e r  

leve l  o f  linamarin i n  �!.anioke tub e rs may there fore be due 

t o  a di ffe rence in tuber  m aturity r ather than a di stinct ive 

fe ature o f  this vari ety . The general dist ribut ion pat t e rns 

compared fairly w e l l  with the report e d  values for T abouca 

and T a25 except fo r the root s .  The nature o f  the ro o t s  

used for the e s timat ions report ed in the literature w e re 

not c l e arly de fined . S ince  pee l  ti ssue c ove ring o lde r 

roots  would have a high linamarin cont ent , o ld ro ots  would 

t e nd to  give hi gher  values than the re lative ly young ro ots  

employed in the present an a l ysis . .. . 
Within each plant vari ety  the highest linam arin co nt ent 

w as recorded in th e sho ot apex . General_ly the t is su e s  l ike 
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F I G U R E  4. 1.2. L I N AM A R I N  E ST I M A T I ON BY G A S  C H ROMATOG R APH I C  T E C H N I Q U E .  Separation of T M S  

derivatives of ethanolic ex tracts from leaves o n  G l ass column packed with 1 %  f l ourosil icone ( O F  I )  on G a s  C h rom 0. 
I :  Li namar i n :  1 1 :  Lotilwtr,l o n ;  I l l :  Prunason added as internal standard. 



T able 4 . 1  
Linamarin Dis t ributi on in Cass ava 

LINA� .. �ARIN CONCENTRATION ��mo l7gm � 
PLANT ORGAN Mani oke Beqac Variety A Lite rature values 1 

--
Tabouc a Ta2 5  Othe rs 

Sho ot apex 32 . 7  29 . 7  26 . 0  
Uppe r le aves 1 2 . 0  16 . 3  1 7 . 1  1 5 . 6  21 . 1  
Lower le ave s 1 7 . 7  1 7 . 6  1 2 . 4  9 . 3  1 1 . 9  40 . 3a 

Le a f  pet io les 6 . 9  5 . 7  3 . 3  4 . 4  6 . 3  
Upper s t em 1 8 . 6  1 8 . 3  1 5 . 1  
Lower stem 6 . 4 6 . 1  5 . 0  
�rimary roots  0 . 9  0 . 6 0 . 6 7 . 4 1 1 . 1  
Tube rs cores 4 . 5  1 . 8 1 . 5 1 . 3  7 . 8  7 . 8b 

Tub er pe e ls 1 7 . 8  1 4 . 5 1 4 . 0  1 4 . 8  33 . 0  31 . 1 a 

1 Tabouc a and T a25 value s adapt ed from de Bru i j n  ( 1 971 ) ; 
a Varie t y  Kokotou , O ffice de la Re che rche S cie nti fi que et Te chniqu e  

Outre-Mer ( O . R . S . T . N . ) ,  c i t e d  by d e  Brui j n  ( 1 971 ) 
b Variety S . P . P . , Bo lhuis ( 1 9 54)  
c Beqa analys i s  by GLC 

\J1 
1\) 
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t h e  upper stem , le aves  and pee l s  with nigher c ont ent s o f  

act ive living c e l ls had h i gher linam arin content than 

more wo ody t issues like the pet i o l e s  and stems or t ypic al 

st orage tissues  such as the inner tubers . 

Whi le linamarin is pre sent in al l tissue s  o f  C as s ava , 

linam arin content di ffe rs conside rab l y  in different t i ssue s . 

The d i f ference s  betwe en various part s o f  the plant are 

fairly c onsistent betwe en di f fe rent plant vari eties . The 

distribution pat t e rn by i t s e l f  however doe s not indi c at e  

whi ch o rgans are most  act ive ly synthe s ising l inamarin in 

the plants . 

4 . 2  B i osynthe s is o f  Linam arin from Valine b y  Det ache d 

O rgans o f  C as s ava . 

The resu lt s pre sente d  in sect i on 4 . 1  indicate l a rge 

d i f fe rences in the content o f  linam arin in di fferent p arts 

o f  the plant . The differenc e s  m ay be due to di f fe rent 

r at e s  o f  lin am arin degradation by the tissues or the 

t r ans location o f  linamarin from s ites  o f  s ynthe s is t o  othe r 

part s  o f  the plant . The different capacities for biosynthesis 

o f  l inam arin by  the di fferent t i s sues  may also be p l ay ing 

a s i gni fi c ant ro le in the obse rved differences .  I n  this 

s e c t i on the various t is sues  we re i nvestigated for the i r  

abi lity to synthe s i s e  l inam arin from adminis tered val i ne . 

4 . 2 . 1  Methods for Va line admini strat ion to the 

di f fe rent t i ssu�s : 

The organs and t is sues employed were the 

s ame  as tho se des cribed in the previ ous sect ion ( s e c t ion 

4 . 1 ) . 1 4c-val ine adminis t ration w as conducted in a growth 

chamber at 21 °C and 8�0 R . H .  A l l  s ample s were all owed to  
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met ab o l i s e  the pre curs o r  for 24 hours . 1 4c- val ine 

was administere d  to the de t ached o rgans as fo l lows : 

( a) the s hoot apex w as det ached unde r w at e r  

and the exuding latex rins e d  o ff .  Accompanying young 

le ave s t hat exc e e de d  � the s i z e  o f  a fu lly expanQe d  l e a f  

we re t rimmed o f f .  The val ine so lut i on administered 

( 1 00 �1 , spe c i fic  act i vi t y  as shown in Table  4 . 2 . 1 )  was 

almo s t  comple t e ly t aken up aft e r  5 hours and the apex 

was t he n  supplied wit h  d i s t illed w at e r  for a furthe r 1 9  

hours . 

( b )  The upper and lowe r le ave s had about 1 -2 cm 

lengths of the pe t io le t is sue s t i l l  att ached to the 

b l ade . 1 4c val ine was fed  throu gh the cut end o f  the 

pet i o l e , us ing the so lut i o n  upt ake t e chnique des crib e d  in 

s e c t ion 3 . 1 . 1 . S o lut ion upt ake was c omple t e  wi thin 1 0  

m inut e s  and the leave s were then s upplied with di s t i l l e d  

wat e r  for the re s t  o f  the 24 hours . 

( c ) Upper and lower s t em s . The cut sur face s o f  

det ache d s t e m  s e ct ions were rins e d , we ighe d and fe d with 

lab e l l e d  val ine of  s p e c i fi c  act ivity as given in T ab le 

4 . 2 . 1 .  Feeding was ach i e ved b y  s t anding the bas al ends 

of the cut surface in 5 ml beakers cont aining about 

1 00 �1 o f  the l abe l .  So lut i o n  upt ake was s low and i t  

t o ok ab out 6 hours fo r t h e  init i a l  _vo lume t o  b e  t aken up . 

( d) Pet i o les  were s e le ct e d  as  the upper and low e r  

pet i o le s  o f  the corre sponding le ave s . Lab e l l ed val ine 

was adm iniste re d  as  m i c ro-dropl e t s  on the cut dis t al e nds 

i . e .  the ends ne are st the le a f-b l a de s . 

( e )  Prim ary roots we re e xc i s e d  from s o lut i on 

cultured plan t s and subdivided int o 1 -2 cm s e c t ions . 



Root  sect i on s  w e re p acke d int o  fl at -bottomed 1 . 5  c m  

d i ame t e r  tub e s  and t h e  l abe l l ed s o lut i o n  adm inis t e re d .  
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S o lut ion upt ake was ext rem e l y  s l o w  and was not comp l e t e  

a ft e r  24 hours . 

( f ) Tub e rs w e re h arve s t e d  fro m  about 2-month o ld 

p e at cu ltured p l an t s . Tub e rs ( with  int act pe e l s )  o f  

approxim at e l y  2 cm  diam e t e r  we re cut into s e c t i o n s  o f  

1 . 5 cm thi ckne s s , rinsed wit h c o ld water  t o  re move l at ex 

and dri e d  with ads o rb e n t  pape r . Labe l led val i n e  s o lut i on 

w a s  s pre ad on  t he cut surfac e as a t hin l aye r ,  a l lowed to 

s o ak into the t ub e r  t i s sue and was fo l lowed by 50 � 1 
d i st i l l e d  wat e r  app l i e d  in t wo suc c e s s ive a l i quo t s  a s  a 

w a sh in . Tub e r  d i s c s  were c o ve re d  with beak e rs and 

harve s t e d  a ft e r  24 hours . 

A l l  l ab e l l e d  s ample s w e re ext racted i n  bo i l i n g  80% 

e t hano l ,  con c en t rat e d  t o  dryn e s s  and the re s i du e  t aken up 

i n  aqueous p ro p ano l for chro m at o gr aphy as de s c rib e d  unde r 

s e c t i o n  2 . 6 .  

4 . 2 . 2  Result s 

T ab l e  4 . 2 . 1  pre sent s  the q uant it at i ve d at a  on 

i n c o rpo rat ion  of 1 4c fro m  va l in e  into l in am arin . 1 4c -

l i n amarin w a s  as s ayed b y  the e n z ym i c  hydro lys i s  method 

a ft e r  chro m a t o graphy in  Bu t an o l -Wat e r  s o lvent ( 2 . 7 . 2 ) . 

The separat i o n  o f  1 4c l abe l le d  sub s t ances in t he ext r a c t s  

o f  s ome o f  t h e  t i s sue s are i l lust rat e d  i n  fi gure 4 . 2 . 1 . 

Sho o t  ape x .  The rad i o chrom a t o gr am s hows a pe ak 

at Rf 0 . 4 whi ch w as con fi rme d to b e  due to 1 4c - l inam arin 

a ft e r  re chrom ato graphy in t wo othe r  s o lvents  i n  b ot h  o f  

wh i ch it c o -chrom at o graphed w i t h  authent i c  l in am arin . 

The ave rage 
1 4

c inco rpo rat i o n  into  
1 4

c - linamarin by the 



T o b le 4 . 2 . 1  

I n c o rpo ra t i o n  o f  L- [ u - 1 4c J  val i n e  i n t o  l i n omo ri n  by c n s s o v o  t i s s u e s  

_________ ...;... ____ h-------;L--�'[-;-;U:-t- "c) va l i n e  14 . . d ! n c o rp o - 1 c P l a n t  C a s s a v a  Fre s  · n d � i n i " t e re d  C - l 1 n n m a r1 n  re co ve re t ' . . . ' · · _, 
. a � ro 1 0 n  Di lut ion S e ct 1on v a n e ty .ve i ght 

fim o l  S . A .  P e r c e nt ?-C l t<JllO l  � : A .  % ( gm) (�C i/mmo l )  Upt a k e  ( �C l /mmo l )  

Shoo t  apex A 1 . 3  1 . 0 9 9 3  99 . 3  0 . 160 37 . 3  4 . 3  1 6 . 1 231 
Moni oke 1 . 0 1 . 0 1 930 98 . 5  0 . 262 24 . 3  1 0 . 8  1 3 , 4 1 84 
B e q a  2 . 1  2 . 0  500 99 . 9  0 . 1?2 4 0 . 3  4 , 3  1 ? . 2  1 1 6  

Upper l e aves A 2 . 0  

Jlanioke 1 . 8 
B e q a  1 , 5 

lowe r le ave s A 2 . 3  

U pp e r  l e a f  
p e t i o l e s  

Lowe r le af 
p e t i o l e s  

Man i oke 0 . 9  

Beqa 1 . 8 

Jl.anioke 1 . 0 
Beqo 0 . 8  

Uanioke 1 . 2 
B e q a  2 . 0  

Upper s t e m  A 2 . 0  

!.!anioke 0 . 8  

B e q a  1 . 7 

Lower s t e m  · A 4 . 2  

R o o t s  

Tub e rs ( +  
pe e l s )  

Uanioke 4 , 5· 

B e q a  4 , 8  

Monioke 0 . ?  

Beqa 0 . ?  

l!anioko 4 . 8  

B e q a  5 . 0  

2 . 0  

1 . 0 

3 . 0  

2 . 0  

1 . 0  

3 . 0  

3 . 0  
; . o 

3 . 0  

3 . 0 

1 . 0 

1 . 0 

; . o  

1 . 0 

1 . 0 

; . o 

1 . 0 

1 . 0 

3 . 0  

3 . 0  

496 

993 

3 3 3  

496 
993 

3 3 3  

3 3 3  

3 3 3  

333 
3 3 3  

9 9 3  

993 

3 3 3  

993 

993 

333 

2000 

3 3 3  

333 

3 3 3  

99 . 9  0 . 088 34 . 8  

99 . 3  0 . 1 1 6  1 8 . 0  

98 . 3  . 
0 . 1 57 20 . 6  

100 . 0  

99 . 5 

99 . 5  

100 . 0  

1 00 . 0  

100 . 0  

1 00 . 0  

99 . 5 

93 . 6  

9 9 . 8  

99 . 8  

98 . 5  

9'3 . 9  

8 ; . o  
58 . 0  

1 00 . 0  

100 . 0  

0 . 067 28 . 0  

0 . 1 04 1 2 . 8  

0 . 1 50 3 1 . 0  

0 .6 2 3  6 . 4  
0 . 646 3 . 3 

0 . 43? 8 . 8  

0 . 559 1 1 . 1 

0 . 1 37 31 . 0  

0 . 1 24 1 0 . '/ 
0 . 1 7 0  26 � 5  

0 . 009 22 . 5  

0 . 084 31 . 1  
0 , 044 32 . 1  

0 , 04 0  0 . 56 

0 . 002 0 . 4 3  

0 . 06 3  58 . 2  

0 . 04 9  49 . 1  

8 corre c t e d  for an assumed l o s s  o f  �COOH from L- ( u-1 4c ]  val ine 

2 . 5  

6 . 4  

? . 6 

2 . )� 

8 . 1  
4 . 8  

97 . 3 

1 96 . 0  

5 5 . 3 

50 . 4  

4 . 4  
1 1 . 5  

. 6 . 4 

0 . 4  

2 . ?  

1 , 4 

?1 , 4 

5 . 1  

1 . 1 
1 . 0 

a· . 9 
1 1 . 1  
1 6 . 0  

6 . 8  

1 0 . 5 

1 5 . 1  

62 . 3  

64 . 6  

48 . 7  

55 . 9  

1 3 . 1  
1 2 . ? 

1 7 . 0  

0 . 9 

8 . 6  

4 , 5 

2 . 4  

0 . 4  

6 . 3 1t' 
4 . 9 ll< 

1 98 

1 5 5 
44 

207 

1 2 3  

6 6  

3 . 4  
1 . 7 

6 . 0  

6 . 6  

226 

86 

52 

2483 

368 

238 

28 

1 89 

,03 

333 

* maximum value , see pp 59-60 

\.11 
m 
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three varie t i e s  was 1 5 . 6% .  The s hoot . apex o f  ran ioke 

showed a s omewhat l owe r inco rporat i on than the B e q a  and 

variety A .  

Le ave s . Both the upp e r  and lowe r leaf t ypes gave 

s im i l ar l abe lling patterns ( fi gure 4 . 2 . 1 )  and the pe ak s  

at Rf  0 . 4 were confirmed t o  b e  mo s t ly 1 4c- linamarin . 
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A l l  thre e varie t i e s  show that the incorpor at ion by upp e r  

l e ave s i s  s light ly higher than t h e  lower leave s . Me an 

inc o rporat ion values  were 1 0 . 8% and 1 2 . �h for lower  and 

upper  l e ave s respe c t ive l y .  

Pet i o le s . The chromat o graphic s c ans o f  the pe t i o l e  

extracts  show that 1 4c-linam arin is  almost the s o l e  

lab e l led p roduct o f  valine metabo l ism  apart fro m some 

m at erial ne ar the o ri gin . This w as confirme d by  

re-chromat o graphy of  the zone  at R f  0 . 4 in two separat e 

s o lvent s . The re sult s indi c at e  that the uppe r pet i o le s  

· 
1 ·  htl h .  h · t ·  o f  1 4c 1· nto 1 4c-g1ve s 1g  y 1g e r  1ncorpora 10n 

lin amarin than the l ower pe t i� le s .  The incorporat ion 

rat es  were high compared t o  other t is sue s with 

corre s pondingly lower dilut i ons espe cial ly in the upper  

peti o le t is sue . Subsequent inve s t igations have confi rmed 

this  high leve l  of  1 4c val ine incorporat ion int o 1 4c 

linamarin . 

Stems . The 1 4c act ivity  di s t ribut ion in t he s olub l e  

ext ract s  o f  the upper stem w a s  s im �lar to that o f  the 

sho ot apex . Thi s  was to  be expe c t ed since the y we re 

adj acent t i s sue s on the plant di f fe ring only s light l y  in 

de gre e o f  m aturity . Incorp orat ion values were also 

s im i l ar but the di lut ion of the speci fi c  act ivity w as 

le s s  for the upper stem  compared t o  the apex . 1 4c -



linam arin p e ak was however poorly de fi�ed in the 

radiochrom ato grams o f  the lower stem  ext racts  and 

re chromatography in two othe r s o lvent s reve aled that  

the l inamarin was on l y  a minor component of  the ori gi n al 

pe ak .  The lower st ems o f  al l three varieti es  h ad 

cons i derab l y  l ower incorpo ration rat es and higher ·  

di lut ions than the uppe r  stems . 

Roots . The low rat e o f  upt ake o f  fed val ine by 

the roots was re fl e c t ed in a l arge pe ak ne are r the 

origin on the chromat o graphi c  s c ans . At l e ast  part o f  
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this pe ak w i l l  be re s idual val ine ret ained in met abo l i c a l ly 

inact ive regions e . g .  xylem ve s s e l s  and root " free spa ce " . 

However much activity  was pre s ent in unident i fi e d  products 

in the s o lvent front . Linamarin activity  as as s ayed b y  

the enzyme hydro lysis m etho d gave 2 . 4% and 0 . 4% 

incorporat ions for Man ioke and Bega re spe ct ive l y . The 

enz ymic  hydro l ysis method us e d  with [U -14cJ  l inamarin w as 

l at e r  found t o  give a s light overe s t im at ion o f
14

C-l inam arin 

b e c ause of the probab i lity of eo-t rapping l abe l led ace tone 

as we l l  as C 1 4c J  -HCN for c ounting ,  so , the true 

incorporat i on may be e ven lower .  Rechrom ato graphy o f  

the prim ary root e xt ract s in other so lvent s failed t o  

e s t ab lish t he pre s ence  o f  a linamarin pe ak .  

Tub e rs . The chromat ographic  s c ans o f  the tub e r  

extracts  s how that m o s t  o f  t h e  radi·oacti vit y  was pre s ent a t  

t h e  s o lvent front . Again u o  c learl y de fined 1 4c-linamarin 

pe ak was pres ent on a one -dimensional radio chromatogram . 

The 1 4c- l i n amarin zone was e lut ed and rechrom ato graphed in 

two furthe r  so lvent sys t ems . A sm al l  radioact ive p e ak 

1 d · th 1 4c 1 · · · t · w as reve a e 1n _ e  - 1namar1n pos 1 1on . The 

incorporat ion of  1 4c into 1 4c- l inam arin by Mani oke and 

,_ 
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Beqa tubers ave raged 5 . 6% . This was assume d to be  a 

m ax imum figure in vi ew o f  the l ow 1 4c- linamarin l e ve ls 

det e ct ed chromat o graphic a l ly . 

The chrom at o graphic s c ans o f  the ethan o l  

extracts o f  a l l three  varieties  indi c ate that adminis t e red 

1 4c - valine was ext ensive l y  met ab o l is ed in all  t i s s ue s . 

The pe tiole  t is sues  gave by far the highest pe r cent age 

incorpo rat ion o f  1 4c into l inamarin . The l e aves , uppe r 

s t e m  and shoot apex gave s im ilar inco rporat ion values  

whi ch were cons ide rab l y  highe r  than those for the lower 

stem  and the unde rground t i ssue s  - the tubers and ro o t s . 

Whi le the re sults indi c at e  m arke d  di ffe rences in the 

ab i lity  o f  di f fe rent t is sues to  c onve rt val ine into 

l inam arin , the s e  diffe rences are not ne cess ari l y  a 

re fle ction o f  the di f fe rent rates  o f  b iosynthesis . 

R adio chromat crgram s c ans indi cate that 1 4
c - va line is  

incorporate d  into compounds other than l inam arin . The 

1 4c- valine is thus b e ing m et abo lised  by competing me t abo lic  

p athways and these  p athw ays may be  much more act ive in  

s om e  t issues than othe rs . I t  is  also possib l e  that in  

some  tissues exogenously  fed valine may have a gre at e r  

o r  l e s s  ac c e s s  to  compet ing pathways than endo genous l y  

s ynthes is ed valine . Thus the high percent incorporat i on 

in petiole t is sue m ay b e  du e t o  low act ivity o f  c ompet ing 

p athways . Furthe rmore t�e rati o  o f  l inamarin turno ve r 

in the di f fe rent t i s sue s m ay be  very different with the 

re s u lt that a low pe rcent incorporat i on at · the end of a 

24 hour fe eding period cou ld b e  due t o  a high rat e  o f  

l inam arin de gradat i on . 
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A more det ai led inve s t i g ation o f  the metabo l ism o f  

adm inist e red val ine t o  linam arin was there fore unde rt aken . 

Two t is sue systems  showing l arge di fferences in percent age 

incorporat ion were s e l e ct e d  - the pet io lat e le af  and the  

tuber .  

4 . 3 Linam arin S ynthe s is b y  Det ached Le aves 

4 . 3 . 1  Int roduct ion 

The experiment s in s e ct ion 4 . 2  have 

indi c at e d  that the l e ave s , pe t i o l e s  and shoot api ces are 

much more act ive in c onve rt ing val ine to linam arin than the 

m ature s t e m  and . underground p arts . S ince the l e ave s , 

including the pet i o le s , m ake up much o f  the we i ght o f  

the t o t al shoot s ys t e m , this would indic ate that the y 

account for the gre at est  pro port ion o f  tot al linamarin 

b i o s ynthe sis  in the plant . There fore a more det ai le d  

study o f  the conve rs ion o f  val ine - to linam arin b y  the 

pet io l at e  leaf  sys t em was undertaken . 

A not able finding from the survey o f  bio synthe t i c  

act ivit i e s  repo rt e d  in  s e c t i on 4 . 2  was the very high 

pe rcent incorporat ion in p e t i o les . S ince the uppe r and 

lower l e aves us ed in that survey included a 2-3 cm 

length o f  pet iole  att ached to the l e a f  lamina it is 

po s s ib l e  that this m ay have contribut ed cons i de rab ly to 

the t ot a l  linamarin synthe s i s  by t�e le af tissue s . One 

pos s ib le appro ach t o  studying the re lat ive b iosynthe t i c  

act ivity o f  the le a f  l am in a  t issue , the pe t io le and t he 

midrib t i s sue woul d  be to  examine l inamarin b i o s ynthes is 

from val ine in s mal l exc i s ed piece s ,  e . g . l e a f  dis cs , 

midrib and pet io l e  s e ct ions . This  invo lves c on s i derab le 



damage t o  the t issues and problems o f  ensurin g that 

differenc e s  in val ine metabo lism were not due to  

di ffe renc e s  in  upt ake by  the c e l l s  o f  these  two very 

di f fe rent experiment a l  systems . _ There fore it was 
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de c i ded t o  study valine met abo l ism in  the ent i re petio late 

le a f  system allowing the val ine t o  be taken up vi a the 

t r anspirat i on stre am t hrough the peti o le . By  

as c e rt a ining the dist ribution o f  tot al 14c a ft e r  

dif ferent t ime int e rval s  in the d ifferent component 

t i s sues ( pet io le , midribs and b l ade ) and also the r e s idual  

val ine and the linamarin formed it  was hoped to  obt ai n  an 

ass e s sment o f  the re l at ive abi lity  o f  the dif fe rent t is sue s 

to  ut i l i s e  valine fo r linarn arin biosynthesi s . 

4 . 3 . 2 . Expe riment al Pro cedure 

4 . 3 . 2 . 1 Pre liminary Expe riment t o  Assess  e ffect  

of  C arrier  Addition . 

In  the previ ous val ine fe edi ng 

experiment ( s e ct ion 4 . 2) about 1 - ' 3 . 0� mol o f  c arrie r  val ine 

was added to 0 . 01 1 �m o f  the l abe l led valine so  th at val ine 

was  adm inist e red at a leve l  o f  ab out 1 -2 �mo l/gm t i s sue . 

Incre as ing the amount o f  c arrie r  added re sulted in 

s i gn i fi c ant lowering o f  the s pe ci fi c activity o f . the 

re c o ve red l inamarin within ea ch t issue . Added carri er  

m ay le ad t o  a s igni fi c ant alterat ion o f  normal 

b i o s ynthe t i c  activi t y  in the l e a f ; . for exampl e , i t  could 

re sult in pre cursor s aturat ion o f  the l inamarin 

b i o s ynthet i c  pathway . 

A pre l im inary study was c arried out to c ompare the 

general 1 4c dis tribut ion and incorporation into l in am �rin 

in t i ssue s of the l e a f  s ystem  in the presenc e ( 1 �mo l/gm 

fre sh we ight ) and abs ence  o f  added carrier . The le ave s 
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were det ached a t  the b ase  o f  the p et iole and the cut end 

qui ck l y  subme rged unde r w at e r .  Vfui le sti l l  subme rge d , 

about 0 . 5  cm w as t rimmed o ff the c ut end and rins e d  

rep e at edly t o  remove e xudin g lat ex . The weighed l e ave s 

were e ach fed with about 1 .  24 ;JCi L [U-1 4c J valine with 

o r  without 1 . 0 fmo l o f  c arrie r  val ine added . Le a f  

fe eding was performed in a growth chamber at 80% re l at ive 

humidity at 21 °C .  S o lution upt ake was complete  in about 

20 minut es  aft e r  which l e ave s were supplie d with w at e r  

for the re st  o f  the 4-hour period , harvested , and qui ckly 

dis s e cted into the following s e ctions : 

Midribs : The cent ral midrib o f  e ach le aflet  was exc i s e d  

t o  le ave a s  l i t t l e  l am ina t is sue a s  possib l e  att ached . 

B l ade : The r emainder o f  the lamina including ve in t i s sue . 

Pet i o le : The le a f  p et i o l e . 

Each t is sue was ext ract ed in bo i ling e thanol  and 1 4c 

linam arin det erm ined on the conc ent rated ext racts b y  

chromatography in two so lvent s fo l lowed b y  elut i on o f  

c o rre sponding 1 4c-linam arin band and counting in a 

s c int i ll at i on count e r .  The results are pre sente d  in  

T ab l e  4 . 3 . 2 . 1 .  The pre sence o f  c arrie r val ine at the 

l e ve l  used did not c aus e any m a j or difference in the 1 4c 

distribut ion t o  the dif ferent tis sue s . The addi t i on o f  

c arri er s l ight ly incre ased the proport ion o f  total  1 4c 

found in the b lade s and has consi derably de cre ase d  th e 

incorporat ion o f  1 4c into e thano l inso luble compounds in 

the petiole  and midrib tissues . Whi le the pre senc e o f  

c arri er has incre ased the ethano l s o luble 1 4c in t he 

pet i o le and midrib t is sue , the 1 4c incorporation into  

linam arin was  lowe r in the s ame - tissues of  c arri er-- fe d  



Table  4 . 3 . 2 . 1  

Effect o f  C arrier  Valine on  1 4c Dis tribution and Incorporat ion into Linamarin by 

Det ached Le af1 • 

Le af Tissue 

Pet i o l e  

Midribs 

B l ade 

Pet i o le 

Midr:i:bs 

Blade 

Fresh 

weight 

( gm )  

0 . 200 

0 . 562 

2 . 600 

0 . 205 

0 . 555 

2 . 500 

Valine 

added 

1-'mo l/g 
F . wt .  

1 . 0 

1 . 0 

1 . 0 

1 4c Distribution in t issues 2 

Total �Ci �C i/g % o f  t ot al 

.
in Fr . wt . 1 4C t ke t ues a n lss up by leaf 

0 . 229 1 . 1 45 21 . 1  

0 . 31 2  0 . 555 28 . 8  

0 . 543 0 . 209 50 . 1  

0 . 1 87 0 . 91 2  1 6 . 2  

0 . 294 0 . 530 25 . 4 

0 . 67 5  0 . 270 58 . 4  

Linamarin 

�ci4 % o f  total  
1 4c in 

t issue 

0 . 1 01 44 . 1  

0 . 033 1 0 . 6  

0 . 01 1  2 . 0 

0 . 06 9  37 . 0  

0 . 01 5  5 . 1  

0 . 01 5 2 . 2  

1 Le av�s were fed with 1 . 24 �Ci valine at s pe c i�ic activi t i es o f  1 07 mCi/mmo l 

( c arrier- free leaf)  and 1 . 226 fC i/mmo l ( carrier-fed l eaf) for 4 hours 

2 

4 . . 

Tot al 1 4c uptakes were 87 . 4% ( c arrier- free l e af)  and 93 . 2% ( carrier- fe d  le af) 

Corrected fo r an as sumed loss  of -1 4cOOH in the convers ion o f  L- [u-1 4c J  val ine 

. t 14 1 '  . 
ln 0 c - ln am arln . 

()) .p 
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l e a f . About 1 3 . 3% and 8 . 6% 1 4c w as incorp o rated int o  

1 4c - l inamarin b y  the c arri er- fre e and carri ed fed le aves . 

A s igni fi c ant aspe ct  o f  1 4c incorporat ion into 

linam arin was the high incorporat i on att ained in  the 

p e t i oles  as compared t o  the b lade tis sues ; thi s con firm s  

the finding reported  in s e ct ion 4 . 2 .  The t ot al 1 4c-

l inamarin found in pet i o le and midrib tissue is much 

higher than that in the b l ade s even though 5�� o f  the 

t o t al 1 4c adminis t e red w as re cove red from the b l ade 

t is sue . 

4 . 3 . 2 . 2  Linam a rin Synthesis in Det ached Le ave s 

Harve s t e d  at Di ffe rent Times a ft e r  Pre curso r  

Additi on .  

The prel im inary exp e riment ( 4 . 3 . 2 . 1 )  has 

shown that the pre s ence o f  c arrie r valine lowers 1 4c 

incorporat ion into l inam arin by  the petiolat e  le af . The 

added c arri e r  probab ly a lt e rs the phys iologi c al condit ions 

o f  the tis sues much more than is the case with c arrie r-free 

administrat i on . Furthe rmore s inc e the 1 4c distributi on 

between the lamina , midrib and pet iole was not gre at l y  

di f fe rent in  the pre s ence  o r  absence o f  carrier valine the 

fo l lowing experiment w as c arried out without the pre s ence 

of added c arrier . An e xperiment was des i gn ed t o  

inve s t i gat e the incorporat ion 1 4c into linamarin and 

changes in the s 7nthe s is ed 1 4c-linamarin in the various 

le a f  tissue s over a 24 hour p eriod . 

In pre l iminary experiments on le af  fee ding by  

s o lution upt ake through the petiole , some le ave s were 

found to  wi lt b adly during tpe e xpe riment e ven though 

the s o lut ion leve l  w as maint ained . A mic ro scopic  
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examinat ion  of the cut surface of the leaf showe d  that 

damaged l at ex ve s s e l s  were c l o s e ly as s oci ated with the 

vascular bundle s .  Latex exudate the re fore easi l y  floods 

the xylem ve s s e l s  and stops so luti on upt ake . Although 

the cut surf ace was repe atedly  rinsed to  wash o f f  l at ex it 

was apparent that s ome  o f  the vess e ls could sti l l  b e  

p lugged b y  c ondensed lat ex a t  or  near the expos e d  p et i o le 

surface . So lut i o n  uptake b y  a l l  xylem vess e l s  was 

ne cess ary for uni fo rm 1 4c distribut ion within the le a f  

system . To  avo id l atex plugging the termin a l  1 o r  2 c m  

o f  the pet i o le ( the cut end) w a s  s calded i n  w at e r  above 

90°C for about 1 0- 1 5 se conds . The s c alded end was 

c o o led in wat er  at room t em pe rature and about 0 . 5 cm o f  

the he at e d  s e ction  t rimme d o ff with a sharp razo r  blade 

wh ile s t i l l  immers e d  in wat e r .  The heating c oa gulat e s  

l atex within the l at ex ves s e ls at the t reated zone and 

arrests  further exudate . Subsequent cuts with in the 

s calded s e ct ion there fore l e ave s the xylem expo s e d  fo r 

so lution upt ake . 

Matured le ave s o f  so lut ion-cultured Beqa p lants w e re 

excised at the s t e m  end o f  the pet i o l e  and the cut sur f ac e  

submerged i n  c o l d  water . The cut ends were qui ck ly 

s c alded and co o le d  as des c ribed . About 0 . 5 c m  s e ctions 

were exc i s e d  o ff the heat e d  z one and the le a f  a l low e d  t o  

t ake up 50 fl valine so lut ions o f  s pe c i fic activi t y  1 07 

�C i/mmo l .  So lut ion upt ake ·was comple te  with in one minute 

and e ach l e a f  was subs equent ly fed w ith wat e r  for the 

re st o f  the 24 hour period . The label led l e aves were 

harvested at � '  4 and 24 hour intervals and di s s e cted into 

p et i o les , midribs and b l ade s e ctions as des cribe d  in 4 . 3 . 2 . 1 .  
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The pet io l e s  were subdivided into a b �sal se ct ion ( the 

lowe st h al f o f  the petiole ne arest  the stem)  and a dis t a l  

s e ct ion . Each t issue was w e i ghed and extracted  thr e e  

t imes i n  b o i ling 80% ethano l for 1 5-20 minute s ( fo r  e ach 

ext ract ion ) .  Radio activi t y  was determined in the t o t al 

ethano l s o lub le and inso lub l e  fractions . 1 4c val ine and 

1 4c-linamarin we re determined aft e r  separat i on by  pape r 

chromat ography in two s olvent sys t ems fo llowed by  e lut ion 

of the co rre sponding zones . Linamarin was e s timated in 

the ethano l i c  extract s by  the GLC method as de s c ribed 

under s e ct ion 2 . 7 . 1 . 2 .  Val ine was separated  b y  

chromat o graphy in two solvent sys t ems , elut e d  and . . 
e s t im at ed by  the modi fied ninhydrin-hydrindant in method 

o f  Mathe son et al . ( 1 961 ) . The 1 4c content and 

dist ribut ion  in the various fract ions and le af t i s sues 

is pre s ent e d  in figure 4 . 3 . 2 . 2  and in Table s 4 . 3 . 2 . 2  

and 4 . 3 . 2 . 3 .  

The t ot al 1 4c re coveri e s  ( Tabl e  4 . 3 . 2 . 2 ) show ve ry 

little  change over the 24-hour period . The 4% loss  in 

re covered 1 4c activit y in 24 hours may be as c ribed to  

1 4c lo sses  due to  1 4co2 and other vo l at ile pro duc t s . 

Th& result s the re fore indic at e  that ve ry lit t le o f  the 

administ ere d  valine w as being lost as vo lat i le product s  

from the l e a f  i n  24 hours . 

The pattern o f  dis tributi on o f  administ e red 1 4c w as 

l arge ly e s t ablishe d a fter 4 . hours ( Figure 4 . 3 . 2 . 2  and 

Tab le 4 . 3 . 2 . 2 ) with l ittle  furthe r change betwe en 4 and 

24 hours . From � to 4 hours there was some redi s t ribut ion 

of tot al  le a f  1 4c as exempli fied by  the fal l in  tot al 1 4c 

in the b as a l  pet i o le accompanied by  a corre sponding ris e  



1 4c 
r--

ethanol 0.04 0.04 0 . 04 0.4 _..,. 
tnsoluble 

(f1Ci) 0.02 0.02 0.02 0.2 0.2 

1--

14r. 

Valine 
0.2 0.2 0.4 r--

0. 2 0. 2 
(�JC i )  

0-1 0. 1 Q.l 0. 1 0.2 

r 

14c 
0.04 0. 1 0  0.04 0.04 0.04 

L inamar in 
fD 

0,02 0.02 0.02 0.02 0.05 

F I G U R E  4.3.2.2.  B I O S Y N T H E SIS OF L I N A M A R I N  B Y  P E T I O L A T E  L E A F . H istograms of 1 4c incorpor ation 

from 14c .val ine mto l inamarin, ethanol soluble anti msoluble fractions. The f i rst. second anti third columns of each 

histogram represents, respec tively, samples taken at 0.5, 4 anti 24 hour 
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Time aft e r  
1 4c 

Adminis-
t rat ion 
. (Hrs ) 

0 . 5  

4 . 0  

24 . 0  

Table 4 . 3 . 2 . 2  

Distribution o f  14
c in L- [u-1 4c J  Valine fed Le a f .  

Fresh 1 4c Distribut ion 
weight in Tissues 

Le af  Section o f  JJ.C i/g % o f  total  

s e ction F . wt .  1 4  
C taken 

up by le af  

Bas al pet i o le 0 . 509 0 . 61 0  2 3 . 6 

Distal petiole  0 . 444 0 . 260 8 . 8  

Midribs 0 . 560 0 . 221 9 - 5  

B l ade 2 . 058 0 . 362 56 . 8  

Bas a l  petiole  0 . 471  0 . 244 8 . 7  

Distal  petiole  0 . 434 0 . 237 7 - 7 

Midribs 0 . 41 9  0 . 209 6 . 6  

Blade 1 . 908 0 . 550 79 . 1  

B as al pet i o le 0 . 400 0 . 31 0  9 . 3  

Distal  petiole  0 . 340 0 . 297 7 . 6 

Midribs 0 . 390 0 . 1 94 5 . 8  

B l ade 1 . 831  0 . 540 74 . 9  

% o f  Tot al 
1 4c . t ·  1n 1 S SUe 

Ethano l Ethano l 
s o lub le ins o luble  

% % 

97 . 2  2 . 8  

96 . 5  3 - 5 

96 . 0  4 . 0  

86 . 7  1 3 . 3  

83 . 5  1 6 . 5  

85 . 1  1 4 . 9  

82 . 5  1 7 . 5 

64 . 2  3 5 . 8  

77 . 1  22 . 9  

75 . 0  25 . 0  
89 . 9  1 0 . 1  

59 - 7  40 . 3  

Tot al 
1 4c 
Recoverie s 
(%  o f  
1 4c fed) 

99 . 6  

99 . 0 

96 . 5  

(j'\ 
\..0 



Tab l e  4 . 3 . 2 . 3 

Incorporat ion o f  1 4c-Valine into Linamarin by Leaf  Tissues 

Time aft e r  Res idual Val ine Linam arin 
1 4c 

Adminis - Le a f  Sect ion j-(IDp l/gm S . A .  % Tot al J-UilO l/gm S .  A . · 

tration f"Ci/mmol 1 40 . fACi/mmol 
1n 

(Hrs ) s e ct ion 

B as a l  petio le 1 4 . 3  21 . o  49 . 0  . 8 . 6 5 3 . 1  

Distal  pet i o l e  1 6 . 0 5 . 2  32 . 0  1 4 . 00 0 . 9  
0 . 5  Midribs 1 0 . 7 9 . 4  46 . 0  33 . 00 0 . 2  

B l ade 1 6 . 9  5 . 4  25 . 0  1 5 . 20 0 . 2  

B as a l  petiole  1 2 . 5  1 . 0 5 . 0  6 . 8  1 2 . 5 

Dist al pet iole  1 3 . 1  0 . 8  4 . 0  6 . 9  1 9 . 7  
4 . 0  Midribs 1 8 . 9  2 . 4  21 . 6  31 . 1  0 . 8  

B l ade 1 4 . 8 . 2 . 9  8 . 4 1 4 . 0  0 . 6  

Bas al petio l e  '1 8 . 3  0 . 8  4 . 7  7 . 6 '1 6 . 6  
Dist al pet io le 1 3 . 2  0 . 4 1 . 6  8 . 2  7 . 9  

24 . 0 Midribs 21 . 3  '1 . 2 1 3 . 0  32 . 8  1 . 2 

Blade '1 7 . 7  2 . 6 8 . 5 '1 7 . 0 0 . 7  

% Tot a l  
1 40 . 1n 
s e ct ion 

4 . 4  

4 . 8  
2 . 0  
0 . 8  

34 . 9  
57 . 1  
1 2 . 3  

1 . 8 

4'1 . 6 
21 . 9  

20 . 2  

2 .  '1 

� 
0 
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in 14c in the b lade . Within all t i s sues a fal l i n  

ethano l so luble  1 4c was accompanied  by an inc re ase in 

ethan o l  inso lub le 14c .  Ethanol  inso luble 1 4c activi t y  

did not change much after  4 hours . The B lade tissues  

genera l l y  convert e d  more o f  the  14c into inso l uble  1 4c 
than the midribs and pet i o le s . 

The re was a rapid f al l in spe c i fic act ivi t y  o f  

valine o ve r  the first 4 hours in a l l  t issues e ven though 

endogenous val ine c oncentrat ion remained re l at ive ly 

const ant ( Tab le 4 � 3 . 2 . 3) .  This re fle cts rap i d  met abo l i s m  

o f  the admini stered valine which i s  l argely  c omplete  b y  

4 hours . There was l itt le furthe r de cl ine in the 

residual  1 4c val ine between  4 and 24 hours ( F i gure 

4 . 3 . 2 . 2 ) . Thi s  res idual valine i s  pos s ib ly due t o  a 

m inor val ine fract i on trapped  in som e  ine rt poo l  or val ine 

adsorb e d  ont o c e l l  wall exchange s it es . 

A s i gn i fi c ant proportion o f  the ethano l-so luble  1 4c 
in e ach t i s sue was not account ed for b y  the sum o f  val ine 

and l in amarin radio act ivit i e s . The re were no m aj or  

l abe l l e d  components on  the c hromat o graphic s c ans of  th e 

ethano l ext racts which would account for the d i f fe renc e . 

The 1 4c acti vity unaccount e d  for m ay b e  due to  vo l at i l e  

1 4c product s lo s t  on  conc ent ration o f  ethan o l  ext racts or 

to the pres ence o f  a large number of w e akly l ab e l led 

substance s  which are not di st ingui shab le on the 

chromat o gram s c ans . 

Incorporat i on o f  14c val ine into linamarin o ccurred 

l arge l y  ove r  the first 4 hours , a p att e rn s imi lar to that 

of the ris e o f  inso lub le 14c activit ie s . The s e  t rends 

are to b e  expe c t e d  s ince the fed pre cursor was large l y  
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exhaus ted by t hen . Ove r the period from 4 to  24 hours 

b as al pet i o l e , midribs and b lade t is sue s showed s l i ght 

incre ases in tot al linam arin whi le in the dist al pe t i o le 

the re w as a conside rable fal l in 1 4c l inamarin . The s e  

change s m ay represent s ome redis tributi on of  the fre shly 

s ynthe s is ed l inamarin within the leaf tissue s a lthough 

l e a f  t o  le a f  variation in the abi l ity o f  the dis t al 

· 1 · t 1 4c 1 ·  · t petlo  e to lnco rpora e exogenous va lne ln o 

linam arin m ay b e  implicated . The tot al leaf 1 4c 

l inam arin doe s  not de c line gre at l y  between 4 and 24 hours 

indic ating re l at ive ly little l inam arin degradat ion and 

turnover within the 24 hour pe riod . 

There was much higher 1 4c incorporation into 

linam arin in the pe t iole  t issues than in the blade t is sue 

both on a percent age and an abs o lut e b asis . The 3 5  and 

57% 1 4c inco rporat i on by the pet io le s  ( in 4 hours ) 

corres pond wit h  s imi lar incorporat ion value s re corde d in 

the petio le s  o f  the e xpe riments in se ct ions 4 . 2  and 4 . 3 . 1 . 1 .  

The much lower 1 4c incorporat ion into l inamarin achi eved in 

the b l ade t is sue c annot b e  due t o  fai lure of 1 4c to re ach 

the b l ade l am in a  ti ssue s inc e ove r  50% of the t o t al 1 4c 

administered w as re cove red from the b lade s after only 30 

minut e s  and 25 per c ent o f  this 1 4c was still  re s idual 

val ine . Poss ib le �e asons for the higher incorporat ion 

by  the  pet i o le re l at ive t o  the l ea f  b l ade will  be 

dis cus sed in s e ct ion 6 .  

4 . 4 Linamarin Synthe s is in C as s ava Tubers 

The pre liminary valine fe eding expe riment s report �d 

in S e c t ion 4 . 2  indi cate that tub e r  tissue had a 

re l at ive ly low ab ility t o  conve rt administe red val ine 
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int o  l in amarin compared to the pe t io le , le af and young 

s t em t is sue . However cas s ava tubers have a h i gh content 

o f  l inam arin part i cu l arly in the pee l  tis sue and it i s  

import ant t o  asce rt ain how f a r  thi s  linamarin c o m e s  fro m  

the biosynthetic  act ivity o f  the tuber its e l f .  

Furthermore the ve ry diffe rent linam arin cont ent s  o f  

the pee l and core t is sue ( t ab l e  4 . 1 )  m ay re fle ct di f fe rent 

biosynthe t i c  e ffic i en cies of these two parts o f  the 

int act tub e r . 

In this  sect ion the abi lity o f  the tuber core t is sue 

( the edibl e  tuber)  and tub e r  peel to conve rt exogenous 

1 4c -valine to linarnarin has b e en more thoroughl y  

investigat e d .  Part i cular at t ent i on has been paid t o  

the quant i t at ive e s t imat ion o f  the label led linam arin 

s ynthe s i s e d  s inc e the ' linamarin pe ak '  obt ained on 

chrom at o graphy of ethano l ext racts may have been  

incomplet e ly re so lved from o ther l abel led produc t s  in 

the pre l im inary experiment s of  section 4 . 1 . 

4 . 4 . 1  Upt ake o f  labe l led valine bv  Tuber Cores 

In the pre liminary tuber fe eding exp e rim ent s 

val ine was adminis t e red as a l ayer o f  s o lut ion s pre ad ove r 

the sur fac e o f  the cut tuberous t i ssue . The limi t at ion 

of this method o f  adm inis t rati on lies  in the l ow 

penetrat ion of t i s sue material  by the label l ed c om pound 

and pos s ib le saturat ion of t he cel ls on the sur face with 

precursor  s o luti on . Apart from adversely disturbing the 

normal phys io logi c al condit ions  at the site o f  a pplication  

the  t echn i que do es not  affo rd a uni form dis tribution o f  

the l ab e l led  compound within the t i s sue . 

The ide al method would be to adoinister the pre cursor 
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b y  the mo s t  appropri at e phys io logi cal method prob ab ly 

invo lving di stribut i on of the pre cursor  in tuber  t issue s 

in the s ame manner as other me t abo l it e s  are tran s l o c ated 

within the t issue s . Such a m e thod would re quire very 

large amounts of pre curs or and most o f  the pre curs or 

would in any case be metabo l i s ed c lose  to  the po int o f  

entry . Vacuum infi ltrat ion o f  val ine into exc i s e d  

tuber  c o re s  i s  another  alt e rnative te chnique that would 

enable  administered s o lut ion t o  penet rate the " fre e 

s p ac e "  in the tuberous ti s sue s . The condit ions like l y  

t o  affe ct the upt ake o f  lab e l  during vacuum in filtrat i on 

inc lude t im e  o f ' vacuum app l i cat ion and incub at ion peri od 

a ft e r  app l i c ation . The e f fe c t  o f  t ime o f  incub at ion 

was inve s t i gated b y  administering labe lled valine to 

tuber  c o re s  by vacuum infi lt ration . 

Tub e r  core s ( 1 . 2  x 1 cm)  were punched by m e ans o f  a 

c o rk borer from the tuber o f  an 8-�onth o ld Beq a  plant 

grown in grave l culture ( s e c t i on 2 . 3) � Each core was 

rins ed  wi·th dis t i l l ed wat e r  and dri e d  betwe en adsorb e nt 

p apers . Me anwhile  al iquo t s  o f  l abel led va line 

s o lut ions were trans ferred int o flat -bottomed mi cro-t e s t  

tubes s e lected so  a s  to  provi de a c los e fit t ing for the 

tuber core s . We i ghe d cores were immersed in the val ine 

s o lut ion and about 50 r l o f  di stilled water  added , just  

enough to  f lood the cores . E ach core was wei ghed down 

by a glass rod , the tubes pl8 c ed in a vacuum dess icat o r  

and vacuum gent ly  applied unt i l  air bubb les c e ased t o  be  

evo lved from the c o re tissue ( about 1 -2 minut e s ) . The 

vacuum was then re l e as ed and the feeding vi als c ont ai ning 

the core s were incub at ed at 2 1 °C in a water b ath . S ampl e s  
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were removed after 1 0  minut e s , � hour and 4 hours by  me ans  

o f  a glas s  loop , rins ed  thoroughly with dis t i l led w at e r ,  

ext racted  in b o il ing aqueous ethano l and aliquot � count e d  

for 1 4c activity . Re sidual 1 4c in the feeding vi al was 

als o  d e t e rm ine d .  The tot al 1 4c upt ake and 1 4c act ivi t y  

o f  ethano l so luble ext racts i s  given i n  t able 4 . 4 . 1 .  

The results s how that o ve r  65% o f  the adm inis tered 

pre cursor  had penet rat ed the tuber by hal f an hour . Much 

o f  this  might pos s ib l j  s t i l l  be exte rnal to the tuber  

ce lls ; howeve r ,  the re sult s o f  subsequent expe riment s 

show that the l ab e lled valine is ext ensively me t abo lis e d  

b y  the tuber  ce lls  aft e r  qui t e  short peri ods o f  t ime 

when administere d  by this p ro cedure . 

4 . 4 . 2  Linamarin synthe s is by tub e r  co re s 

Linam arin s ynthe s is was inve s t i gated in 

tuber c o res by the so lution uptake- t e c hnique des crib e d  in 

s e ct ion 4 . 4 . 1 . L abel led v aline ( 4 . 26 �C i o f  s pe c i fi c  

act ivit y  1 07 mC i/mmo l ) w as fed t o  tuber  cor e s  punched from 

the edib le port ion o f  the tuber . A ft e r  infi ltration 

s ample vi als were incub ated at 21 °C £or 0 . 5 ,  4 ,  10 and 24 

hours . Duplic at e  s amples  w ere t aken at e ach o f  thes e 

t imes  and the ethan o l  s o luble sub s t ances ext racted . 

The 1 4c dist ribut i on in  the tuber  core s i s  shown in  

T able  4 . 4 . 2 .  There is a dro p  in tot al 14c re cove rie s 

in the s o luble  and ins o lub l e  fracti ons t o  about 7�fo o f  

tot al t aken up a ft e r  1 0  hours . The se low recoveries are 

po s s ib ly due to lo s s e s  o f  1 4c labelled  volat ile  sub s t an c e s  

during e xtract ion . Ethano l ins o luble 14c activity 

incre ase d  s t e adi ly to  1 1% o f  the t o t a l  1 4c t aken up 

during 24 hours . 



Table  4 .4 . 1  

Upt ake o f  Label led Valine by Tuber Cores . 

Incubat ion L- [u-14cJ Va line 1 4  C upt ake 
Time administered 

(Brs ) CfC i  X 1 0- 3 ) foCi  x 1 0- 3  % 1 4c fed 

0 . 1 7 2 . 68 1 . 39 52 . 0  

0 . 1 7  4 . 01 1 . 99 49 . 6  

0 . 1 7  4 . 01 2 . 04 50 . 9  

0 . 50 0 . 90 0 . 76 84 . 4 

0 . 50 2 . 68 1 . 75 65 . 3  

0 . 50 4 . 01 3 . 1 0  77 . 3  

4 . 00 0 . 90 0 . 7 3  81 . 1  

Ethan o l  

s o lubl e  1 4c 
14 < 

% C upt ake 

80 . 0  

88 . 6  

85 . 3  

97 . 4 

73 . 5  

80 . 3  

96 . 2  

......:1 
(jl 



Tab l e  4 . 4 . 2  
L- [ u-1 4c J  Valine Administration t o  Edible Tuber Core s  

Tuber s amples 

Time Fresh 

(Hrs ) Weight 

( gm )  

0 . 5  0 . 930 
0 . 86 5  

4 . o .  907 
0 . 9 37 

1 0 0 . 925 
0 . 902 

2 4  0 . 91 3  
0 . 91 7 

Precu�s o r  
upt a e 

1 4c in % o f  

Tuber Tot a l  
Core 1 4c 
()J.C i )  fed 

2 . 64 6 1 . 9  
2 . 34 i 55 . 0  

3 . 3 3  78 . 2  
2 . 6 5  62 . 2  

3 . 07 72 . 0 
2 . 50 58 . 7  

3 . 88 91 . 1  
3 . 25 76 . 3 

Tot al 

� 4c 
Recov-
ered 
(p.C i ) 

98 . 1  
97 . 2  

78 . 0  
76 . 0  

75 . 0  
67 . 1  

68 . 0  
70 . 1  

'14c di s t ribut ion Re s 1dual 
in core s  valine 

Ethano l Ethano l J-A-Ci % 1 4c 
s o lubl e  ins o luble upt ake 
1 4  1 4c as % C as % 

o f  tot al of  t o t a l  
upt ake upt ake 

96 . 6  1 . 5 0 . 407 1 5 . 4  
95 . 4  1 . 8 0 . 28 3  1 2 . 1  

73 . 9  4 . 1  0 . 362 1 0 . 9  
72 . 8 3 . 1  0 . 36 1  1 3 . 6  

71 . 8 3 . 2  0 . 45 5  1 4 . 8  
6 5 . 0  2 . 1  0 . 30 3  1 2 . 1  

57 . 0  1 1 . 0  0 . 497 1 2 . 8  
58 . 5  1 1 . 5  0 . 291 8 . 0  

Linamarin 

�mo l/gm 

F . W . 

1 .  50 
1 . 40 

1 . 40 
1 . 40 

1 . 50 
1 . 50 

1 . 44 
1 . 43  

""'l 
""'l 
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Res idual valine radio activity was . only 1 5% of the 

tot al taken up at 0 . 5 hour . This re sidual va l ine poo l  

would appe ar t o  be inaccess ib le t o  met abo lism s ince i t  

remaine d virtually c ons t ant between 0 . 5  and 24 hours . 

A s c an o f  a one-dimens ional chromatogram o f  the 4-hour 

ethanol ext ract indi c a t e d  cons ide rable metabo lism ·  o f  

the adminis t e red valine into various substance s  much o f  

whi ch ran t ow ards the s o lvent front . The re was a 

di s t inct p e ak at the Rf value c orre sponding to linamarin , 

but re chromato graphy o f  this pe ak in two othe r  so lvent 

systems , But ano l : Vlat e r  ( 50 : 9) and Propano l : Wat e r  ( 7 : 3 ) ,  

showed that the maj o r  component o f  this pe ak w as not 

due to  linam arin . The z one corre sponding to  l in amarin 

on the chromatogram o f  the 24 hour sample in the s e cond 

s o lvent was e luted and hydro lysed with linamarase in a 

s e aled tube . The re l e ased acetone was re cove red as 

acetone semicarbazone cryst als and counted for radio ­

act ivit y . The re cove red 1 4c was conve rte d  to  t ake 

account of the loss  o f  one c arbon atom from linamarin on 

conversion t o  ace tone . A very low m aximum incorporation 

value o f  0 . 1 1% was obt a ine d from the 24 hour s ample by  

this pro cedure . Since the endo genous linamarin c ont ent s  

o f  t he core s did not dec re as e  during the 24 hours ( Tab le 

4 . 4 . 2 . 2) the low leve l o f  1 4c linamarin could not be  due 

t o  b re akdown o f  the s ynthesised  linamarin in the t ubers 

un less  newly s ynthe s is ed l inam arin is in a dis t inc t 

me t abo lic poo l .  The re sult sug gests that edi b le tub e r  

t i s sue does n o t  conve rt exo genous valine t o  linamarin t o  

a s ignif i c ant extent . 
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4 . 4 . 3 Linam arin synthe sis  by tuber peels  

The ab i lity  o f  tub e r  pee l  to conve rt val i ne 

into linamarin was inve st igate d  by vacuum infi lt rat ion o f  

p e e l strips w ith l ab e lled valine . Pe els  were rem oved fro m  

t h e  m id s e c t ion o f  a tuber harvested from a 9-month o ld 

t ube rous Beqa  plant grown in grave l cu lture . The c o rk 

l aye r was removed fro m  the outer  surface . Pe e l s  were 

s e ct ioned into strips o f  about 1 5  x 1 . 5 mm , rins e d  with  

d i s t i lled w ater  and packed t ight ly in  a flat-b ottomed  

feeding vi al . The pee l strips we re covered wi th labe l l e d  

valine s o lut ion and sub j ected  to vacuum infi ltra t i on for 

about 5-6 m i nutes  according to  the method des c ribed in 

4 . 4 . 1 . Met abo lism was term inated after  0 .  5 ,  1 0 , and 24 

hours . The result s are shown in t ab l e  4 . 4 . 3 .  Again 

the tot al re coveries  were low and re sidual valine account e d  

for only a small pro port ion o f  the tot al 1 4c even aft e r  

0 . 5  hour . The s c an s  of chromatograms of the e thano l 

e xtracts show high leve ls o f  1 4c labe lled subst anc e s  at 

the so lvent front and in the val ine z one ( figure 4 . 4 . 3 ) . 

The scans also  showed a s igni f icant p e ak in the linamarin 

z one but re chromat o graphy o f  this z one in a s e co nd so lvent 

showed that most o f  t he act ivity w as not due to linamari n . 

I n  a third s olvent system a minor pe ak at the Rf 

c orresponding to  linam arin act ivity was dete c t e d  but it  

w as large ly  overlapped by a substance of higher act i vi t y  

and slight ly gre at e r  Rf value . I t  was pos sib l e  the re fo re 

that some linamarin was being synthe s is ed but the pre s en c e  

o f  other lab e lled me t ab o lit e s  prevent ed the quant i t ati ve 

dete rminat ion o f  it s radioactivity by countin g the e lu at e  

from the linamarin zone . The linamarin zone was e lut e d  fro m  the 



Tab le 4 . 4 . 3 
L- [u-1 4cJ  Val ine Administrat i on to Pee l s  

Precurs or  14c distribution in Re s idual 
Pee l  s ample upt ake maj or fract ions val ine 

Time Fresh )"-C i % Ethan o l  Ethanol JJ-C i a' 1 4c /0 

Hrs we ight Upt ake so luble  Inso luble adminis-

(% )  (%) t e red 
gm 

0 . 5 0 . 255 1 . 1 1 0 52 . 1  69 . 0  0 . 54 0 . 096 8 . 6  
1 0  0 . 232 1 . 471 69 . 1  66 . 0  6 . 73 0 . 0 37 2 . 5 
24 · 0 . 21 6  1 . 476 69 . 3  60 . 4  8 . 90 0 . 021 1 . 4 

Linamarin 

)'{O l/gm J-tC i 

1 3 . 7  0 . 009 
1 3 . 1  0 . 032 
1 2 . 0  0 . 01 9  

% 

Incorpo -
rat ion 

0 . 8  
2 . 2  
1 . 3 

()) 
0 
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chromatogram deve lo ped  in  the s e cond so lvent and linam arin 

act ivity est imated aft e r  enzym ic hydro lys is by ass aying 

1 4c act ivit y in the re l e ased acetone -semic arbazone 

c ryst als . The re sult s given in Table 4 . 4 . 3 show a 

m aximum inc o rporation in th e 10-hour pe e l  s am p l e  o f  2 . 2% .  

The lower value of  1 . 3% incorporat ion for the 24 hour 

s ample and the de cre ase  in specifi c  act ivity between 1 0  

and 24 hours m ay have been  due t o  part i al bre akdown or  

turnove r  of  synthe s i s e d  linamarin . 



SECTION 5 

TRANSLOCATION OF LINA��ARIN IN C ASSAVA 



8 3  

5 . 1  Int roduct i on 

The val ine fe e d in g  expe riment s d e s cribe d  i n  s e ct i o n  4 

h ave shown th at the c as s ava tuber s ys t em doe s not re adi l y  

c onve rt exo genous valine t o  l inam arin . Assum i n g  that 

this is  indi c at ive o f  a low i n  vivo rate of l i n amarin 

s ynthe s i s  in the tub e r  then most of the linam arin s ynthe s is 

must t ake p l a c e  i n  the sho o t  t i s sue s o f  the p lant . The 

low b i o s ynthe t i c  activit y o f  the tub e rs cont rGs t s  w it h  

the i r  re l at ive l y  h i gh l in am arin c o nt ent . Thi s sugge s t s  

that the tub e r  l in am arin p ro b ably aris es from t rans l o c a t i o n  

and ac cumu l at ion o f  linamarin previous ly s yn th e s i s ed b y  

s ome othe r parts o f  the p l ant . The mobi l i z at i on o f  

linam arin in C as s ava ha s s c a rce l y  b e e n  inve s t i �a t e d . 

de B ru i j n  ( 1 971 ) c arri ed out stem ringing expe r imen t s  o n  

C as s ava a n d  rep o rt e d  a c cumu l at ion o f  c yano gen i c  gluco s id e s  

above t h e  p o i nt o f  in c i s i o n . Thi s w a s  int e rpreted a s  

e vidence for mov e me nt o f  c y an o geni c glucos ide s t ow a rd s  the 

lower s e ct i on of t he p l ant . Furth e r  evidenc e fo r 

t rans l o c at ion o f  l inamarin in C a s s ava is lacking in t h e  

lite rature . I n  this s e c t i o n  the r e sult s  o f  expe rim e nt s  

de s i gn e d  t o  inve s t i gate l in amarin t rans lo c at i o n  in C as s ava 

are pre s e nt e d . S pe c i fi c a l ly l ab e l l e d  lin am arin w a s  

synthe s i s e d  i n  s it u  i n  the l e a f  sys t e m . The abi l i t y  o f  

C a s s ava l e ave s t o  s ynthe s i s e  linamarin from vo l at i l e  

pre curs o r s  ( s e c t i o n  3 )  m ade·  i t  po s s ib le to adm inis t e r  

2-hydroxy [ 1 -�4c J  is obut yron i t ri le d i rect l y  t o  the 

phys i c a l l y  undamaged l e a f  whi le s t i l l  att ached to the 

plant . The dis appe aran c e  o f  the l abe lled l i n amarin fro m 

the fe d l e a f  and i t s  appe aran ce in o the r t i s su e s  cou l d  

then b e  fo l l ow e d  w ith m in imum dis turb ance t o  t he p l ant . 



5 . 2 Pre l im in a ry Expe riments on Trans locat ion 
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The surve y o f  the abi l ity o f  d i ffe rent c as s ava 

t i s su e s  to c onve rt 
1 4

c val ine to l in am arin ind i c at e d  that 

the m ature pe t i o l at e  le a f  and sho ot apex were act i ve 

b i o s ynthe t i c  s i te s . A pre l im inary expe riment was c arri e d  

o u t  t o  i nve s t i g at e  t he fe as ibi l it y  o f  d e t e rm in ing· 
1 4

c 

l i n am ar i n  t rans l o c a t ion from these two t is sue s . The 

shoot apex and pe t i o late l e af b lade o f  two-month o ld 

Mani oke pl ants were fe d in s e parat e e xpe riment s wit h 
1 4c 

• 
l ab e l le d  2-hydroxy i s obut yronit rile by the vapour upt ak e  

t e chn i que ( s e c t i o n  3 ) . A ft e r  a b rie f l abe l l i n g  pe riod 

( 3  hours ) the lab e l l ing chamb e r  was removed and the 

p lant s m aint ained unde r norm al gl a s shouse condit ions for 

a s e ve n  day pe riod . At the end o f  the period the p l an t  

w as divided int o various p a r t s  and the 
1 4

c-linamarin 

e xt ract e d  and de t e rm ined . 

5 . 2 . 1 Tran s l o c at i on fo l l owing admini s t rat i o n  o f  

pre curs or t o  the m a ture le af . 

The int a c t  l e af was s e le ct e d  m idway 

w ithin t he c anopy o f  a 75 cm plan t  gro wn in s o lut i on 

c ulture . The pl ant i t s e l f  had an act ive ly growing ape x  

and a ro ot s ys t e m  c o n s i s t ing e s s ent i a l l y  o f  a pro l i fe ra t i o n  

o f  non-tube rous s m a l l  primary roo t s . The le a f  w a s  

adm in i s t e re d  with 1 7 . 8  fC i  o f  freshly pre pared pre cur s o r .  

The fe eding sys t e m  and de t ai ls o f  the fe eding pro c e dure 

h ave b e e n  d e s c ribe d  i n  s e ct ion 3 .  About 96% o f  the 

pre curs o r  w a s  t aken up during a 3-hour expo sure t ime 

a ft e r  wh ich the l e a f  was expo s e d  t o  the norm a l  �l asshouse 

c o nd i t i ons for 7 d a y s . The p l ant w as then ha rve s t e d  

and s e ct ioned int o the fo l lowing part s : The uppe r  le ave s 

cons i st e d  o f  a l l  l e ave s and their pe t io le s  abo ve the 



source leaf ; the upper  s tem  was the stem s e c t i on 

be aring the upper le ave s ; the lower le ave s and lowe r 

sterns we re the respe ct i ve s e ct ions be low the l abel led 

leaf and the root s ystem cons isted of the primary ro ot s .  

All  s e ct ions were we ighed and extracted in bo i ling 

aque ous ethano l .  A s  we l l  as iso l at ing the l inam arin 

by p ap e r  chromat o graphy o ther lab e l l ed subst ances  we re 

se parat ed b y  two dimensi onal TLC- autoradiographic 

te chn i ques as des crib ed in sect ion 2 .  

Aut o radiographs o f  the ethano l extracts indic ated 

the p re s ence o f  s everal l abe lled substances o the r than 

linam arin in most  ti ssue s containing. dete c t ab le 1 4c .  

The p att ern o f  othe r l ab e l led products in the fed le af 

was s im i lar to  that obt ained in the det ache d l e a f  

experim ent ( se ct ion 3 ) . As paragine was the major  1 4c 
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amino ac id with m ino r radio act ive spots corre sponding to  

glut amine , glut am ic  acid , and aspartic acid i n  the source 

leaf . Labe l led asparagine and linam arin we re pre sent in 

all  t he m aj or  s e ct ions , although only at ve ry low l e ve l s  

i n  t h e  ro ots . 

The strip  s c ans o f  one dimens i onal pap e r  cnromatograms 

are shown in figure 5 . 2 . 1 and linamarin re cove ri es from 

the ext racts  pre sent ed in T ab le 5 . 2 . 1 .  About 74% o f  

the t ot al re cove red l inam arin activity was s t i l l  l o cated 

in the s ource le af  plus the pet io le . Mos t  o f  the l ab e l led 

linam arin recove red beyond the source leaf was l o c ated  in 

the stem and the shoot apex . Onl y  a very sm a ll amount o f  

l abe lled  l inamarin was re c overed from the primary ro ots . 

The t ot al 1 4c - linamarin re covery represent s about 2o% · o f  

the expected amount o f  l inam arin originally s ynthe s i se d  in 
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T able 5 . 2 . 1  

Distributi on of Res idual Linamarin Synthe sised  in  Cass ava Le aves 

PLANT SECTION LINAMARIN TRANSLOCATI ON 

y.c i ( x1 0-2) 
% o f  

S ample Weight ( gm )  S .  A .  (t"C i/rnrno 1 )  Re cove red 
l inamari n  

Source leaf blade 2 . 0  47 . 67 1 4 . 45 70 . 1  

Source le af pet io le 1 . 2 2 . 6 5 . 3 . 08 3 . 9  

Shoot apex 3 . 0  5 . 00 0 . 60 7 . 4  

Uppe r stern 1 . 8 4 . 00 1 . 29 5 . 9  

Lower stern 28 . 0  7 . 60 0 . 54 1 1 . 2  

Upper leaves 9 . 7  0 . 75 0 . 1 2  1 . 1 

Lower le aves 1 . 0 0 . 04 0 . 03 0 . 1  

Roots ( primary roots ) 40 . 0  0 . 30 0 . 08 0 . 4 

CX> 
-..J 
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the source l e a f .  This figure is based o n  the 1 4c-

l inam arin leve l  obt ained in det ached l e af fe edin g 

expe riment s ( se ct ion  3f. The low re covery o f  tot a l  

1 4c - linam arin pre sumab ly repre sent s turnover within the 

t i s sue s ove r the 7 -day pe riod . 

5 . 2 . 2  Trans l o c at ion fo l lowing Administrat ion o f  

Pre cursor  t o  the Shoot Apex . 

Linam arin was speci fically l ab e l l e d  in 

the shoot  apex re gion by vapour adminis trat ion , o f  

2-hydrox [ 1 -1 4c J  is obut yronitrile us ing the same pro cedure 

as describ e d  in the previous expe riment . The ' apex ' 

cons isted o f  the growing t ip region with young le ave s 

o f  less than � matured le a f  are a .  Precurso r upt ake 

w as achieved by expo s ing the apex to the vapour in 

the enclo s ed fe eding chambe r .  About 92% o f  the pre -

cursor was t aken up and aft e r  7 days vari ous organs  and 

t · t t d d 1 d f 1 4c 1 ·  · 1s sues we re ex rac e an ana yse or - 1namar1n . 

1 4c 1 ·  · t t h . h 1 1 · t h  1namar1n was presen  a a 1g  eve 1 n  e 

shoot apex whi le  the othe r s e ct ions apart from the stem  

fai led t o  indicate s i gn i fi c ant 1 4c 1inamarin abo ve the 

b ackground leve l .  The quanti t ative dat a  for l in amarin 

distribut i o n  in the plant pre sent ed in Tab le 5 . 2 . 2  
. 

indi cate that very litt le linamarin was trans l o c ated  

from the l ab e l led shoot apex . About 96% o f  t he to t al 

l inarnarin act ivity in the plant was pre sent in the 

t is sue s o f  the fed apex . 

The shoot apex experiment confirm s  earlier findings 

* subsequently confirmed for an attached leaf ( s ee p . 10 2 )  



T able 5 . 2 . 2  

Distribut ion o f  Linam ari n Synthe sised�Shoot Apex 

PLANT SECTI ON LINANIARIN TRANSLCC ATI ON 
% Re covered 

Sample We igh)J ( gm )  J-�Ci (x10-2) S . A .  (fCi/mmo l )  Linamarin 

Shoot apex 2 . 0  51 . 80 9 . 40 96 . 0  

St em 1 7 . 5  1 . 70 2 . 00 3 . 2  

Roots  48 . 0  0 . 30 0 . 1 0 0 . 5  

Le aves 8 . 2  0 . 20 0 . 03 0 . 3  

OJ 
\.0 



o f  h i gh b i o s ynthe t i c  a c t i vi t y  i n  t hi s t is sue when f e d  

wi t h  4 4c -v a l i n e  ( s e c t i on 4 . 2 . 2 ) . Th e pre s ent re sult s 

i n di c at e , howe ve r ,  t hat th e re was l i t t l e  l i n run a r i n  

t r an s l o c at i on from t h i s  source t o  o t h e r part s o f  the 

p l ant , a l t h o ugh a s i gn i fi c ant pro po rt i o n  o f  the 

l i n amarin t rans l o c at ed from the l e af wa s re cove re d  

from the ape x .  

The m at ure l e a f , on the other hand , do e s  appe ar 

t o  e xpo rt a me asurab l e  proport i on o f  the l in amarin 
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s ynth e s i s e d . Vlh i l e  the m a j o r  pro po rt i on o f  re c ove re d 

l inam arin was s t i l l  pre s ent in the s ource l e af , the 

pre l im i n ary e x p e ri m e nt d e m o n s t r a t e s  the fe as ib i l it y o f  

s t udy i n g  l in am a r i n  t rans l o c at i on and d i s t ribut i on i n  

c a ss ava fo l lo w i n g  vapour l abe l l in� o f  the le a f  linam arin . 
A more de t a i l e d  s tudy was sub s e quent ly und e rt ake n u s i n g  

pl ant s a t  di f fe re n t l eve l s  o f  maturi t y .  

5 . 3  Li n am a r i n T r a n s l o c at i on i n  I mrr. ature Non-Tub e rous 

C a s s ava Pl a n t s  

I n i t i al t r ans l o c at i on experiment s we re c arr ied o ut 

on young c as s ava p l ants l ack in g t ub e rs . This was 

p art l y b e c aus e t ub e r-be aring , so lut i on-cultured plant s 

w e re not avai l ab l e  unt i l  a l at e  s t age in the pre s ent 

study . S e condly i t  was t hought t o _  be o f  int e re s t  t o  

comp are t he trans l o c at i o n  pat t e rn in a young ac t ive l y 

growing non-tub e rous plant w ith that o f  a m ature tub e r­

be aring p l ant s in c e  one m i ght expe c t  t he deve lo pment o f  

unde rgro und s t o rage organs t o  have a marked e f fe c t  o n  



the d i re ct i on o f  n e t  t r ans lo c at i on from the le ave s . 

I n  t h i s  s e ct ion re s u l t s  are pre s ent e d  for the rate 

o f  d i s appe aran c e  o f  1 4c l abe l led l i n am arin from a 

mat ure l e a f nnd i t s  di s t ribut i on t o  o the r part s o f  

the p l ant . The pos s ib i l it y  that t he t rans l o c at i o n  

p at t e rn m ay d i ffe r ac c o rding to t he po s i t ion o f  the 

' s ource l e a f ' on the p l ant w as also inves t i gat e d . 

5 . 3 . 1  Linam a rin Turn o ve r  in the Source Le af . 

One o f  the prob lems inherent i n  

inve s t i gat ing t rans lo c at ion o f  l in amarin by fo l low i n g  

th d · f 1 4c 1 · · f · J f e l s appe aran c e  o - lnam arln ro m a s our c e  .e a 

i s  t o  d i s t i n gu i s h  b e t we e n  l o s s  due t o  l inamarin 

bre akdown in the fed le a f  and los s due t o  t r an s l o c at i on 

t o  o ther p art s o f  the p l ant . The e xt e nt t o  whi ch 

b re a kdown o c curs in the s ource le a f  was inve st i gat e d  

b y  a t ime - c ours e an a l ys i s  o f  c hange s in fre sh l y  

s ynthe s i s e d  
1 4

c l in am arin wi thin a d e t ache d le a f .  

Exc i s ed m ature l e ave s w e re adm in i s t e red with 2-hydroxy 

[ 1 -1 4c J  i s obut yro n i t ri l e  for 3 hours under exp e rimen t a l  

c o n d i t ions a s  previ o us l y  des cribed ( s e ct i o n  3 . 1 . 2 ) . 

At v nri ous t ime int e rvals di s c s  o f  ab out 6 mm d i am e t e r  

we re punched from the b l ade se c t i o n  us ing a c o rk-b o re r .  

D i s c s  were then qu i ck l y  we i ghed and ext rac t e d  in b o i l in g  

e t h ano l .  I n  the result s i l lust rat ed in figure 5 . 3 . 1  

e ach po int i s  the ave rage o f  dupli c ate s amples  ( t aken 

from two s e p a rat e l e ave s ) . 

Endo genous l in am arin l e ve l showed only a ve ry smal l 

de c re as e  throughout t h e  60 hour pe r iod o f  inve s t i g at i o n .  

Lab e l led l i n arn arin de c re as ed b y  on l y  about 5% w ith the 
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result th a t  the re w n s  l i t t l e  m a j o r  change in the 

s pe c i fi c  a c t ivi t y  o f  l i n am arin . The re was no 

s i gn i fi c an t l o s s  o f  1 4
c int o  the nut ri ent s o lut i on 

i n  which t h e  pe t io l e  w as immers e d  sug�e s t i n g  that_  

the re was n o  m 2 j o r  tran s l o c at i o n  out o f  the  b l ade s . 

The very s m a l l  de c re as e  in 
1 4

c - l in am a rin may 

the re fo re be due to me t abo l i c  b re akdown in the f e d  

le a f .  

Due t o  po s s i b l e  d i s turb an c e  o f  n o rmal me t ab o l i c  

p at t e rns t h e  change s i n  l i n affi n rin c ont ent in d e t ache d 

l e ave s m ay n o t  n e c e s s ari ly re fl e ct co n dit i ons i n  the 

a t t a ched le a f .  H owe ve r i t  s e e m s un l ikely that 

d e gr ad at i o n  would be more a c t i ve in a t t ached le a f  

t h an a det ache d l e a f . The re fore di s appe aran c e  o f  

1 4c 1 ·  · f t t  h d 1 f b d - l n am a rl n  rom an a a c  e e a  m ay e us e as a 

re as o n ab le indi c at ion o f  t r ans l o c at i on . 

5 . 3 . 2  T r ans l o c a t i o n  o f  L in am a ri n  fro � Le ave s . 

Trans l o c at i on was i nve s t igat ed in  

2-month old s o lut i on-cultured non-tub e rous �anioke 

p l ant s . L i n amarin was  s pe c i fi c al ly l abe l le d  b y  2-

hydroxy [ 1 -
1 4

c J  i s obutyron i t r i l e  adm i n i s t rat i o n  t o  

e i the r  the u p p e r  o r  l ower le ave s and t rans loc a t i on 

93 

and d i s t ribut ion i n  the plant was ihve s t igat e d  t hro ugh 

7 days . The uppe r le a f  con s i s t ed o f  t he f i rs t ful l y  

expanded l e a f  a t  t h e  apex end o f  the p l ant ; o n e  o f  

·the l e ave s approximat e ly a thi rd o f  the  di s t anc e  up 

the stem  was s e l e c t e d  as the  l ower source l e a f . 

A ft e r  the n o rmal 3 -hour upt ake o f  the pre curs o r , le a f  
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d i s c s  w e re periodi c al l y  punched from the b lade s and 

an a lys ed for l in arn arin . The l e a f  pun ching avo ide d 

the main ve ins s o  a s  t o  m iniiT.ise int e r ference o f  

i n j ury with sub s e qu e nt tran s locat i o n . A ft e r  7 days 

the p l ant s were d i vided int o m a j o r  s e ct ions and 

an a lys ed for 
1 4c - l i n am arin act i vit y . The experiment s 

w e re conduct ed i n  t ri p l i c at e  for b o t h  upper and l o w e r  

l e a f  l ab e l l ing i . e .  the dat a pre s en t e d  a r e  ave r age s o f  

s e p arat e values de rived from three di f fe rent plant s . 

Lab e l l ed l i n am arin re covered i n  t he le a f  di s cs 

a f t e r  various t im e  int ervals was expre s s ed as a 

p e rcent age o f  the o r i gi n a l  l i n am arin in the in i t i a l  

h d d .  R · a 1 1 4  1 ·  · a t� · f · punc e l S CS . e S l  ua C - lnamarln an ue s pe C l  l C  

a c t ivity o f  l in amarin re cove red are i l lus t r at e d  in 

f i gure s 5 . 3 . 2  and 5 . 3 . 3  for both the upper and l ow e r  

l abe l l e d  le ave s ( s ou rce le ave s ) . I n  b o th c a s e s  
1 4

c 

l in amarin c ont ent d e c re as e d  rapidl y i n  the l e af o ve r  

the f i rs t 21 hours . After 69 hours the 
1 4

c l i n amarin 

had fal l en t o  about 30% of the init i al a ct i vity in t he 

c as e  o f  the upper l e a f  and t o  about 24% o f  the i n i t i al 

1 4c l e ve l for the lower s ource le a f .  A ft e r  9 3  hours 

t he re w as l it t le furthe r d e c re as e  i n  1 4
c l i n amarin 

c ont ent . Throughout t he 7 days t o t al endogenous 

l in am arin leve l s  in the d i s c s  rem ai ne d virtu al l y  

cons t ant ; the r e sult was th at t he s pe c ific act i vi t i e s  

o f  re c o ve red l in am ar in d e c re as ed a lo ng a s i m i l ar t im e  

course as t o t a l  
1 4

c linamarin i n  b o t h  l e a f  t ype s ( fi gure 

The t i me t aken fo r 50% o f  the init i a l  1 4
c 

l inamarin to d i s appe ar ( t , ) was 1 4 hours fo r t he low e r  
2 

le ave s and 31 hours for t he upper l e ave s . 
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Los s  o f  l inamarin from discs m ay be brought about 

by  l in am arin bre akdown within the leaf  or trans locat ion 

out  of  the l e a f .  The t ime -course an alys is  o f  det ached 

l e ave s ( figure 5 . 3 . 1 )  sugge st that linamarin b re akdown 

alone c ould not account for the decre ases obs erved in 

the int act leave s . The observed losses  are the re fore 

prob ab ly due m ainly t o  linamarin t rans loc at ion out o f  the 

le ave s . 

Th 1 1  f 1 4c 1 '  . 
e average overa  recovery o - 1nam ar1n w as 

about 1 6% o f  ant i c ip ated  init ial  s ynthe s is in both upper 

and l ow e r  le af-fed p l ants based on a value det e rm ine d 

f th 1 4c 1 ·  · 
th 

· d · d t h d 1 rom e 1nam ar1n s yn es1se  1n e ac e e ave s 

( s e c t i on 3 . 2 . 2 ) . The dis t ribut ion o f  re covered 1 4c 

linam arin in diffe rent organs o f  the plants ( T ables  5 . 3 . 1  

and 5 . 3 . 2 ) indi c at e s  that most o f  the 1 4c linamarin 

pre sent aft e r  7 days was recovered from the s ource le ave s . 

O f  the 1 4c linam arin re covered from out side the s ource 

l e a f  about 53% and 36% was re covered from the upper and 

lower s ourc e le a f  pe t io le s  respe ctively , an indi c at i on 

that the pet ioles  o f  the s e  young plants re t ain an 

appre c i able pro port ion o f  the t rans lo cated fract ion o f  

le a f-synthe s i sed l inamarin . 

Trans locat e d  1 4c l inamarin arriving in the stem  was 

dis t ribute d  in both apic a l  and bas a l  direct ions . The 

s t e m  i t s e l f  accounte d  for about 3% o f  the linamarin 

re c ove red when the upper leaf  was s ource and 4 . 4% 

whe n  the lower leaf  was the source . Bas al t ran s l o c at ion 

from the lower le ave s was somewhat gre ater than from the 

uppe r leave s . A sma l l  amount o f  l inam arin was re covered 



Table  5 . 3 . 1  

Distribut ion o f  1 4c -Linam arin in non-tuberous plants 7 days aft e r  

Synthesis  in Uppe r .Source Le af  

Plant Organ 

Primary roots 

Lower stem 

Lower le aves 

Upper s t em 

Uppe r leaves 

Source le af  pet i o l e  

Source l e a f  

Fre sh wei ght 
( gm )  

73 . 0  

22 . 0  

23 . 4 

5 · 3  
'1 2 .  7 

2 . 2  

2 . 8  

1 4c 1 . . . - 1namar1n re co ver1es 

% of init i, al 
1 4  1 " . 

C - 1namar1n 

in source leaf  

0 . 1  

0 . 2  

0 . 0  

0 . 3  

0 . 3  

1 . 0 

1 4 . 1  

% o f  to t al 
1 4c 1 . . - 1namar1n 

re cove red 

0 . 6 

1 . 5  

0 . 1  

1 . 6 

1 . 6 

6 . 1  

88 . 1  

'-.() 
(X) 
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Table 5 . 3 . 2  

Distribut ion o f  1 4c -linamarin in non-tuberous pla nts 7 days a fter  

synthesis  in  lower  leave s . 

Plant Organ 

Primary roots 

Lower s t em 

Lower le aves 

Upper  s t em 

Upper le ave s 

Source leaf  pet iole  

Source leaf  

Fre sh weight 

( gm) 

50 . 0  

1 3  . o  
5 . 6 

1 7 . 4  

3 3 . 1 

0 . 8  

1 . 6 

1 4c l . . . - 1namar1n recover1es  

% of  init i al 
14  l . . c - lnamarln 

% of total  
1 4c-linamarin 

in source le af re covered 

0 . 2  1 . 2 

0 . 3  "1 . 9 

0 . 0  0 . 1  

0 . 2  2 . 5  

0 . 3  2 . 0  

0 . 7  4 . 3  

1 3 . 8  . 86 . 4 

\.0 
\.0 



from the ro ot syst em but the leve l was hi gher in the 

c ase  of the plants t rans lo c at ing 1 4c from the lower 

l e ave s . 

The l e aves be low e ach labe lled l e a f  received only 

s m al l amount s o f  t r ans located  linamarin while  s igni fi c ant 

1 00 

a c t ivit i e s  were re covered from the le aves above the s ource 

l e ave s . The dist ribut ion o f  linam arin t o  individual  

uppe r le ave s fo llowed the pattern of  leaf  arrangement on  

the  plant ( figure 5 . 3 . 4 ) . Le aves on the s ame 

o rtho s t i chy as the s ource le af re ceived the highes t  

t rans loc at ed act ivi t y and le aves on neighbouring 

o rthostichies als o re c e ived higher t ranslocated 14c -

l inamarin than more dis t ant le aves . Within the s ame 

o rthosti chy younge r  le ave s import e d  more 1 4c t rans l o c at e d  

l in amarin than o lde r le aves . 

5 . 4 Linam arin t rans locat ion in Mature Tuberous C as s ava  

P l ants 

Trans locat ion o f  leaf-synthe s i se d  1 4c - linamarin w as 

inve st i gat ed in mature tuberous plants by feeding the 

le af  with 2-hydroxy[ 1 -14c J  is obutyronitrile . Pre liminary 

experiment s were c arried out to me asure inco rporat i on and 

the ext ent o f  short t e rm t rans loc at i on in the plant . 

Thi s  was followed b y  two long-term experiment s in which 

dis appe arance o f  l i n am arin from the  fed  l e af was 

inve s t i gate d  by me ans o f  leaf  dis c s  punched from the b lade 

d 1 d f 1 4c 1. . an ana yse or - 1namar1n . Eventually p l ant s were 

harvest e d  after 7 d ays when dis tributi on of  14c -l inamarin 

in various t issue s was determined . The long-te rm 
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experiments were int ended as dup li c at e  exp e riments t o  

inve s t igate  reproduc ib i lity o f  re sults but in the 

s econd expe riment the fed le af ent e re d  a s enes cent 

ye l lowing phas e  during the course o f  the 7 day e xp e riment . 

I t  thus inadve rt ent ly  gave a comparison be tween 

trans l o c ation from a m ature green le af and a s enesc ing 

leaf . The s e c ond experiment is the re fore report e d  

s eparat e l y .  

For a l l  expe riment s described in this s ect ion 

tuberous 8-month o ld Beqa clones grown in gravel culture 

( s ect i on 2) were us ed . E ach p l ant had branched at 

about 70 cm up the stem . A le a f  was . s e le cted midway 

up the primary s t em and fed with 2 -hydroxy [ 1 -1 4c J  

is obut yronitri le  vapour in the s am e  way as i n  p revious 

experiment s ( s e c t i on 3 . 1 . 2 ) .  

102  

5 . 4 . 1  Pre l im inary expe riment to me asure I nco rpo rat i on 

a ft e r  4 hours 

In this experiment the fed le af  was  

removed from the  chamber  and le af dis cs punched out o f  

the b l ade section  t o  provide a c om p arison o f  1 4c 

linamarin in the leaf  l amina and the combined b l ade 

t i s sues . The res t  o f  the plant was harvested , divi de d  

into various s e ct ions and extracte d  i n  bo iling ethan o l .  

The results ( Tab l e  5 . 4 . 1 )  indi c at e  a 1 9 . 5% incorporat i on 

o f  the pre curs o r  1 4c into linamarin ; This value w as 

comp arab le t o  the usua l  20% incorpo rati on previ ous l y  

obt ained for det ached le aves ( se c t i on 3 . 2 . 2 ) . 

The linam arin in punched dis c s  had cons iderab l y  

lowe r speci fi c  act ivity than i n  the combined s ource le a f .  



Tab le 5 . 4 . 1 

Dist ributi on o f  Lin amarin Act ivity in Tuberous Pl ant 4 hours after Synthesis 

PLANT ORGAN 

S ample 

Tubers 

Prim ary ro ots 

Lower stem 

Upper stem 

Upper leaves 

Source lea f pet io l e  

Source leaf  

Punched discs 

Fresh weight ( gm )  

264 . 0  

1 42 . 0 

1 36 . 0 

78 . 6  

1 64 . 1  

2 . 1  

4 . 27 

0 . 051 

1 : (N . D . ) ;  Not det e ctable 

f<IDO l/gm 

8 . 64 

1 . 65  

7 . 40 

9 . 8  

27 . 3  

5 . 7  

2 5 . 1  

25 . 5  

LINA.r.�ARIN 

JAC i 

N .  D .  1 

N . D .  

0 . 0736 

N . D . 
N .  D .  
0 . 1 09 

4 . 904 

0 . 034 

% Reco very 

N . D .  
N . D .  

1 . 5 

N . D .  
N . D .  
2 . 1  

96 . 4  

0 . 67 

;.<C i/mmo l 

N . D .  

N . D .  
0 . 07 

N . D .  

N . D . 

9 . 00 

46 . 00 

26 . 20 

� 
0 
\..N 



A l s o  the c ontent o f  1 4c -l inam arin was l ower in the 

dis c s  ( 0 . 67 �C i/gm . fr . Wt . )  than in the s ource l e a f  as 

a who l e  ( 1 . 1 0 �Ci/gm . Fr . wt . ) . This  di ffe renc e may be  

accounted fo r po ssibly by a rapid loss  o f  1 4c -l in amarin 

from the b l ade t issue to the m ain veins and midribs . 

The pre senc e o f  a s eparat e poo l  o f  unl abe lled  l inam arin 

in t he le a f  mesophyll t issue may also  c ont ribut e to 

the obse rved di fference in speci fic act ivit y .  I t  is 

also  pos s ib l e  that the t i s sues ass oci at e d  wi th the ve ins 

d · d  · b  b t · 1 th · · 1 4c an m 1  r1 s m ay e more ac 1ve y syn e s 1s 1n g  

linam arin than the punched s e ct ions ; such a t endency 

would be  cons ist ent with gre at e r  incorporat ion of 1 4c 

valine int o linam arin by the midribs t issue than the 

b lade t issue  ( se ct ion 4 . 3 . 2 . 2 ) . 

1 04 

About 3 . 6% o f  the 1 4c -l in amari.n w as re c overed beyond 

the fed le af  after  only 4 hours , an indicat i on o f  e arl y 

1 4c linamarin translo c at ion . Translo c at ed linamarin w as 

re cove red m ainly from the pet i o le and lower  s t em s e ct i on . 

B · t 1 
·1 4c 1 ·  · t 1 t · h f h as 1 pe a - 1namar1n rans o c a  1on was t e re ore t e 

pred om inat ing dire ct ion o f  t rans locat e  flow at this e arly 

s t age . 

5 . 4 . 2 .  Trans lo cat ion from a Mature Gre en Le a f  over 

a 7 day pe riod . 

Linamarin was spe c i fic ally lab e lled in 

the att ache d le af  of  the tuberous plant as  i n  previous 

exp eriment s and the t ime-cours e  o f  its  di s appe arance  

from t he le a f  w as fo llo wed by me asuring l inamarin 

act ivit ies  in the punched discs . The time-c ourse o f  

1 4c l in amarin loss from the fed leaf b l ade i s  s hown in 

figure 5 . 4 . 2 . 1 . The resu lts indi c ate a dec re ase up t o  
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69 hours aft e r  synthe s i s  aft e r  whi ch t ime the leve l  o f  

1 4c- l inamarin remaine d  virtually cons t ant between 6 9  

hours and 1 6 5  hours . There was a de cre as e t o  a le s s e r  

exte nt in endogenous disc linamarin . Thus in c ontr as t  

t o  the findings w i th immature , non-tuberous plant s , the 

speci fic act ivi t y  o f  the linamarin did not change 

s i gni ficant ly  o ve r  the s even day pe riod . 

The distribut ion o f  linamarin in separate o rgans i s  

shown i n  Table  5 . 4 . 2 . 2 . The tot al rec ove ry o f  1 4c 

1 06 

linam arin was 31 . 4% as based on init i al convers ion o f  20% 

o f  pre curs or t o  linamarin ( S e ct ion 5 . 4 . 1  and s e ction  3 ) . 

The s ource le a f  b l ade c ont ained the major  proport i on o f  

the linam arin re covered after  7 days although the amount 

o f  1 4c-l inamarin ret ained w as only 2 5% of the init i al 1 4c 

linam arin . Contrary to  findings in s e ct ion 5 . 4 . 1 , the 

re sidual 1 4c-linam arin leve l in the di scs  ( 0 . 21 fC i/gm ) · 

aft e r  7 days was s im i lar to that in the comb ined le a f  as  · 

a who le  ( 0 . 26 �C i/gm ) . The s ourc e l e af p e t io le account ed 

for j us t  3% of t he ove rall linamarin recovered out s ide 

the t is sue s of t he fed leaf ; the c o rresponding fi gure 

for p e t i o les  of imm ature source le aves was 36-5 3% 

( T ab les  5 . 3 . 1  and 5 . 3 . 2 ) . About 7% o f  the tot al 

recove red 14c - l inamarin was located in the tub e rs 

repre s ent ing 37% o f  the re cove red 1 4c-linamarin as 

trans loc ated 1 4c - l inamarin . 

5 . 4 . 3 Tran s l o c at ion from a s ene s cing leaf  ove r a 

7-day period 

The source le af w as expose d , as a ful l y  

gre en l e af , to  2-hydroxy [ 1 -1 4c J  isobutyronit ri le  vapour 

for 3 hours . The upt ake of 1 4c pre curs o r  was 81% giving 



Tab l e  5 . 4 . 2 . 2  

Dist ribution o f  Linamarin Act ivi ty in Tube rous P l a n t  7 days after  Synthesis  in  Le a f  

Plant Organ Fresh We ight LINArlARIN 

(gm) jJ-IDO l/gm pC i  % Initial % S . A .  
Activity Re cove red ;-<Ci/mmo l 

Activi ty 

Tubers 6'1 '1 . 8  5 .  '1 3  0 . '1 '1  . 2 . 4  7 . '1 0 . 04 

Primary roots 285 . 5  0 . 84 0 . 03 0 . 7  '1 . 9  0 .  '1 3  

Lower stem 1 76 . 2  4 . 22 0 . 1 0 2 . 2  6 . 4 0 . 1 3  

Upper stem 1 20 . 9  8 . 45  0 . 03 0 . 7  1 .  9 0 . 03 

Upper le aves 1 90 . 7  1 6 . 20 0 . 03 0 . 7  1 .  9 0 . 01 

Source le af pet i o le 2 . 41 1 . 90 0 . 01 . 0 . 2  0 . 6 2 . 1 8 

Source leaf 5 . 8 3  1 4 . 20 1 . 25 24 . 5  80 . 1  1 5 . 0 5 

� 
0 
-...J 



an expe c t e d  init i a l  yie ld o f  5 . 7  �C i b ased on  the 

as sumpt i on o f  20% incorporat ion ( se c ti on 5 . 4 . 1 ) . Le a f  

1 08 

discs  we re punched from the b lades as be fore and analys e d  

f o r  1 4c- lin am arin o ver a 7-day period . The onset o f  

s enes cence w as obs e rved on the third day by the typ i c al 

c o lour change from gre en to ye l low and by the s e venth 

d ay the le a f  h ad turned complet e ly ye l low . Tot al 1 4c-

l inam arin re cove red w as 1 0 . 4% o f  the expected  init i al 

1 4c·- linamarin , a low value compared t o  31 . 4% in the 

previous 7-day expe riment . 

Dist ribut ion o f  1 4c-linama rin among the various 

o rgans is pre s ented in Table 5 . 4 . 3 . 1 . In this c as e  o nly  

3 . 7% o f  the t o t al linamarin reco ve red from the p lant w as 

s t i l l  pre s e nt in the source l e a f .  The highest act ivi t i e s  

w e re recovered from the tubers and the basipet ally 

re co vered t rans locat e  was twice as much as the ap i c al 

re coveries . 

Th h · 1 4c 1 · · · 
h d 1 f d . e c anges 1n - 1namar1n 1n punc e e a  1 s c s  

are shown i n  figure 5 . 4 . 3 . 2 . 1 4c 1 ·  · t · · t · - 1namar1n ac 1v1 y 1n 

the leaf dis cs showed a ste ady d ro p  up to  7 days . The 

de c line in disc  1 4c- l inamarin was corre l ated with the 

drop in endo genous l inam arin cont ent resulting in only a 

small  change o f  the specific act ivity in the dis cs . The 

de pletion o f  1 4c- l inamarin and endogenous linamarin 

during sen e s c ence c ould be att ributed to both t r ans loc at i on 

d t Th f 1 4c 1 ·  · 
bt · d an urnover .  e re covery .o - 1nam ar1n o a1ne 

b e yond the source l e a f  was 0 . 75 fC i  for the s enescin g  

le af  compared w ith 0 . 31 rei for the non-sene s c ing l e af . 



Table  5 . 4 . 3 . 1 

Linam arin Translo cation in Tuberous Plants - Dist ribution during le af  Sene s cence 

LINAMARIN 
Plant Organ Fresh We ight 

�mo l/gm ;-<Ci % Initi a l  % S . A .  ( gm )  Activity He covered pCi/mmo l  
Acti vity 

Tubers 854 . 4 5 . 01 0 . 340 6 . 0  3 3 . 0  0 . 08 

Prim ary roots  223 . 4  0 . 3 5 0 . 024 0 . 4  2 . 3  0 .  31 

Lower s tem 21 9 . 5  9 . 33 0 . 300 5 . 3 28 . 8  0 . 1 5  

Upper  stem 1 46 . 8  8 . 7 5 0 . 030 0 . 5 2 . 9 0 . 02 
Upper leave s 296 . 5  1 5 . 20 0 . 028 4 . 9  26 . 8  0 . 06 
Source leaf  peti o l e  2 . 20 0 . 08 0 . 0 30 0 . 5  2 . 8  1 70 . 5  

Source le af  blade 5 . 23 0 . 1 3  0 . 039 0 . 5  3 . 7  45 . 6  

...:. 
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5 . 4 . 4 Change s in Lin amarin content in leave s during 

sene s cence 

I n  view o f  the re sult s obt ained from the 

s t udy o f  t ransloc at ion from a s ene s ce nt leaf a furthe r 

b ri e f  study o f  the extent t o  which trans l oc at ion and 

l inamarin turnover in the leaf  affe cts  t he endo genous 

linam arin levels  during s ene scence was undert aken . B y  

det aching a l e a f  at t he first det e c t ab le signs o f  

s ene s cenc e , tran s l o c at i on out o f  the le a f  was arre s t ed . 

Sub s e quent changes in linarnarin content o f  t he de t ached 

l e af  were me asured t o  give s ome indicat i on o f  l inamarin 

bre akdown . The combined e ffects o f  both  trans l o c at i on 

and bre akdown we re also  inve st igated b y  me asuring tot a l  

linamarin cont ent s i n  att ached le ave s at  various st age s 

o f  sene s cence . The c ommencement o f  senescing was t aken 

as the onset of gre enish-ye l low co lourat ion in the le af . 

Le aves were det ached at the b as e  o f  the pet iole  and fed  

t hrough t he cut end with � strength nut rient so lut i on 

( T able  2 . 2 . 2 ) . Le aves at a comparable  s t age o f  

s enescence and at a s imilar location o n  the plant were 

used  for fol lowing changes  in l inam arin whi le  e ach le a f  

remained att ached t o  the p l ant . At 24 hour int e rvals 

one ( o r  two ) o f  the 7 le afle ts of e ach l e af was exc i s e d , 

we ighed and quickly extracted  in bo i l ing ethano l .  Each 

l e a f  expe riment w as performed in dupl i c at e . A liquo t s  

o f  combined ext ract s  were me asured for chlorophyll 

cont ent (b y  det e rm ining ab sorbance at 6 52 nm ) to give 

a quanti t at ive ind i c at ion o f  the ext ent of s ene s c ence . 

F i gure 5 . 4 . 4  shows the change o f  l in amarin content  as · 

a funct i on o f  the e xt ent o f  senescence ( as me asured by 
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chlorophyll content ) in the de t ache d and att ached 

s enes cing leave s . Although o nly a sm all numb e r  o f  

dat a  po i nt s could b e  collect ed , a fairly good 

corre l at io n  exis t e d  betwe en de gree of s enes cence and 

linam arin c ont ent in both at t ached and det ache d le aves . 

This t re nd is simi lar to the almos t line ar dro p in 

1 4c-linam arin i n  the sene s c ing source leaf  of  the 

previ ous experiment . The dat a cle arly indic ate 

cons ide rab l e  linam arin de gradat ion during s e ne s c enc e . 

Howeve r  at the st age o f  sen e s c ence whe re no chloro phyll 

was det e c t able the linam arin cont ent o f  the att ache d 

le af had dropped t o  an undete ct able leve l whi le 

me asurab le linam arin still  rem ained in the det ache d  

leaf . 

1 1 3  
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DISCUSSION 

Much o f  the pre vi ous lite rature on cas s ava 

cyanoge nic glucos ides ha s de alt with the leve l s  of the 

gluc o s ides in the plant t i s sues , parti cul arly in the 

edib le  tubers (Nest e l , 1 97 3 ) . But ler ( 1 96 5 )  found that 

linam arin ac c ounts for about 93% o f  the cyanogenic  

gluco s ides in Manihot sp . The very low c ont ent o f  

lot austr alin has been confirmed in the pre s ent s tudy 

and consequent ly this inve s t i gati on has c onc e nt rat e d  on  

the m aj o r  glucos ide , linam arin . The only work on the 

me t abo lism o f  this glucos ide in cas s ava was that b y  

Nart e y  ( 1 968 )  who demons t rated the incorpor ati on o f  

14c -val ine int o · linam arin in e t i o lated c as s ava s eedl ings . 

Met ab o l i c  inve s t i gat i ons o f  l inam arin in cass ava are 

de s i r ab le for a better  underst anding of i t s  ac cumula t i on 

in t he e dib le tubers . In order t o  obt ain a ful l  

unde rst anding o f  the factors cont ro lling the leve l  o f  

l in am arin i n  any part i cular t issue and the w ay tha t  this  

is  in fluenced by environment al factors answers t o  the 

fo l lowing que s t ions must be obt aine d .  

1 .  Doe s linamarin biosynthe s i s  o ccur in all part s 

o f  t he plant o r  is  it re s t ricted to , or  much m o re act i ve 

in , c e rt ain t i ssue s ?  

2 .  C an linamarin s ynthe sised  in one p art o f  the 

plant ( the s ourc e ) be t rans located to o ther p arts ( s inks ) 

and i f  s o ,  what are the maj or ' source s '  and ' s inks ' fo r 

such t rans loc at ion . 
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3 .  I s  l inam arin a st able e nd product o f  biosynthe s i s  

o r  i s  i t  furthe r met abo l i s ed i n  the plant . I f  there i s  

a turnove r furthe r inves t i gat ions should de s cribe  t he 

ab i l it i e s  o f  di fferent t is sue s t o  met abo l i s e  o r  de grad e  



linam ari n . 

The pre sent study has made a be ginning at t rying 

to answe r some of the se  que sti ons . 

6 . 1  Gene ral Me thod o f  Appro ach Us e d  in the Study 

The pre s ent inve stigat ions have approa ched the s e  

probl ems b y  admini s t ering 1 4c l ab e l led linam arin 

pre cursors to  s pe c i fic parts of the p lant and fol l owing 

the fat e  o f  the 1 4c l ab e l .  B iosynthes is has b e en 

m e asured by determ ining the incorporat ion o f  pre curs o r  

into linam arin whi l e  trans lo c at ion and turnove r were 

m e asured by fo llowing changes in 1 4c-linamarin cont ent 

sub s e quent to  the l ab e l ling period . Pre curso r  

adm inist rat ion was c ons idered t o  b e  pre fe rab le t o  the 

dire ct administrat ion o f  1 4c-linam arin it s e l f  s ince , b y  

l ab e l ling linam arin vi a in vivo bio synthesis , 

1 4c-linam arin turnover and translo c at ion c ould be 

inve stigat ed dire c t ly at the s it e  o f  s ynthes i s  itse l f .  

F t h  d .  t 1 4c 1 ·  · 
d · · t t · l d  u r  ermore a 1re c  - 1namar1n a m 1n1s r a  1 0n cou 

re sult in a subst ant i al bre akdown o f  the l ab e l le d  

sub s t ance b e fore it  can b e  distribut ed i n  the t issue s . 

The t wo types o f  proc edure s employed to  adm inis t e r  

1 1 5  

pre cursors to  c as s ava t issue s were b y  so luti on upt ake and 

vapour upt ake . The s o lut ion upt ake method i nvo lved t he 

adm inistrat ion o f  1 4c-valine to  det ached organ s  or pie c e s  

o f  plant t i s sue through cut surfac e s . The vapour upt ake 

t e chnique invo lve d  the expo sure o f  the det ached o r  

att ached o rgans , such a s  the le af  o r  shoot apex , t o  the 

vapour o f  the pre cursor and a llowing the vapour to be 

t aken up through the s tomat a .  The upt ake o f  pre curs o r  

vapour o f fe rs a numbe r  o f  advant ages o ver so luti on upt ake . 
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B y  the vapour upt ake metho d , the precursors are o ffered 

a different and more dire ct  access  t o  leaf m e so phyll 

t i ssue compared t o  the longe r rout e t hrough t he pe t i o le 

and midrib tissue when s o lut i on upt ake is employed . 

The vapour admini s tration t e chnique o f fers a more 

uniform dis t ribut i on o f  l ab e ll e d  precurs or o ve r  a wid e r  

surface are a o f  l e af . It  a l s o  affords a me ans o f  

adminis t e ring pre cursors t o  att ached organ s  such that 

the t e chnique o f  int roduc ing 1 4c-lin amarin into such 

o rgans is  an alo gous to the w ide ly used technique o f  

l ab e l l ing phot o as s imi lat e s  in att ached le ave s by 

adminis trat i on o f 1 4co2 • With such . a t echnique , 

re adily  vo l at i le precursors that could be lost  b y  

evaporat ion during s o lut ion fee ding m ay e as i l y  be 

adminis t e re d  t o  plants . S ince  the vo lat i le 

intermediat e s  are more imiTediate  pre cursors o f  linam arin 

than is  val ine , they may be assu.m:?d to l abel 1 4c -linam arin 

more spe c i fically since the inte rmedi ate s  are le s s  

like ly t d  b e  met aboli sed b y  other p athways . I n  the 

c as e  o f  2-hydroxyis obutyronit ri le , the precurs o r  us e d  in  

the  trans l o c at ion studie s ,  the re is t he poss ibility  o f  

it  being n on-enzymically broken down t o  re l e as e  H-1 4cN 

which c an be  met abo lised . Howeve r  at the pre curso r  

c oncentrat i ons used in the pres ent investigati ons i t  i s  

unl ike l y  that the free HCN would re ach t oxic leve ls .  

In m et abolic  s tudies invo l ving exogenous precurs o r  

administ r at i on the re are s e ve ra l  factors that need t o  be 

t aken int o account in int e rpret ing the dat a .  The 

pro cess  o f  pre curs o r  adminis t rat ion m ay lead t o  a 

di sturbance o f  the normal cours e· o f  metaboli sm , e .  g .  
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change s in pre cursor  poo l s iz e . The endo genous pre curs o r  

m ay be  pre s e nt only in t race amount s and the administ rat ion 

o f  an exogenous pre curs or  could le ad t o  exce s s ive ly high 

l e ve ls  that m ay inhibit some enzyme  along the b io synthe t i c  

p athw ay . This could be  remedied in cert ain c ases  by 

administ ering very small  amounts o f  pre cursor . Linam arin 

t urnover m ay be occurring so that the leve l  o f  1 4c 

l inamarin present at any t ime  doe s  not re pres ent the 

l inam arin s ynthe s ised  over t he perio d .  A more rel i ab le 

indicat i on o f  the biosynthe t i c  act ivity and the exi sten�e  

of  t urnove r c an ,  howeve r , b e  obtained from a t ime -course 

1 4  inve st igat ion . The C pre cursor may fail  t o  re ach the 

s ynthetic  s it e s  or gain ac cess  to normal t rans lo cat i on 

rout e s  due t o  compartment at i on at the t is sue o r  ce l lular 

l e ve l .  The adm inistered pre cursor  may not be  re adi l y  

avai lable  for 14c l inam arin format ion b e c aus e o f  compe t ing 

met abolic  p athways within the plant t is sue . The 

i nt e rpret at ion o f  the dat a  presented  in s e ct ions 3 t o  5 

w i l l  be dis cus sed in re lat ion t o  the s e  problems . 

6 . 2  Pathway o f  Linamarin Biosynthe sis in C as s ava 

The inve s t igat ion o f  the suit abi lity o f  di ffe rent 

precurso rs for 1 4c linamarin s ynthe s is in the l e af 

invo lved adminis t rati on o f  the probab le int e rmedi ates  in 

t he pathway of  biosynthesis  to the le af t i ssue s . The 

incorporat i on o f  the s e  pre cursors into linam arin thus 

give s  some informat ion on the pathw ay o f  biosynthe s is o f  

this glucos ide in c as s ava although this was not a primary 

aim of  this inve s t i gat ion . 

The incorporati on of the vo lat i l e  precurs o rs , 
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isobutyron itri le , 2-hydroxyi s obutyronitri le and 

isobutyraldoxime , into linam arin was s imi l ar t o  that 

obt ained for ·incorporation o f  val ine from s o lut ion int o 

l inam arin ( T ables  3 . 2 . 1 . 1 - 3 . 2 . 1� . 1 ) . The 14c incorpor at i on 

values for the different pre cursors us ing le ave s from 3 

di ffe re nt variet ie s  were valine ( 1 2-17%) , 2-

hydroxis obut yronitrile ( 21%) 

and i sobut yraldoxime ( 25%) . 

is obut yronit ri le  ( 1 2-16%) 

The re sult s indic at e  that 

the s e  vo l at i le subst ance s  we re e ffi cient pre cursors o f  

linam arin in c as s ava le ave s . The dat a obt ained are 

cons i s tent with the pathway o f  linam arin bios ynthe sis  

invo lving a re act i on sequence from valine through 

isobut yraldoxime , isobut yronitrile , and 2-hydroxyisobuty­

ronitri le to linamarin as i l lust rat ed in figure 6 . 2 .  

This p athway has been demonstrat ed in Linum us i t at i s s imum 

by s o lut ion administ rat ion o f  l abe l led precurso rs 

( H ahlb ro ck e t  al . , 1 968 ; T apper and But ler , 1 97 1 ) . 

Confirm at ion o f  this pathw ay by demonst rat ion o f  the 

pre sence o f  the enzymes c at a lyz ing the biosynthetic  s teps 

is  avai lable  from the i nve s t igat i ons of dhurrin 

biosynthes is in Sorghum b i c o lor by Conn and his c owo rkers 

(Reay and Conn , 1 974 ; McFarlane et al . ,  1 97 5 ;  Shimada 

and Conn , 1 977 ) . Re ay and Conn repo rted an enzyme from 

Sorghum which c at alyzed the conve rs ion o f  

hydroxymandelonitri le t o  dhurrin . · McFarlane  e t  al . ( 1 97 5 )  

iso la t e d  a ' high speed ' micr.osomal fract ion from seedlings 

o f  Sorghum which cat alyzed the format ion o f  

p-hydroxymande lonitrile from L-t yros ine via 

p-hydroxyphenylacet aldoxime and p-hydroxyphenylacet onit ri le . 

More recent ly Shimada and C onn ( 1 977 ) used the s ame 
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micro s omal prep arat ion from Sorghum in conjunc t ion wit h  

t rapping expe riment s to  show that 2-hydroxy( p­

hydroxyphenyl ) acetaldoxime was not a norm al intermediate  

in dhurrin b i o s ynthesis . Although no comp arable e nz yme 

studie s have been  carried  out on linam arin b i o s ynthe s is , 

the i nvo lvement of anal o gous intermediate s  s uggests  that 

the gene ral pathway o f  c yanogenic g lucos ide b i o s ynthe s is 

i s  c ommon to  most  cyanogenic spe c i e s  inc luding c as s ava . 

The ass im i l ation o f  the administered p re curso�s b y  

c ass ava le ave s yielded products s im i lar t o  tho s e  

previously identi fied in other spe c ie s  ( Tapp er ,  1 968 ) . 

The l abe lled product s we re investi gated  in det ail  for 

le ave s fed with 2-hydroxy[ 1 -1_4C J is obut yronit rile . 

Apart from incorporation o f  1 4c int o linama rin , s e ve ra l  

amino ac ids were labe lled . Thes e  included asparagine 

(b f th . 1 4c . . d) y ar e m aJ o r  am1no ac 1 , � -c yanoalanine , 

glut amine , glut amic acid , aspart ic acid , glycine and 

his t idine . The pattern o f  labelled  amino acids is  

s im i l ar to  that obt aine d from C 1 4c ] -HCN administ rati on 

t o  l inen flax and etiolated cass ava se edlin gs ( T appe r ,  

1 968 ; Nart e y ,  1 969) . Thus it is quite probable that 

the labelled products we re derived from C 1 4c ] -HCN 

generated  within the t is sues from deco mpos i t i on o f  

2-hydr�xy[ 1 -1 4c ] isobutyronitri le . 

Although s i gnifi c ant amounts o f  1 4c-linamarin were 

forme d  from all  the administere d  volat ile pre curso rs , 

i s obutyraldoxime and 2-hydroxyisobutyronit r i le appe ared 

to b e  more suit able than isobut yronitrile for this 

method o f  pre cursor administrat i on . The upt ake o f  

isobutyronitri le vapour was about 1 0%  wh ich was low 
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compared with ove r  98% upt ake o f  i sobut yraldoxime and 

2-hydroxyis obutyronitri le .  This low upt ake o f  

isobutyronitri le  could pos s ib ly be due t o  the low wat e r  

s o lub i l i t y  o f  the compound result ing in the poo r  d i f fus ion 

o f  the n itri le  int o the ce l l . The incorporat ion o f  both 

the oxime and 2-hydroxynit ri le into l inamarin was also 

somewhat gre ate r  than the incorporat i on o f  the nit ri le . 

6 . 3  S i t es o f  Linamarin Synthes is in Cassava 

The inve s t igat ion of linamarin cont ent  of c as s ava 

t i s sues showed t hat linam arin was pres ent in a l l  t is sue s . 

The leve ls found for thre e different vari e ti e s  were 
. . 

cons istent and s imi lar to t hose reported by o t her worke rs 

( de B rui jn , 1 971 ; Bo lhius , 1 954) . The younger ,  

met abo lically more active t issues t end t o  have higher 

lin am arin cont ents than o lder t issues with a higher 

percent age o f  woody fibrous tissue . The ove r all  pat t e rn 

o f  endogenous l inamarin di stribut i on ,  however , doe s no t 

ne c e s s ari ly ind i c at e  whi ch organs are respons ible fo r 

the product ion o f  the cyano genic g lucos ide . 

T ab le 6 . 2  gives  a summary o f  the amoun t s  o f  1 4c 

valine incorporat e d  into 1 4c -linam arin by various det ached 

·organ s  and plant t issue s . Ce rt ai n  t issue s l ike the shoot 

apex , the pet io le s  and the leaves appe ar t o  h ave a much 

higher linamarin biosynthe t ic abi l�ty than othe r t is sues  

like the roots  and tubers . I n  evaluat ing this data as  

an indicat i on of  the re l at ive biosynthetic  e fficiency o f  

the different organs and t i ssues a number o f  f actors have 

to  be t aken int o account . 

1 .  I n  this pre liminary survey an arb itrary t ime  

of  24 hours was set  for t e rmin ation  o f  pre curs or met ab o lism 
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T ab le 6 . 2 

Summary o f  L- [u-1 4cJ Valine I ncorpo ration int o 1 4c -

Linamarin by Cass ava Tissues . 

C as s ava LINAMARIN1 

T i s sue fAIDO l/gm F . wt .  (%) 
Incorporat ion 

Shoot apex 23 . 2  1 5 . 6 

Upper le aves 1 3 . 9  1 2 . 0  

Lower leave s 1 4 . 4  1 0 . 8  

Upper le af  p e t i o l es 5 . 4 6 3 . 5  

Lower le af  pe t i o les 6 . 2  52 . 3  

Upper  stem  1 5 . 2  1 4 . 3 

Lower s t em . 6 . 4 4 . 7  

Root s 0 . 9  1 . 4 

Tubers ( +  pe e ls )  1 1 . 0  5 . 6  

1 
= Average o f  results from two or t hree  c as s ava 

variet i e s  as present ed in Tab le 4 . 2 . 1 . 
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and the result s expres s e d  as the pe rcent incorporat i on 

and the di lut ion factor . When a fixed quantity o f  isotope 

is added at the be ginning o f  the expe riment the se  

par ame ters are t ime-dependent ( C am pbell , 1 97 5 ) . When 

an arb itrary s ingle s ampling t ime is  chosen , as was the 

c as e  in the pre l iminary expe riment , the inco rporation  

value may be exam ined e ither be fore or  after exhaust ion 

of the labelled precursor , or aft e r  the product has been 

broken down into othe r  subst ances . A time-course 

exam ination o f  the incorporation i s  there fore ne c e s s ary 

to obt ain dat a which c an be used to compare biosynthet ic 

act i vity . 

2 .  The abi lity o f  the pre cursor t o  re ach the 

biosynthet ic s it e  may be very different for the di ffe rent 

t i s sues . Thus the low incorporat ion by tuber t is sue 

s li c e s  may be due t o  inabi lit y o f  the valine t o  ent e r  the 

ce l ls part icularly those  in int eri o r  o f  the s l ic e . The 

method o f  valine adminis trat ion in this pre l iminary 

expe riment may have re st rict ed val ine met abo lism to the 

damaged surface c e l ls where any linamarin synthe s i s ed could 

have been broken down . 

3 .  In those t i ssues whe re the incorp orati on o f  1 4c 

into linamarin is ve ry low confirmati on of  the ident ity  

of  the labe lled material  is nece s s ary t o  e s t ablish the 

s i gn i ficance o f  the incorporat i on value . 

In view o f  the s e  prob le ms in inte rpret at i on , two 

t i ssue sys t ems were s e lect ed for a more thorough 

inve stigat i on o f  1 4c valine incorporat ion into linam arin , 

nam e l y ,  the petio lat e  le af sys t em repre sent ing an 

apparent ly act ive synthetic  s i t e  and the tuber t issues , 



repre sent ing an apparent ly " poor"  s it e  o f  linamarin 

s ynthe s i s . In  the s e  expe riments the t issues were 

al lowed to met abolis e val ine for diffe rent i nt e rvals s o  

that s ome ide a o f  the t ime-course  could be  obt aine d . 

B e c ause o f  pos s ible t issue t o  t issue variat i on s  in 

endogenous linamarin c ont e nt s  and di ffe rences i n  

b i o s ynthe t i c  activit ie s ,  a l arge numbe r  o f  rep lic at e  

s amples would b e  n e c e s s ary i n  o rder t o  e s t ab l i sh a t rue 

t ime-course by inve s t i gat ing s amples  a fter di f fe rent 

t imes of exposure to the lab e l led pre cursor .  I n  the 

c ase o f  the leaf s ys t em e ach le af was dissected into 

four component t is s ue s  and e ach tissue had to be 

e xt racted , c onc entrated  and the 14c det e rm ined in s eve ral 

di fferent fractions . The problems invo lved in 

proces s ing l arge numbers of s am ples in this w ay pre cluded 

expe riment al repli c at ion . The re fore differences betwe e n  
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s amples t aken at d i f fere nt t imes c annot be used  as a 

basis, for quant itat ive c al cu lations that could be obt a ined 

from a t rue t ime-course .  However , the trends do reve al 

s ome import ant t ime -dependent fe atur e s  whi ch must be  t ake n 

into account in int e rpre t in g  the incorporati on d at a .  

A s  we l l  as det e rm ining the linamarin in s am ples 

harvested  at di ffe re nt t ime s , the t ot a l  1 4c di s t ributi on 

and the dist ributi on betwee n  e thano l s o luble and ins o luble 

1 4c and re s idual 1 4c val ine was det-erm ined to give 

i nfo rmati on on the ut iliz ati on o f  the precursor and i t s  

penetrat ion  t o  di ffe rent parts o f  the system . 

6 . 3 . 1  Biosynthe sis in the Pet i o l at e  Le a f  Sys tem 

In the  time -c;urse expe riment 1 4c valine 

w as administered to leaf pet i o les , midribs and leaf 

b lades by al lowing det ached le aves t o  t ake up and 



dist ribut e the pre cursor t hrough t he t rans pirat i on 

s t re am . 

The t ot al  1 4c act ivit y  per gram fre sh wei ght 

att ained a fairly const ant leve l wit hin e ach t issue 4 

hours a ft e r  pre cursor upt ake . The re was re l at ive ly  

littl e  di ffe rence in  1 4c dist ributi on betwee n  the  4 and 

24 hour s ample s .  Simi l ar leve ls  o f  1 4c activi t y  were 

obt ained in the pet i o le and midrib t issues ( 0 . 2  �Ci/gm 

fresh w e i ght ) whi ls t  about twice as much 1 4c ( about 

0 . 4  fC i/gm fre sh weight ) w as dist ribut ed t o  the b lades 

( Tabl e  4 . 3 . 2 . 2) . In a c omplex t i s sue s ys t em l ike the 

pe t io l at e  l e af the 1 4c dis t ribute d  t o  e ach t is sue by 

so luti on upt ake doe s  not necess ari ly indi cate  the am ount 

o f  1 4c val ine whi ch has re ached e ach of the c omponent 

t is sues . I f  the valine is  trans ported so l e ly through 
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the xylem , it  is  unlik e l y  that it would undergo s igni ficant 

met abo l i c  t rans form at ion s ince xyl em ve sse l s  are e ssentia lly 

non-living . Met abo lic  t rans format ion may , howeve r ,  occur 

in p arenchym a ce lls  ass o c i ated  with the xyl e m  and the 

pro duct s  of the s e  t r.ans format ions c ould re-ent e r  the 

xylem and be  transporte d  along with the valine . Between 

25% ( in the le af blade ) and 4o//o ( in the bas a l  peti o le ) o f  

the t o t al 1 4c i n  the t is sues  w as found t o  b e  due t o  1 4c-

valine �· hour afte r  upt ake although a s i gn i fi c ant amount 

o·f 1 4c act ivi t y  had been c onvert ed int o  other product s  by 

that t ime . Thus a subst antial  proporti on o f  1 4c act i vit y 

arrivin g  in t he t is sue s cons i s ted o f  1 4c-va l ine . 

1 4c valine arriving in the t is sue s was qui ckly 

met ab o lised le aving a small  

1 4c valine from 4 to  24 hours . 

but cons t ant re sidual  

The percent age of  1 4c 



valine st i l l  pre sent aft e r  4 hours w as about 4% in the 

petiole , 8% in the b lade s and 1 3-22% in the m i dribs 
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( T able  4 . 3 . 2 . 3 ) .  The cons t an c y  o f  this re s i dual  val ine 

leve l  is  i n  cont rast to the r apid r at e  o f  init i al 1 4c ­

valine ass i mi l at io n  in the t is sues  up t o  4 hours and 

suggests  that this  residual  fract ion was cont ained in 

some inact ive poo l  not re adi l y  avai l ab l e  for 

as sim i l at i on . 

The t ime -cours e analyses show that all  the tis sues 

f th 1 f t 
· 

t 1 4c 1 ·  · t 1 4c o e e a  sys em  1ncorpora e - va 1ne 1n o -

l inam arin a lthough incorpo rat ion in the le af  b l ade s was 

ve ry low . A high leve l  o f  incorporat i on ( 35 - 57%) was 

att ained in the l e a f  petio l e s . Thi s  high inco rporat ion  

was  also  found in  the pre l iminary experiment s  i n  whi c h  

52-64% inco rpora t i ons were re corded f o r  the pet io le s  

( Table 6 . 2) . Such high incorpor�t ions of 1 4c -valine 

into 1 4c-linam arin are com parab le only  to  the 48% 

inco rpo rati on o f  1 4c-valine t o  linamarin by Linum 

us it at i s s i mum found b y  Hahlbro ck et a l  ( 1 968) . In  

the midribs about 20% o f  the  t otal 1 4c in this  t i ssue 

w as due t o  1 4c-linamarin a ft e r  24 hours , a lower 

incorporat ion than in the p et i o les  but cons ide r ab l y  

higher than the 2% value att ained in the le a f  b l ades . 

The ve ry low  inco rporat ion into linam arin in the l e a f  

b lade could be  due to  a low b i o s ynthe t i c  c apacit y  o f  the 

me sophyl l t is sue o r  to the tr ansfo rm at ion of much o f  

the precursor int o other subst ance s  b e fore re a ching this 

tissue . When 2-hydroxyisobut yronitrile  vapour w as 

administe red to an attached l e a f ,  both t he s p e c i f i c  

act ivity o f  the linam arin and the 1 4c -l inamarin p e r  gram 
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o f  t is sue in the l e af b lade ( i . e . i n  the b lade dis c s  

exc luding m idrib s ) we re much lower than the correspondi ng 

value s for the le af as a who le a ft e r  4 hours exposure 

to the precurs or  ( s e c t ion 5 . 4 . 1 ) .  Thus the s peci fi c  

act ivity o f  linamarin in the le a f  d i s c s  was 26 . 2  �C i /mm o l , 

and that in the c ombined leaf including midribs and 1 -2 cm 

o f  the petiole  was 46 . 0  �Ci /mmo l ;  on a wei ght bas i s , the 

dis c s  cont ained 0 . 67 �C i/gm F .  Weight and the who le l e a f  

1 . 1 0  re i/gm F . w . Since leaf  dis cs were taken from 

seve ral di ffe rent parts o f  the b lade on e ach le aflet , i t  

i s  unl ikely that this di ffe rence is  due to  s ampling erro r .  

The d i f ference could indicate  that t is sues included i n  the 

m idrib have a hi gher c apacity  for conve rs ion o f  precurs ors 

to l inamarin than the mesophyll t i s sues of the b l ad e . 

The endogenous l inam arin cont e nt o f  the blade was 

1 1 -1 7  rmo l/gm whi le that o f  the midribs was 31 - 3 3  t"mo l /gm 

f . wt .  The b l ades  and the midribs both had hi ghe r 

l inam arin leve ls than the pet io le s which had about 6-8  

?mo l/gm . Thus the re s eems to be no  s imple re l at ionship 

betwe en linamarin leve ls and apparent b iosynthe tic 

abi lit y .  Phys i o lo gi c al factors such a s  linam arin 

accumulat ion or bre akdown within the le af t issue s  m ay b e  

contributing to  the obs erved lack o f  rel ationship . The 

abi lity  of e ach t issue to  store endo genous ly  s ynthe s is e d  

l inam arin m ay b e  gre at e r  wi thin the bl ade and midrib t i s sue s 
. 

in compariso n t o  the pet i o le s . 

6 . 3 . 2  Biosynthe s is by Tuber  T i ssue s 

Administ rat ion o f  1 4c -val ine t o  tuber t is sue 

pre s e nt ed difficult ie s . The t i s sue is dens e  and lacks 

a suit able natural vas cular sys t em for administrat ion 
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expe riments . The t ransve rs e s e ct i on o f  a young storage 

cass ava tuber i s  i l lus t rat ed in fi gure 6 .  The edib le 

tub e r  core t i s sue con s i s t s  of den s e ly packed st orage 

pare nchyma c e lls  filled with s t arch grains and 

interrupted by s t rands o f  xylem t i s su e  radi ating 

outw ards from the cent re . The t uber  pe e l  cons i st s  o f  

a n  out e r  zone c ont ainin g  s c lerenchyrna and p arenchyma 

tissues overl ai d  on the outs ide with a pe ride rm and an 

inner z one c ont ain ing the phloem ti s sue . I f  the 

pre cursor  is s imply applied to the cut surface it would 

not be  uni form ly distribut ed . To as s ist  b e t t e r  

dist ribut ion a vacuum inf i ltration  t e chnique  w as us e d  to  

1 · f 1 4c 1 ·  app y c arrle r  re e -va lne . 

Both the c o re and pee l  tis sue metabo lised 1 4c -valine 

even more rapidly than the le a f  system le aving about 1 0% 

o f  the initial  act i vity as res idual 1 4c -valine aft e r  � 

hour ( Tables 4 . 4 . 2  and 4 . 4 . 3 ) . I n  the tub e r  core s this 

res i dual fract ion doe s  not furthe r  decre as e between i 

hour and 24 hours . Thi s  fraction o f  re sidu al 1 4c -val ine 

may be part o f  a re lative l y  inacce s s ible  or inactive pool  

in the tissues  o f  the tub e r  core s pos s ibly located  in cel l 

vacuo les or  bound to  s it e s  external  to  the c e l l  membrane . 

Within the pee ls there w as a furthe r s low as s imilation o f  

1 4c -valine a ft e r  + hour result ing i n  a dec re ase o f  res idual 

1 4c 1 .  -va lne fro m  9% ( � hour) to 1% (24 hours ) .  A pos s ib le 

problem which should not be . overlo oked is  that some 

microbi al activity m ay have developed over the longe r 

t ime period with the tub e r  and pee l  expe rim ents . 

Although no spe ci al ant ibiotic  pre c autions were t aken 

microbial act ivity m ay be  assumed t o  be ins i gni fic ant fo r 
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the short er t ime  pe ri ods and probab ly o f  unknown 

import ance at 24 hours . 

The maximum values for incorporat ion o f  
1 4c-val ine 

int o l inamarin b y  b oth the tub e r  co re and tuber pee ls 

we re low . The tuber cores incorpo rat ed about 0 . 1 % , 

whi l e  the peels  incorporated 1 -2% o f  the adm in i s t e red 
1 4c 

into l inamarin . Despite  the s e  l ow leve ls o f  incorporati ons 

the e ndogenous l inamarin leve l in the pee ls was a lm o s t  as 

high as that in the l e ave s . The pee l ,  like the l e af 

b l ade may b e  accumulat ing much o f  the l inamarin it 

s ynthe sises . Neve rthe less  much o f  the tuber l inamari n may 

come from aeri al organs of the plant as is  indi c at ed by 

the trans loc at ion exp e riments ( sect ion 6 . 4) . 

Whi le the tuber t issues and the l e a f  blade s gave low 

incorporat i ons of 
1 4c into linamarin as c ompared to the 

pet io les  and midribs the f o rm e r  t is sue s convert e d  m ore 
1 4c into pro ducts  other than l inam arin . Thus the low 

· f 
1 4c 1 ·  · t 

1 4c 1 ·  · · th b l  d convers1on o -va 1ne 1n o - 1namar1n 1n e a e 

and tuber t i s sues m ay not nece s s ari ly be  re fle cting a 

t rue inab i l ity o f  the s e  t issues t o  synthe s i s e  l inamari n . 

I t  is  apparent that w ithin such t is sues  the adm inis t e red 
1 4c -val ine was being rap idly removed t o  fo rm subst anc e s  

t h  th 
1 4c 1 .  . o e r  an - 1namar1n . The pres enc e o f  more act i ve ly 

c ompet ing bio s ynthe t i c  p athways in the tuber and b l ade 

t i s sue s probably account s for the obse rved rapid rem o va l  

o f  valine so  that the precurs or was not re adi ly avai l ab le 

for convers ion into l inamari n . How far this c ompet iti on 

affects norm a l  endo genous l in.amarin biosynthe s is wi l l  

have t o  be  exam ined b y  furthe r expe riments . Estimat i on 

o f  the re l at i ve act ivities o f  the enz yme s invo lved in the 



biosynthe t i c  pathway from both ' e f fic ient ' and ' po o r ' 

s it e s  o f  synthe s is should provide furthe r  confirm at ion 

of the re lat ive linamari n b i o synthe t i c  ab i l iti e s  o f  

the s e  t i s su e s . 

6 . 4  Tran s l o c at ion o f  Linam arin in Cas s ava 

Although tuber t is s ue s  o f  c as s ava contain fairly 

hi gh l inamarin leve l s  the ab i lity of th� s e  t i s s ue s  t o  

conve rt val ine int o l in amarin was app are ntly low . The 

pos s ib i l ity that trans locat ion o f  linamarin from act ive 

s ynthe t i c  s it e s  to  the tuber may c ont ribut e to  the 

endo genous l inamarin in c as s ava tubers has there fore 

been inve s t i gated . Linam arin t rans loc at i o n  from the 

pet i o l ate l e a f  to othe r parts o f  the pl ant was 

inve s t i gat ed by lab e l l ing of linamarin in att ached l e ave s 

u s in g  vo l at i le pre cursors and det e rm in ing the t ime -course 

o f  1 4c-linam arin de cre as e and the eventual d i stributi on 

t o  di fferent parts of  the plant . 

I n  t rans locat i on s tudi e s  in p lant s cultur al , 

mo rpho lo gic a l  and phys i o logic al facto rs may inf luence 

dat a interpret ation . Two plants growing unde r di f fe rent 
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m o i s ture re g imes may t ransloc at e  met abo lit e s  at di f fe re nt 

r at e s . In a field expe riment , for example , Hume ( 1 975 )  

not ed a gre ater amount o f  1 4C -phot oas s imi late t rans locat ion 

from c as s ava leave s t o  tubers during the wet s e as on than 

in the dry s e ason . A l l  the . plants used in the pre sent 

inve s t igat ions were act ive ly growing und er condit ions i n  

whi ch wat e r  w as not limit ing . Experiments  with immature 

non-tuberous plant s were pe rforme d in t riplicat e  a ft e r. 

care ful pl ant s e lect ion with re spe ct t o  plant he i ght , age , 



numbe r  o f  leave s o n  the plant and c ompaxable pri m ary ro ot 

s iz es . The dat a obt ained from e ach o f  the thre e p lant s  

i n  the s e  experim ent s agre ed c losely . Due t o  cu ltural 

and environment al problems it was not pos s ible t o  produ c e  

a suffic ient numb e r  o f  m ature tubero us cass ava p lants w ith 

s im i l ar morpho logi c al characterist i c s  t o  pe rm it s im i la r  

repli cat i on of  t he trans l o c at i o n  expe riment s w it h  the s e  

plant s . The dat a fo r mature tube rous plant s are 

the re for e  b ased on s ingle plant s . 

6 . 4 . 1  Kinet i c s  o f  Linam arin T rans locat i on from 
le ave s 

The t im e-course o f  changes o f  1 4c -linam arin 

has been followed in att ache d  sourc e le ave s o f  non-

tubero us and tub e ro us pl ant s by t aking repre s e nt ative 

dis c  s amples from t he le a f  b l ade t i s s ue without damaging 

the m aj or le af ve ins and midrib t i s sue s . Time-cours e 

analys i s  assumes t hat dis c  s pe c i fi c  activit y i s  

re pre sent at ive o f  t h e  who le le af . The lower sp e c i f i c  

act ivi�i e s  re corde d for punched dis c s  during short t e rm 

experiment s with i nt act l e ave s show s howeve r that the 

spe ci fic activi ty o f  l inamarin in the di scs is 

cons ide rab ly low e r  than that in the s ource le a f  as a who le . 

The diffe rences between b lade , midrib and pet i o le have 

alre ady been dis cus sed ( s e c t ion 6 . 3 . 1 ) . D i s c  analys i s  

neve rthe less provided a gene ral indi c at i on o f  linam arin 

removal from le ave s . 

The extent o f  linamari n  turnover w ithi n  the le af 

b l ade c ou ld influen ce the val idity of the t ime-cours e 

dat a  as an indi cat i on o f  t ransl ocat ion . 1 4c l .  . - 1namar1n 

was f ound to  unde rgo re l at ive ly little turnove r  in a 



det ached le af . 1 4C- linam arin lab e l led in de t ached 

l e ave s by the upt ake o f  1 4c -valine showed ve ry lit t l e  

turnover through a 24-hour pe riod ( fi gure 4 . 3 . 2 . 2 ) . 
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The re l at ive s t ab i lity o f  the 1 4c-l inamarin po o l  in 

det ached le ave s w as als o de mons t rat e d  when 1 4c l inamarin 

synthe s ised from 2-hydroxy [ 1 -1 4c J  is obut yronitr i le vapour 

was found to undergo very little ch an ge in l eve l o ver 57 

hours ( fi gure 5 . 3 . 1 ) . Under norm al growth c on dit i ons 

the re is no re as on in assum ing that linamari n turnove r  

i s  gre at e r  in an att ached l e a f  than a det ache d l e a f . The 

obs e rve d kine t i c  dat a m ay the re fore be used as a val i d  

ind i c at i on o f  t r ans loc at i on .  

Typic al time-course p att erns obtaine d by an alys i s  

f h d d · · d · t h · h t f 14c 1 · · o punc e 1 s c s  1n 1 c a  e a 1g ra e o - 1namar1n 

los s  from the s ource l e a f  immedi ate ly a fter synthes is up 

t o  69 hours aft e r  whi ch the 1 4c l in amarin leve l  rem ained 

almost cons t ant ( figures 5 . 3 . 2 ,  5 . 3 . 3  and 5 . 4 . 2 . 1 ) .  

Thi s  pattern was found in discs  from non-sene s c ing int a ct 

le ave s re gardle s s  o f  the loc at ion o f  the s ource leaf  on 

the plant or the maturit y  of the plant . S im ilar 

t ran s loc at ion patterns in whi ch the init ial high rat e 

w as fo llowed by a s low and almost c ons tant phas e have 

been obs e rve d for 1 4c -pho t o as s im i l at e s  in corn , Z e a  m ays 

( Ho fstra and Ne lson , 1 969) , Sugar-b e et , Bet a  vu lgari s 

( Jo y ,  1 964) and Soy-b e an , Glyc ine m ax ( Moorby et al . ,  

1 96 3 ) . 

Th t f 1 4c 1 · · t 1 t · f t h  e ra e s  o - 1namar1n rans o c a  1 0n rom e 

s ource le ave s di ffe red between le ave s of  t ub e rous and 

non-tuberous plant s  and also according t o  the age o r  

pos i t i on o f  the s ource le af on t he plan t·. The rat e  o f  



1 4c lo s s  from lowe r le ave s as indi c ated by the time for ' 
1 4c -linamarin t o  drop to 50% o f  it s initial l eve l  was 

twice as gre at as f rom an upper le a f  on non-tub e rous 

plant s . 

The level o f  1 4c -linamarin in the non-sene s cent 

leaf  b l ade s o f  both t uberous and non-tubero us p lant s did 

not s igni fi c ant ly de cre as e after 69 hours alt hough 

· d  1 1 4c 1 · · t " ll 25� f t h  · · t ·  1 re s 1  ua - 1namar1n w as s 1 ove r � o e 1n1 1 a  

leve l .  The kine t i c  pat t e rn sugge s t s  that s om e  o f  the 
1 4c - l inam arin s ynthe s i s e d  during t he l abellin g  pe riod 

becomes t r ans ferred into an ' immob i le ' poo l from which 

it c an be trans loc ated only very s lowly . This immob i le 

poo l  c ould be in the ce ll vacuo les o f  the le a f  rnes o phyll 

t is sue . 

The ac cumu lat i on o f  c yanogeni c gluco s ide s in plant 

c e l l  vacuo les was sugge sted b y  Staffo rd ( 1 974 ) whi le 

Saunde rs e t  al . ( 1 977 ) demonst rated that about 9�� o f  

dhurrin ( p-hydroxym ande lonit ri le-p-D-gluco pyranoside ) 

s ynthe s is e d  in young Sorghum bicolor s e edl ings b y  

adminis trat ion o f  t rit ium - l abe lled p�hydroxyphenylace ­

t aldoxirne m ay be l o c ated in the ce l l  vacuo l e s . A 

s i m i lar int race llu l ar accumulat i on o f  1 4c - l in am arin in 

cell vacuo les of c a s s ava le aves probab ly ac co unt s for 

the ob s e rved ' s low ' phas e whi le the init i al ' fas t '  phas e 

m ay be at tribut ed to  rapid loss  from a more acces s ib le 

poo l  in t he plant ce lls . The lowe r s pe c i fi c activit y 

f 1 4c 1 ·  · · 1 f d .  d o - 1 nam ar1n 1n s ource e a  1 s c s  as compare to  the 

who l e  l e a f  s o�n a ft e r  synthe s i s m ay b e  due to a highe r 

degre e o f  linamarin synthe s is in the m idrib t i s sues 

( Tab le 5 . 4 . 1  and s e ct ion 6 . 3 ) .  A ft e r  7 days o f  
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t rans lo c ation from the le af the s p e ci fi c  act ivit y o f  

l in am arin i n  the dis cs and the who le le af w e re s i m i la r  

( s e c tion 5 . 4 . 2  and Tab l e  5 . 4 . 2 . 2 ) . Thi s may indicat e  

t hat the ' acce s s ib le ' ,  re adily t rans lo c ated poo l o f  
1 4c - li namarin i s , in  part , that linamarin s ynthe s is e d  

i n  vas cular p arenchym a  t i s sue as s o ci ated w i th the ve ins . 

An int e re st ing finding of the t ime -course s t udy 

was th tl h .  h t f 1 4c 1 ·  · t e appare n  y � g  e r  ra e o - �nam ar�n rans -

l o c at e d  out o f  the le af b l ade s o f  immature n on-tuberous 

p l ant s than from the  b l ades o f  tube rous plant s . I t  

appe ars that the pre s e nce o f  tube rs , wh ich m i ght b e  

expe cted to  const itut e  an e ffe ct ive ' s i nk '  do e s  not 

incre ase the rat e of l in am arin trans l oc ated out of 

indivi dual l e ave s . However , the d i ffe renc e s  be tween 

rat e s  o f  trans locat ion from tuberous and imm ature plant s  

m ay b e  due t o  s i ze , age o r  vari e t al di f ferenc e s . 

Trans l o c at ion o f  fre shly s ynthes i sed 14c-lin amarin 

pro c e e ded i n  normal gre en leave s whi le the endogenous 

l in amarin· leve ls rema ined virtua l l y  unchange d .  This 

could be int e rpreted as indi c at ing a s t e ady s t at e  

condit ion be tween s ynthe s is and t rans locat i o n  i n  t he le af 

t i s s ue s . I n  cont rast t o  the s itu at i on in non-sene s cing 

le ave s , the s e n e s c in g  le af b lade shows a c ont inuous loss  

of  b oth endo genous and fre shly s ynthe s is ed 1 4C-linama rin 

with the s ame i nit i a l  rat e  ( i . e .  the s peci fi c activi t y  

o f  l e a f  dis c  l inam arin do es . not  change s i gn i fi cant ly 

ove r  the 7 day period) . Simi lar enhanced l os s e s  o f  
1 4c -phot oassimi lat e s  h ave been ob s erve d in s ene s c ing 

le ave s of Bet a vulgari s ( Joy , 1 964 ) .  



6 . 4 . 2  D i st ributi on o f  Trans l o c at ed Linam arin in 
C as s ava . 

The m ature and imm ature cass ava plant s 
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who se att ached s ingle le ave s had b e e n  s e l ect ive ly 

labe lled with 1 4c - l inamarin were harve sted aft e r  7 days , 

divided int o various part s , ext ract e d  and an alyse.d fo r 
1 4c-lin am arin and e ndo genous l inam arin . 

Cle arly the t ime at which the plant i s  harve s ted 

will have a cons ide rable influence on the patt e rn o f  

di s tribut i on o f  trans lo cat e d  lin am arin . A re lative l y  

long pe riod o f  s even days w as cho s e n  i n  the expe rimen t s  

conducted i n  the pres ent s tudy t o  enab le m easurab le 

leve ls o f  1 4c - linamarin t o  b e  att a ine d in the vari ous 

organs . In the light o f  the kine t i c  patte rns reve ale d 

by the le a f  dis c linamarin change s and the low re cove ri es 

found aft e r  s e ve n  d ays it would be advant age ous t o  

inve s t i gat e dist ribut ion a ft e r  di fferent t ime s o f  

t rans lo c at i on although the w ork invo lved i n  s uch a study 

would be cons iderab le . 

Be c ause o f  turnove r factors the 1 4c-linam arin 

re cove red from the vari ous organs and tis sue s repre sent 

the di ffe rence b e t ween 1 4c - l inamarin t rans l o c at ed to the 

t i s sue and 1 4c - l in amarin de graded within the t is sue . 

Thus 1 4c-lin am arin re cove ries  do not provide a 

quant it at ive a s s e s sment o f  the tot al l inam arin t ran s -

lo c ated from the s ource le a f  but a re indi c at i ve o f  t he 

gene ral patt e rn o f  ' sourc e - s ink ' re lat ionships between 

the le ave s and other organ s and t i s sue s . 

Although t he s hoot apex was shown to b e  an act ive 

biosynthe t i c  s it e  as indicated by t he high inc orpor at i on 
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o f  valine ( T ab l e  6 . 2 )  the ap i c al t i s sue s are e vident l y  

not s i gn i f i c ant ' s ource ' organs for t ranslocat ion . 

Apart from the fact that they c ompris e a re l ative ly sm al l 

proport ion o f  the t ot al plant ( rat i o  o f  total pe t i o lat e 

le ave s t o  ' sho ot apex ' i s  about 30 : 1  o n  a we i ght bas i s  

i n  a mature plant ) , an experim ent in which t he linamari n 

in the at t ached shoot apex was lab e lled by 2-hydroxy[ 1 -1 4c J  

isobutyronitri le administrati on ( s e ct ion 5 . 2 . 2 )  s howed 

that very little  l inamarin i s  t rans l o c ated from this 

t is sue to othe r  part s of the plant . Subs e quent 

trans l o c at i on expe riment s were the re fo re confined to t he 

inve s t i gat ion o f  t he fully expanded l e ave s as  s ourc e  

o rgans . 
I 

6 . 4 . 2 . 1  Dist ribut ion o f  trans lo c ated Linamarin 
in Non-tub e rous P lant s . 

A high pe rcent age ( about 8�fo) o f  

t t 1 1 4c 1 ·  · d f th h 1 1 t o a - 1namar1n recove re rom e w o e p an w as 

s t i l l  lo c ated i n  the sourc e le ave s ( T ab le 5 . 3 . 1 ) . There 

w as not much di ffe rence in 1 4c - l in amarin re coveri es when 

upper and lower le ave s were us ed as  the source le a f . 

Thi s  re lative ly high re t ent i o n  of 1 4c-linamari n  in the 

s ource l e ave s m ay be as crib e d  t o  1 4c compartmented in 

s ource l e ave s as has alre ady been d i s cussed ( s e c t ion 

6 . 4 . 1 ) . 

The re were s ome gene ral t rend� in the pat tern o f  

dist ribution t o  t i s sues b e y0nd the s ource le a f . The 

s ource l e af pe t io le s  did ac cumulate substant i al amount s 

( 31 -50%) o f  the t r ans lo c at e d  l inamarin re co vered , but thi s  

repres ented only a smal l pe rcent age o f  the o ri ginal 
1 4c-linam arin synthe sised  in the le a f .  The 1 4c - linam arin 

re cove re d  from the pet i o les  and st ems after 7 d ays would 



b e  due to  1 4c-linamarin ac cumulated in the s e  t i s su es . 

The distribut ion o f  1 4c - l inam arin t o  the prim ary 

ro ot system o f  imm ature plants was very low as comp ared 

t o  o the r part s of the p l ant ( T ab le 5 . 3 . 1 ) .  The 
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di st ribution to  the ro ot s appe ars t o  be  s l i ghtly gre ater 

fo r plants i n  which lower l e ave s were the s ource t han 

tho s e  with upper source leave s as source . Thi s  

difference m ay b e  as crib ed t o  the c l os e r  proxim ity o f  

the roots t o  lower le ave s . 

In the s e  young non-tuberous p l ant s , le ave s abo ve 

the s ource le ave s c ont ained a s igni fi c ant pro porti on ( 1 4-

1 6%) o f  the t r ans lo c at e d  linamarin recove red . The 

p at t e rn o f  1 4c -linamarin dist ribut ion to such le ave s 

fo l lowed the l e af arrangement o n  the p lant ( fi gure 5 . 3 . 4) .  

As has been observe d for 1 4c -photo as s im i lates  in o ther 

p l an t  spe c i e s  ( Shiroya e t  al , 1 96� ; Joy , 1 964 ; H o  and 

Pe e l , 1 969 ) , the younge r le ave s re c e i ved more t r ans l o c ated 

linamarin than o lder le �ve s whi l e  more 1 4c - linamarin w as 

distribute d  t o  leave s o n  ne are r orthost ichi e s  than thos e 

o n  more dist ant ortho s t i chi e s .  On the othe r hand muc h 

1 1 4c 1 ·  · d t t d · 1 b 1 th e s s  - 1nam ar1n w as e ec  e 1 n  e ave s e o w  e s our ce 

l e af . Thus in young , non-tuberous p lant s the re i s  a 

predo m inant l y  upw ard trans loc at ion from o lder l e ave s t o  

young leave s and sho ot apice s .  

6 . 4 . 2 . 2  Dist ribut i on o f  Trans located Linamarin in 
Tube rous C as s ava Plants 

S e ven days a ft e r  s ynthe s is i n  the 

l e ave s , 1 4c - linamarin w as re cove red from all  part s o f  

the mature tuberous plants . In the plant whe re a non-

s e ne s cent l e af was the s ource le a f ,  the plant retai ne d  
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much o f  the s ynthe s is ed linamarin in the s ource le a f  

( T ab le 6 . 4 . 2 . 2 ) . Although abo ut 2 5% o f  the initi a l  
1 4c-linamarin was s t i l l  pre sent in t h e  sourc e le af t hi s  

fract i on ( as w a s  the c as e  wi th the non-tub e ro us plan t )  

t d SfVJ/ f th 11  1 4c 1 · · d represen e , V?o o e o ve ra - 1namar1n re cove re • 

In m arked cont rast t o  this , the s enes cing source le af 

ret ained only 0 . 5% of  it s init i al 1 4c-linamarin . By 

me asuring tot al linam arin le ve l s  in att ached and det ached 

l e ave s undergo ing s ene s c ence the e xt ra los s  o f  linamarin 

during senes cence was shown to be due t o  both l inamarin 

turnove r and t r ans lo c at io n  out o f  the s ource  le af ( fi gure 

5 . 4 . 4) .  The enhanced t rans lo cat i on o f  1 4c - l inamarin 

out of the s ene s c ing le af appe ars t o  result in inc re as ed 
1 40 - linamarin re cove rie s in it s sink tissues in compari son 

with the s ink t i ssu e s  o f  the plant with a non-sene s ci n g  

l e a f  a s  s ource ( T ab le 6 . 4 . 2 . 2 ) . 

In contrast to  young , non-tub e ro us pl ant s , the 

dis t ribution o f  trans loc ated l inam arin in the tuberous 

pl ant appe ars to be dire cted tow ards the b as al or gans o f  

the plant . Onl y  one hour a ft e r  t he labe l ling pe rio d ,  

1 . 5% o f  1 40-linamarin was re cove red from the lower s t e m  

whi l e  none o f  the o t her ' s ink ' t is su e s  showed any 

d t t bl 1 4o 1 ·  . Aft 7 d f t 1 t · e e c  a e - 1namar1n .  e r  ays o rans oc a 1 0n 

the tuberous plant s gave highe r re cove ries o f  
1 40 - linamarin i n  the lowe r stem and tubers than in o the r 

organs o f  the plant . Th 1 4o 1 . . d f e . - 1namar1n re c ove re ro m 

p arts below the source le af ( tube rs , roo t s  and low e r  

s t e m )  was highe r w i thin the s e ne s cing s our ce l e a f  plant 

( 1 1 . 7% of init i al 1 4c - linam a rin ) th an the plant with non-

senescent s ourc e  l e a f  ( 5 . 3%) . The dis tributi on o f  



T ab le 6 . 4 . 2 . 2  

Distributi on o f  Tran s l o cated Linamari n in Tub erous Plant s 

PLANT 
ORGAN 

Tube rs 

Primary root s 

Lower stem 

Upper stem 

Upper le ave s 

Upper leave s 
Pet i o le o f  source le af 

Source leaf 

Pe rcent age linamarin 
re cove red 

P t · · t · 1 1 4c L · · · 1 er cen 1n1 1 a  - 1namar1n 

1 -hr Trans - 7 days trans - 7 days t rans -
loc at i on from loc ati on from location from 
fre sh le af fre sh leaf s ene s c ing le af 

ND2 2 . 4 6 . 0 

ND 0 . 7  0 . 4 
1 . 5 2 . 2  5 . 3  

ND 0 . 7  0 . 5  

ND 0 . 7  0 . 5  

ND 0 . 7  4 . 9  
2 . 1  0 . 2  0 . 5  

96 . 4  24 . 5  0 . 5  

1 00 31 . 4  1 8 . 1  

1 Percent age o f  init i al 1 4C-linam ari n  synthesi s ed in s ource le af assuming 

inco rporation of 2�� 1 4c - 2-hydroxyi sobutyronitri le into 1 4c-linam ar in . 

2 Not detectable . 

� 
+::-
0 



trans located 1 4c - l inamarin to  the tuber sys t em of the 

tuberous plant s i s  hi gh compared w i t h  the ve ry sm all 

amount re covere d from ro o t s  of  non-tuberous plant s . 

Thus the pre s ence of  tubers whi le it do es  not incre as e 

the rat e o f  1 4c - linam arin t rans lo c at i on from an 

individual l e a f , doe s in fluence the general dis tribut i o n  

o f  t rans located 1 4c - l inam arin i n  c as s ava plant s .  

I n  tran s l o c at ion expe rimen ts us ing 1 4co2 to l ab e l  

photo as s imi lat e s  i n  tuberous c as s ava plant s Hume ( 1 97 5 )  

reporte d  that 4 . 4% o f  the init i a l  1 4c phot o as s imi lat e 

was recove red fro m  the tub e rs a ft e r  7 days o f  t ran s -

locat i on whi le 38% was recove red i n  the lab e l led le ave s . 

Although Hume w as using a diffe rent variety o f  c as s ava 

grown in a di fferent w ay to that us e d  in the pre s e nt 

study his va lue s are not very di ffe rent from the pre s e nt 

obs e rvat ions and suggests  th at l i� am arin and pro duc t s  o f  

1 4co2 as s im i lat i on in c as s ava m ay b e  s imult aneous l y  

trans loc ated from le ave s t o  the tub e rs . Further 

experi ments c om p aring the t rans loc at i on of 1 4c label le d  
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linam arin and pho t o as s im i l at e s  in l e ave s under comparab le 

condit ions should throw more l i ght on the apparent 

s im i larit i e s . 

6 . 5  Turnove r o f  Linam arin in Cas s ava 

As has a lre ady been pointed ·o ut , the int erpret at ion 

of both biosynthe s is and t ran s loc at ion dat a depends on 

the extent to  whi ch linamarin turnover occu rs . Although 

linam arin turnove r  was not inve s t i gated by expe riment s 

speci fic ally de s i gne d t o  determ ine this , indire ct 

evide nce o f  the e xtent o f  turnove r  ha s been obt'aine d in 

the course o f  w o rk des cribed in thi s  the s is . 
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The t ime-course  o f  the valine fe e ding expe riment s 

showed that in both the de t ache d le ave s and tub e r  t is s ue s  

1 4c-linamarin leve ls remained r e l at ive ly s t ab l e  aft e r  

s ynthe s i s  ( figure 4 . 3 . 2 . 2 ;  t able 4 . 4 . 3 ) . The time-

f 1 4c 1 ·  · · 
d t h d 1 dm . · t d c ours e o - 1nam ar1n 1n e ac  e e ave s a 1n1 s e re 

with 2-hydroxy [ '1 -1 4c J  is obutyronit ri le also showed this 

1 1 4c 1 ·  · 
t b · 1 · t  genera - 1namar1n s a 1 1 y .  Although the pe ri od 

e xam ined could not be pro longed beyond 60 hours due to 

the sudden onset of w i l t ing in the det ached le aves , about 

9 5% o f  the initi al 1 4c-linamarin was s t i l l  pre s ent at the 

end o f  thi s time . 

Compared with det ached organs , re coveries  o f  

1 4C -linamarin from whole p l ant s harves t ed 7 days a ft e r  

pre curs or labelling o f  linam arin were low . Reco veries  

from immature plant s we re 1 5-'1 6% o f  the estimat ed initi al 

1 4c-linamari n whi l e  31 . 4% was re cove red from the mature 

tube rous plant in which linam arin was label l ed in a non-

sene s c ent le af . 

The finding that fre shly s ynthe s i sed l inamarin was 

not s i gn i f i c ant ly b roken down in det ache d cass ava leaf 

t i ssues whi l e  ext ensive linam arin turnovers w e re recorded 

when the source le ave s were att ache d so that t rans -

loc at ion c ould oc cur indicat e s  that much o f  t h e  l inamari n  

t rans formati on t ak e s  place out s ide the imme di ate  s i t e  o f  

s ynthe s i s . It  is l ike l y  that the ·bre akdown o f  

t rans l o c ated  linamarin m ay b e  occurring in t he phloem 

t issue during t rans locat ion or within the ' s ink ' t i ssue s . 

As  alre ady ment ione d , l inamarin turnove r i s  

apparent ly gre at ly enhance d  during le a f  s ene s c ence 



( Tabl e  6 . 4 . 2 . 2) s inc e the t o t al linamarin leve l fal ls 

s t e adi ly as chloro phyll cont ent de c re ases  in det ache d  

s enescin g  le ave s ( fi gure 5 . 4 . 3 . 2) . 

The present s tudy has s ou ght to  invest i gat e t he 

me tabolism o f  linamarin in c as s ava . In  the c ourse o f  
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t his study the general pathw ay o f  l inamarin b io synthe s i s , 

the sites  o f  linam ar in s ynth e s i s , the trans loc at i on o f  

s ynthe s i s e d  linamarin and turnover o f  l inamarin in 

c as s ava have been inve st igat ed . However c e rt ain 

findings from the present s tudy ne ed t o  be purs ue d in 

o rder to  give a mo re compl e t e  picture of  the patte rn of 

linamarin metabo l ism  and dis t ribut i on in the c as s ava 

plant . 

The general p athway o f  l inamarin biosynthe s is 

e s t ablishe d from work in othe r plant s has been demonst rated 

to be present in cassava l eave s . I t  m ay b e  ne c e s s ary 

in future inve s t i gations to exam ine the existence  o f  

possible alternat ive pathways o f  l inamarin b i o s ynthe s is  

in c ass ava . Such a study c ou ld invo lve the 

administrat ion o f  po ssible 1 4c pre curso rs such as 

2-hydroxyisobut yraldoxime in conjunction with the 

de tection of re levant biosynthe t ic enz ymes . Enzymat i c  

investigat ions c arried out on both the ' active ' and 

' po o r '  linamarin s ynthetic  s ites  m a y  he lp to c l ari fy 

the roles  of the r e s pective organs in endogenous 

l inamarin synthe s i s . 



An import ant f inding o f  the pres ent study was the 

rapid removal o f  adminis t e red valine from the me t ab o l ic 

poo l  t o  form pro duct s  o the r than l inamarin poss ibly due 

t o  c ompeting p athways in the c as s ava tissue s . Furth e r  

inve s t i gat ions using othe r pre cursors may result in  

higher incorporat i on value s and more speci fic  l ab e l l ing 

of l in amarin which could give a more re liable e stimat i on 

o f  in vivo biosynthe t i c  r ates  between tissu es . By 

vi rtue o f  its re l at ive s t ab i l ity , s o lubi li ty and 

vo l at i lity is obutyraldoxime may be  a suitab l e  pre cursor 

for s uch vapour administrat ion studie s .  

The apparent s imi larit y in the t rans locat i on 

pat t e rns o f  l inamarin and that o f  photo ass imi lates  could 

be fo l lowed up to  e stab l i sh more c l e arly whe the r 

l in am arin and photoas s im i lates are s imult aneous ly 

t r ans located . Linamarin and a pho t o assim i late such 

as sucrose  could be s imul t aneous ly l abel led by  exposing 

an att ached l e af t o  1 4co2 and [ 1 -1 4c J  isobut yraldoxime . 

C ons-iderable turnove r o f  linam ari n has be en shown 

t o  o c cur in c as s ava p l ant s during t rans loc at ion . 

could be more e ffe ct ive l y  me asured by  des i gning 

t rans location experiment s us ing a l arge numbe r  o f  

Thi s 

repl i c ate  p lant s . A ft e r  le af l ab e l l ing p lants c ould 

be  h arvest ed at various t im e  int e rvals to e valuat e the 

exte nt o f  linam arin turnove r .  
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The finding that the l e af pet i o le is a very a c t ive 

s ynthetic  sit e could be us ed as  a bas is  fo r a rapi d  as s ay 

o f  b iosynthe t i c  ab ility  which would be o f  value for 

bre eding work on c as s ava . S c re ening o f  vari e t i e s  

d i f fe ring i n  the ir c yano glucos ide content could be  



c arried out to ass e s s  how far t hese  di ffe renc e s  are 

due to dif ferences in b i o s ynth etic ab i l ity . The 

pres ent inve stigati ons have a l s o  shown that 

trans locat i on from the le ave s contributes s i gni fi c antl y  

t o  the generally high linam arin cont ent s o f  t he tubers . 

Future breeding exp eriment s m ay ne ed t o  cons i de r  ·the 

e ffe ct s o f  linamarin trans l o c at ion and turnove r  on the 

cyanogeni c  gluco side cont ents o f  the e dib le tubers 

and le aves o f  newly deve loped c as s ava stra in s . 
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