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SU M M A R Y

The aim  of this pro ject was to develop in the firs t instance, a 

m ethod for determ ination of the total glucosinolate (GSL) content 

in rapeseed ,w hich  could read ily  be adopted by a n on -spec ia lis t 

chem ical laboratory. Chapter 2 of this thesis describes a rapid yet 

s im ple  assay  w hich  em ploys a re flec tan ce  m easurem en t. This 

m ethod  is capab le  of being used by p lan t b reeders and non 

technical personnel at collection points of silos.

C l in i s t ix * ,  an enzym e-linked assay, was selected  from  a 

range of glucose test strips, since these were found to provide the 

g reatest sensitiv ity  and reproducib ility .

The hydro lysis o f the GSLs in rapeseed  by endogenous 

m yrosinase to liberate glucose, was achieved at pH  9.0, w ithin 5 

minutes. The liberation of glucose from  sources other then GSLs was 

observed only at low er pH values. The average free glucose in 

rapeseed  was 3 pinole glucose per g seed (Table 4).

Inhibitors o f the C linistix  enzym es w ere readily  rem oved 

with activated charcoal, which also played a role in lowering the pH 

of the final ex tract w hich needed to be approxim ately  pH 5 to 

ensure a clear colourless supernatant.

A re flec to m eter was developed , T ruB luG lu  m eter, w hich 

incorporated  a com m ercial AM ES readhead assem bly. This m eter 

provided a direct digital display of the GSL content w ith function 

keys giving step by step instruction.

The values for GSL content of four rapeseed varieties were 

determ ined by reflectance and com pared w ith those determ ined by 

the thym ol m ethod. The close correlation betw een the two m ethods 

suggests that the reflectance m ethod can give accurate GSL values 

over the range norm ally  found in rapeseed  sam ples (5 to 30 

pm ole/g  seed).
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During the developm ent of the reflectance method, it was necessary 

to com pare the resu lts w ith a standard reference m ethod. The 

thym ol m ethod was em ployed , how ever m od ifica tions to the 

m ethod of B rzezinsk i and M endelew ski, w ere found to be 

necessary for reproducible results.

The results given in C hapter 3 of this thesis detail the 

ex p e rim e n ts  a im ed  at o p tim is in g  the co n d itio n s  fo r the

determ ination of GSLs in rapeseed (Brassica napus D  using the 

colourim etric thym ol procedure. G lucose could not be substituted 

for sinigrin when preparing a standard curve for GSL determ ination 

unless a correction factor was employed, since these two chemicals 

did not give equivalent colour yields per mole at 100 °C . The value 

of the correction factor was found to depend on the concentration of 

sulfuric acid. It was found necessary to increase the am ount of 

thym ol present to a final value of 0.23 % to ensure com plete 

reaction of GSLs.

The m odified thym ol m ethod for GSL determ ination  has 

been found to provide reproducible results using e ither seed or 

meal of rapeseed.

HPLC determ ination  of ind iv idual DS GSLs has been 

exam ined in Chapter 4. The on-colum n desulfation of GSLs was 

found  to lead  to a s ig n ifican t under e s tim atio n  o f GSLs 

in rapeseed , which could be attributed  to glycosidase enzym es 

p resen t in the crude sulfatase. The su lfatase p u rified  by gel 

perm eation gave constant GSL recovery, how ever the purification  

schem e using a published ion-exchange m ethod dem onstrated  a 

gradual loss in DS GSL recovery with time. The elution profile of 

p ro te in  and enzym e ac tiv ities from  gel perm eation  d isp layed  a 

baseline separation of the aryl sulfatase from  the p- g lu c o s id a s e  

and p-g lucuronidase activ ities.



Ill

F u rth e r p u rifica tio n  o f the ary l su lfa tase  using  io n -ex ch an g e  and 

C on A -S epharose  gave a 50 fo ld  in crease  in the spec ific  ac tiv ity  

w ith 61 % recovery.

G el e lec tro p h o resis  o f the  ary l su lfa tase  show ed  a n a tiv e  

m o lecu lar w eigh t o f approx im ately  100,000. SDS PA G E revealed  a 

su b u n it m o lecu la r w eig h t o f ap p ro x im a te ly  32 ,000 , in d ica tin g  a 

p o s s ib le  tr im e r. T he  a ry l su lfa ta se  w hen  a lso  ex a m in e d  by 

isoelectric  focussing , dem onstrated  a broad range o f p is  from  4.2 to

5.6. An SDS PA G E gel was blotted onto a PV D F m em brane and the 

aryl su lfatase N  term inal sequence determ ined as : A la G lu A sp Pro  

Pro Lys Val lie  Leu Pro Glu Val Phe Glu.

K inetic  stud ies on aryl su lfa tase  revea led  op tim um  ac tiv ity  

at pH  5.5. A t pH  5.8 aryl su lfatase was inh ib ited  by the substrate  

sin igrin , w ith  no detectab le  activ ity  at 1.0 mM . S ubstrate inh ib ition  

w as a lso  o b serv ed  w ith  g lu co b ra ss ic in  a t co n c en tra tio n s  g rea te r 

then 1.0 mM.

A schem e for the rapid  analysis o f DS GSLs is p roposed  in 

chap ter 4, w hich  u tilises in itia l pu rifica tion  of the G SLs on D EA E 

S ephadex  A -25 fo llo w ed  by e lu tio n  w ith  p o tass iu m  su lfa te . A n 

a liquo t o f the e lua te  is m ixed w ith pu rified  ary l su lfa tase , before  

being analysed by HPLC.
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I N T R O D U C T I O N

1 .1  B A C K G R O U N D

The C ruciferae and several o ther p lan t fam ilies are know n to 

possess a group of secondary m etabolites known as glucosinolates 

(GSLs).1

The C ruciferae fam ily is of particu lar in terest because it 

com prises a num ber of agriculturally im portant crops, such as cole 

crops (Brassica oleracea). condiments (B. nigra: B. iuncea). oilseeds 

for example rapeseed (B. campestris : B. napus) and forage crops.

Approxim ately 100 /?-D-thioglucosides have been identified 

w ith  abou t tw enty  occu rring  in the B rassica  genus alone. 

The concentration of GSLs w ithin the parenchym atous tissues of 

plants varies depending on both the cultivar and the part of the 

p la n t .2»3 Environm ental conditions also have a major im pact on the 

levels of these secondary m etabolites.4»5

Associated with the GSLs are a group of p - th io g lu c o s id a s e  

(3 .2 .3 .1 ) enzym es.6»7 The com partm entalisation of the endogenous 

m yrosinases w ithin specialised cells (id iob lasts), is characteristic  

of all tissues of isothiocyanate producing p lants and provides a 

m echanism  by w hich the production  of the toxic g lucosino late  

breakdow n products may be controlled. During cellu lar d isruption 

these enzymes catalyze the initial hydrolysis of the GSLs, giving rise 

to aglucones (some of which are unstable), sulfate and glucose.8»9 

Further breakdow n of an unstable aglycone occurs spontaneously, 

giving rise to isothiocyanates, thiocyanates or nitriles depending on 

the conditions and the type of GSLs present.10»11 The ch arac te ris tic  

pungent vo latile  flavour of Brass ica  crops o rig inates from  the 

ag lu co n e  p ro d u c ts  (iso th io cy an a tes , n itr ile s , th io cy an a te s , and

3  0 0 0 9  0 2 9 3 4  9 0 5 2
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o x az o lid in e - 2 -th io n es).

N u m ero u s s tu d ies  hav e  d em o n stra ted  th a t co n su m p tio n  o f 

th e se  c h e m ic a ls  in  fo o d  m a te r ia l can  re s u lt  in  a v a r ie ty  o f 

p h y s io lo g ic a l and  b io ch em ica l e f fe c ts .12 A d d itio n a l in v e s tig a tio n s  

h a v e  re v e a le d  th e  in v o lv e m e n t o f  G S L s and  th e ir  b re ak d o w n  

p ro d u c ts  as feed in g  a ttrac ta n ts  fo r som e in sec ts  and as feed in g  

d e te rren ts  fo r o th e rs .13

The occurrance o f GSLs in the m edium  supporting  the roots 

o f som e p lan ts  con ta in ing  G S L s14 and the re lease  o f vo la tiles from  

th e  le a v e s 15 have  ra m ific a tio n s  w ith  re g a rd  to  a lle lo p a th y . A 

num ber o f p lan ts  have been show n to ex h ib it a lle lo p a th ic  ac tiv ity , 

w hereby  chem icals re leased  by the roots or leaves have som e affect, 

e i th e r  h a rm fu l  o r b e n e f ic ia l  on  n e ig h b o u r in g  p la n ts  an d  

a n i m a l s .16»17 T hese p ro p e rtie s  o f G SLs and a sso c ia ted  b reakdow n  

products w ill be d iscussed in m ore detail in fo llow ing sections.

As a re su lt o f the  ad v erse  e ffec ts  cau sed  by G SLs and 

asso c ia ted  b reakdow n p roduc ts , in v es tig a tio n s  d irec ted  a t reducing  

G S L  c o n te n t in  p o te n tia lly  v a lu ab le  feed  so u rces  is o f  m ajo r 

i m p o r t a n c e .18»19

R ap ese ed  (Brassica napusL an o il seed, is o f com m ercia l 

im p o rtan ce  as a source of ed ib le  cooking  oil. T he tissu e  a fte r oil 

ex trac tio n  (seed  m eal) con ta in s high q u a lity  p ro te in , being  rich  in 

essen tia l am ino  acids. H ence rapeseed  devo id  o f G SLs w ould  have

co n sid e rab le  com m erc ia l value. P lan t b reeders in  recen t years  have 

reduced  the G SL co n ten t in low  G SL rapeseed  sam ples, from  m ore

than 100 to less than 30 |im o l/g  seed . T h is im p ro v em en t has been

ach iev ed  in  p a rt by the d ev e lo p m en t o f in c reas in g ly  sen sitiv e  and

accurate  m ethods of GSL analysis.
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1.2 C H E M IS T R Y  O F  G L U C Q S IN Q L A T E S  AND B R E A K D O W N

PRO D U C TS.

T h e  g e n e ra l  s tru c tu re  o f  G S L s w as  e s ta b l is h e d  in  1956  by  E tt l in g e r  

a n d  L u n d e e n ( s h o w n  b e lo w ) .20 T h e  R  m o ie ty  ca n  v a ry  f ro m  s im p le  

a lk y l  g ro u p s  to  m o re  c o m p le x  in d o ly l  s tu c tu r e s .  G S L s , s u c h  as 

s in a p ic  ac id  e s te rs  h a v e  a lso  b e e n  id e n tif ie d  in  c ru c ife ro u s  s e e d s .21

S - p - D - G lu c o s e

R - C

N - O S O 3 -

T h e  f o r m a t io n  o f  th e  u n s ta b le  a g lu c o n e  b y  m y r o s in a s e  a c t iv i ty  

is  s p o n ta n e o s ly  fo l lo w e d  b y  a L o s s e n  r e a r r a n g e m e n t  ( S c h e m e l )  

w h ic h  ca n  p ro d u c e  th e  c o r r e s p o n d in g  is o th io c y a n a te .1 In d o ly l  G S L s 

h o w e v e r , g iv e  r is e  to  th io c y a n a te s , w ith  th e  in d o le  m ig ra t in g  to  th e  

s u lfu r  r a th e r  th e n  th e  n itro g e n  ( I I I ) 22.

In  so m e  p la n ts  n i t r i l e  ( I I ) ,  h y d r o x y n i t r i le s  ( IV )  a n d  e p i-  

th io n i t r i le  (V ) d e r iv a t iv e s  m ay  r e s u l t23*24»25 (S c h e m e  1 an d  2).

W h e n  fe r ro u s  io n  an d  a c id ic  c o n d i t io n s  o c c u r  h y d ro x y n itr i le s  

h a v e  b e e n  fo u n d  to  p r e d o m in a te .26»27
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H 20 T h io g lu co sid ase

t

S ch em e  1. P ro d u c ts  o f m y ro s in a se  h y d ro ly s is  o f  G S L s .12
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G SLs such as progoitrin possess a (3- hydroxyl group (Schem e below ), 

w hich after degradation to an isothiocyanate undergo spontaneous 

cyclization to the oxazolidine-2-thione (VI), especially under high pH  

conditions.

/
S - (3-D  - G lucose

C H 2 = C H  - C H - C H 2 - C

OH N 0S03

H 2C T hioglucosidase

y S H
C H 2=C H -C H 2-C

1 \
OH NOS03

Fe
ESP

/ \
C H f  C H -C H -CH 2 CN 

I
OH

E pith ionitrile  (V)

Fe

CH2=CH-CH-CH 2 CN 

CH

N itrile  (TV)

CH2=CH-CH— C H  2

l I
O N H

Y
O xazolid ine-2-th ione (V I)

Schem e 2. The products of m yrosinase hydrolysis of progoitrin  :

(2-hydroxy-3- butenyl g lucosino la te)12

Ind o ly l G SLs w hich  m ay rep resen t as m uch as 50 % of the to ta l G SL  in  

ra p e se e d  g iv e  r ise  to  u n s ta b le  iso th io c y a n a te s , p a r t ic u la r ly  a t h ig h e r  

pH . U n d e r  ac id  c o n d itio n s  h o w e v e r, in d o ly l -3 -a c e to n i tr i le (V II )  and  

e le m e n ta l  su lfu r  a re  p ro d u c e d  d u rin g  b re a k d o w n  (S c h e m e  3). T h e  

fo rm a tio n  o f  in d o ly l -3 - a c e to n i t r i le  in vivo m ay  be a p re c u rso r  fo r 

in d o le -3 -a c e tic  ac id , a p o te n t aux in .
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S-b-D-Glucose
CH2— Cf 

V
N0S03‘

R

+ S

+ SCN

R

R= H or OCH3

S chem e 3. T he p roducts o f M yrosinase hydro lysis o f Indo le  G S L .12
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1.3. UNDESIRABLE PR O PER TIES O F GLUCOSIN OLATES

The inclusion of GSLs in the feeds of livestock or poultry has been 

dem onstrated  to affect the flavour of the food products derived 

from  those anim als. One reported case involved the contam ination 

of feed with a small quantity of stinkweed (50 g), which lead to the 

production of onion flavoured m ilk.28 In another report, poultry and 

eggs developed a fishy tain t after chickens w ere given rapeseed 

m eal. One GSL : p rogo itrin  (2 -h y d roxy-3 -bu teny l-g lucosino la te) 

ingested by poultry was hydrolysed by bacterial th ioglucosidase in 

the gastrointestinal tract. The corresponding GSL breakdown product 

(-)5-vinyloxazolidine-2-thione was found to be a potent inhibitor of 

trim ethylam ine oxidase. Inhibition of this liver enzyme then allowed 

the accum ula tion  of trim ethy lam ine  re sp o n sib le  for the fishy  

ta in t .29 The (-)5 -v in y l-o x azo lid in e-2 -th io n e  also  in te rfe red  w ith  

th y ro x in e  sy n th e s is  le a d in g  to  h y p o th y ro id is m  ( th y ro id  

e n la r g e m e n t) .30’76

O ther GSL breakdow n p roducts such as 2 -p ro p en y liso - 

th io c y a n a te ,31 3 -m ethy lsu lfony l- and p ro p y liso th io cy an a te32 are 

also goitrogenic. The indolyl GSLs which produce thiocyanate ion are 

goitrogenic only when there is iodine deficiency. This occurs because 

the thiocyanate ion has the same ionic radius as iodine and is able to 

com pete with iodine for uptake into the thyroid.33

N um erous studies involving feeding experim ents have also 

show n considerab le  en largem ent of adrenal g land, k idney  and 

l i v e r .12 The inclusion of rapeseed m eal in poultry  d iet was also 

asso c ia ted  w ith liv er hem orrhage (L iv erhem orrhag ic  syndrom e) 

w hich is believed  to be caused by hyd roxyn itriles and in tact 

GSLs.34 S ign ifican t w eight losses have also been reported , w ith 

epithiobutane being resposible for significant weight loss and lesions
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to  the  liver, pancreas and k idney .

T h e  G S L  b re ak d o w n  p ro d u c t 2 -p ro p e n y lis o th io c y a n a te  has 

been  rep o rted  to  ex h ib it a num ber o f e ffec ts  such as in h ib itio n  o f 

p ro te in  sy n th es is , in te rfe re n c e  w ith  su g ar m e tab o lism , e le v a tio n  o f 

h ep a tic  p la sm a  lev e ls  in  ra t, red u c tio n  in  b lood  co a g u la tio n  tim es 

and the reduction  in serum  vitam in  A and (3 -caro tene A in liver. The 

G SL  b reak d o w n  p ro d u c t p h en y liso th io c y an a te  has a lso  been  show n 

to  be cy to to x ic .12
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1 4  A LL E L Q PA T H IC  ASPECTS O F  GLUCOSTNOLATES.

C hem ical in teractions between plants was first reported in 1832 by

M .A.P. de Candolle.35

M any allelochem icals produced by p lants in terac t w ith soil 

m ic ro b es . Such in te ra c tio n s  m ay cau se  d e g ra d a tio n  o f the 

a lle lochem ical in to  sim pler or m ore toxic form s. The m yriad o f 

chem icals that form, may act directly  or indirectly  on other species 

g iv ing rise  to a com plex netw ork of in terac tions, that m ay be 

harm ful or benefic ia l.13

T here have been num erous reports concern ing  the activ ity  

o f p lan t secondary m etabolites such as GSLs, and their in teraction 

w ith insects, fungi, mammals and other p lant species.12,36,38

1.4.1 PH Y TO TO X ICITY

Plants of the m ustard fam ily contain pow erful volatile inhibitors of 

germ ination  and grow th. The GSL degradation  p roducts a lly liso - 

th iocyanate  and (3-phenyliso th iocyanate, fo r exam ple, are p o ten t 

inhib itors of seed germ ination.36

The possib le  routes by w hich the a lle lochem icals m ay be 

re leased  from  plan t m aterial are depicted in F igure 5 . C h e m ic a l s  

can orig inate from  living leaves as volatiles or leachates or from  

roots through exudation or sloughing off dead tissues or from  leaf 

litter on the soil surface.36

In the annual grasslands of California, Brassica nwra (black 

m ustard) an in troduced species, has becom e estab lished  in alm ost 

p u re  s tran d s. T h is appears to be the re su lt  o f a lle lo p a th ic  

m echanism s where w ater soluble toxins are leached from  the dead
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s ta lk s  an d  le a f  m a te r ia l . T h e  a lle o c h e m ic a ls  so  fa r  im p lic a te d  are  

th e  G S L s : a l ly lis o th io c y a n a te  an d  2 -p h e n y le th y lis o th io c y a n a te .36

SLOUGHING OFF 

\ d EAD MATERIAL

ROOT EXUDATES

F ig u re  1. C h em ica l re le a se  p a th w ay s .

E v a n a ri (1 9 4 9 ) show ed  th a t th e  g e rm in a tin g  seeds o f  B. nigra w ere  

a lso  ab le  to  in h ib it g e rm in a tio n  o f w hea t in vitro?1

T h e  c u l t iv a t io n  o f  a c o m m e rc ia l ly  im p o r ta n t  d y e  p la n t  

c a lle d  w o ad  (Isatis tinctoria 1 d u rin g  th e  M id d le  A g es in  E n g lan d , 

w as su b je c t to  lic en s in g  b ec au se  o f  th e  re p o rte d  lo ss  o f  so il fe r tili ty  

a f te r  c u ltiv a tio n . T he p h y to to x ic  e ffe c t o f  w oad  m ay  be  d e riv e d  from  

th e  in d o ly l G S L s w h ich  a c c u m u la te  in  th e  le a v e s  an d  ro o ts  o f th is  

h e rb . D u rin g  t is s u e  c u ltu re  it w as re p o r te d  th a t in ta c t  G S L s fro m  

w o ad  w ere  re le a se d  in to  the  m e d iu m .14 T he in ta c t G SL  3 -in d o ly l-



m eth y lG S L  and its  m ore ac tiv e  d eg rad a tio n  p ro d u c t 3 -in d o ly l- 

ace to n itrile  (a t 100 m M ) inh ib ited  grow th o f w heat and clover, 

how ever at still low er concentations a grow th enhancing effect was 

reported, w hich is a typical response elicited by an auxin.

1.4.2 P L A N T -IN S E C T  IN T E R A C T IO N S .

T he  fe e d in g  b e h a v io u r  o f p h y to p h a g o u s  in se c ts  h as been  

investiga ted  m ore w idely. Selection or avoidance o f po ten tia l host 

p lan ts  by such insects is guided by a com plex  com bination  of 

p hysica l and chem ical stim uli. The chem ical facto rs invo lved  are

g en e ra lly  d iv ided  in to  th ree  phases nam ely  o rien ta tio n , feed ing  

and oviposition .

M any insects, such as flea beetles (Phvl lo tre ta  c ruc i f e rae  

and (P. s t r i o l a t a ). cabbage roo t fly (P h o rb ia  f l o ra l i s ) . aph ids, 

vegetab le  w eevil (Listroderes obl iquus1. cabbage butterflies (Pieris  

rapae)  and the d iam ondback m oth (Plute l la  m a cu l i p en n i s ). are 

a ttrac ted  to p lan ts con tain ing  G SL s.43 Several insects such as the 

ca b b ag e  lo o p e r, arm yw orm s and aph ids are m ajo r p es ts  on

C ru cife rae . T he ad u lt cabbage m aggot (H v l e m y a  b r a s s i c a e 1 is 

a t tra c te d  to  th e  v o la t i le  a g lu c o n e  2 -p ro p e n y lis o th io c y a n a te , 

how ever the p resence  of the p aren t in tac t GSL stim ula tes o v i 

p o s i t io n .38 The 2-propenyl-, p -hydroxybenzyl- and benzyl GSLs are 

effective  in stim ulating ov iposition .12

C rucife rous w eed species Camel ing  sal iva  or C o r o n o p u s  

d i d v m u s  lack  v o la tile  G SLs and do no t a ttra c t or stim u la te  

o v ip o s itio n . T hose p lan ts  w ith  a g rea te r d eg ree  o f b reakdow n 

p ro d u c ts  ap p ea r to  have  a h ig h e r ra te  and d eg ree  o f egg

d e p o s i t io n .39
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M any  C ru c ife ro u s  p la n ts  co n ta in  the  G SL  s in ig rin  w h ich  d u rin g  

h y d ro ly s is  fo rm s the  ag lu co n e  a lly liso th io c y a n a te . B o th  the  in ta c t 

and  v o la ti le  ag lu co n e  have  been  show n to  be in v o lv e d  in  the  

h o s t se lec tio n  and b eh av io u r o f severa l in se c ts .40 T he p resen ce  o f 

s p e c if ic  c h e m ic a ls  m ay  o ffe r  p ro te c tio n  fro m  o n e  in s e c t  p e s t, 

h o w ev er the sam e tox ins m ay increase  herb ivo ry  by o ther in sects .

In the  case  o f the C abbage w hite  bu tterfly  (Pier is  b ras s i cae  

and P\_ r a p a e ) m ustard  oil accum ula ted  in  the la rv ae .40 T he P ie ris  

sp ec ies  hav ing  co -ev o lv ed  w ith  a B rassica , have a m ech an ism  fo r 

avo id ing  the tox ic ity  o f the aglucone. T rayn ie r (1979), has observed  

th e  re c o g n itio n  o f G SL s by cab b ag e  b u tte rf lie s  th ro u g h  re cep to rs  

loca ted  in  th e ir fee t.41

In sec ts  in  a t le a s t six  o rders seq u e ste r a v a rie ty  o f p lan t 

n a tu ra l  p ro d u c ts 42 in c lu d in g  a lk a lo id s ,43 c a r d e n o l i d e s ,44 m u sta rd  

oils 41 and  c a n n a b in o id s45 and it w as th e re fo re  n o t su p ris in g  th a t 

s in ig rin  and m ustard  o ils have been id en tified  in  the  pu p ae  o f the 

la rge  cabbage w hite bu tterfly  and the sm all cabbage w h ite  bu tterfly . 

I t is assum ed th a t these  have been sequeste red  by the  la rvae  from  

its  food  p lan t and stored. R ecent data  has revealed  a high ov iposition  

in the cabbage w hite  bu tterfly  in response to  indo le G S L s.46

W ith  im p ro v e d  m e th o d s  fo r  i s o la t in g  th e  G S L s a 

re in v estig a tio n  o f Pieris brassicae  and ¿L rapae  m ay be w arranted.
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1.5. Q U A N T IT A T IO N

M ethods for m easuring GSLs in rapeseed m eal can be categorised  

into two m ain approaches :

1. Those m ethods requiring the reaction of the intact GSL or one of 

its breakdow n products with a chrom ogenic substance w hich in turn 

can be m easured spectrophotom etrically  and

2. M ethods involving the use of chrom atographic equipm ent such as 

g as c h ro m a to g ra p h y  (G C ) o r H ig h  P e r fo rm a n c e  L iq u id  

C hrom atography (HPLC).

M any m ethods for the iso lation , separation  and quan tita tion  

o f to ta l G SL s in seeds and m eal o f ra p eseed  have  been  

p u b l i s h e d .47"50 The early  m ethods such as grav im etric  assay  of 

ino rgan ic  su lfa te47 or the com bined spectroscopic determ ination  of 

o x azo lid in e th io n e  coupled  w ith titra tio n  of the v o la tile  iso th io 

cyanates  afte r steam  d is tilla tio n  w ere both  tim e consum ing  and 

l a b o u r - i n t e n s i v e . 48 T hese m ethods also  lacked  sen s itiv ity  and 

p re c is io n ,  b u t m o re  s e r io u s ly , in a c c u ra c y  re s u l te d  fro m  

m easurem ent of only the volatile  iso th iocyanate ions as a m easure 

o f to ta l GSL content. M ore recen t m ethods of GSL m easurem ent 

have en ab led  im proved  sen sitiv ity  and accuracy . The fo llow ing  

sections discuss this in greater detail.

1.5.1 C O L O R IM E T R IC  D ETER M IN A TIO N  O F 

G LU C O SIN O LA TES

These m ethods are concerned only with the total GSL content in the 

ra p e se e d  sam ple  and o ffe r no in fo rm a tio n  ab o u t the  re la tiv e  

am ounts o f individual GSLs.
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Such m ethods are best suited for centres concerned w ith screening 

rapeseed sam ples for acceptable total GSL levels.

The use of non-specific  com plexation of the in tac t GSL or 

the  enzym ic  m easu rem en t o f the g lucose re su ltin g  from  G SL 

hydrolysis, has been in use for many years. These m ethods w ill be 

treated  as two groups, those involved in colorim etric m easurem ent 

o f a GSL hydrolysis product (a) and those that m easured the in tact 

GSL by com plexation (b).

a) Enzym ic G lucose D eterm ination

The in d irec t q u an tita tio n  of GSLs a fte r m yrosinase  h y d ro lysis , 

involved GC determ ination of the liberated glucose.49 The use of GC 

fo r q u an tita tin g  g lucose could be substitu ted  fo r m ore sensitive  

enzym e linked  a ssay s ,50 which u tilise  e ither hexokinase + A T P/ 

g lu co se -6 -p h o sp h a te  d eh y d ro g en ase  + N A D P (e .g  G lucose-U V - 

T e s t)51 or by the glucose oxidase/peroxidase-system  (e.g. G lukotest, 

B o e h r i n g e r ) .52 These m ethods are all prone to in terferences by 

chem icals in the ex tract, w hich are coloured  or by inh ib ition  of 

colour developm ent w ith the glucose reagent. The latter can result in 

under estim ation of the GSL levels.

A m ajo r advance in GSL analysis occurred  w hen T hies

(1979) desc ribed  the use o f ion-exchange ch rom atog raphy  as a 

m eans o f concentrating and purifying the GSLs from  plan t tissue.53 

T he use o f m icroco lum ns packed  w ith  D EA E S ephadex  A -25 

prov ided  not only a m eans of concentrating  the GSLs, but at the 

sam e tim e m any o f the in te rfe rin g  substances as w ell as free  

glucose w ere elim inated by washing prior to hydrolysis and elution. 

O n-co lum n h y d ro ly sis  o f the G SLs by ad d ition  o f m y ro sin ase
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lib e ra ted  g lucose w hich was than m easured  en zy m ica lly .54 T h e  

m ain d isadvan tage was the num ber of steps involved. B eginning 

w ith in tact seed, the oil m ust be rem oved and the seed enzym es 

inactivated  before GSL extraction. The intact GSLs are isolated by 

io n -ex ch an g e  ch ro m ato g rap h y  and h y dro lysed  w ith  m yrosinase  

before eluting the liberated glucose. Such methods are laborious and 

no t id ea lly  su ited  for re la tiv e ly  unsk illed  personnel attem pting  

batch wise screening of GSL content.

The use of R eflectom etry for m easurem ent o f the glucose 

co lour reaction  was first reported by Thies (1987). The glucose 

liberated  after m yrosinase hydrolysis was m easured using glucose 

test paper im pregnated  w ith glucose ox idase/perox idase enzym es 

and a ch rom ogen . In te rfe rin g  com pounds w ere rem oved  by 

filtration of the rapeseed extract through a charcoal filter unit.55

The application  of glucose test strips offered  a fast and 

sim ple means of quantitating the glucose. The m ethod how ever still 

requ ired  the boiling o f seed to inactivate seed enzym es prio r to 

m aceration and the addition of m yrosinase. The added difficulties of 

accurately applying the sam ple solution to the paper strip and the 

possible failure of the charcoal filter was also apparent. This method 

also lacked sensitivity , being suited for the higher GSL containing 

varieties (up to 100 pinole GSL/g seed).

M ore recen t developm ents u tilis ing  re flec tan ce , invo lved  

the selective hydrolysis of GSLs in the seed by the endogenous 

m yrosinase. The liberated glucose was m easured by a glucose test 

strip and read on a calibrated m eter for the direct GSL content.56

The la tte r m ethod provides a rapid  and sensitive (0.0 to

1.0 mM) measure of GSL content in seed, which is suitable for use in 

grain handling term inals and for p lant breeders. This m ethodology 

is discussed in detail in Chapter 2.
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b) C olorim etric M easure of Intact G lucosinolates.

A m ethod developed by T h ies48 and fu rther elaborated  by M oller 

e t al.(1984), depended on the ability  o f ex tracted  in tact GSLs to 

fo rm  co m p lex es  w ith  p a llad iu m  s a lts .57 The re su lts  ob ta ined  

suggested that this was suitable for d istinguishing a high, m edium  

or low GSL level in rapeseed. The rem oval of interfering com pounds 

such as phenolics, using charcoal did not im prove the sensitiv ity  

and the m ethod was only su ited  to m easuring  levels above 50 

jim ole  G SL/g m eal.48 The variable quantitation of GSLs was also 

dependent on the type of structure present, for exam ple DS GSLs, 

ag lu co n es, th io cy an a te  and iso th io cy an a tes  w ould  g ive vary ing  

co lour developm ent in ten sity .58

A n o th er co lo rim etric  m ethod u tilised  thym ol reag en t and 

was o rig inally  applied by Shettlar and M asters for the purpose of 

m easu rin g  c a rb o h y d ra te s  in b io lo g ic a l m a te r ia l .59 The thym ol 

re ac tio n  invo lved  the reduction  o f g lucose in the p resence  o f 

su lfu ric  acid  to its  dehydra ted  5 -h y d ro x y m eth y lfu rfu ra l, w hich  

reacted with thym ol to give a red coloured com plex.60

The app lication  of the thym ol reaction  fo r q u an tita tion  of 

GSLs was firs t reported  by Olsen and Sorensen (1980).61 Later a 

m ethod published  by B rzezinski and M endelew ski (1984)62 utilised 

a m icrocolum n of DEAE Sephadex A-25 for initial purification of the 

GSLs prio r to thym ol reaction. This m ethodology how ever suffered 

from  poor reproducib ility  and accuracy. A m odified thym ol m ethod 

by T ho len  and T ru sco tt (1989) was designed  to m in im ise  the 

d ifficu lties  applicable  to the previous m ethodolog ies.63 The thym ol 

m ethod is a preferred m ethod for total GSL estim ation since it had 

several advantages over current m ethods :
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1. N o  en zy m ic  p re p a ra tio n  w as re q u ire d , e lim in a tin g  enzym e 

purifica tion  and testing  o f enzym atic activ ity  or purity .

2. N o expensive reagents or standards w ere required , keeping  the 

cost o f analysis low.

3. S ince only part o f the eluate was used for the thym ol reaction , 

the rem ainder could be analysed for individual GSLs.

4. T he e lim in a tio n  o f leng thy  d igestion  or incubation  tim e m ade 

the an a ly sis  rap id ; one p erson  cou ld  carry  out at lea s t 200 

d e te rm in a tio n s p e r day.

5. The high sensitiv ity  made it possible to use sm all sam ple sizes.

6. C olum ns w ere easily  regenerated  and reusable.

7. The elu tion  o f in tact g lucosinolate from  the ion exchanger w ith 

p o ta ss iu m  su lfa te , en su red  th a t novel G SLs w hich  co n ta in  

n eg e tiv e ly  ch arg ed  side ch a in s, such as 1 -su lfo g lu co sin o la te  

could also be quantitated .

1 .5 .2 . T o t a l  G l u c o s i n o l a t e  D e t e r m i n a t i o n  b y  G a s  

C h r o m a t o g r a p h y  o r  H ig h  P e r f o r m a n c e  L iq u id  

C h r o m a t o g r a p h y .

T he q u an tita tio n  o f G SLs in rap eseed  has becom e in c re as in g ly  

im p o rtan t w ith  the grow ing know ledge of the various b iochem ical 

ac tiv itie s  o f in d iv id u a l G SLs. It has a lso  becom e ap p aren t from  

m easu ring  in d iv id u a l G SLs, that in itia l p lan t b reed ing  d irec ted  at 

reducing  total GSL content did not at least in itially  low er the po ten t 

in d o ly l G SL s. H ence the need ex ists  to  be ab le  to accu ra te ly  

investigate  the GSL profile  o f rapeseed sam ples.
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a) Analysis of GSLs by Gas Chromatography ÍGC1

T he m easurem ent of vo latile  GSL degradation  p roducts by GC 

rep laced  the early  steam  d istilla tion  and iso th iocyanate  titra tion  

m e th o d .64»65 GC was then widely used in obtaining profiles of GSLs 

from  a variety of plant tissues. However, a basic deficiency of the 

m ethod was that not all GSLs form  vo latile  iso th iocyanates on 

hydrolysis. This is true for sinalbin and indole GSLs, w hich can 

represent as much as 50% of the total GSL content.66

A significant im provem ent in the quantitation o f individual 

GSLs occurred  when T hies67 used the enzym e aryl sulfatase (EC 

3.1.6.1) from  the snail Helix pomatia  for desulfation of GSLs on a 

Sephadex DEAE A-25 minicolumn. Desulfated GSLs were separated 

by GC as their per-trim ethylsily l derivatives.61»68-70

Two disadvantages of this m ethod w ere the in ab ility  to 

accurate ly  m easure m ethylsu lfiny lpropyl GSL (g luco iberin ) w hich

gave rise to mutiple peaks during GC analysis and losses in recovery 

of the indoleGSL: 4-hydroxyglucobrassicin and cinnam oyl GSLs.

b) A nalysis of G lucosinolates by High Perform ance L iquid

Chrom atography (HPLC)

Tw o approaches have been reported for quantitation  of indiv idual 

GSLs by HPLC, involving either the intact GSL or the desulfated 

s tru c tu re s . The use of anion exchange co lum ns a llow ed  the 

pu rifica tion  of the in tact GSLs which could then be eluted w ith 

pyrid ine acetate or desulfated on-colum n prio r to HPLC analysis. 

The use of HPLC in the analysis of individual GSLs held a number 

o f advantages over GC analysis for exam ple no deriva tisa tion  or

degradation  during analysis .2
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The quantitation  of in tact GSLs by HPLC was reported  by H elboe

(1 9 8 0 ), u sin g  re v e rsed  phase  io n -p a ir  c h ro m a to g ra p h y .71 The 

p o o r re so lu tio n  fo r the com m on GSLs such as 3 -b u ten y l and 

2 -p h en y le th y l G SLs m eant m ore then one g rad ien t system  was 

req u ired  for com plete  separations. An added d ifficu lty  w as the 

reduced HPLC efficiency, which lead to peak broadening. C arefully 

con tro lled  pH conditions in conjunction  w ith a colum n oven for 

tem p era tu re  co n tro l w ere also  necessary  to ob ta in  rep ro d u c ib le  

re ten tio n  tim es.

The use of DS GSLs however, allowed com plete separations 

to be obtained on C18 R.P. HPLC within 30 minutes. Given complete 

separations and a suitable internal standard, such as benzyl GSL or 

oN PG al, it is possible to obtain response factors for the individual 

G S L s .72 The peak fractions can also be quantitated with the thym ol 

reagent, w hich can accurately detect m icrom ole am ounts of glucose 

liberated from the DS - or intact GSL.52 The com bination of accurate 

response factors w ith rapid analysis tim e using C l 8 reversed  phase 

HPLC enabled a more detailed screening protocol, w hereby selected 

individual GSLs may be screened by plant breeders.

O n-colum n desu lfa tion  fo llow ed by separation  on reversed  

phase HPLC conveyed a num ber of advantages over GC analysis 

or HPLC analysis of the in tact GSLs, for exam ple: the com plete 

reso lu tion  o f the four indoleG SLs : 3 -indo ly lm ethy l GSL (gluco- 

b ra ss ic in ) , 4 -h y d ro x y g lu co b rass ic in , 4 -m e th o x y g lu co b ra ss ic in  and 

1 -m e th o x y g lu co b ra ss ic in  (n e o g lu c o b ra ss ic in ) , w ith  l i t t le  or no 

in te rfe ren ce s . A lso  both  indo le  and n o n -in d o le  G SLs can be 

desulfated  and analysed sim ultaneously with little  or no degradation 

by HPLC. The sulfoxide-containing DS GSLs chrom atograph as a 

single peak as do the indole GSLs.
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Some problem s, however, exist in regard to the desulfation, which 

affects both GC and HPLC analysis systems. Apart from being time 

consum ing  due to overn igh t d e su lfa tio n ,72»73 those GSLs w ith 

additional acidic groups such as 1-su lfoglubrassicin  from  Isat i s  

t inc tor ia . can not be analysed with m ethods such as this, since 

the desulfated GSL will not be eluted due to the additional charge 

on the side chain. More serious is the loss of 4-hydroxy-3-indolyl- 

m ethyl GSL during the desulfation on-column, since this is a major 

GSL in rapeseed. Such losses may also extend to the other GSLs 

w hich  m ay be deg raded  by co n tam in an t enzym es such as 

glucosidases or galactosidases. To prevent such a loss in GSLs during 

the desu lfa tion  step, Sang and T rusco tt (1984) perform ed the 

desulfation at pH 8 thereby preventing possible glycosidase action 

tow ard the GSLs during desulfation .72 Although the aryl sulfatase 

rem ained active at pH 8, the rate of desulfation was reduced. The 

autooxidation of 4-hydroxyglucobrassicin was increased as a result 

of high pH desulfation. This however was counteracted with the 

addition of the antioxidant m ercaptoethanol, which lead to a two 

fold increase in recovery. The question still arises as to whether 

full recovery of 4-hydroxyglucobrassicin has been achieved. The 

unpleasant smell of m ercaptoethanol and the increased desulfation 

time at higher pH hindered the acceptance of this methodology.

Thus, ideally , a m ethod of p u rifica tio n  of a ry l-su lfa te  

sulfohydrolase (aryl sulfatase EC 3.1.6.1.) was needed in order to 

achieve quantitative recovery of all GSLs during desulfation w ithout 

the need for high pH or the inclusion of antioxidants. A purified aryl 

sulfatase would not only im prove the recoveries but could increase 

the overall rate of analysis w ithout adding excessive am ount of 

p ro te in .

The purification  of aryl sulfatase from  the gut of H e l i x
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poma t ia .  has been  a ttem pted  in  tw o in stan ces , in v o lv in g  e thano l 

f r a c t io n a t io n  an d  io n -e x c h a n g e  c h ro m a to g ra p h y .73’74 A lthough  

th ese  gave a th ree  fo ld  in c rease  in  sp ec ific  ac tiv ity  it w as not 

in d ica ted  w hether any deg radative  enzym es w ere rem oved .

The d esu lfa tion  of GSLs w ithou t p re lim inary  p u rifica tio n  on 

D E A E  S ephadex  A -25 has been  a ttem pted  and a lth o u g h  a rap id  

p ro file  o f ind iv idual GSLs using R .P. HPLC was obtained, there w ere 

d iff icu ltie s  reg ard in g  the co -e lu tion  o f o ther p lan t m etab o lites  and 

the  need  to in c lu d e  background  su b trac tio n .75 T he added p ro te in  

and p igm en ts loaded  onto the H PLC system  w ould no t be expected  

to  be  to ta lly  re ta in e d  by the  p re -co lu m n  lead in g  to  ir re g u la r  

re ten tion  tim es and reduced life  o f the analy tical colum n.
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Q U A N T I T A T I O N  O F  G L U C O S I N O L A T E S  B Y

R E F L E C T A N C E

2 .1  IN TR O D U C TIO N

The num erous reports concerning the toxic affects associa ted  w ith 

G SLs resu lted  in a reduction  in the use o f feeds contain ing  such 

c h e m i c a l s .12»76 R apeseed m eals, how ever, rep resen t a source o f 

h igh  q u a lity  p ro te in . H ence in 1970 the b reed ing  o f rapeseed  

varieties w ith low GSL levels was initiated .77

In recen t years breeders have reduced the total GSL content 

from  m ore than 100 pm ol/g  to less than 30 q m o l/g  seed and to 

con tinue this process, a re la tively  accurate and precise  m ethod of 

a n a ly s is  is re q u ire d , w ith o u t the  p re re q u is ite  o f  e x p e n s iv e  

e q u ip m e n t .

G lucose lib era ted  from  G SLs afte r m yrosinase  hyd ro lysis , 

can be m easured using an enzym e system  such as glucose oxidase/ 

p e r o x i d a s e . 78 A lth o u g h  200  an a ly se s  a day  w as re p o rted  

p o s s i b l e , 51 the m ethodo logy  and equ ipm en t req u ired  w ere not 

su itab le  for use by p lan t breeders or unskilled  personnel at grain 

te rm in a ls .

The use o f test p aper (G luco test) im pregnated  w ith  the 

g lu co se  o x id ase /p e ro x id ase  enzym es a llow ed  rap id  screen in g  o f 

h igh  and low  GSL con ta in ing  rapeseeds by v isual e s tim a tio n .79 

L a te r  d ev e lo p m en ts  in c o rp o ra te d  the use o f re f le c to m e try  to 

quan tify  the test strip  reaction. A m ethod using glucose test paper 

w ith  a re flec tan ce  m eter was developed  by T hies (1 9 8 5 ).55 T h i s  

p rov ided  a re la tively  inexpensive m eans o f m easuring GSL con ten t 

in the region 0 to 100 p m o le /g  seed . T he m ain  d isa d v a n ta g e  

how ever, was the num ber of steps required for sam ple preparation
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and the  need  to im pregnate  the g lucose tes t paper w ith  an exact 

volum e o f sam ple p rio r to reading the reflectance.

A n o th e r m ethod  w as d ev e lo p ed  by F e ib ig  (1987), w hich  

u tilised  the BM  re flec tan ce  m eter-R eflo lux  and b lood  g lucose test 

s t r i p s .80

R e c e n t d e v e lo p m e n ts  u s in g  e n z y m a tic  m e a su re m e n t o f 

lib e ra ted  g lucose are based on the d iffu sio n  o f G SLs from  seed 

o v e rn ig h t fo llo w ed  by h y d ro ly sis  w ith  m y ro sin ase . In te rfe re n ces  

are  no t rem oved  p rio r to co lou r reac tio n  and a lthough  m easu re 

m en ts are  m ade on a m ic ro tite r  p la te  read e r, the accu racy  is 

p o o r .81

T he aim  o f the w ork  p re sen ted  in  th is  c h a p te r w as to 

d eve lop  a m ethod  fo r m easuring  to ta l GSL co n ten t w h ich  could  

p rov ide a rap id  answ er w ith suffic ien t accuracy and p recision  to be 

su itab le  fo r p lan t b reed ing . In add ition  to speed, s im p lic ity  and 

sen s itiv ity , the m ethod should be inex p en siv e , req u irin g  re la tiv e ly  

s im p le  re ag en ts  and eq u ip m en t, and shou ld  n o t be te c h n ic a lly  

d e m a n d in g .
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2.2 E X P E R IM E N T  A I,

2 . 2 . 1  M A T E R IA L S

A s tan d ard  g lu co se  so lu tion  (5 .56  m M ); trizm a ac id  and base; 

c h lo ro h e x id in e  d ia c e ta te  p h e n y liso th io c y a n a te  and  g ly c in e  w ere  

p u rc h ased  from  S igm a C hem ical C om pany. A c tiv a ted  ch a rco a l 

pow der (su lfu ric  acid treated , Cat. N o .33032), tri-sod ium  citra te  and 

c itr ic  acid  w ere o b ta in ed  from  B D H  ch em ica ls . M y ro sin ase  w as 

su p p lied  by B io c a ta ly s t, T re fo re s t In d u s tr ia l E s ta te , P o n ty p rid d , 

M id-G lam organ, U.K.

H y d ro ch lo ric  ac id , ch lo ro fo rm , e thano l and p e tro leu m  e th er w ere 

purchased  from  A jax C hem ical Co. R apeseed seeds w ere supplied by 

P a c if ic  Seeds L td . T oow om ba A ust. C lin is tix  (C at. N o. 2847), 

H y d rid stix  and the A m es 2 G lucom eter R eadhead  assem bly  w ere 

supplied  by M iles laboratory  A ustralia  Pty. L td, M ulgrave, V ictoria, 

A u s tra lia . B M  h y p o g ly cem ie  g lu co se  te s t s trip s  w ere  o b ta in ed  

from  B oehringher- M annhein and Tes-Tape from  L ily  P ty  Ltd.

C lark  g lucose test strips and the re flec tance  m eter : d ig ita l 4000, 

w ere supplied  by A ustralian  B iotransducers Pty Ltd.

R e f le c ta n c e  m e te r ; th e  T ru B lu G lu  m e te r  w as p ro d u c e d  in  

conjunction  w ith Systrix Pty Ltd.

U ltra  Turrax TP 18/10 w ith 8n shaft from  Janke and K unkel. 

P o ly p ro p y len e  cen trifu g e  tubes (10 ml g raduated ) w ere p u rchased  

from  B io-rad. F ilte r papers (No. 41) w ere supplied by W hatm an.

A Coffee m ill " Krups 50" was used.
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2 .2 .2  M E T H O D S

2.2.2.1 M vrosinase Extraction and Purification

M yrosinase  w as obtained  by a m od ification  o f the m ethod of 

A ppelquist and Joseffson .47

W hite m ustard seed (500 g) was ground in a coffee grinder 

to a fine powder and transferred to a 5 litre conical flask. The white

m ustard pow der was then extracted w ith 2 x 1500 ml petroleum

ether and the m ixture passed through W hatm an N o .l filte r paper 

with suction. The vacuum  was m aintained for 30 m inutes to dry the 

m eal before regrinding. The oil-free meal was m ixed with 1200 ml 

water at 4 ° C  for 1 hour and the insoluble m aterial rem oved by 

cen trifugation  at 1000 x g for 15 m inutes. The supernatant was 

fractionated with a equal volum e of 90 % ice-cold ethanol and the 

precip ita te  collected by centrifuging at 15,000 x g for 15 m inutes. 

The pellet was then resuspended in 70% ethanol and the precipitate 

co llec ted  by cen trifugation  at 2 ,000 x g for 30 m inutes. The 

precip itate was dissolved in 400 ml water, centrifuged at 1000 x g 

for 15 m inutes and passed through a sintered glass buchner filter 

funnel. The solution was then dialysed against 1 % NaCl followed by 

0.5 % NaCl and finally water prior to lyophilisation.

2.2.22 P reparation of Buffers.

G lycine-sodium  hydroxide buffer ( 50 mM , pH  9.0) was prepared 

by m ixing 25 ml 0.2 M glycine (15.01 g/1) w ith 9.45 ml 0.2 M 

sodium  hydroxide and diluting to 100 ml with water.
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C itric acid-sodium  citrate buffer pH 5.0 was prepared by mixing 35 

ml of 0.1 M citric acid (21.01 g/1 citric acid monohydrate) with 65ml 

of 0.1 M trisodium  citrate (29.41 g/1 trisodium  citrate dihydrate).

Sodium  acetate-acetic acid buffer pH 5.0 solution was prepared by 

com bining 70 ml of 0.1 M acetate solution (27.22 g/1 sodium acetate 

trihydrate) with 30 ml of 0.1 M acetic acid.

Phthalate buffer (0.1 M, pH 5.0) was prepared by combining 50 ml 

of potassium  hydrogen phthalate (20.42 g/1) with 22.6 ml of 0.1 M 

sodium hydroxide and diluting to 100 ml.

T ris b u ffe r ("T rizm a") was p repared  accord ing  to the S igm a 

Technical Bulletin No. 106B.

Sodium  carbonate-sodium  bicarbonate buffer, pH 9.0 was prepared 

by mixing 10 ml of 0.1 M sodium carbonate. 10 H20  (28.6 g/1) with

90 ml of 0.1M sodium bicarbonate (8.40 g/1).

2.2.2.3 BM -Hvpoglvcemie Test Strips.

Standard glucose solutions were prepared by diluting a stock 5.56 

mM  standard glucose solution (Sigm a). Each concentration  (0 to

2.0 mM ) was applied to a B M -hypoglycem ie test strip  using a 

p ipette and after 30 seconds, the excess m oisture was rem oved by 

a gentle wipe using tissue paper. The strip was then placed in the 

re fle c to m e te r and m easured . The m easurem ents w ere rep ea ted  

allow ing a 60 second reaction period. Reflectances determ ined using 

the D ig ita l 4000 re flec to m ete r w ere p lo tted  ag a in s t g lucose  

c o n c e n tra tio n .
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2.2.2.4 Tes-Tape G lucose T est Paper.

T es-tape ro lls  w ere cu t into 1.25 cm  strips and reacted  w ith 10 mL 

of a standard  g lucose so lu tion . U sing forceps, the g lucose test strip 

w as p laced  across the lig h t apertu re  and the re flec tan ce  m easured  

after 1 and 2 m inutes.

2.2.2.5 P reparation  o f O il-free M eals.

Seeds o f rapeseed  (~ 50  g) w ere placed in a cotton bag and low ered 

into a boiling  w ater bath for 15 m inutes. The seed was then allow ed 

to  d ry  b efo re  being m acera ted  in a K rupps co ffee  g rin d er and 

defatted  w ith  petro leum  ether (40-60 °C ) in a soxhlet apparatus for 

20 hours. D efa tted  m eal was then a llow ed  to dry  befo re  being 

ground to a p o w d e r .

2.2.2.6 In tact R apeseed and R apeseed M eal E x traction

R apeseed  (400 m g) was w eighed in to  a 10 m l p las tic  cen trifu g e  

tube and im m ersed in to  a boiling w ater bath. B oiling w ater (2 ml) 

w as added to the seed and heated in boiling w ater for 15 m inutes 

befo re  m acerating  the seed using a U ltra  T urrax  hom ogeniser. The 

shaft o f the hom ogeniser was w ashed w ith two 1.0 m l volum es of 

d is tilled  w ater and com bined w ith the hom ogenate.

R apeseed  m eal (200 m g) was trea ted  in a s im ilar m anner as the 

seed, how ever U ltra  Turrax hom ogenisation  was not required .

T he ex trac ts  w ere than cen tifuged  at 1000 x g fo r 5 m inutes to 

give a clear yellow  extract containing the in tact GSLs.
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22.2.1 G lucose Standards Spiked w ith R apeseed M eal Extract.

S tandard glucose solutions : 0.125, 0.25, 0.375, 0.5, 0.75 and 1.0 mM  

w ere p rep ared  from  5.56 m M  glucose by a liquo ting  45, 90, 135, 

180, 270 and 360 p i  in to  separate vials. A 1.0 ml a liquo t o f the 

rap eseed  m eal ex trac t, p repared  accord ing  to the M ethod Section  

2 .2 .2 .5  and ex tracted  according to M ethod Section 2.2.2.6. was added 

to each  v ial. The fina l volum e w as ad justed  to 2 .0  m l and the 

p ro te in  p re c ip ita te d  by add ing  20 p i  o f 10 % ch lo ro h ex id in e  

d iace ta te . A ctiva ted  charcoal (25 mg) was added and the m ix ture 

vortexed  and cen trifuged  at 1000 x g for 5 m inutes resu lting  in a 

c lear and co lourless supernatant. The glucose was m easured using a 

g lucose test strip  and reflectom eter.

2.2.2.8 M eter C alibration (D igital 4000 and TruB luG lul.

The zero  was set by im m ersion o f a C lin istix  strip  in w ater and 

shaking o ff excess m oisture, the strip was then p laced in the m eter 

and the re flec tan ce  m easured  and ad justed  to  read  zero . A no ther 

test strip  was then dipped into a 1.0 mM glucose solu tion  pH  5.0, 

and afte r 5 seconds the excess m oisture rem oved by shaking. A fter 

a 2 m inu te co lour developm ent tim e the C lin istix  co lour in tensity  

w as m easured  and the gain con tro l ad justed . The ca lib ra tio n  was 

then repeated . The D igital 4000 m eter w ith a zero and gain contro l 

was set to give the m axim um  difference in reading betw een the zero 

(d istilled  w ater) and 1.0 mM  glucose reflectance values. F igures 1 to 

6 w ere obtained from  a D igital 4000 lacking a zero and gain controls.
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2.2.2.9 T im e R equ ired for O ptim um  C olour D evelopm ent in

C linistix .

G lu co se  so lu tio n s  w ere p rep ared  by d ilu tio n  o f the  5 .56  m M  

standard  g lucose so lution w ith w ater to  give 0 .1 , 0.5 and 1.0 mM  

glucose. The C lin istix  strips w ere im m ersed fo r 5 seconds and the 

excess liquid shaken off. At tim e intervals 0.25, 1.0, 2.0, 2.5, 3.0 and

5.0 m inutes the colour in tensity  of the C linistix  strips was m easured 

using the D igital 4000 reflectom eter.

2.2.2.10 C linistix  C olour Stability

The C lin istix  strips w ere dipped in a 1.0 m M  glucose solu tion  and 

allow ed  to deve lop  for 2 m inutes and then p laced  e ith e r in  the 

dark  or under a 40 w att lam p approxim ately  20 cm  distance. For 

tim e in te rv a ls  up to 15 m inu tes the ra te  of co lo u r fad ing  was 

m e a s u r e d .

2.2.2.11 E ffect o f Tem perature on Colour Intensity  in C linistix.

S tan d ard  g lu co se  so lu tio n s  w ere o b ta in ed  acco rd in g  to  M ethod 

Section  2 .2 .2 .18  and the T ruB luG lu m eter ca lib ra ted  as in M ethod 

Section  2 .2 .2 .8 . The standards w ere ch illed  to 6 ° C  and C lin istix  

strips im m ersed in to  the standards w ere m aintained at 6 ° C  for 2, 4 

and 6 m inute developm ent tim es. A fter each incubation  period  the 

r e f le c ta n c e s  w e re  m e a s u re d  an d  p lo t te d  a g a in s t  g lu c o s e  

c o n c e n tra t io n .
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2.2.2.12 Time Course of Sinigrin Hvdrolvsis.

1.0 ml aliquots of sinigrin (1.0 mM) at pH 7 were added to vials

containing 50 p i and 100 p i of myrosinase (mg/2.5 ml) at 25 °C . At 5

m inute in tervals over 30 m inutes the reaction was stopped with the 

addition of 50 p i chlorohexidine diacetate (10 % w/v in EtOH). The 

w hite cloudy solution was centrifuged (1000 x g, 5 m inutes) to give 

a c lear and colourless solution. The m easurem ent of the liberated 

glucose was perform ed by dipping the Clinistix strip (5 seconds) into 

the final sam ple and shaking off excess m oisture. A fter 2 m inutes 

the co lo u r in ten sity  was m easured using the re flec tan ce  m eter, 

D igital 4000.

2.2.2.13 R eflectance Standard Curve using Sinigrin.

The reflectance standard curve for GSL determ ination was obtained 

using the GSL, sinigrin. A series of sinigrin solutions (1.0 ml) were

prepared  (0 to 2 mM) andhydrolysed by addition of m yrosinase (5

units). The liberated glucose was measured after 3 hours by Clinistix 

strip  and m easuring the colour developm ent after 2 m inutes with 

the D ig ital 4000 reflectom eter. These m easurem ents w ere repeated  

after protein precipitation by 50 p i of chlorohexidine diacetate (10 % 

W / V  m ethanol). Any cloudiness was rem oved by centrifugation  (1000 

x g, 5 m inutes), prior to glucose measurement.

2.2.2.14 Role of Activated Charcoal in Clinistix Colour Intensity.

T h e  m e a l s  o f  t w o  c o m m e r c i a l  r a p e s e e d  s a m p l e s  (M a r n o o  a n d  C o w r a

5 0 3 )  w e r e  e x t r a c t e d  ( 2 0 0  m g )  i n t o  6 . 0  m l  e a c h  o f  b o i l i n g  w a t e r
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accord ing  to M ethod Section  2 .2 .2 .5 . F ive ex tracts  o f each  sam ple 

w as p rep ared  and trea ted  as fo llow s: T he ex tracts  w ere hydro lysed  

by the  ad d itio n  o f 50 un its  o f m y ro sin ase  (g iven  one u n it w ill 

h y d ro ly se  1 p in o le  GSL per hour). A fter 1 hour the ex tracts  w ere 

trea ted  w ith  50 p i  o f 10 % ch lo ro h ex id in e  d iace ta te  fo llow ed  by 

vary ing  am ounts o f activated  charcoal : 0, 25, 50, 100 and 250 mg. 

T he resu ltin g  m ix tu re  was vortexed  and cen trifuged  fo r 10 m inutes 

a t 1000 x g. T he ex trac ts  w ere than m easured  fo r g lucose using  

C lin istix  strip  w ith the re flectance m eter, D igital 4000.

2.2.2.15 G lucosino la te  D eterm ination  bv the A ddition  of 

M y ro s in a se .

R apeseed  (200 m g) or m eal (100 mg) w ere ex tracted  in to  4 .0  m l o f 

b o ilin g  w ater, accord ing  to M ethods Section  2 .2 .2 .6 . T he ex trac ts  

w ere  c e n tr ifu g e d  and each  su p e rn a tan t d ecan ted  in to  a 10 m l 

g raduated  tube contain ing  50 units o f m yrosinase. A fter 1 hour the 

vo lum es w ere ad justed  to 6.0 ml and trea ted  w ith  50 p i  o f 10 % 

ch lo rohex id ine d iace ta te  fo llow ed by 250 mg o f activated  charcoal.

The sam ple w as cen trifuged  at 1000 x g for 10 m inutes to 

g ive a c lea r and co lou rless ex tract. The su p ern a tan t w as rem oved  

using  a p asteu r p ipette  and applied  to the C lin istix  strip . The GSL 

co n ten t w as ob tained  by m easuring  the re flec tan ce  o f the C lin istix  

c o lo u r  y ie ld  a g a in s t a s ta n d a rd  cu rv e  p re p a re d  a c c o rd in g  to 

M ethods Section  2 .2 .2 .13 .
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2 .2 .2 .1 6  In te r f e r e n c e  o f  C l in is t ix  C o lo u r  D e v e lo p m e n t by 

G lucosino late  B reakdow n Products.

F o u r ra p eseed  sam ples w ere p rep ared  as d esc rib ed  in M ethods 

S ec tio n  2 .2 .2 .1 5 . T he G SL c o n c e n tra tio n  w as d e te rm in e d  by 

m easuring  C lin istix  reflectance and conversion to jamole G SL/g seed 

using  a s tan d ard  cu rve  p rep ared  accord ing  to M ethods S ection

2 .2 .2 .1 3 . An a liq u o t o f P h en y liso th io cy an ate  (P IT ) w as added  to 

each ex trac t to give a 1.0 mM  concen tration  and its GSL content 

r e - d e te r m in e d .

2.2 .2 .17  Tim e Course of G lucosinolate H ydrolysis.

T w o rap eseed  m eals from  the seed sam ples (M arnoo and C ow ra 

503) w ere extracted (200 mg in 10 ml sodium  acetate buffer pH  5.0) 

at 100 °C  for 10 m inutes. A fter cooling  to room  tem pera tu re , the 

ex trac t was centrifuged  to give a clear, yellow -coloured supernatant. 

M yrosinase  (50 units) was m ixed w ith the supernatan t and at set 

tim e in te rv a ls , a 1.0 m l a liquo t was rem oved  and the reac tio n  

stopped with the addition of 50 \il o f 10% ch lorohex id ine d iaceta te . 

A ctivated  charcoal (50 mg) was then added to each sam ple and the 

m ix tu re  vortexed . A clear and co lourless supernatan t was ob tained  

a f te r  ce n tr ifu g a tio n  at 1000 x g fo r 5 m inu tes. T he lib e ra ted  

g lucose  w as m easured  using  C lin istix  test s trip  and D ig ita l 4000

m eter.
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2.2.2.18 Standard Curve Construction For GSL Determ inations. 

Preparation of curve A:

Standard curve A was prepared by aliquoting 27, 45, 90, 135 and 

180 p i o f standard glucose (5.56 mM) into separate vials containing 

166 p i of 0.1 M citric acid/sodium  citrate buffer pH 5.0. The total 

volum e in each was adjusted to 1.0 ml with distilled water, giving

0.15, 0.25, 0.50, 0.75 and 1.00 mM glucose.

Preparation of curve B :

R apeseed (400 mg) was extracted according to M ethods Section

2.2 .2 .6 . S tandard glucose (5.56 mM) was aliquoted into vials as 

described for curve A. Each standard was m ixed with 500 p i  of 

rapeseed  m eal ex tract follow ed by 166 p i  of 0.1 M citric acid/ 

sodium  citrate buffer pH 5.0. The final volume was adjusted to 1.0 

ml w ith distilled water. Activated charcoal (25 mg) was added and 

the m ixture vortexed and centrifuged at 1000 x g for 10 m inutes.

The c lear and colourless supernatant was m easured for glucose

using Clinistix strips.

2.2.2.19 Free Glucose Determ ination

The seed (200 mg) of several rapeseed sam ples was extracted as

described in M ethods Section 2.2.2.5. The extracts were mixed with 

50 p i  ch lorohexid ine diacetate (10 % w/v EtOH) and 250 mg of 

activated charcoal. The resulting mixture was adjusted to pH 5 and 

centrifuged  at 1000 x g for 10 m inutes. A clear and colourless 

supernatant was m easured for free glucose using the C linistix  strip 

and D ig ital 4000. The reflectance was read against the standard

curve obtained according to Methods Section 2.2.2.15 (a).
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2.2.2.20 D eterm ination of HC1 (T required for pH Adjustment.

In tact rapeseed (200 mg) was com bined with 6.0 ml of 25 mM Tris 

bu ffer at e ith e r pH  8 or 9 in separate cen trifuge tubes. A fter 

m aceration  the pH  was m easured and the volum e of 1 M HC1 

necessary  to low er the pH  to betw een 5 to 6 was determ ined  

using a pH meter.

2.2.2.21 G lucosinolate Hydrolysis bv the Endogenous M vrosinase.

A rapeseed extract for each time interval was prepared by weighing 

200 mg of rapeseed (Cowra 503) and extracting w ithout boiling into 

6 ml of 50 mM glycine buffer at pH 9. A t each time interval the 

rapeseed  ex tract was treated with 50 p i  of 10 % chlorohexid ine 

diacetate follow ed by 200 mg of activated charcoal. The pH  was 

then ad justed  to pH  6 by adding 800 p i  o f 1 M HC1 before 

centrifugation at 1000 x g for 10 m inutes. The clear and colourless 

extract was m easured for liberated glucose using C linistix strip and 

Digital 4000 reflectom eter. The tim e course was then repeated  by 

perform ing the extraction at pH 5.0 with 50 mM Tris-H Cl buffer and 

treating the sam ple as before.

2.2.2.22 Selection of pH 5.0 Buffer for Final pH Adjustment.

The fo llow ing  stock solutions of buffers w ere prepared  : 0.1 M 

citrate/citric acid pH 5.0 ; 0.2 M sodium acetate/acetic acid pH 5.0 ;

0.1 M po tassium  hydrogen ph th late/N aO H  pH  5.0 (see M ethods 

Section 2 .2 .2 .2 .). A equal volum e of standard glucose solution was 

com bined with the stock buffer giving a final glucose concentration



3 5

of 0, 0 .25, 0 .50 and 1.0 m M  in each buffer w ith final concentrations 

: c itra te  buffer (50 mM ) and acetate buffer (100 mM ) and potassium  

hydrogen  p h th a la te  bu ffer (50 mM ).

2.2.2.23 In tac t R apeseed  A nalysis.

A ir-d ried  rapeseed  (200 m g) was w eighed in to  a 10 ml cen trifuge 

tube. 3.0 ml of 50 mM  glycine-N aO H  buffer (pH  9.0) was added and 

the m ixture hom ogenised  thoroughly  (15 seconds).

The u ltra  turrax shaft was rinsed with 2 x 1.0 ml aliquots o f buffer 

so lu tion  d ispensed  through the top hole in the shaft. The suspension 

w as g e n tly  m ix ed  and in cu b a ted  a t room  te m p e ra tu re . A fte r  

10 m inu tes, 1.0 ml o f ch lo roform  was added and the tube sealed 

and m ixed  thoroughly  by shaking. The p ro te in  w as p rec ip ita ted  by 

adding 50 (il of 10 % chlorohexidine diacetate in m ethanol. The final 

pH  w as ad justed  to pH  5.0 by adding 1.0 ml o f 100 m M  citric  

acid /sod ium  citrate , fo llow ed by a scoop o f activated  charcoal (0.25

g). The m ixture was shaken and then centrifuged at 1000 x g for 2 

m inutes. A clear colourless supernatant m ust be obtained. A C linistix  

s trip  w as d ipped  and the re flec tan ce  m easu red  as ex p la in ed  in 

M ethods Section 2.2.2.8.
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2.3 RESULTS

2 .3 .1  REFLECTA NCE M ETHOD AND DEVELOPM ENT

2.3.1.1 S election  o f a Suitable G lucose T est Strip.

T h e  D ig ita l 4 0 0 0  ( re f le c ta n c e  m e te r)  w as se le c te d  in it ia l ly  fo r  

sc reen ing  a range o f com m ercia lly  ava ilab le  g lucose te s t strips.

It w as found th a t 200 m g o f seed (30 p in o le  G S L /g  seed  

co n ta in in g  ap p ro x im a te ly  10% m oistu re  or ap p ro x im ate ly  60 p m  o le  

G S L /g  m eal) co u ld  be ex trac ted  e ffic ie n tly  in to  6 .0  m l o f b u ffe r, 

w hich  co rresponds to approxim ately  1.0 m M  GSL. T hose g lucose test 

strip s cap ab le  o f d is tingu ish ing  g lucose levels rang ing  from  0 to 1.0 

m M  g lu c o se  w ere  sc reen ed  fo r se n s itiv ity . T he re su lts  o f  BM  

hypog ly cem ie  strips used in con junction  w ith  the D ig ita l 4000 m eter 

are show n in F igure  2.

60 seconds 

30 seconds

F ig u re  2. T he m eter w as ca lib ra ted  (see  M ethods S ec tio n  2 .2 .2 .8 ). 

S tan d a rd  g lu co se  so lu tio n s  w ere app lied  to B M  h y p o g ly c em ie  te s t 

s trip s and m easu rem en ts  taken  accord ing  to M ethod  S ection  2 .2 .2 .3 .
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A 60 seco n d  re a c tio n  tim e  w as fo u n d  to  g iv e  a s lig h tly  in c re a se d  

co lo u r in te n s ity , h o w ev er in  bo th  tr ia ls  the  s tr ip 's  re a c tio n  to  g lu co se  

w as n o t m e a su ra b le  a c c u ra te ly  at c o n c e n ta tio n s  le ss  th a n  0 .5  m M . 

A t g lu co se  co n cen tra tio n s  0.5  to  2 .0  m M  a co lo u r ch an g e  in  the  te s t 

s tr ip  w as d e tec ted  (F ig u re  2).

C la rk  g lu c o se  te s t  s tr ip s , a lso  d e s ig n e d  fo r  b lo o d  g lu c o se  

an a ly s is , w ere  found  to  g ive a s im ila r rép o n se  to  th a t o b ta in ed  using  

th e  B M -h y p o g ly cem ie  te s t s trip s.

T es-T ap e  u n lik e  o ther g lu co se  te s t s trip s , is a ro ll o f g lu co se  

te s t p ap e r and n o t a pad  on the end o f a p la stic  strip . It is d es ig n ed  

fo r  v isu a l e s tim a tio n  o f g lucose  in u rin e  and g ives an in d ica tio n  o f 

h ig h , m ed iu m  o r low  g lu co se , by co m p ariso n  w ith  a c o lo u r  c h a rt 

m a tch in g  the y e llo w  to  g reen  g lu co se  co lo u r resp o n se .

G lucose (mM)

F ig u re  4. A 10 | i l  a liq u o t o f  each  s tan d a rd  g lu c o se  so lu tio n  w as 

a p p lie d  to  th e  s tr ip s  o f  T e s -T a p e . T h e  c o lo u r  d e v e lo p o m e n t w as 

m e a su re d  u s in g  th e  D ig ita l  4 0 0 0  re f le c ta n c e  m e te r  a c c o rd in g  to  

M eth o d  S ection  2 .2 .2 .4 . N o zero  or gain  co n tro ls  are  fitted .
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A c o n s is te n t chan g e  in re f lec tan c e  fo r g lu co se  lev e ls  0 to  2 .0  m M  

w as o b ta in ed  (F ig u re  4). A m o re  in te n se  c o lo u r d ev e lo p m e n t w as 

o b se rv e d  a t 2 m in u tes , fo llo w ed  by a g rad u a l fad in g . G lu co se  at

0 .0 6 3  m M  w as d e te c ta b le , h o w e v e r th e  s e n s it iv i ty  o v e ra ll  s ti ll  

a p p e a re d  p o o r.

M e a s u re m e n ts  ta k e n  a t o n e  m in u te  a p p e a re d  to  be 

c o m p le te  fo r  low  g lu c o se  c o n c e n tra tio n s  h o w ev e r, a t th e  h ig h e r  

g lu co se  levels  a 2 m inu te  co lo u r d ev e lo p m en t tim e is n ecessa ry  fo r 

o p tim u m  co lo u r in te n s itie s .

To ch eck  the  re sp o n se  o f T es-tap e  to  g lu co se  in a rap eseed  

e x tra c t  th e  s ta n d a rd  g lu c o se  so lu tio n s  u se d  in  F ig u re  4 w ere  

re -m easu red  w ith  the  ad d itio n  o f a rap eseed  ex trac t.

n  1 min

♦  2 min

F ig u re  5. S tan d a rd  g lu co se  so lu tio n s  w ere  sp ik ed  w ith  rap eseed  

e x tra c t  to  p ro d u c e  a s ta n d a rd  c u rv e  c o m p a ra b le  w ith  ra p e s e e d  

sam ples as describ ed  in M ethods S ection  2.22.1 . T he re f lec tan c e  fo r 

each  co n c en tra tio n  w as m easu red  a t 1 and 2 m in u te  in te rv a ls  using  

T e s -T a p e .
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R eflec tan ce  values for the g lucose standards 1.5 and 3.0  m M  did not 

fa ll on the  ap p a ren t s tra ig h t g enera ted  by the o ther va lues (F igu re  

5 ). T h is  a p p a re n t in a ccu rac y  w as a ttr ib u te d  to  th e  w h ite  c lo u d y  

a p p e a ra n c e  o f  th e se  sa m p le  s o lu t io n s . T h e  T e s -T a p e  g av e  a 

m easu rab le  re sp o n se  to  the  g lucose  co n cen tra tio n  ran g e  0 .25 to 2.0 

m M , w hich is seen as a colour change from  yellow  to dark  green.

C lin is tix  strips like  T es-T ape, are m arketed  fo r v isua l g lucose 

estim ation  in u rine and are designed  to p rov ide  an ind ica tion  o f low , 

m ed iu m  or h igh  g lucose  lev e ls  in the  reg io n  14 to 28 m M . The 

ap p lica tio n  o f C lin istix  strips fo r the estim atio n  o f g lucose  so lu tions 

sp ik e d  w ith  ra p e s e e d  m ea l e x tra c t  w as fo u n d  to  g iv e  good  

sensitiv ity  in  the reg ion  0.375 to 1.0 m M  glucose (F igure  6), w ith  a 

70  % ch an g e  in the  m e te red  re f le c ta n c e  u n its  re sp o n se  fo r the  

concen tra tion  range 0 to 1.0 m M  glucose.

Glucose (mM)

1 minute

2 minutes

F ig u re  6. C lin is tix  s trip s  w ere  im m ersed  in to  g lu c o se  s tan d ard s  

sp ik e d  w ith  ra p e s e e d  e x tra c t  as d e s c r ib e d  in  M e th o d s  S e c tio n  

2 .2 .2 .7 . T he co lour deve lopm en t w as m easured  at 1 and 2 m inutes. 

T his D ig ita l 4000 lacked  zero and gain contro ls.
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A lth o u g h  th e  re f le c ta n c e  m e asu rem en t u sin g  th e  D ig ita l 4000  w as 

n o t lin ear, g lucose levels dow n to 0.25 m M  could  be m easured . The 

C lin is tix  s tr ip  co lo u r in te n s ity  a f te r  1 m in u te  (F ig u re  6) ap p ears  

sa tis fa c to ry  fo r the  lo w er g lu co se  lev e ls , h o w ev er an a d d itio n a l 1 

m in u te  co lo u r d ev e lo p m en t tim e re su lted  in an ap p rec iab le  in c rease  

in  c o lo u r  in te n s ity  a t th e  h ig h e r  g lu c o se  c o n c e n tra t io n s . T h e  

T e s-T a p e  re sp o n se s  as show n  in  F ig u re  5, g ave  a m o re  lin e a r  

resp o n se , how ever the sensitiv ity  w as no t adequate . H ence, in  o rder 

to  o p tim ise  the  d e tec tio n  o f the  C lin is tix  strip  and T es-T ap e , the  

D ig ita l 4000  w as fitted  w ith  bo th  zero  (base line) and  gain  (slope) 

c o n tro ls . S how n in  F ig u re  7 , the  o p tim u m  m ete r se ttin g  fo r  the  

T e s-T ap e  c o lo u r ch an g e  en ab led  d e tec tio n  o f low  g lu c o se  lev e ls , 

h o w ev e r the  se n s itiv ity  w as u n ch an g ed  w ith  g lu co se  co n c en tra tio n s  

from  0.065 to 1.0 mM  giving a 30 % change in re flec tance  reading.

F ig u re  7. T he use o f T es-T ape in the  D ig ita l 4000 w ith  the zero  and 

gain  co n tro ls  set to  g ive op tim um  sen sitiv ity  in  the ran g e  0 to 1.0 

m M  glucose. C alib ra tion  w as accord ing  to M ethods S ection  2 .2 .2 .8 .
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A lth o u g h  im p ro v e d  d e te c t io n  o f  s l ig h t  c o lo u r  c h a n g e s  h a s  b e e n  

a c h ie v e d  (F ig u re  6 ), th e  o v e ra ll  s e n s it iv i ty  h as  n o t b e e n  im p ro v e d . 

Id e a l ly , a fu ll s c a le  re f le c ta n c e  c h a n g e  w o u ld  c o rre sp o n d  to  a 0 to

1 .0  m M  g lu c o se  c o n c e n tra tio n .

T h e  u se  o f  C lin is t ix  s tr ip s  w ith  a d ju s tm e n t o f  th e  ze ro  and  

g a in  c o n tro ls  is  sh o w n  in  F ig u re  8. O p tim is a t io n  o f  th e  m e te r  

r e s p o n s e  to  th e  c o lo u r  fo rm e d  b y  0 m M  an d  1 .0  m M  g lu c o s e  

re su lte d  in  a 60  % c h a n g e  in  th e  re f le c ta n c e  read in g .

F ig u re  8. T h e  r e f le c to m e te r  (D ig ita l 4 0 0 0 ) o p tim isa tio n  o f  c l in is t ix  

m e a s u re m e n t b y  a d ju s tm e n t o f  z e ro  an d  g a in  c o n tro ls .  T h e  m e te r  

w as se t fo r  o p tim u m  se n s itiv ity  fo r  lo w  g lu c o se  le v e ls  a c c o rd in g  to  

M e th o d s  S e c tio n  2 .2 .2 .8 . &  : C lin is t ix  s tr ip s  w ith  9 \il v o lu m e  o f 

s ta n d a r d  g lu c o s e  s o lu t io n  a p p l ie d  to  th e  t e s t  p a d  u s in g  a 

m ic ro p ip e t te .  ♦ : C lin is tix  s trip s  d ip p ed  in to  th e  g lu c o se  so lu tio n  and  

e x c e ss  m o is tu re  sh ak en  o ff. B o th  s tr ip s  w ere  read  a f te r  2 m in u te s .
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A c o n s is ten t re sp o n se  is seen  fo r the g lucose  s tandards, w ith  a 

in c reasin g  sen sitiv ity  at the low er levels . T he co n sis ten cy  in the 

re flec tance  values obtained for the C lin istix  glucose test strip  (F igure 

8) w as a ttrib u ted  to the abso rben t n a tu re  o f the tes t pad  w hich 

re ta ins the p igm ent w ithout it leaching out.

A p lastic  strip  fo r supporting  and handling  the pad enables 

ease o f use and assists  in a m ore rep roducib le  app lica tion  o f the 

sam ple to  the pad  and in the p o sitio n in g  o f the test pad  in the 

m e te r .

2.3.1.2 O ptim isation of C linistix  C olour D evelopm ent

C lin is tix  co lo u r d ev e lo p m en t w as in v e s tig a te d  to  d e te rm in e  the 

optim um  tim e required  for glucose levels 0 to 1.0 m M  to react and 

produce the m ost in tense colour. The volum e of liquid  absorbed by 

the C linistix  strip was found to be 9 p i. As depicted in F igure 8, the 

d ip  tim e requ ired  fo r optim um  co lou r in ten sity  w as app rox im ately  

5 seconds. W here the C linistix  strip is dipped for less than 3 seconds 

or for periods longer than 10 seconds a low er colour yield resulted.

It w as o b serv ed  th a t the change in  co lo u r in te n s ity  in 

re sp o n se  to g lucose during  and afte r d eve lopm en t, occu rred  at a 

ra te  su ffic ien t to g ive a s ig n ifican t e rro r if  the co lo u r w as not 

m easured  at a specified  tim e. H ence the tim e fo r optim um  co lour 

in ten sity  needed  to be determ ined .
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F ig u re  9. D e te rm in a tio n  o f  o p tim u m  tim e  fo r  im m e rs io n  o f  C lin is tix  

in  g lu c o s e  s o lu t io n . A  1 .0  m M  s ta n d a rd  g lu c o s e  s o lu t io n  w as 

m e a su re d  u s in g  c l in is t ix  s tr ip s  and  th e  D ig ita l 4 0 0 0 . T h e  te s t  s tr ip s  

w e re  in s e r te d  in to  th e  g lu c o se  s o lu t io n  fo r  v a r io u s  tim e  p e r io d s , 

r e m o v e d  an d  e x c e ss  m o is tu re  sh a k e n  o ff. T h e  c o lo u r  in te n s i t ie s  in  

e a ch  tr ia l  w as m e a su re d  a f te r  2 m in u tes .

U s in g  th e  o p tim u m  tim e  re q u ire d  fo r  th e  a b so rp tio n  o f  so lu tio n  in to  

th e  C lin is t ix  p ad  (F ig u re  9), th e  tim e  re q u ire d  fo r  c o m p le te  re a c tio n  

o f  g lu c o s e  w as a lso  in v e s t ig a te d , a t b o th  h ig h  an d  lo w  g lu c o se  

c o n c e n t r a t io n s .

T h e  r e s u l t s  in  F ig u re  10 d e m o n s tr a te  th a t  th e  o p tim u m  

c o lo u r  d e v e lo p m e n t  fo r  a 5 s e c o n d  d ip  t im e  w a s  2 m in u te s .  

R e f le c ta n c e  r e a d in g s  a f te r  a 3 m in u te  d e v e lo p m e n t tim e  c o u ld  s ti ll  

b e  m a d e  b u t w ith  re d u c e d  s e n s i t iv i ty . T o  in v e s t ig a te  th e  fa c to rs  

r e s p o n s ib le  fo r  th e  f a d in g  o f  th e  C l in is t ix  s t r ip ,  th e  c o lo u r  

d e v e lo p m e n t w as m o n ito re d  in  th e  d a rk  an d  u n d e r  i l lu m in a tio n .
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1.0 mM 

0.5 mM 

0.1 mM

F ig u re  10. T he C lin istix  strips w ere d ipped  in to  0 .1 , 0.5 and 1.0 m M  

g lu c o se  so lu tio n s  and  the  c o lo u r d ev e lo p m e n t m o n ito re d  by the  

D ig ita l 4000 re flec tan ce  m eter (M ethods Section  2 .2 .2 .9 ).

D

4

Dark

40 W  Lamp

F ig u re  11. T he s ta b ili ty  o f  C lin is tix  s tr ip  c o lo u r  to  l ig h t w as 

d e te rm in ed  using  1.0 m M  g lucose  accord ing  to the M ethods S ection  

2 . 2 . 2 . 1 0 .
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The effect of ligh t on the stability  of the C lin istix  co lour is show n in 

F igu re  10. E xposure o f the strip  to in tense ligh t during  developm ent 

w as seen  to  red u ce  the co lo u r y ie ld  at a g rea te r ra te  than  th a t 

w hich  w ould norm ally  occur.

P ro v id e d  th e  C lin is t ix  c o lo u r  in te n s ity  w as m e a su re d  

w ith in  3 m inutes o f dipping in sam ple so lu tion , m easurem ents could 

be ob ta ined  befo re  d e tec tab le  fading.

2.3.1.3 R eflectance M easurem ent o f a H ydrolysed S tandard GSL.

As a tria l fo r determ ination  o f GSL content in rapeseed , a standard  

G SL (s in ig rin ) w as incubated  w ith com m ercia l m yrosinase  and the 

lib e ra te d  g lu co se  m easu red  w ith  C lin is tix  s trip s  and  re f le c ta n c e  

m eter : D igital 4000.

The tim e course of g lucose re lease  (F igure 12) dem onstra ted  

th a t ch a n g es  in  g lu co se  c o n c e n tra tio n , fo llo w in g  h y d ro ly s is  o f 

sin ig rin  w as feasib le  in the p resense  o f G SL and G SL hydro lysis  

p ro d u c ts .

The ac tiv ity  o f the m yrosinase  pu rified  from  w hite  m ustard  

(Sinapis alba)  acco rd in g  to M ethods S ec tio n  2 .2 .2 .1  w as also  

de term ined  fo r the substrate  : sin igrin .

The tim e course o f sin igrin  hydro lysis by m yrosinase  (F igure 

12) seem ed  to p la teau  at 25 m inu tes. H ence, assum ing  co m ple te  

h y d ro ly s is , th e  a c tiv ity  o f  the  m y ro s in a se  w as d e te rm in e d  as 

a p p ro x im a te ly  50 u n its /m g , g iven  the  d e f in itio n  1 u n i t / p m o l e  

s in ig r in  h y d ro ly se d /h o u r.
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F ig u re  12. S in ig r in  h y d ro ly s is  by  m y ro s in a se  w as m o n ito re d  by 

m e a su rin g  th e  lib e ra te d  g lu c o se  w ith  C lin is t ix  s tr ip s  and  D ig ita l 

4 0 0 0 , ac co rd in g  to  the  M eth o d s S ec tio n  2 .2 .2 .1 2 . V ia ls  co n ta in in g  

1 .0  m M  s in ig r in  (1 .0  m l) w e re  p re p a re d  an d  in c u b a te d  w ith  

Q : 100 ( ll  o f m yrosinase (2 m g/5 m l) and ♦ : 50 |L ll o fm y ro s in ase .

A s ta n d a rd  c u rv e  w as p re p a re d  u s in g  an  in ta c t  G SL  (s in ig r in ) . 

S in ig r in  w as in c u b a te d  w ith  m y ro s in a se  and  th e  re le a se d  g lu c o se  

m easu red  fo r each  s in ig rin  co n cen tra tio n  (show n in F ig u re  13).

T h e  a d d itio n  o f m y ro s in a se  fo r the  h y d ro ly s is  o f  s ta n d a rd  

s in ig r in  s o lu t io n s  (M e th o d s  S e c tio n  2 .2 .2 .1 3 )  w as o b s e rv e d  to  

p ro d u ce  a p a le  w h ite  c loudy  m ix tu re . C en trifu g a tio n  at 1000 x g fo r 

15 m in u te s  d id  n o t c la r ify  th e  so lu tio n  and  m e a su re m e n ts  o f the  

f re e  g lu co se  u sing  C lin is tix  s trip s  and  the D ig ita l 40 0 0  gave lo w er 

than  ex p ec ted  read in g s . T he rem o v a l o f the  c lo u d in ess  w as ache ived  

w ith  th e  a d d itio n  o f  a p ro te in  p re c ip ita tin g  re a g e n t (c h lo ro h e x id in e  

d ia c e ta te ) ,  w h ich  a f te r  c e n tr ifu g a tio n  at 1000 x g fo r  5 m in u te s
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re s u lte d  in  a c le a r  and  c o lo u rle ss  so lu tio n . M e asu rem e n ts  o f g lu c o se  

a f te r  r e m o v a l o f  p ro te in  g a v e  r e a d in g s  m o re  l ik e  th e  s ta n d a rd  

g lu c o se  cu rv e  show n in F ig u re  8.

F ig u r e  13. A  s ta n d a r d  c u rv e  u s in g  s in ig r in  h y d r o ly s e d  b y  

m y ro s in a s e , w as p re p a re d  a c c o rd in g  to  M e th o d s  S e c tio n  2 .2 .2 .1 3 . 

T h e  l ib e ra te d  g lu c o se  w as m e a su re d  by  re f le c ta n c e  u s in g  C lin is t ix  

and  the  D ig ita l 4000 . 0 : w ith o u t rem o v a l o f  p ro te in  and  ♦ : is the

s ta n d a rd  c u rv e  p ro d u c e d  w h en  p ro te in  is rem o v e d .

2 .3 .1 .4  R e fle c ta n c e  M e asu rem e n t o f  a R ap eseed  E x trac t.

a) R o le  o f A c tiv a ted  C h arco a l

A  r a p e s e e d  e x tra c t  w as p re p a re d  a c c o rd in g  to  M e th o d s  S e c tio n

2 .2 .2 .6  and  2 .2 .2 .1 5 , b u t the  am o u n t o f ac tiv a ted  c h a rc o a l added  w as 

v a r ie d  fo r  ea ch  tria l.
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The resu lts  shown in Table 1 dem onstrated  the inh ib ition  of the 

C lin istix  strip  co lour developm ent and the need to add at least 50 

mg activated charcoal for consistent C linistix colour developm ent.

Table 1. The Effect Of Activated Charcoal On Colour Development

Am ount of Act. 

Charcoal (m g)

Reflectance

M arnoo C ow ra 5 03

0 8 4

25 58 22

50 64 35

100 66 38

250 64 35

Table 1. Two com m ercial rapeseed meal samples were extracted and 

p rep ared  for g lucose m easurem ent according to M ethods Section

2 .2 .2 .1 4 .

b )  Effect of GSL Breakdown Products on Clinistix Enzymes.

The reported instances o f reduced enzym e activities in the presence 

o f GSL breakdow n products prom pted the in vestiga tion  in to  the 

possib le  in terference o f C linistix  enzym e activ ities in the presence 

o f GSL breakdow n products. The GSL levels o f fou r rapeseed  

sam ples w ere m easured according to M ethods Section 2 .2 .2 .15. The 

m easu rem en ts  w ere re p ea ted  a fte r the  a d d itio n  o f the  G SL 

b reakdow n  p roduct.
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Table 2. GSL D ete rm ination  by R eflectance in the P resence of 

P heny liso th iocyanate . (PIT)

R apeseed

S am ple

G S L  p, m ole/g seed

N o P IT With P IT

BLN 2 7 0 6 6

R X 9 12 14

BLN 241 15 13

Thom o 42 16 15

Jum buck 31 33

Table 2. GSL determ ination in five com m ercial rapeseed sam ples 

was perfo rm ed  according to the M ethods Section 2 .2 .2 .16 . The 

m easurem ents were then repeated in the presence of 1 mM PIT.

The reflectance values were com pared to a standard curve prepared 

using glucose spiked with extract to give an equivalent m atrix as 

the seed sam ple(see method section 2.2.2.18 (b) ).

Phenylisothiocyanate (PIT) was added to the extracts giving 

a final concentration of 1 mM. The addition of Phenylisothiocyanate 

(PIT) shown in Table 2 indicates no apparent inh ib ition  of the 

C linistix strip colour yield.

c) Removal of Oil from Rapeseed Extract.

The high oil content of rapeseed (approxim ately 50 % w/w) form ed 

an em ulsion  during  seed m aceration , w hich afte r cen trifugation  

resulted  in a oil layer over the sam ple solution. This presented a



5 0

p h y sica l in te rfe ren ce  to the read ing  o f the C lin is tix  strip s in the 

D ig ita l 4000.

T he re m o v a l o f the  o il from  the  aq u eo u s e x tra c t was 

ach iev ed  by ch lo ro fo rm  ex trac tio n  p rio r to  C lin is tix  m easurem ent. 

C hloroform  was chosen since it was m ore dense than w ater and thus 

w as though t tha t it m ay rem ove the o il and form  a lay er beneath  

the G SL -contain ing  solu tion . A volum e o f 1 ml ch loroform  per 200 

m g seed was su ffic ien t for the oil ex traction  after seed m aceration . 

The resu lting  solu tion  was observed to be free o f the oily layer and 

after cen trifu g a tio n  a c lear ex trac t so lu tion  resu lted .

d )  Tim e C ourse o f GSL H ydrolysis with A ddition of M yrosinase.

A tim e course of GSL hydrolysis was perform ed w ith the addition of 

m yrosinase, according to M ethods Section 2.2 .2 .17.

The g lucose lib era ted  was m onito red  w ith  C lin istix  strip , 

to  d e te rm in e  the tim e req u ired  fo r the G SLs to be com ple te ly  

hydro lysed  (F igure 14). A plateau  in the g lucose level w ith tim e was 

found after 10 m inutes for the rapeseed  sam ple M arnoo (20 }j.m ol/g 

seed using  H PLC ) w hereas the C ow ra 503 sam ple was apparen tly  

com plete w ithin  6 m inutes (7 pm ol/g  seed by HPLC).

G iven a constan t con ten t o f liberated  g lucose w ith  tim e from  

approx im ate ly  8 m inutes onw ards, it w as ev iden t tha t a m easure o f 

g lucose corresponding  to the GSL content could be made.

The re flec tan ce  value could then be converted  to the am ount 

o f G SL by using  the standard  cu rve p repared  in M ethods Section

2 .2 .2 .1 5 .
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□

»

Marnoo 

Cowra 503

Time (minutes)

F ig u re  14. A  tim e co u rse  o f rap eseed  G SL  h y d ro ly s is  u sin g  p u rif ied  

m y ro s in a se  w as p e rfo rm e d  on tw o  rap eseed  sam p les . T h e  p ro c e d u re  

is g iv en  in  the  M ethods S ection  2 .2 .2 .17 .

e )  A d ju s tm en t o f  M e te r R esp o n se

A d ju s tm e n t o f  in te n s ity  o f  th e  l ig h t so u rc e  u se d  fo r  r e f le c ta n c e  

m e a su re m e n t w as fo u n d  to  m ax im ise  the  s e n s itiv ity  o f th e  d e te c to r  

fo r  th e  C lin is t ix  s tr ip  c o lo u r  ch a n g e . T h u s  i t  w as fo u n d  th a t a 

r e d u c t io n  in  th e  a p e r tu re  o r m e te r  la m p  v o lta g e  r e s u l te d  in  a 

m a rk e d  im p ro v e m e n t in  th e  d e te c tio n  o f  lo w er GSL c o n c e n tra tio n s . 

T h e  s ta n d a rd  c u rv e  show n  in  F ig u re  15 d e m o n s tra te d  a lm o s t fu ll 

re f le c ta n c e  ran g e  fo r g lu c o sec o n cen tra tio n s  0 to  1.0 m M . A 1.0 m M  

g lu c o se  so lu tio n , re p re se n tin g  a h ig h  GSL c o n c e n tra tio n  in  ra p e se e d  

(30  p m o le /g  seed ), is seen  to co rresp o n d  to  ab o u t 90 % o f  the scale . 

T h is  a lso  g ives b e tte r  m easu rem en t o f low  GSL levels w h ere  sm a lle r  

d iffe re n c e s  in  co lo u r y ie ld , need  to  to  be ac cu ra te ly  m easu red .
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Glucose (mM)

F ig u re  15. D e p e n d e n c e  o f  re f le c ta n c e  v a lu e s  on th e  g lu c o se  

c o n c e n tra t io n  in  the  p re se n c e  (0) and  ab sen ce  (♦ ) o f  ra p e se e d  

ex trac t. S tandard  cu rves w ere p repared  as describ ed  in the M ethods 

S ec tio n  2 .2 .2 .18 .

W here  a h igh  G SL con ten t (g rea te r then 30 p m o le /g  seed) needs to 

be m e a su re d , and  the  g lu c o se  c o n c e n tra tio n  e x c e e d s  th e  m e te r  

ran g e , the ex trac t canbe d ilu ted  or less seed used during  ex trac tion .

f )  G SL  D eterm ination  by A dd ition  o f P u rified  M yrosinase

S e v e ra l ra p e s e e d  m ea l e x tra c ts  w ere  p re p a re d  an d  th e  G S L s 

h y d ro ly sed  by the  add itio n  o f p u rified  m y ro sin ase  (M eth o d s S ection  

2 .2 .2 .1 5 ) . T he re f le c ta n c e  v a lu es o b ta in ed  w ere co n v e rte d  to  to ta l 

G SL  c o n te n t by  re fe re n c e  to  the  s tan d a rd  c u rv e  B p re p a re d  in  

M ethods S ection  2 .2 .2 .18 . To eva lua te  the accuracy  o f the  re flec tan ce  

m e th o d o lo g y , th e  e s tim a tio n s  w ere  co m p ared  w ith  th o se  o b ta in ed  

using  the  g lucose  o x id ase / p e ro x id ase  m ethod.
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Table 3 GSL D eterm inations for M ethod C om parison.

Total GSL Content : pmole/g Meal

Rapeseed

Sample
Glucose Oxidase/ 

Peroxidase Method Reflectance

BLN 270 9 12

RX 9 20 26

BLN241 23 30

Tatyoon 41 44

Jumbuck 59 62

Thomo 47 13 16

Thomo 42 22 28

M ean of duplicate GSL determ inations are given for all m ethods.

S everal rapeseed  sam ples w ere analysed  by tw o m ethods u tilis in g  

the  g lucose  ox id ase / perox idase  system  for g lucose de te rm in a tio n .

T he g lu co se  o x id ase /p ero x id ase  m ethod how ever, uses the 

c h ro m o p h o re  4 -a m in o a n tip y r in e . T he  R e f le c ta n c e  m e th o d  is 

d e sc rib ed  in  M ethods S ection  2 .2 .2 .1 5 . T he R eflec ta n ce  m ethod 

u tilise d  in tac t rap eseed  w hich  w as co n v erted  to p m o le /g  m ea l 

based on approxim ate oil content of 50 %.
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g) Free Glucose in the Rapeseed.

Since the re flectance m ethod estim ates GSLs by conversion to 

glucose it is im portant that endogenous free glucose levels are low 

and reasonably consistent between sam ples. M easurem ent of free 

g lucose p resen t in rapeseed  was necessary  to ev a lu a te  the 

consistency in the quantity of free glucose present in various rape- 

seed samples. The average free glucose content of several rapeseed 

samples was shown to be 6 pm ol/g  meal which is approxim ately 

3 pm ol/g seed.

Table 4. Determination Of Free Glucose in Rapeseed Seed.

Rapeseed

Sam ple
Reflectance

Free Glucose 

pmole/g meal

Global 12 8

BLN 270 13 8

R X 9 14 8

BLN 241 8 5

Robinson 7 4

Thomo 42 10 7

Tatyoon 11 7

Several rapeseed samples were measured for free glucose using the 

C lin istix  strip method. The reflectance values were converted to 

g lucose conten t using the standard curve shown in F igure 13 

according to Methods Section 2.2.2.13
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It is possib le  to co rrect the standard  curve for a p articu la r 

variety  by spiking standard glucose solutions with a volum e of 

boiled rapeseed extract to give a concentration equivalent to that 

used in the normal procedure. If necessary, a separate m easurem ent 

of free glucose content in rapeseed or meal can be perform ed as 

described in Methods Section 2.2.2.19.

2 .3 .2  SIM PLIFICA TIO N  OF TH E REFLECTA N CE M ETHOD

1 • C onditions For S elective  H ydro lysis Bv E ndogenous

M v ro sin ase

In order to sim plify the reflectance methodology and reduce costs, 

an investigation was undertaken to determ ine w hether endogenous 

m yrosinase present in seed samples could be employed in the assay 

m e th o d .

E x p erim en ts  h ere in  w ere d irec ted  at o p tim isin g  the 

conditions for utilising the endogenous m yrosinase in rapeseed to 

hydrolyse the GSLs during extraction.

The use of endogenous m yrosinase in rapeseed to hydrolyse 

the GSLs required the elim ination of the activities of other seed 

enzym es such as g lucosidases which are capable of liberating  

g lu co se  from  con ju g ates  or starch  re se rv es . The fo llow ing  

experim ents w ere used to determ ine the conditions that would 

specifically allow the myrosinase enzyme to remain active.

M yrosinase shows activ ity  over a broad pH  range. The 

ex trac tio n  of rapeseed  was therefore  perform ed at pH 8.5-9 .0 , 

thus hopefully suppressing other enzyme activities, as it has been 

shown that glucosidase enzymes are inactive at pH values greater 

than 8.82
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2. pH Adjustment of Rapeseed Extract

The initial pH of Tris buffer (25 mM) was varied to determ ine the 

appropriate extraction solution that would give an initial extract at 

p H > 8 .  R e-adjustm ent o f the pH  after selective hydro lysis by 

m yrosinase was necessary for optimal C linistix strip response and 

the amount of HC1 required to give a final approximate pH 6 extract 

was determ ined.

Table 5. D eterm ination of the Buffer and Acid Strength Necessary 

For pH Adjustment of Rapeseed Extract.

Initial pH HCI (1 M) Final pH

50 mM  

Tris pH 9

8.50 300  pi 7 .78

8 .55 500  pi 7 .24

8 .35 700  pi 6 .06

8 .60 800 pi 5 .50

50m M  

Tris pH 8

7.45 50 pi
7 .06

7.41 100 pi 6 .83

7 .45 150 pi 5 .50

Data in Table 5 was prepared by extracting rapeseed (see Methods 

Section 2.2.2.6.) into Tris buffer at pH 8 and 9. The amount of HC1 (1 

M) needed to low er the pH after hydrolysis by the endogenous 

m yrosinase was determined using a pH meter, according to Methods 

Section 2.2.2.20.



5 7

The results demonstrated that a 50 mM pH 9 Tris buffer was able to 

m aintain the p H > 8 . Re-adjustm ent of extract to pH 6, prior to the 

Clinistix test, was found to require the addition of 700 pL of 1 M HC1.

3. Conditions Affecting Solution Clarity.

The accuracy of the reflectance measurements are dependent on the 

clarity  of the sam ple solution, hence the final ex tract solution 

needed to be clear and colourless. The results using Tris buffer are 

shown in Table 6.

Table 6. D eterm ina tion  of the C onditions R esu lting  in C lear 

Extract.

Additives Final Appearance

Extract

1.

1 . 25m M  tris buffer pH 9

2. 50 p  I chlorohexidine 

diacetate (10%  w /v E t o H )

3. Add 500m g Act. charcoal

4. Centrifuge 1000 x g 10 min

Oily surface, aqueous 

solution slightly 

cloudy white.

Extract

2.

1 . 25m M  tris buffer

2. 5 0 p  I chlorohexidine 

diacetate (1 0 % w /v  E t o H )

3. 500m g Act. charcoal

4. Add 1 .0ml chloroform

5. Centrifuge 1000 x g 10 min

Oily surface rem oved. 

Aqueous solution 

slightly cloudy 

white.

Table 6. A rapeseed extract (M arnoo) was extracted at pH 9 and 

trea ted  w ith chlorohexidine diacetate. The visual changes in the 

extract with addition of the reagents was noted.
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The final solu tion  after pro tein  p recip ita tion , oil ex traction , co lour 

rem oval w ith charcoal and adjustm ent to pH  6.5 was cloudy w hite 

in  appearance.

a )  Sodium  B icarbonate E xtraction

A 25 m M  sodium  b icarbonate ex traction  buffer was found to be 

sufficient to keep the extract at pH  8. A ddition of activated charcoal 

(250  m g) low ered  the pH  bu t the  sam ple  e x tra c t rem ain ed  

turbid  and green coloured (Table 7).

The use o f Sodium  carbonate/b icarbonate  ex traction  buffer gave a 

sim ilar resu lt to that found with Tris buffer (Table 6).

Table 7. O b s e rv a tio n s  U sin g  S o d iu m  C a rb o n a te /B ic a rb o n a te  

E xtraction Buffer.

Buffer

(mM)

Extract

pH

Colour of 

mixture

Addition of A ctivated Charcoal

pH A ppearance

50 9.00 dark yellow 7.90 green and cloudy

50
8.02 dark yellow 7.75 green and cloudy

25 8.84 dark yellow
6.90 green and less cloudy

Table 7. Rapeseed was extracted into N a2C 03/  N aH C03 buffer and 

the pH  m easured. A fter pro tein  p rec ip ita tion  using ch lo rohex id ine 

d iace ta te , activated  charcoal (250 mg) was m ixed w ith the sam ple 

before centrifugation  at 1000 x g for 15 m inutes. The appearance of 

the supernatan t was noted.
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T he resu lts  in T ab le  7 ind icate  som e im provem ent in  the c larity  o f 

the ex trac t w hen the 25 m M  buffer was used w hich co incides w ith 

a low er pH . The green co louration  was not rem oved or reduced  w ith 

the add ition  o f activated  charcoal.

b )  R ole of A ctivated C harcoal in pH  A djustm ent.

T he  e f fe c t o f  ac tiv a ted  ch a rco a l w as d e te rm in ed  acco rd in g  to 

M ethods S ection  2 .2 .2 .1 4  and the re su lts  are show n in T ab le  8 

below . T he observed changes in the sam ple ex tract w ith the addition  

o f ac tivated  charcoal (su lfu ric  acid  w ashed) co incided  w ith  low ering 

of the pH.

Table 8. E ffect o f A ctivated C harcoal on R apeseed Extract.

A c tiv a te d  

C h a rc o a l (m g)
pH O b s e r v a t io n

5 0 7 .5 g re e n  an d  fa irly  c le a r

2 0 0 6 .9 fa in t g re e n  a n d  s lig h tly  c lo u d y

3 0 0 6 .8 fa in t g re e n  an d  c le a r

T he re su lts  in d ica ted  tha t at a c lea r ex trac t cou ld  be ob tained  at 

lo w e r  pH  in  th e  p re se n c e  o f a c tiv a te d  c h a rc o a l. T h e  g reen  

c o lo u ra tio n  h o w ev e r w as no t e n tire ly  rem o v ed  even  w ith  la rg e  

quan tities o f activated  charcoal (300 m g).
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c) Sodium Carbonate B uffer Extraction of Rapeseed with pH

Final A djustm ent.

The results shown below (Table 9) dem onstrated a com bined effect 

of pH lowering with HC1 in the presence of activated charcoal which 

produced a clear and colourless extract.

Table 9. Effect of Lowering pH in the Presence of Activated Charcoal

R apeseed

Sam ple

pH of 

Extract

pH adjusted 

Extract

Extract Appearance

BLN 270 8 .36 6.90
Yellow  and cloudy 

supernatant

C R X 9 8 .35 6 .12

C lear and 

colourless
Thom o 4 2 8 .30 6 .00

Jum buck 8.40 6 .00

Table 9. The results were obtained by extracting the rapeseed into 

50 mM sodium bicarbonate buffer at pH 9. After 10 minutes the 

proteins were precipitated and the pH was lowered by adding 700 p i 

of 1 M HC1. Activated charcoal (250 mg) was added and the mixture 

vortexed and centrifuged. The reflectance values were converted to 

pm ole/g  seed by using the standard curve of reflectance versus GSL 

concentration shown in Figure 14.

The results shown in Table 9 clearly dem onstrated the need to lower 

the final pH of the sample solution down to approxim ately pH 6 

in conjunction with activated charcoal. The use of bicarbonate buffer 

however, was not suitable since gas evolution after pH adjustm ent to
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pH 6 caused particulate m atter to disperse after centrifugation. Gas 

evolution  on the C linistix  pad was also observed along with the 

fo rm ation  of w hite  salt. These effects w ould d efin ite ly  cause 

erro rs in the re flec tance  reading and therefo re  another buffer, 

glycine was tested.

d )  Rapeseed Extraction with Glycine Extraction Buffer.

The results (Table 10) suggest a 50 mM Glycine buffer at pH 9 was 

neccessary to maintain the seed extract at pH >8.

Table 10. R apeseed Extraction A ppearance and pH after G lycine 

Buffer E xtraction .

Glycine

Buffer

pH after 

seed

maceration

Appearance of Final Extract

10m M  pH 9.0 6 .5 C lear and colourless pH 5.0

25m M  pH 8.5 6.5 C lear and colourless pH 5.0

35m M  pH 8.5 8.0 Slight white cloudiness pH 6 .8

50m M  pH 8.5 8 .2 Slight cloudiness and light green  
colouration pH 7 .2

Addition of extra 50m g charcoal gave

colourless extract, cloudy pH 6 .7

50m M  pH 9.0 8 .5

Slightly cloudy at pH 7 

Clear and colourless after 

adjusting to pH 4 .5  with H C L

T able 10. The seeds of a rapeseed sam ple (C ow ra 503) w ere 

extracted using varing buffer strengths. The extract was m ixed with 

ac tiv a ted  ch a rco a l (250 m g) and 1.0 ml ch lo ro fo rm  befo re  

centrifugation. No final pH adjustm ent was used and the clarity of 

the extract and the pH were recorded.
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It can  be seen from  the above resu lts  that a c lea r and co lou rless 

ex tract was obtained w hen the final pH  was 5.

E x trac tio n s  using  a 50 m M  g lycine/N aO H  b u ffe r w ere able 

to m ain ta in  the in itia l pH  at 8 to 9, how ever after hydro lysis, the 

ac tiv a ted  charcoa l a lone did  not cause an app rec iab le  drop in the 

f in a l pH . T h ese  e x tra c ts  w ere  c lo u d y  and  g reen  co lo u re d . I t 

ap peared  from  these  re su lts  tha t ex trac tions using 50 m M  g lycine 

pH  8.0 buffered  the rapeseed ex tract at 8.0, how ever the addition  of 

a su itable acid w ould be required to give a final c lear and colourless 

ex trac t fo r g lucose determ ination  using reflectance .

e )  R apeseed  E x trac tio n  w ith  G lycine/N aO H  b u ffe r w ith  F in a l

pH  A djustm ent P rio r to GSL D eterm ination.

A nalysis  o f six rapeseed  sam ples using 50 m M  glycine buffer (pH  

9) gave ex tracts w ith p H > 8  (T able 11). A fte r p ro te in  p rec ip ita tion , 

o il ex tra c tio n  w ith  ch lo ro fo rm  and add ition  o f ac tiv a ted  ch arco a l 

(250 m g), 1M HC1 was used to low er the pH. A final pH  4 to 5 was 

found from  previous resu lts (Tables 9 and 10) to give a final c lear 

and co lourless ex tract. The final ex tract was cen trifuged  (1000 x g, 

10 m inu tes) and m easured  for liberated  glucose.

T he  re su lts  show n  in  T ab le  11 d e m o n s tra te d  a good  

co rre la tion  betw een the values obtained using  a co lo rim etric  g lucose 

m e a su re m e n t and th o se  by G SL h y d ro ly s is  u s in g  en d o g e n o u s  

m yrosinase  (see F igure  16).
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Table 11. Com parison of pH adjusted R eflectance m easurem ent with 

Thym ol m ethod.

Variety

pH initial 

after maceration pH final

(nmole G 

Reflectance

SL/g meal 

Thymol

BLN 270 8.31 4.00 12

1-- - - - - - - -

1 14 12

T "

I 13

C R X 9 8.14 4.20 23

1-- - - - - - - -

1 24 26 I 29

BLN 241 8.25 4.18 32

1

1 31 30

I

I 28

Thomo 47 8.30 4.52 13

I

I 15 16

I

I 17

Tatyoon 8.58 4.21 47

I

I 45 44

I

I 44

Jumbuck 8.50 4.63 64

I

I 61 62

I

I 61

T ab le  11. R apeseed  was ex trac ted  and p rep ared  fo r GSL 

m easurem ent according to the M ethods Section 2.2.2.21. D uplicate 

to ta l G SL estim ates  are lis ted  w ith  those ob tained  using  a 

colorim etric m ethod (thym ol method).

In sum m ary the extraction of rapeseed using a 50 mM G lycine/ 

NaOH buffer pH 9.0 was found to give satisfactory extraction with 

final pH values of the extracts being above pH 8. A final clear and 

colourless extract was obtained in all the trials by em ploying pH 

adjustm ent with HC1.

f) Selection of a Buffer for pH Adjustment of Final Extract

The need to lower the pH with addition of activated charcoal after 

p ro te in  p rec ip ita tio n  m andated the use o f an appropria te  buffer 

to control the final pH more precisely.

C linistix strips function by use of enzymes, whose activitiy in
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tu rn , are dependen t on pH. H ence it was desirab le  to obtain  a 

co n sis ten t pH  of the final ex tract in o rder to have reproducib le  

co lour developm ent. The results in Table 11 dem onstrated the need 

for the addition of a suitable buffer to m aintain the final pH.

A group of buffers w ere therefore exam ined to determ ine 

th e ir  c o m p a tib il ity  w ith  the  C lin is tix  en zy m es and c o lo u r 

developm ent (Table 12).

Table 12. Selection of Buffer for Final pH Adjustment.

G lucose Reflectances at pH 5 .0

in m M dist.

w ater
Citrate Acetate

KH

phthalate

std. 

Q lucose

0

0 2 0 < 0 < 0

1 1 < 0 0 0

0 .2 5

29 29 29 20 25

27 30 26 2 2 28

0 .5 0

55 54 47 38 52

53 56 4 6
33 53

1.00

80 81 75 66
87

80 83 75 64 85

Table 12. G lucose standards are prepared and spiked w ith a buffer 

at pH  5 according to the M ethods Section 2.2.2.22. Standard glucose; 

a 1.0 mM  glucose solution (Sigma) and buffer was used to calibrate 

the m eter. The colum n headed 'D istilled w ater' represents a glucose 

so lu tio n  p rep ared  by d isso lv in g  pow dered  g lucose  (B D H ) and 

adjusting to pH  5 with HC1.
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T he use o f po tassium  hydrogen  ph thala te  caused suppression  o f the 

re flec tan ce  values. A suppression  in the re flec tan ce  value was also 

a p p a re n t w hen  ac e ta te  b u ffe r  w as u sed . A s im ila r  re f le c ta n c e  

response to a glucose solution (BDH) adjusted to pH  5 w ith HC1 was 

found , suggesting  benzo ic  acid  p rese rv a tiv e  does not in te rfe re  w ith  

the C lin istix  strip . T he use of 50 m M  sodium  citra te  was found to 

g ive the least reduction  in C lin istix  co lour developm ent.

4. G lucosino late  H ydrolysis bv the E ndogenous M yrosinase.

The enzym ic liberation  of glucose was m onitored at both pH  8.5 and 

5 (M eth o d s S ec tio n  2 .2 .2 .2 1 ). T he re su lts  show n in  F ig u re  16 

d em o n stra ted  th a t a steady  increase  in  g lucose w as d e tec ted  w ith 

the  C lin is tix  strip . T he ex trac tio n  u sing  G lyc ine  b u ffe r pH  8.5 

re su lte d  in  a fix ed  am ount o f g lucose  being  re le a sed  w ith in  5 

m in u te s . S ince the am oun t o f g lu co se  lib e ra te d  at pH  8.5 is 

eq u iv a len t to the estim ated  GSL con ten t as determ ined  by G lucose 

o x id ase /p ero x id ase  m ethod (B LN  270 11 |im o l/g  seed), it appeared  

th a t o n ly  m y ro s in a se  am ong  o th e r g lu co se  re le a s in g  en zy m es 

m a in ta in e d  a d e te c ta b le  le v e l o f a c tiv ity  a t pH  8 .5 . T he 

m easu rem en t o f g lucose p roduced  at pH  8.5 w as con tinued  fo r 5 

hours to  co n firm  th a t no o ther enzym e ac tiv itie s  w ere g radually  

lib e ra tin g  g lucose.

The ex traction  o f the rapeseed at pH  5.0 (F igure 16, curve a) 

dem onstra ted  an in itia lly  rap id  libera tion  of g lucose fo llow ed  by a 

slow  in c re ase  in  g lucose co n cen tra tio n . A p p ro x im ate ly  tw ice  the 

am o u n t o f g lu co se  w as d e tec ted  a fte r 5 m inu tes com p ared  w ith  

ex traction  at pH  8.5.
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B

♦

a

b

Tim e (m inutes)

F ig u re  16. T im e  c o u rse  re a c tio n  o f  g lu c o se  re le a se , (a) : E x tra c tio n  

u s in g  p H  5 G ly c in e  b u ffe r , (b ) : E x tra c t io n  u s in g  G ly c in e  b u f fe r  

p H  8 .5 . G lu c o se  w as m e a su re d  by  C lin is t ix  s tr ip s  an d  D ig ita l  4 0 0 0  

r e f le c ta n c e  m e te r  a n d  p lo t te d  a g a in s t  tim e  (m in u te s ) ,  a c c o rd in g  to  

th e  M e th o d s  S e c tio n  2 .2 .2 .2 1 .

5 . Q u a n t i ta t io n  o f  G S L s  in  R a p e s e e d  b v  R e f le c ta n c e  U s in g  

E n d o g e n o u s  M v ro s in a se  fo r  G S L  H y d ro ly s is .

T h e  r e s u l ts  sh o w n  in  T a b le  13 d e m o n s tra te d  th a t  th e  e n d o g e n o u s  

m y ro s in a s e  h y d ro ly s is  o f  G S L s, co u p le d  w ith  the  C lin is t ix  s tr ip s  an d  

r e f le c ta n c e  m e te r  c o u ld  e n a b le  th e  e s t im a t io n  o f  to ta l  G S L  in  

r a p e s e e d .
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Table 13. R eflec tance  M easu rem ent o f G SLs using  E ndogenous 

M y ro sin ase

V a r ie t y
G lu co s in o la te  p m o le /g  see d

Test 1 Test 2 T e s t 3

BLN 270 4 8 5

R X 9 1 3 1 5 1 3

BLN 241 1 6 1 4 1 4

T a ty o o n 2 4 2 4 21

Jum buck 3 2 31 31

Thom o 4 7 9 8 8

Thom o 4 2 1 5 1 6 1 3

Table 13. Several com m ercial samples of rapeseed were analysed in 

duplicate on ind iv idual days according to the m ethods section  

2 .2 .2 .23 . The reflectance values were perform ed in duplicate and 

the average recorded.

2 .3 .3  D EV ELO PM EN T O F R EFLEC TA N C E M E T E R  FO R  GSL 

M EASUREM ENT IN RAPESEED.

The use o f reflectance to m onitor GSL levels in rapeseed  has 

therefore the potential to m eet the main requirem ents of a cheap 

and accurate means of screening for low levels of GSL (less than 30 

^imol/g seed). H ow ever this could be useful only if  a m eter was 

available to properly read the C linistix  strip w ithout the need for
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carefu l positioning of the strip across the light aperture such as that 

required for the D igital 4000. The program m ing of the m eter to give 

an in s tan t d ig ita l d isp lay  of the  G SL co n c en tra tio n  was also

co n sid ered  d esirab le .

1 Strip Positioning w ithin M eter.

The careful positioning o f the C linistix pad over the light aperture of 

any re flec tan ce  m eter was found to be n ecessary  fo r accu ra te  

results to be obtained. The possibility  o f stray light or m isalignm ent 

m ust be elim inated by having a strip holder and strip design  which 

is com patible. It was found that the read head assem bly used in the 

AM ES 2 blood glucose m eter appeared ideal for this purpose.

The C lin is tix  s trip  d esign  w as a lte red  by h av ing  the

C linstix  test pad m ounted onto a p lastic  strip  designed specifically  

for the read head. These strips, called  "H ybridstix", allow ed rapid

and co rrec t p o sitio n in g  o f the C lin is tix  pad  over the apertu re .

The rem ovable strip  ho lder from  the AM ES 2 m eter also 

provided easy rem oval for cleaning.

2 M eter A ssem bly.

A portab le  m eter was developed (F igure 17) w hich incorporated  an 

LCD display, read head, rechargeable batteries, m ultip le push button 

function , calibration  control and update eprom s.

A fte r co n s tru c tio n , a se ries  o f g lu co se  s tan d ard s  w ere 

p repared  and their reflectance values w ere m easured and d isp layed  

as a g lucose concen tra tion  according to the program m ed standard

c u rv e .
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F ig u re  17. T ruB luG lu  re flec to m ete r.

T h e  re su lts  show n  in  F ig u re  18, d e m o n s tra te  low  se n s itiv ity  at 

g lu co se  co n cen tra tio n s less than 0 .25 m M . F u rth e r ad ju stm en t o f the 

g a in  and  ze ro  c o n tro ls  fo r  o p tim u m  se n s itiv ity  fo r  low  g lu co se  

c o n c e n tra t io n s  re s u lte d  in  a s ig m o id a l r e s p o n s e  w ith  lo ss  o f  

s e n s i t iv i ty  a t b o th  lo w  an d  h ig h  g lu c o s e  c o n c e n tr a t io n s  and  

ad ju s tm e n t o f ze ro  and gain  co n to ls  d id  n o t im p ro v e  the  resp o n se  

as show n in F igure 18.
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Glucose (m y )

F ig u re  18. T he m eter w as ca lib ra ted  as in  M ethods Section  2 .2 .2 .8 .

A series o f g lu co se  s tandards w ere p rep ared  and th e ir  co n cen tra tio n  

d e te rm in ed  acco rd in g  to th e ir  re flec tan c es  using  H y b rid s tix  and the 

p ro g ram m ed  T ruB luG lu  m eter accord ing  to M ethods S ection  2 .2 .2 .18 .

Glucose (mM)

F ig u re  19 T he g lucose  standards w ere m easured  as in  F ig u re  18. T he 

lam p  v o ltag e  w as 3 .0  volts.
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A  s im ila r  r e s p o n s e  h a d  o c c u r r e d  w ith  th e  D ig i ta l  4 0 0 0 , b u t 

im p ro v e d  d e te c t io n  in  th e  lo w e r  g lu c o s e  le v e ls  w as  a c h ie v e d  by 

re d u c in g  th e  s iz e  o f  th e  a p e r tu re . T h is  w as  n o t  a c o m m e rc ia l ly  

d e s ira b le  a d ju s tm e n t s in c e  th is  w o u ld  in v o lv e  a lte r in g  th e  d e s ig n  o f  

a  p r e - e x is t in g  r e a d h e a d  c o m p o n e n t su c h  th a t  th e  l ig h t  a p e r tu re s  

in  d if fe re n t  m e te rs  w e re  id e n tic a l .  A s an  a l te rn a t iv e  a d ju s tm e n t i t  

w as fo u n d  th a t th e  la m p  v o lta g e  c o u ld  b e  lo w e re d  f ro m  3 .0  to  2 .5  

v o lts , th e re b y  re d u c in g  th e  q u a n tity  o f  r e f le c te d  l ig h t  re a c h in g  th e  

d e te c to r .  T h e  c a l ib r a t io n  c u rv e  sh o w n  in  F ig u re  19 th u s  b e c a m e  

l in e a r  an d  a llo w e d  d e te c t io n  o f  th e  C lin is t ix  c o lo u r  c h a n g e  in  th e  

c o n c e n tra tio n  ra n g e  0 to  1.0 m M  g lu co se .

F ig u re  20 . A d ju s tm e n t o f  th e  la m p  v o lta g e  f ro m  3 to  2 .5  v o lts . 

G lu c o s e  s ta n d a rd s  p re p a re d  as in  M e th o d s  S e c t io n  2 .2 .2 .1 8  w e re  

m e a s u r e d  f o r  f r e e  g lu c o s e  u s in g  H y b r id s t ix  a n d  T r u B lu G lu  

r e f l e c t o m e t e r .
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3 • F ie ld_T ria l  : E f fe c t  o f  T e m p e ra tu re  on  C l in is t ix  C o lo u r

D e v e lo p m e n t .

F ie ld  tr ia ls  o f  th e  T ru B lu G lu  re f le c to m e te r  w ith  " H y b rid s tix "  w e re  

p e r f o rm e d  a t th e  O ils e e d  R e s e a rc h  I n s t i tu te  in  W u h a n , P e o p le s  

R e p u b lic  o f  C h in a  in  1987. T h e se  te s ts  re v e a le d  th e  n ee d  to  p ro v id e  

c o m p e n s a t io n  fo r  lo w  te m p e ra tu re  c o n d itio n s .

A s sh o w n  in  F ig u re  21 , th e  c o lo u r  d e v e lo p m e n t tim e  n e e d e d  

to  b e  d o u b le d  w h en  o p e ra tin g  te m p e ra tu re  w as lo w e re d  to  6 ° C .

2 m inutes 

4 m inutes 

6 m inutes

G lucose standard (mM)

F ig u re  21 . S tan d a rd  g lu c o se  so lu tio n s  a t 6 ° C  w e re  m e a su re d  u s in g  

H y b r id s t ix  a c c o r d in g  to  M e th o d s  S e c t io n  2 .2 .2 .1 1 .  T h e  c o lo u r  

d e v e lo p m e n t o f  th e  H y b rid s tix  w as m o n ito re d  a t 6 ° C  o v e r 2, 4 and  

6 m in u te s .  T h e  s ta n d a r d  c u r v e s  fo r  c o lo u r  in te n s i t y  o f  th e  

H y b r id s tix  a t th e se  tim es  is  sh o w n .
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T h e  u se  o f th is  r e f le c ta n c e  m e th o d o lo g y  in  lo w  te m p e ra tu re  

co n d itio n s  (~ 6 ° C )  w as in itia lly  found to give low  estim ates o f GSL 

c o n te n t  in  r a p e s e e d . I t  w as fo u n d  th a t  a t lo w  la b o ra to ry  

te m p era tu res  (6 ° C )  a 4 m inu te  d eve lopm en t tim e w as req u ired  fo r 

co rrec t va lues to  be ob ta ined . T he resu lts  show n in F ig u re  20 also 

d em o n stra ted  th a t w ith  lo n g e r d ev e lo p m en t tim es at 6 ° C , a m ore 

in ten se  co lo u r d eve lopm en t cou ld  be ob ta ined  w ith  the  H yb rid stix

T o d e te rm in e  w h e th e r  a d ju s tm e n t o f the  sam p le  so lu tio n  

te m p e ra tu re  w as su ffic ie n t to  a llow  n o rm al C lin is tix  s tr ip  co lo u r 

d e v e lo p m e n t,  th e  g lu c o s e  m e a s u re m e n ts  w e re  p e r fo rm e d  on 

standard  g lucose solutions at 23 ° C  and at 6 ° C .

T h e  r e s u l ts  sh o w n  in  F ig u re  22 in d ic a te d  th a t  th e  

tem p era tu re  o f the ex trac t or g lucose so lu tion  alone w as not a fac to r 

in  affecting  the co lour reaction .

□

»

23 C 

6 C

Glucose (mM)

F ig u re  22 A g lucose standard  cu rve w as p rep ared  using  H yb rid stix  

d ip p e d  in to  s tan d a rd  so lu tio n s  a t 6 ° C  and 23 ° C .  T h e  co lo u r  

d eve lopm en t w as at 23 ° C  . ♦ : The standard  so lu tions w ere cooled  

to 6 °C . : S tandard solutions at 23 ° C .
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T h e s e  r e s u l t s  s u g g e s te d  th a t  th e  te m p e ra tu re  a t w h ic h  c o lo u r  

d e v e lo p m e n t o ccu rred  w as the  p rim e  fa c to r  ca u sin g  v a r ia tio n  in  the  

ra te  o f  c o lo u r d ev e lo p m e n t in  th e  H y b rid s tix .

T o ex am in e , in  m o re  d e ta il th e  e ffe c t o f te m p e ra tu re  on th e  

H y b r i d s t i x ,  g lu c o s e  s ta n d a r d s  w e re  m e a s u r e d  a t  v a r io u s  

te m p e ra tu re s  and  th e  co lo u r  d e v e lo p m e n ts  m o n ito re d .

«

X

a

b

c

Glucose (mM)

F ig u re  23. H y b rid s tix  and  T ru B lu G lu  m e te r w ere  u sed  to m easu re  

s ta n d a rd  g lu c o se  so lu tio n s , th e  H y b rid s tix  c o lo u r  d e v e lo p m e n t w as 

p e rfo rm e d  a t (a) 6 ° C  (b) 13 ° C  (c) 25 ° C  and  m e asu red  a f te r  2 

m in u te s .

T h e  re su lts  show n in F ig u re  23 su g g ested  a s ig n ific an t ch an g e  in the 

ra te  o f c o lo u r  d ev e lo p m e n t in  th e  H y b id s tix , p a r tic u la r ly  w h en  th e  

te m p e ra tu re  f e l l  b e lo w  13 ° C .  T h e  v a r ia t io n  in  ra te  o f  c o lo u r  

d e v e lo p m e n t as a fu n c tio n  o f  te m p e ra tu re  w as c o m p e n sa te d  fo r  by 

in c re a s in g  th e  am o u n t o f  ga in  ad ju s tm e n t. T h is  m e an t th a t a lth o u g h
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a 1.0 m M  g lu co se  g ave on ly  70 % the  ex p ec ted  co lo u r in te n s ity  a fte r 

2 m in u tes  at 13 ° C , th e re  w as su ff ic ie n t ze ro  and  g a in  a d ju s tm e n t 

to  se t th is  in te n s ity  to read  1.0 m M  (100  % ). H en ce  the  T ru B lu G lu  

r e f le c to m e te r  c a lib ra tio n  (M e th o d s  S e c tio n  2 .2 .2 .8 )  h as  s u f f ic ie n t  

ra n g e  to  co m p en sa te  fo r s ig n ific a n t te m p e ra tu re  v a r ia tio n s .

T h e  re f le c ta n c e  re a d in g s  w ere  re p e a te d  fo r  fo u r  s ta n d a rd  

g lu co se  so lu tio n s to  d e te rm in e  w h eth er a s ig n ific an t lo ss  in  p rec is io n  

o c c u rre d  w ith  th e  low  te m p era tu re  H y b rid s tix  re a c tio n .

Glucose (mM)

F ig u re  24 . S tan d a rd  g lu c o se  so lu tio n s  w ere  m e a su re d  in  d u p lic a te  

a t 6 ° C , u sing  H y b rid stix  and T ruB luG lu  re flec to m ete r.

T h e  r e s u l ts  sh o w n  in  F ig u re  24 , d e m o n s tra te d  th a t  u n d e r  low  

o p e r a t in g  te m p e r a tu r e s ,  no  s ig n i f ic a n t  lo s s  in  p r e c is io n  w as 

o b s e rv e d  an d  s in c e  th e re  w as g o o d  c o r re la t io n  (0 .9 9 4 )  b e tw e e n  

m e te r  m e a su re m e n t and  th e  s ta n d a rd  g lu c o se  c o n c e n tra t io n , i t  is 

a p p a re n t th a t a c cu ra te  re su lts  co u ld  be o b ta in ed  a t low  te m p e ra tu re
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u s in g  th is  m e th o d . A lte rn a tiv e ly  a s ta n d a rd  c u rv e  c o u ld  be 

co n stru c ted  using  g lucose  so lu tions at the am b ien t tem p era tu re  o f 

th e  lab o ra to ry .
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2 . 4  D ISC U SSIO N

P lan t b reeders require re la tively  inexpensive and sensitive m ethods 

for the large-scale screening of rapeseed sam ples.

C o m p le x io m e tr ic  a n a ly s is  u s in g  te t r a c h lo r o p a l la d a te  

appeared unsuitab le  since it lackes spec ific ity .48 A thym ol m ethod 

w as show n to be very  sen s itiv e62 h o w ev er d if f ic u lt ie s  w ere 

experienced regarding the reproducibility  of m easurem ents. The use 

of 80% sulfuric acid for thym ol reaction required extra care during 

the 30 m inute incubation in boiling w ater. Hence this m ethod was 

not w idely used for GSL m easurem ents by breeders.

The m easurem ent of glucose as an indirect estim ation of GSL 

c o n te n t has b een  re p o rte d  in  n u m ero u s  s tu d ie s  in v o lv in g  

c o lo rim e tr ic  m e th o d s .50»57»61 C om m ercial m yrosinase from  w hite 

m u sta rd  (B. hirta) can be used to hydrolyse the GSLs to give 

s to ic h io m e tr ic  am oun ts o f g lucose . U se o f g lu co se  o x id ase / 

p e r o x id a s e  o r h e x o k in a s e /A T P  w ith  g lu c o s e - 6 -p h o s p h a te  

d ehydrogenase  /N A D P+ systems in conjunction with a chrom ophore, 

en ab les  g lu co se  q u an tita tio n . The m ajo r d raw b ack  w ith  such 

m ethods is the num ber o f steps, such as the need fo r DEAE 

Sephadex A-25 for GSL purification or the use of enzymes for GSL 

hydrolysis and glucose m easurem ent. The hydrolysis of in tact GSLs 

w ith the addition of com m ercial m yrosinase is also tim e consum ing, 

requ iring  up to 2 hours for com pletion .54 The enzym ic glucose 

d e te rm in a tio n  a lso  re q u ire d  as m uch as 30 m in u te s  fo r 

c o m p le t io n .51 A lthough as many as 200 sam ples could be screened 

daily , the m ethod required  constan t a tten tion  by skilled personnel.

The reagents w ere also re la tively  expensive and a spectro 

p ho tom eter was requ ired .
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A ttem pts to sim plify  this m ethodology by om itting  the use of ion 

exchange  co lum ns w ere not successfu l due to the p resen ce  of 

in te rfe rin g  co m p o u n d s.83

A critica l step app licab le  to all m ethods to  date concerns 

the initial quantitative extraction of the in tact GSLs. The presence of 

endogenous m yrosinases required  in itia l heat trea tm ent o f seed by 

im m ersion  in to  bo iling  w ater, p rio r to ex trac tio n  o f the G SLs. 

A lte rn a tiv e ly , the  seed  w as d ried  b e fo re  m ace ra tio n , b e fo re  

d isso lv ing  in to  boiling w ater for 1 m inute.84 The la tter m ethod is 

no t recom m ended since com plete m yrosinase inactiva tion  has been 

shown to require heating at 100° C for at least 15 m inutes.85

The use of reflectom eters for GSL m easurem ent was firs t 

described  by T hies (1985).55 The reflec tance  m ethod had several 

d raw backs, such as the need for air d ried  rapeseed , the use of 

com m erc ia l m yrosinase , the lack of pH  con tro l and the ted ious 

app lica tion  o f the sam ple to a paper tape. M ore recen t m ethods 

invo lve sim ply m acerating the seed in the p resence o f m yrosinase 

w ith o u t term inating  enzym e ac tiv ity  w ith a p ro te in  p re c ip itan t.81 

Such m ethods w ould give considerable over-estim ation  of the GSL 

c o n ten t since en zy m ica lly  re leased  g lucose from  o ther sources 

w ould be m easured. It is seen in F igure 16 that the p resence of 

rapeseed  enzym e activ ities can quickly liberate  sign ifican t am ounts 

o f glucose from  sources other than GSLs. How ever this would not be 

a p ro b lem  p ro v id ed  the G SLs are p u rif ied  on ion  ex ch an g e  

c h ro m a to g ra p h y .

The use of reflectom etry  nevertheless has the po ten tia l for 

p ro v id in g  a m ore econom ica l and e ffic ien t m eans o f screen ing  

rapeseed  sam ples by p lan t breeders.
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Given the need to select Canola varieties (less than 30 pinole GSL/ g 

seed), it was desirable to extract 200 mg seed (approxim ately 10 

seeds) into a 6.0 ml volum e allow ing efficient extraction and a 

final concentration of 1.0 mM GSL, at 30 pm ole/g seed. The selection 

of a suitable glucose test strip was therefore dependent on its 

sensitivity.

Feibig and K allw eit u tilised the blood glucose test strips 

H aem o-G lukotest 20-800R which are dedicated for use with the 

R eflolux 2 reflectom eter from  B oehringer-M annheim .80 Despite the 

expense associated with blood glucose test strips (approxim ately 20 

tim es the cost of urine glucose test strips), the published results 

suggested that only a estim ation of low, m edium  or high GSL 

content was possible due to the insensitivity of the test strip and/ 

or m eter used. The use of meters and strips designed for diabetics 

are not id ea lly  su ited  for other app lica tions such as GSL 

determ ination, due to the pre-program m ing of the m eter and the 

need to enter a bar code which calibrates the meter for the measure 

of glucose in blood samples. For these reasons the reflectance meter 

D igital 4000 was used, since it gave a direct digital display of 

reflected light as a inverse function, hence as less light is reflected, a 

higher reading would be given. When Clinistix reacts with glucose, 

the higher the glucose the darker the C linistix strip pad and the 

higher the reading. The later models also allowed manual calibration 

with zero and gain controls.

The re su lts  ob ta ined  using  u rine  g lucose te s t strips 

(Tes-tape and Clinistix) are shown in Figures 3 to 7. These showed 

good sensitivity , which was consistent with Thies’s application of 

G lucotest paper. C linistix strips, like other glucose test strips or 

papers, are im pregnated with enzym es specific for glucose. The 

typical reaction that occurs in response to glucose is shown below.
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GLUCDSE ___ Glucose oxidase ^  G lucuronic acid + H2O2

H2O2 H2O

o-toluidine o-toluidine (oxidised) 

(B lue/Purple(Pink pad)

T h e  C lin is tix  s trip s  in  c o n ju n c tio n  w ith  th e  T ru B lu G lu  m e te r w ere  

c a p a b le  o f  d is t in g u is h in g  s lig h t ch a n g e s  in  g lu c o se  c o n c e n tra tio n

(0.1 m M ). T h is w as a lso  ap p licab le  at g lu co se  co n c en tra tio n s  in  the  

re g io n  o f 0 .2 5  m M . A lte rn a tiv e  g lu c o se  te s t  s tr ip s , fo r  ex a m p le , 

H a e m o -G lu k o te s t  2 0 -8 0 0  u se d  by  F e ib ig  an d  K a llw e it ,  g iv e  a 

w h ite  to  b lu e  co lo u r ch a n g e .80 Such s trip s , w hen app lied  to s tandard  

g lu c o se  c o n c e n tra tio n s  (0 to 1.0 m M ) fa ile d  to g iv e  a m e a su ra b le

r e f le c ta n c e .

F u r th e r  c o m p lic a t io n s  w e re  e x p e r ie n c e d  d u r in g  re m o v a l 

o f  e x c e s s  m o is tu re . W h e re  te s t  s tr ip s  o r p a p e rs  a re  im m e rse d

or a p p lie d  to  sa m p le  so lu tio n , th e  ex cess  m o is tu re  n e e d e d  to  be

re m o v e d  p r io r  to  r e f le c ta n c e  m e a s u re m e n t. A g e n tle  w ip e  to  

re m o v e  e x c e s s  m o is tu re  o f te n  le a d s  to  a r e d u c t io n  in  c o lo u r

in te n s ity  due  to d y e  le ach in g . It w as fo u n d  th a t C lin is tix  co u ld  be

s im p ly  sh a k e n  o n ce , a f te r  sa m p le  a p p lic a tio n , to  re m o v e  e x c ess  

m o is tu re . T h is  a lso  av o id ed  p o ss ib le  ab ra s io n  o f th e  p ad  su rfa ce , 

s in c e  i r re g u la r i t ie s  in  th e  su rfa c e  c a u se d  by  w ip in g  o r b lo tt in g  

m ay  v a ry  th e  re f le c ta n c e . T h e  b lo o d  g lu c o se  s tr ip s  u sed  in  o th e r

r e f le c ta n c e  m e th o d s  a re  e s p e c ia lly  p ro n e  to  d y e  le a c h in g . W ith  

r e m o v a l o f  e x c e ss  m o is tu re  c o n s id e ra b le  a m o u n ts  o f  d y e  w e re  

re m o v e d , ad d in g  fu rth e r  to  red u ce  se n s itiv ity  and re p ro d u c ib il ity . I t 

w as fo u n d  th a t C lin is tix  s tr ip s  im m ersed  in  sam p le  so lu tio n  fo r  5
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seconds allow ed for optim um  co lour in tensity  (F igure 9). These 

strips un like o ther test papers or strips, have a abso rben t pad 

(0.5 mm thick) and absorb approxim ately  9 p L  of solution. Dye 

leakage from  the C lin istix  test strip  during dipping was ev ident 

by a yellow ing of the sam ple solution after repeated testing.

A lthough  C lin is tix  are designed  fo r v isual estim ation  o f 

glucose concentrations in the range 10 to 20 mM in urine, it was 

found that glucose standards could be detected in the range 0 to 2.0 

mM  (shown in Figure 8).

U sing C lin istix  strips, (un like T es-T ape or the G luco test 

paper used by Thies55) the pad was fixed to a plastic strip allowing 

better handling. The advantage is seen with im m ersion of the pad 

in to  a solution and rem oval of excess m oisture by shaking. The 

c r itic a l p o s itio n in g  of the pad across the ap ertu re  was also 

sim plified. The use of G lucotest paper required cutting test paper to 

length and m anipulating the paper into an aliquot of sample solution 

before placing it across the light aperture with tweezers.

The instability  of glucose test papers and strips after colour 

developm ent was also encountered by T h ies.55 Some reduction in 

the rate of fading by shading the strip from  direct light is supported 

by the results in Figure 11. The fading of the strip colour intensity 

how ever is not a serious problem  provided the m easurem ents are 

m ade at the specified time of 2 minutes after sample application.

A lthough C linistix strips are designed only for the estim ation 

o f glucose in urine, d ifferent batches were found to give consistent 

co lour developm ent for glucose concentrations 0.0 to 1.0 mM. In 

o rder to  obtain  accurate  g lucose m easurem ents the rem oval of 

p igm ents, phenolics and protein  from  the ex tract was found to be 

n ecessary . T hies used charcoal filte rs , w hich  w ere no t alw ays
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effective, but for reasons of cost, pow dered charcoal was chosen in 

th is  w o rk .55 It was show n th a t 50 mg o f pow dered  ac tiva ted  

charcoal is required for rem oval of inhibitors (see Table 1) and as 

m uch as 250 mg of activated  charcoal could be added w ithout 

detectable adsorption of glucose.

A d ifficu lty  associa ted  w ith  pow dered  charcoal was the 

adso rp tion  of floating  p artic les  onto the tes t strip  pad causing 

v a riab le  re flec tan ce  m easurem ents. This cou ld  be rem ed ied  by 

e ither using a pasteur p ipette to transfer some sam ple solution to 

the pad or by passing some solution through a filter paper.

W ith  the se lec tion  of a su itab le  g lucose tes t strip  the 

reflectance m eter and m ethodology were optim ised to allow ed rapid 

and sim ple GSL determ inations.

R apeseed, being typical of all GSL containing plants, contain 

m yrosinase  type enzym es, w hich are essen tia l for degrading  the 

GSL to its m ore toxic form s.86 M yrosinase has been reported  to 

exhibit an activity over a broad pH range with considerable activity 

rem ain in g  at pH  9 (F igure 16). G iven th a t g lu co sid ases and 

[3-galactosidase have no detectable activity at pH 8 (see Chapter 4, 

F igure 31) it was conceivable that plant m aterial extracted in a pH 9 

buffer would exhibit only m yrosinase activity. Hence the am ount of 

g lu c o se  l ib e ra te d  u n d e r such  c o n d itio n s  m ay be d ire c tly  

proportional to the GSL content. It was also necessary how ever, to 

exam ine the free g lucose already present in the seed to preven t 

an apparent over estim ation of GSL content. The glucose detected 

w as found  to be fa irly  constan t betw een rapeseed  sam ples, at 

ap p ro x im ate ly  3 pm o le /g  seed (show n Table 4). The increased  

colour in tensityattribu ted  to the free glucose could be corrected for 

during construction of the standard curve. Q uestionable values could
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be  c h e ck e d  by b o ilin g  th e  seed  p r io r  to  e x tra c tio n  and  m e asu rin g  

th e  le v e l o f g lu c o se , as d e sc r ib e d  in  M eth o d s  S ec tio n  2 .2 .2 .1 9 . A 

s ig n if ic a n t am o u n t o f  free  g lu co se  co u ld  re su lt  in  cases  w h ere  the  

seed  has h y d ra ted  o r b eg u n  to  germ in a te .

T h e  re su lts  sh o w n  in  F ig u re  16 d e m o n s tra te d  th e  in f lu e n c e  

o f  pH  on the g lucose  con ten t. D uring  ex trac tio n  at pH  5 the libe ra tion  

o f g lu c o se  w ith  tim e  is th o u g h t to  be th e  re su lt o f  re a c tio n s  such  

as th a t show n below .

Starch _  , g lu c o s id a s e s___ ►  Glucose

other G lucosides

T h e  u se  o f  50  m M  g ly c in e  b u ffe r at p H  9 fo r rap eseed  ex tra c tio n  

w as fo u n d  to g iv e  a f in a l e x tra c t w ith  pH  8-9 (T ab le  10). U n d er 

th e se  c o n d itio n s  a c o n s ta n t am o u n t o f g lu c o se  lib e ra tio n  eq u iv a le n t 

to  the  ex p ec ted  G SL  co n cen tra tio n  w as o b serv ed  (F ig u re  16). H ence 

th e  m y ro s in a se  re ta in e d  su ff ic ie n t a c tiv ity  a t th is  p H  to h y d ro ly se  

the G SLs.

A lo w e r in g  o f  th e  p H  a f te r  p ro te in  p r e c ip i ta t io n  w as 

c o n s id e re d  n e c e s s a ry  fo r  tw o  re a s o n s , f i r s t ly  it  f a c i l i ta te d  th e  

re m o v a l o f  in te r fe r in g  co m p o u n d s  w ith  a c tiv a te d  c h a rc o a l (T a b le s  

8 -1 0 ) and  se c o n d ly , it b ro u g h t th e  so lu tio n  p H  in to  th e  re g io n  

re q u ire d  fo r  o p tim u m  e n z y m ic  m e a su re m e n t o f  g lu c o se  w ith  th e  

g lu c o s e  o x id a s e /  p e ro x id a s e  sy s te m  (C lin is t ix  s tr ip s ) .  S in c e  th e  

C lin is tix  s trip s  are enzy m ic , the  ra te  o f reac tio n  is pH  d ep en d en t and 

i t  w as im p o r ta n t to  e n su re  th e  f in a l p H  o f  th e  so lu tio n  to  be 

m e asu red  w as id e n tic a l to  th a t o f  th e  s ta n d a rd s . T h is  w as ach iev ed  

by sc reen in g  a g roup  o f b u ffe rs  fo r c o m p a tib ility  and  e ffec tiv en e ss  

a t g iv in g  th e  d es ired  f in a l pH  5, w h ich  w as show n to  be n ecessa ry
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for obtaining a clear and colourless extract. Sodium citrate buffer 

(final concentration: 50 mM) was selected, since no major alteration 

in Clinistix strip colour development was observed (Table 12).

Having optimised the sample methodology to allow detection 

of low levels of glucose in a rapeseed sample using Clinistix strips 

(M ethod Section 2.2.2.23), it was necessary to ensure a simple and 

co rrec t m easurem ent of the co lour in tensity  w hich was also 

ach iev ed .

The developm ent of a m eter designed specifically for GSL 

quan tita tion  was considered to be a necessary adjunct to the 

m eth o d o lo g y  fo r GSL ex trac tio n  and h y d ro ly sis  d esc rib ed  

previously . A protocol for extraction and selective hydrolysis of 

intact GSLs in rapeseed, for example by plant breeders or personnel 

at receival depots, can provide m eaningful resu lts only if  the 

liberated glucose can subsequently be measured by simple means. 

For this reason it was considered desirable that a portable meter 

should incorporate a digital display and the strip holder should be 

as free as possible of operator error when positioning the strip.

Although the read head and strip holder were designed for

blood glucose strips, a m odified C linistix  pad was specifically  

m anufactured with the design of a blood glucose strip. These strips 

were referred to as Hybridstix and were found to be fit securely

across the light aperture of the Ames read head w ithout needing 

special care. The meter was provided with a digital reading capable 

also of giving method instruction. An EPROM was programmed by 

m easuring standard solutions every 0.1 mM and inputting  the

corresponding reflectance. A zero and gain control allow ed the 

EPROM  to be adjusted so that fine tuning could be achieved. 

P ressure buttons ensured no foreign m aterial entered the m eter

while being used in a non laboratory area. Option buttons allow the
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operator to select the units of m easurem ent such as R eflectance, 

glucose (mM) or GSL (pm ol/g seed). A programmed method giving a 

step by step display of the method for sample preparation or for use 

of the Hybridstix was also provided.

The m eter has dim ensions 20 x 25 cm with rechargeable 

b a tte rie s , allow ing  p o rtab ility . The readhead  assem bly  has a 

de tachab le  strip  ho lder allow ing easy rem oval if  c leaning  is 

re q u ire d .

The reflectance meter (TruBluGlu meter) used in conjunction 

w ith 'H ybridstix ' and the m ethodology described in the M ethods 

Section 2.2.2.23, enables relatively  accurate screening of rapeseed 

samples as judged by the com parison of results with the Glucose 

oxidase/peroxidase system (Table 3).

T his m ethodo logy  developed  p rim arily  fo r rap id  and 

econom ical screening of rapeseed sam ples has been dem onstrated 

to provide a sensitive and reproducible (Table 13) measure of the 

total GSL content. A com parison with results obtained using the 

thym ol m ethod, show ed good co rre la tion  for several rapeseed 

varieties (Table 15).

In summary, some advantages offered by this reflectance 

method are :

1. No need for expensive reagents or equipment.

2. No enzymes are required for GSL hydrolysis.

3. In terfering  com pounds are rem oved with activated charcoal 

elim inating the need for DEAE Sephadex A-25 purification 

s tep .

4. Rapid sample preparation, no oil extraction or seed drying 

is required.

5. The m eter is com pact and portable; rechargeable batteries 

allow 24 hour run time.
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6. A digital display of the GSL content w ith recall m em ory of 

m ethod in stru c tio n s.

7. T he H y b rid s tix  re q u ire  sim ple  d ip p in g  in the  sam ple

solution and placem ent into the meter.

8. The H ybridstix  strips are inexpensive.

9. The m eter can be calibrated  for fine tuning, taking account

of the operating tem perature if necessary

10. GSL levels betw een 0 and 30 p m o le /g  seed are read ily

m easured requiring only 200 mg of seed (approx. 10 seeds). 

High GSL containing varieties can simply be diluted.

11. The ex trac ts  can be stored  for hours w ithou t de tec tab le

change (Figure 16).

D isad v a n ta g es .

1. T h e  H y b r id s t ix  s tr ip s  a re  u n s ta b le  a f te r  c o lo u r

developm ent and tend to fade appreciably after a 3 m inute 

developm ent time.

2. The H ybridstix  have a exp iry  date (genera lly  tw o years 

from  date of m anufacture), and once the bo ttle  has been 

opened, the strips deteriorate at a faster rate.

3. The presence of free glucose can cause inaccuracy how ever

this can be checked by firstly boiling the seed and m easuring 

the free glucose. This has not been found to be a problem , 

how ever seeds stored under conditions of high hum idity may 

begin to germ inate w ithout this being apparent.

4. F in e  p a r tic le s  o f ac tiv a ted  ch a rco a l m ay need  to be 

rem oved by filtering  prior to dipping the H ybridstix , or the 

sam ple solution may need to be applied to the strip w ith a 

p asteu r p ipe tte .



C H A P T E R  3



T H E  T H Y M O L  M E T H O D  F O R  G L U C O S I N O L A T E

D E T E R M I N A T I O N

3 . 1  I N T R O D U C T I O N

A m ethod fo r the determ ination  o f to tal g lucosinolate (G SL) conten t 

in rapeseed  m eal using thym ol was first reported  by B rzezinsk i and 

M e n d e le w s k i ( 1 9 8 4 ) .62 It has the advantages o f being techn ica lly  

s tra ig h tfo rw ard  and in ex p en siv e  w hen com pared  w ith  the H PLC  

m ethod  or G C /trim eth y lsily l p rocedure .

In  co n ju n c tio n  w ith  the deve lopm en t o f a new  re flec tan ce  

m eth o d  fo r  m easu rem en t o f to ta l G SL c o n ten t in  ra p eseed , a 

re fe re n c e  p ro c e d u re  w as n eed ed  w ith  w h ich  to  co m p are  the 

re f le c ta n c e  re su lts . T h is c h a p te r  o u tlin e s  e x p e rim e n ta l re su lts  

w hich  led to m odification  of the B rzezinski and M endelew ski (1984) 

thym ol m ethod for routine analysis of GSL content in rapeseed.
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3 . 2  E X P E R I M E N T A L

3 . 2 . 1  M A T E R I A L S

S in ig r in  m o n o h y d ra te , g lu c o c h e iro lin , g lu co e ru c in  and s tan d a rd  

g lu c o se  so lu tio n  (5 .5 6  m M ) w ere  p u rc h ased  fro m  the S igm a 

C hem ical Com pany, St Louis, M o 63178 USA. DEA E Sephadex A-25 

w as p u rch ased  fro m  P h arm ac ia , U p p sa la  S w eden. T hym ol A .R . 

grade w as purchased  from  M erck, D erm stadt F .R .G . 78 % su lfuric 

acid was p rep a red  by com bin ing  800 m l o f co n c en tra ted  A .R . 

sulfuric acid w ith 200 ml of w ater (actual 78.4 %). P o tassiu m  su lfa te  

so lution, (0.3 M ) was prepared by dissolving 26.14 g o f K 2S 0 4 in 

500  m l w ater. P la s tic  d isp o sab le  cu v e ttes  w ere p u rch ased  from  

M allinckrodt, C layton, V ic, A ustralia; G lass test tubes 20 x 150 mm 

w ere pu rch ased  from  Lab Supply , M arrickv ille , N .S .W . A ustra lia ; 

E cono  co lum ns and p lastic  clam ps w ere ob ta ined  from  B io-R ad , 

R ichm ond, Ca., U SA . The u ltra  turrax  (Junke and K unkle) w ith 8n 

shaft w ere purchased from  John M orris Pty. L td. C hatsw ood, N .S.W . 

A u s tra l ia .
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3 . 2 . 2 .  M E T H O D S

3.2.2.1. Preparation of Oil Free Rapeseed M eal.

Seed of rapeseed (50 g) was placed in a cotton bag and im mersed 

into a boiling water bath for 15 minutes. The seed was then allowed 

to dry before being m acerated in a Krupps 52 coffee grinder and 

defatted with petroleum  ether (40 to 60 °C ) in a soxhlet apparatus 

for 20 hours. D efatted meal was then allowed to dry before being 

ground to a powder.

3 .2 .2 .2 . Standard Curve

A 0.5 ml aliquot of sinigrin solution (0.05 to 0.50 mM) was added to 

a clean dry test tube, followed by 0.1 ml of 6 % thymol in ethanol 

and 2.0 ml 78 % H2S 0 4. Each tube was then covered with aluminium 

foil and the contents mixed using a vortex mixer, before heating in 

a boiling water bath. After 45 minutes the tubes were rem oved and 

allowed to cool to room  tem perature (or under running water) and 

vortexed. The absorbance of the solution was then read at 505 nm 

using a plastic disposable cuvette.

3.2.2.3 Preparation  of C arboxvm ethvlth ioglucose.

Thioglucose (0.30 g) was slowly added to a 1.2 m olar excess of 

iodoacetic acid (in 2.0 ml with ammonium bicarbonate, pH 8 ).

A fter reacting  in the dark for approxim ately 4 hours, the 

m ix tu re  was applied to Sephadex G-10 and eluted with water. The 

peak  frac tion  (corresponding  to M W t. approx im ately  260) was 

co llected  and lyophilised.
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C arboxym ethylthioglucose (0.0138 g) was then dissolved in 100 ml 

of water to give a 0.5 mM solution.

3.2.2.4 A bsorption Spectra of Thymol Complexes.

G lucose, sin igrin , g lucocheiro lin , g lucoerucin  and carboxym ethy l 

thioglucose were all prepared as 0.5 mM solutions. A liquots (0.5 ml) 

o f each w ere p laced in 10 ml glass test tubes and m ixed w ith 

100 ml thym ol solution (6 % w /v  ethanol), follow ed by 2.0 ml of 

78 % sulfuric acid. A fter incubation at 100 °C  for 45 m inutes the 

solution was vortexed and allowed to cool prior to recording the 

uv-v isib le  spectra (300-700 nm, Shim adzu U V -265) o f the thym ol 

com plex .

3.2.2.5 Thymol Reaction in the Presence of Benzoic Acid.

Sam ples o f sinigrin stock solution (0.5 mM) were aliquotted (0.25 

ml) into five 10 ml test tubes. The following aliquots of benzoic acid 

(50 mg/10 ml ethanol) : 0, 50, 100, 200, 250 p i, were then added to 

each sam ple and the final volum e adjusted to 0.5 ml with ethanol 

before adding thym ol reagent and treating  according to M ethods 

Section 3.2.2.10.

3.2.2.6 Influence of Thymol Concentration on Colour Yield.

Sam ples of sinigrin  standard solutions (0 .50 mM and 0.25 mM) 

were aliquotted (0.5 ml) into test tubes and treated w ith 100 p i of 

the following thymol solutions : 0, 0.5, 1.0, 2.0, 4.0, 6.0, 10.0 % ( w / v  

ethano l). The thym ol reactions w ere perfo rm ed  in d u p lica te  as 

described in M ethods Section 3.2.2.10.
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3.2.2.7 E xtraction  of R apeseed M eal

T h re e  c o m m e rc ia l ra p e se e d  sam p les  (B ra s s ic a  n ap u s  L . cv . 

C ow ra 503, C ow ra RX9 and B unyip) w ere m acerated  and defatted  as 

d esc rib ed  in  M ethods S ection  3 .2 .2 .1 . E ach  m eal (200  m g) w as 

w eighed into  a 10 ml graduated centrifuge tube and incubated  for 5 

m inutes in a boiling w ater bath w ith 3.0 m l o f h o t d is tille d  w ater. 

T he sam ples w ere then  v o rtex ed  to en su re  co m p le te  e x tra c tio n  

befo re  being cen trifuged  (2000 x g, 5 m inu tes). T he superna tan ts 

w ere  ea ch  d e c a n te d  in to  a g ra d u a te d  tu b e  and  th e  m ea ls  

re -e x tra c te d  w ith  2 .0  m l o f h o t w ate r. T he su p e rn a tan ts  w ere  

c e n tr ifu g ed  again  (2000  x g, 5 m in u tes) and the  su p e rn a tan ts  

com bined  w ith  the first. The com bined  ex trac ts  w ere m ixed  w ith

0.5 m l o f a so lu tion  con tain ing  0.5 M  each o f lead  and barium  

aceta te  and the to tal volum e adjusted  to 6.0 ml. The so lu tion  was 

then centrifuged at 600 x g for 5 m inutes.

3.2.2.8 E xtraction  o f In tac t R apeseed

Seeds o f th ree  rap eseed  sam ples (400 mg p er ce n tr ifu g e  tube) 

w ere p laced  in to  a boiling  w ater bath w ith  3.0 ml o f hot d istilled  

w ater fo r a period  o f 10 m inutes before being hom ogenised  w hile 

hot. T he residua l ex trac t was w ashed from  the hom ogen izer shaft 

w ith w ater (2 x 1.0 m l) in to  the cen trifuge tube and then re turned  

to the boiing  w ater bath for a fu rther 5 m inutes. T he ex trac t was 

m ixed w ith  a so lu tion  con tain ing  0.5 M each o f barium  and lead 

ace ta te  (0.5 m l), and cen trifuged . The c lea r superna tan t w as m ade 

to 6.0 m l w ith d istilled  w ater.
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3.2.2.9 P u rifica tion  o f In tac t G lucosino lates

A n a liq u o t o f  the  su p e rn a tan ts  (1 .0  m l) o b ta in e d  in  M ethods 

Section  3.2.2.7 or 3.2.2.8 was applied to a D EA E Sephadex A-25 (10 

m g) co lum n eq u ilib ra ted  in w ater. T he co lum ns w ere then  w ashed 

w ith tw o 1.0 ml aliquots o f 30 % form ic acid follow ed by tw o 1.0 m l 

a liquo ts o f w ater (or un til no m ore co loured  e lua te  was observed). 

T he  in ta c t g lu c o s in o la te s  w ere  th en  e lu te d  w ith  th re e  500  p i 

a liquo ts o f 0.3 M  po tassium  su lfate in to  a 5 .0  m l vo lum etric  flask  

and m ade to volum e w ith w ater.

3 .2 .2 .10  T hym ol R eaction

F o llow ing  the e lu tion  o f the in tac t G SLs, as d escribed  in  M ethod 

S ec tio n  3 .2 .2 .9 , a 0 .5  m l a liq u o t o f the  co lu m n  e lu a te  w as 

transferred  to  a test tube. A 100 p i  aliquot o f 6 % thym ol so lu tion  

w as added fo llow ed by 2 .0  m l o f 78 % su lfuric  acid. The solu tion  

w as vortexed  and incubated  in a boiling  w ater bath for 45 m inutes, 

before being cooled and the colour in tensity  m easured  at 505 nm.
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3 .3  RESU LTS

3 . 3 . 1  D e te rm in a tio n  o f  T h y m o l C o n c e n tr a t io n

T h e  in f lu e n c e  o f  th y m o l c o n c e n tra t io n  on c o lo u r  d e v e lo p m e n t is  

show n in F ig u re  25. A 6 % (w/v) s tock  so lu tio n  w as fo u n d  n ecessa ry  

to  e n s u re  c o m p le te  c o lo u r  d e v e lo p m e n t. T h is  c o n c e n tra t io n  w as 

u sed  in  a ll su b se q u e n t s tu d ies .

% Thymol

F ig u re  25. T w o  s in ig rin  so lu tio n s (0 .5  and 0 .25  m M ) w ere  in cu b a ted  

w ith  in c re a s in g  c o n c e n tra t io n s  o f  th y m o l, a c c o rd in g  to  M e th o d s  

S e c t io n  3 .2 .2 .6 . T h e  a b s o rp tio n  a t 505 nm  w as m e a su re d  an d  

p lo tte d  a g a in s t % th y m o l co n c en tra tio n .

T h e  u se  o f  6 % th y m o l g iv es a f in a l c o n c e n tra tio n  o f  0 .23  % w /v 

th y m o l in  th e  re a c tio n  so lu tio n , w h ich  is  d o u b le  th e  c o n c e n tra tio n  

u se d  in  o th e r  p ro c e d u re s .62’87 T he h ig h e r  c o n c e n tra tio n  o f s in ig rin  

u sed  in  F ig u re  25 is e q u iv a le n t to  2 .5  p m o le  G S L  on co lu m n  or
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75 p m o le  G S L  p e r  g ram  o f  m e a l, w h e n  p re p a re d  a c c o rd in g  to  th e  

M e th o d s  S e c tio n  3 .2 .2 .7  and  3 .2 .2 .8

3 . 3 . 2 .  S ta n d a r d  C u r v e s  U s in g  G lu c o s e  a n d  S in ig r in

T h e  s ta n d a rd  c u rv e s  o b ta in e d  fro m  g lu c o s e  an d  s in ig r in  a re  sh o w n  

b e lo w  in  F ig u re  26. T h e  reg re ss io n  c o e ff ic ie n t in  th e  ca se  o f  s in ig rin  

w as 0 .2 4 0  and  th a t fo r  g lu c o se  w as 0 .3 0 4 .

T h e  d i f f e r e n t  l in e a r  r e g r e s s io n  c o e f f ic ie n ts  o b ta in e d  fo r  

th e  s ta n d a rd  cu rv e s  in  F ig u re  26  a re  re f le c te d  in  th e ir  in te n s it ie s  o f 

th e  a b so rp tio n  p ea k s  at 505  nm , sh o w n  in  F ig u re  27.

Concentra tion  (mM)

F ig u re  26 . T h e  s ta n d a rd  c u rv e s  o b ta in e d  fro m  g lu c o se  an d  s in ig rin  

re a c tio n  w ith  th y m o l, a c c o rd in g  to  M e th o d  S e c tio n  3 .2 .2 .2 .
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3 . 3 . 3 .  A b s o r p t io n  S p e c t r a  o f  T h y m o l C o m p le x

F ig u re  2 7 . G lu c o s e  (a ) , c a rb o x y m e th y lth io g lu c o s e  (b ) and  th re e  

G S L s : s in ig r in  (c ) , g lu c o c h e iro lin  (d ) an d  g lu c o e ru c in  (e ), w e re  

in c u b a te d  w ith  th y m o l an d  th e i r  u .v . - v i s ib le  s p e c tr a  r e c o r d e d  

a c c o rd in g  to  th e  M e th o d s  S ec tio n  3 .2 .2 .4 .

O n ly  a sm a ll d if fe re n c e  (1 n m ) in  th e  w a v e le n g th s  o f m a x im u m  

a b s o rb a n c e  w as o b se rv e d  b u t th e  c o lo u r  y ie ld s  o f  th e  g lu c o se  and  

g lu c o s in o la te  c o m p le x e s  d if fe r re d  by a fa c to r  o f  0 .8 . T h re e  G S L s 

w e r e  e x a m in e d ,  s i n i g r in  ( a l l y l g l u c o s i n o l a t e ) ,  g lu c o c h e i r o l i n  

( 3 -m e th y ls u lfo n y lp ro p y l  g lu c o s in o la te )  , g lu c o e ru c in  (4 -m e th y lth io -  

b u ty l  g lu c o s in o la te )  to  e n s u re  th a t  s in ig r in  g a v e  a c o lo u r  y ie ld  

ty p ic a l  o f  G S L s . T h e  c a rb o x y m e th y la te d  th io g lu c o s e ,  b e in g  a 

th io g lu c o s e  d e r iv a t iv e  as a re  th e  G S L s, w as  a lso  e x a m in e d  fo r  

th y m o l re a c t io n  c o lo u r  in te n s ity .
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3 . 3 . 4 .  A f f e c t  o f  B e n z o i c  A c i d  o n  T h y m o l  R e a c t i o n

Benzoic acid (1 %) a preservative used in the standard glucose 

solution was examined, to see if this acid could interfere with the 

thym ol reaction.

Table 14. Affect of Benzoic Acid on Thymol Reaction

Vial Benzoic 

Acid (mM)

Sinigrin

(mM)

Absorbance 

505 nm

1 0 0.25 1.05

2 0.04 0.25 1.07

3 0.08 0.25 1.01

4 0.16 0.25 0.97

5 0.20 0.25 1.10

The thymol reaction was performed in the presense of benzoic acid 

according to Methods Section 3.2.2.5.

The results shown in Table 14 demonstrated that the preservative 

benzoic acid, does not in terfere  w ith the absorbance values 

obtained during  thym ol reac tion  using the standard  g lucose 

so lu tion .

3 . 3 . 5 .  T h e r m o g r a v i m e t r i c  M o i s t u r e  A n a l y s i s  o f  S i n i g r i n

Therm ogravim etric analysis was used to ensure that the sinigrin 

concentrations prepared for the standard curve were accurate. A 

sample of sinigrin (20 mg) was subjected to a temperature gradient 

starting  at room  tem perature and increasing  to 2 0 0  ° C  over
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30  m in u te s  and  th e  w e ig h t o f  sam p le  m e asu red  c o n tin u a lly . T h e  

re s u l ts  o b ta in e d  in d ic a te d  a m o is tu re  c o n te n t e q u iv a le n t to  one 

m o le  o f w a te r fo r every  m ole  o f  s in ig rin , w h ich  w as co n s is te n t w ith  

th e  in fo rm a tio n  su p p lied  by the  m an u fa c tu re r .

3 .3 .6 .  T im e C o u rse  o f C o lo u r D evelopm ent a t  Set 

T e m p e r a t u r e s

T h e  tim e  co u rse  o f  co lo u r d ev e lo p m e n t u sin g  g lu c o se  and  s in ig rin  

w ith  th y m o l r e a g e n t  w as m o n ito re d  a t  v a r io u s  in c u b a t io n  

te m p era tu res  as show n in  F ig u res 28a, 28b , and 28c.

A t a ll te m p e ra tu re s  te s ted , th e  ra te  o f  co lo u r fo rm a tio n  fo r 

s in ig rin  w as s lo w er than  th a t fo r g lu co se  (see  F ig u re  28a , 28b  and 

2 8 c ) .

F ig u re  28 a : T h y m o l re a c tio n  a t 88 ° C .  see  M e th o d s  S e c tio n  

3 .2 .2 . 10 .



□  Glucose 

♦  Sinigrin

Q Q 1 1 1 i l l . .  I . ■ I . . l . i _ |____ | _

0 10 2 0  3 0  4 0  5 0  6 0

Time (min)

F ig u re  28 b : T hym ol reac tio n  at 95 ° C , ac co rd in g  to  M eth o d s  

S ection  2 .2 .2 .1 0

Time (min)

F igure 28 c : Thym ol reaction at 100 ° C  (M ethods S ection  3 .2 .2 .10).

T h e  c o lo u r  y ie ld  ra tio  fo r  th e  tw o  co m p o u n d s b ecam e c lo se  to 

u n ity  w hen  the  tem p era tu re  w as lo w ered  from  100 ° C  to 88 ° C ,  

h o w ev er, len g th y  in cu b a tio n  tim es w ere n ecessary .
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A t 100 ° C , th e rm al deco m p o sitio n  of bo th  the sin ig rin  and g lucose 

th y m o l c o m p le x e s  w as o b se rv e d . T h e  d e c re a se  in  a b so rb a n c e  

appeared  to begin  sooner in the case o f sin ig rin  (F igure 28 c). T he 

ra tio  o f ab so rb an ce  at 505 nm  fo r s in ig rin  and g lu co se , ho w ev er 

re m a in e d  re la t iv e ly  c o n s ta n t fro m  4 0 -6 0  m in u te s  a t 100 ° C  .

In  th e  la b o ra to ry ,  th e  u se  o f  a b o il in g  w a te r  b a th  

r e p re s e n ts  th e  s im p le s t an d  c h e a p e s t m e th o d  fo r  p e rfo rm in g  

in c u b a tio n s  at e lev a ted  te m p era tu res .

3 . 3 . 7 .  In flu en ce  of S u lfu ric  Acid on C o lo u r D evelopm ent

T h e  in f lu e n c e  o f su lfu r ic  ac id  c o n c e n tra t io n  on th e  c o lo u r  

d ev e lo p m en t o f the  thym ol com plexes w ith  g lucose  and sin ig rin  is 

d ep ic ted  in  F igu re  29. B oth the abso lu te  abso rbance values and the 

ra tio  o f co lo u r y ie ld  fo r sin ig rin  and g lucose w ere found  to depend 

on the co n cen tra tion  of su lfuric  acid used in the incubation .

Glucose

Sinigrin

F ig u re  2 9 .T he thym ol reac tio n  w as p erfo rm ed  acco rd ing  to M ethods 

S ection  3 .2 .2 .10 , w ith  vary ing  concen tra tion  o f su lfu ric  acid .



1 0 0

On the basis of these  resu lts  it is strong ly  recom m ended that 

sinigrin  be used for preparation of the standrd curve. If sinigrin is 

n o t read ily  availab le , GSL values can be estim ated  by using a 

correction  factor. In our hands a factor of 0.78 - 0.80 has been 

achieved  consisten tly  using a reaction  tim e of 45 m inutes and a 

su lfu ric  acid concen tration  of 78 %. H ow ever, if  this m ethod is 

em ployed, particu lar attention m ust be paid to the concentration of 

the  su lfu ric  acid  since the co rrec tio n  fac to r does a lte r w ith

su lfu ric  acid  concen tra tion  and su lfuric  acid  so lu tions are w ell 

know n fo r the ir hygroscopic p roperties. H ence w ater absorp tion  

w ill ultim ately lead to dilution of the sulfuric acid

Since the absolute absorbance value for sinigrin also depends 

on the concentration of H2S 0 4 (Figure 29), it is recom m ended that a 

standard  curve should be included w ith each GSL determ ination . 

This becom es especially  significant when stock solutions of H2S 0 4 

are used for extended periods of time.

The use of p lastic  d isposable cuvettes has greatly  reduced 

the risks to health  and m aterials associa ted  w ith  the rep e titiv e

transfer of concentrated H2S 0 4 solutions which also contain thym ol. 

These cuvettes can be rinsed thoroughly with w ater and reused.

3 . 3 . 8  D e t e r m i n a t i o n  o f  G l u c o s i n o l a t e s  i n  R a p e s e e d .

In order to determ ine the reproducib ility  of the m odified thym ol 

p rocedure , th ree rapeseed  varie ties w ere m easured for the ir to tal 

G SL co n ten t using the pro toco l in M ethods Section 3 .2 .2 .9  and

3 .2 .2 .10  (see Table 15). The values obtained are presented  as the

m ean o f fou r experim ents using rapeseed  and the co rresponding  

rapeseed  m eal for each variety.
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Table 15 Total GSL Content in Rapeseed by Thymol Method

R apeseed

S am ple
M EAL SEED

Mean

pmol/g
S.D.

M eal * 

Limol/a
S.D..

C 5 0 3 13.0 1.0 13.0 0 .3

CRX9 2 6 .0 1.9 2 5 .5 1.1

Bunyip 6 2 .0 1.8 62.1 1.2

‘ Expressed per gram meal

C onversion  of j i mol/g seed to p m o l/g  m eal was achieved  by 

determ ining the oil and m oisture content in the seed. The results 

dem onstrate excellent reproducibility  and good correlation between 

rapeseed and rapeseed meal using the revised protocol.

In the range 0.2 - 2.5 p m o l sinigrin  added to the DEAE 

Sephadex A-25 column, the recovery was 97 ±1%.

Thus, this modified method for GSL determ ination has been 

found to provide reproducible results using either seed or meal of 

rapeseed. The thymol method now appears to have the potential to 

be used as a reference method for the m easurem ent of total GSL 

content against which other methods of GSL quantitation  can be 

co m p ared .

3 . 3 . 8  C o m p a r i s o n  o f  T o t a l  G S L  D e t e r m i n a t i o n s  b y  F o u r  

M e t h o d s

A com parison of the thym ol method with three other m ethods of 

GSL determ ination has been perform ed using several varieties of 

ra p e s e e d .
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T able 16. T otal G SL determ ination  in Several C om m ercial R apeseed 

Sam ples using four m ethods o f A nalysis.

R a p e se e d

S am p le

Tota l G lucosino late  Determ ination (um ole/g  m eal)

H P L C *
G lucose ox idase / 

peroxidase #
R eflectance Thym ol

BLN 2 7 0 7 .3 9 .0 12 10

R X  9 21 20 24 2 6

B LN  241 23 23 29 30

Tatyoon 4 6 41 4 8 4 5

Jum buck 59 59 6 4 6 2

T h o m o  4 7 14 14 14 15

T h o m o  4 2 23 2 2 20 2 6

M ean o f duplicate  determ inations are given for each m ethod.

# H P L C  re su lts  w ere  p ro v id ed  by J .P . S ang , S ta te  C h em ica l 

L aboratory , 5 M acC arther PL, E ast M elbourne.

* G lu c o se  o x id a s e /p e ro x id a s e  m e th o d  fo r  G SL  a n a ly se s , w as 

p ro v id e d  by R. M aile r, W agga A g ric u ltu ra l R esea rch  In s titu te , 

W agga W agga, N .S.W
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3 . 4  D I S C U S S I O N

W hen the thym ol procedure was first published in 1984 62 it 

appeared to offer a simple and direct method for the m easurem ent 

of total GSL levels in plant tissues. A particularly attractive feature 

of the technique was that it employed no enzymic hydrolysis step, 

bu t instead  involved reaction  of the in tact GSLs, purified  by 

ion-exchange chrom atography, with the thymol reagent. In practice 

how ever, a num ber of laboratories have experienced d ifficu lties 

with the m ethod. These problem s included lack of reproducibility, 

ap p a ren t in te rfe ren ce s , d iff icu ltie s  in re p e titiv e  read in g s of 

concen tra ted  su lfu ric  acid so lu tions using glass cuvettes and 

relatively  lower GSL values in those rapeseed varieties with high 

contents of GSLs.

The apparent underestim ation of GSL content in rapeseed 

varieties which contain high levels of GSL may have two possible 

origins. F irstly , in previously published protocols (e.g. 62 and 87), 

the final concentration of thymol has been 0.11 - 0.12 %. However, 

the result of this study on the influence of thymol concentration on 

colour developm ent has demonstrated that a 6 % stock solution was 

necessary to ensure complete colour developm ent (shown in Figure 

25). This concentration was used in all subsequent studies. The 6 % 

stock solution gives a final concentration of 0.23 % thym ol in the 

reaction tube, being double that used in previously m entioned (0.11 

-0 .12 %).62>88 The results in Figure 25 indicate that at the lower

thymol concentration (0.11 - 0.12 %; corresponding to 3 % on x axis)

there  is incom plete  reaction  w ith sin igrin . This is especia lly

noticeable in samples containing high levels of GSLs. In Figure 25

the top curve corresponds to rapeseed with 75 jim ol GSLs/g m eal 

and the bottom curve to 37 pm ol/g  m eal.
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In add ition , since the low er concen tra tion  of thym ol is no t w ith in  

the p la teau  reg ion  o f the curve, an increase in variab ility  w ould be 

ex p ec ted . T h ese  p ro b lem s, as show n in F ig u re  25, have  been  

overcom e by using a tw o-fold  higher concentration  o f thym ol.

Secondly , serious erro rs can resu lt from  the use o f g lucose 

fo r the p ro d u c tio n  of standard  curves fo r GSL m easu rem en t.62»88 

In  co n tra s t to the resu lts  o f B rzezinsk i and M endelew sk i(1984) i t  

w as no t found  tha t g lucose and sin ig rin  g ive eq u iv a len t co lo u r 

y ie lds p er m ole at 100 ° C  (see F ig u re  2 6 ).62 T he d iffe rece  in 

in tensity  becom es especially  apparent at h igher GSL concentrations 

(F ig u re  26 ). F u rth e rm o re  the  co lo u r in te n s ity  o b ta in ed  using  

3 -m eth y lsu lfo n y lp ro p y l and 4 -m ethy lth iobu ty l G SLs w as the sam e 

as th a t o b ta in ed  w ith  s in ig rin  (F igu re  27). T h is su p p o rts  the 

p re fe re n c e  fo r s in ig rin  as a standard , as it  appears to behave 

sim ilarly to other GSLs in term s of colour reponse per m ole o f GSL.
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P R E P A R A T IO N  O F  D E S U L F O G L U C O S IN O L A T E S  F O R  H P L C  

A N A L Y SIS  U SIN G  A R Y L S U L F O H Y D R O L A S E  (EC  3.1 .6 .5) T ype 

H - l  F R O M  T H E  M O L L U SC , Helix nomatia

4.1 IN TR O D U C TIO N

T he q u an tita tio n  o f g lucosino la tes (G SL) in rap eseed  p rov ides a 

in d ica to r of the n u tritio n a l value of the feed  and m any m ethods 

have been developed  for obtain ing a rap id  to tal estim ation  of the 

G SLs. T his in form ation  allow s p lan t breeders to se lec t low  GSL- 

co n ta in in g  rap eseed  cu ltiv a rs . On the o ther hand  som e rep o rts  

concern ing  the various beneficial p roperties derived from  the in tact 

GSL, or the ir breakdow n products suggest the value of m aintaining 

particu lar GSLs in crops.12»89

T h ere fo re  a know ledge o f the  GSL p ro file s  o f B rassica  

v eg e tab le s  in co n junction  w ith m odern p lan t b reed ing  techn iques 

m ay en ab le  se lec tive  b reed ing  for in d iv id u a l G SLs, fo r exam ple 

re ta in in g  those resp o n sib le  for flav o u r and reducing  those w hich 

a ttrac t insect pests.

Gas chrom atographic (GC) analysis o f GSLs via the vo latile  

iso th io c y an a te  b reakdow n p ro d u c ts , was w idely  used  due to its 

sen sitiv ity  and ava ilab ility  of the equipm ent n eed ed .90 H o w ever it 

has becom e apparent that this m ethod is not ideal, since the indolyl 

GSLs do not decom pose to volatile  iso th iocyanates and the hydroxy- 

alkenylG SL s, fo r exam ple progoitrin , give rise  to oxazolid ineth iones. 

T he  la t te r  w ere  m easu red  sp e c tro p h o to m e tr ic a lly  as th io u re a  

d e r iv a t i v e s .91»48

U sing the enzym e m yrosinase to hydrolyse the in tact GSLs has 

a lso  its  in h e re n t co m p lica tio n s , in  th a t the enzym e m ay cause 

sp o n tan eo u s  au to ly s is  w h ich  can  lead  to  a ran g e  o f d iffe re n t
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p ro d u c ts .92

The spectrophotom etric determ ination of total GSL content by 

the palladate method suffered from  inaccuracy due to the presence of 

p lan t p igm ents or phenolic chem icals.48 To overcom e this problem , 

Thies utilised  DEAE Sephadex A-25 as a GSL purification step and 

la te r adopted  th is step for the p repara tion  of DS GSLs using 

aryl sulfatase from  Helix pomatia.. The GSLs, while retained on ion 

exchange resin  w ere incubated  w ith aryl su lfa tase  re su ltin g  in 

cleavage of the sulfate group. DS GSLs were then eluted with water, 

lyophilised  and analysed as their volatile trim ethylsily l deriva tives.68 

This m ethod gave increased sensitiv ity  and elim inated  sulfate ions 

w hich gave rise to sulfuric acid during derivatisation. Some problem s 

have been encountered  as a resu lt of 3 -m ethy lsu lfiny lp ropy lG S L  

g iv ing  r ise  to m u ltip le  p roduc ts  during  d e riv a tisa tio n . F u rth er 

difficulties have been associated with the analysis of the indolyl GSLs, 

w hich require careful optim isation of the derivatisation conditions.70 

The therm al degradation of GSLs on GC column was observed to give 

rise  to nitriles and isothiocyanates depending on the tem perature.93

A nalysis o f GSLs by HPLC was found to p rov ide m any 

advantages over the traditional GC m ethods, such as not requiring a 

derivatisation step and being capable of m easuring all GSLs found in 

rapeseed. The analysis of in tact GSLs by HPLC involves pyrid ine 

acetate elu tion  o f the GSLs from  DEAE Sephadex A-25 and then 

chrom atography using reversed phase ion-pair H PLC .71

The poor reso lu tion  of some GSLs m eant that m ore than 

one separa tion  schem e was requ ired . F urther com plications w ere 

associated with the need for carefully controlled pH and tem perature 

conditions for reproducible HPLC retention times.

DS G SLs how ever w ere found to be id ea lly  su ited  to 

rev ersed  phase HPLC w ithout the need for ion -pair reagen ts. A
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g rad ien t elu tion  gave com plete separation of all GSLs in rapeseed 

w ithin  30 m inutes.88

R ecovery  of 4 -hydroxy indo le  GSL how ever was a m ajor 

problem  affecting all the methods to date. This has been attributed 

to its su scep tib ility  to ox id a tio n .94 Im proved recoveries have been 

achieved by inclusion  of antioxidants during the desu lfa tion  step, 

even if uncertainty remains as to the percentage recovery.72

The use of on-colum n desulfation prior to analysis by HPLC 

is a re la tively  slow procedure requiring overnight incubation. This 

period of desulfation may lead to losses of unstable GSLs. Other losses 

have been reported during the desulfation step and are believed to 

orig inate  from  the use of sulfatase contam inated w ith glucosidase 

enzym es. For this reason the desulfation protocol according to Sang 

and T ru sc o tt72 was perform ed at high pH, since glycosidases are 

inac tive  at pH values greater than 8.82 T his m ethod  req u ired  

the use of an antioxidant during high pH desulfation, to retard  the 

ra te  of autooxidation of 4-hydroxyindoleG SL, w hich increases with 

increasing  pH .72 The high pH however, also reduced the aryl sulfatase 

activ ity  requiring either more enzym e or longer incubation  periods 

for desulfation.

A pro tocol for desulfation of GSLs and their determ ination  

by HPLC w ithin  1 hour was reported  by Q uinsac and R ibaillier 

(1 9 8 4 ) .75 The method however did not use a selective isolation of the 

GSLs or rem oval of protein before HPLC separation. The use of a 

guard colum n was considered  su ffic ien t to enable a num ber of 

analysis to be perform ed w ithout dam aging the analy tical colum n. 

The need fo r background  co rrec tion  was necessary  how ever, to 

com pensate  for co-elu ting  non GSL com pounds. The m ethod was 

p rone to inaccuracy since some GSLs w ere lost in the im purity  

peaks. The need for background absorption corrections was advised,
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even  though  th is w ould at least double the analysis tim es, involving 

m ore reagen ts and reduced life  o f the analy tical colum n. The in jection 

o f phen o lics , p ro te ins and p igm ents w ould  also be expected  to cause 

c o n s id e r a b le  n o is e  an d  lo s s  o f  e f f ic ie n c y  o f  th e  c o lu m n  

c h ro m a to g ra p h y .

T he aim  o f th is p ro jec t th e re fo re  w as to  d eve lop  a sim ple 

m e th o d  fo r p re p a rin g  DS G SL s fo r H PL C  a n a ly s is  w ith o u t the 

d ifficu ltie s  associa ted  w ith  the m ethods d iscussed  p rev iously .
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4 . 2  E X P E R IM E N T A L

4 .2 . 1  M A T E R I A L S

A ry l su lfa tase  type H -l pow der from  Hel i x  p om a t i a  (S 9626), 

p-g lucosidase (Em ulsin) from sweet almond, 4-nitrocatechol sulfate, 

p h en o lp h th a le in -p -D -g lu co s id e , sin igrin  m onohydrate, o-n itrophenyl- 

P -D -g lucopyranoside , o -n itro p h en y l-p -D -g alac to p y ran o sid e , 6-am ino- 

n-hexanoic acid 2-m ercaptoethanol, m ethyl a - D - m a n n o p y r a n o s id e ,  

p re-stained  m olecular w eight standards and coom assie b rillian t blue 

R-250 were all purchased from Sigma Chemical Co., St Louis, MO, U.S. 

Rapeseed seed was obtained from Pacific Seeds Ltd. Toowoomba QLD. 

Sepharose C L -6B, Sephadex G-10, DEAE Sephadex A -25, DEAE 

S e p h a d e x  A -5 0 , C o n c a n a v a l in  A -S e p h a ro s e ,  P h a s t  g e l 

hom ogenous for native electrophoresis, Phast gel isoelectric focussing 

gels, pharm alyte carrier ampholytes, pH 3-9, 2.5-5. The low m olecular 

w eight m arker proteins contained 64 pg phophorylase b (PH), 83 pg 

bovine serum albumin (BS), 147 pg ovalbum in (OV), 83 pg carbonic 

anhydrase (CB), 80 pg  soybean trypsin inhib itor (TI) and 121 pg  

p -lac ta lb u m in  (LB). Isoelectric focussing m arker proteins (broad p i 

calibration kit) A vial of the pi calibration kit contained 20-50 pg of 

each p i m arker p ro te in  am yloglucosidase (A G ), soybean trypsin  

inhibitor (TI), p-lactoglobulin  (LG), bovine carbonic anhydrase (CB), 

hum an carbonic anhydrase (CH), horse m yoglobin (M Y), lentil lectin 

(LL) and trypsinogen  (TY ), w ere supp lied  by P harm acia  F ine 

Chem icals, Uppsala, Sweden.

U ltrogel AcA 34 was obtained from The A ustralian Chrom atography 

Com pany, Sydney.

A r y l a m i d e ,  N , N ' - m e t h y l e n e b i s a c r y l a m i d e ,  SDS, TEM ED , a m m o n i u m  

p e r s u l f a t e  a n d  I m m o b i l o n  PVDF m e m b r a n e s  w e r e  p u r c h a s e d  f r o m



1 1 0

B io-R ad L aboratories P/L  N orth Ryde N SW  2113.

Q uinol, sodium  azide, potassium  sulfate, urea, H PLC grade acetonitrile , 

e th a n o l and m eth an o l w ere  p u rch ased  from  B D H , K ilsy th , V ic ., 

A u s tra l ia .

C e n tr ic o n -1 0  u l t r a f i l te r s  w ere  s u p p lie d  by A m ico n  S c ie n tif ic  

A ustra lia , Faw kner, V ic., A ustralia.

S p h eriso rb  C -18 RP (250  x 4 m m ) an a ly tica l H PLC  co lum n was

su p p lied  by IC I A u stra lia , D ing ley , V ic., A ustra lia . A ll w ate r was 

ob ta ined  from  a M illi Q system , a C l8 RP R adial P ak  com pression

ca rtrid g e  (140 x 10 m m ) w ere supplied  by M illipo re  P ty  L td, M ars

Rd, Lane Cove, Sydney.

A ll o ther reagents w ere A.R grade.

B u ffe rs

S o d iu m  a c e ta te -a c e tic  ac id  b u ffe r  so lu tio n  (0 .01  M ) fo r  gel

p e rm e a tio n  w as p rep ared  by w eigh ing  0 .820  g an hydrous sodium

acetate  and dissolving in 1 litre o f distilled  w ater and adjusting to pH

5.5 w ith  glacial acetic acid and m onitoring the pH  with a pH  m eter.

50 m M  T ris bu ffer, pH  6 a t 25 ° C ,  w as p re p a re d  by m ix in g

T rizm a base and T rizm a HC1 (S igm a C hem ical C o., St L ouis, M O) 

according to Sigm a Technical B ulletin  No. 106B. The stock buffer was 

d ilu ted  to 18 mM  before use.

E th y le n e d ia m in e  ace tic  acid  b u ffe r (pH  5 .8 ) w as p re p a re d  from

ethy lened iam ine solution (33 mM ) and acetic acid (33 mM ).



4 . 2 . 2 M E T H O D S

a . B iu ret m ethod,95 with bovine serum albumin as standard.

Reagent : 1.5 g of CUSO4 5H 2O and 6 g of sodium  potassium  

tartrate were added to 500 ml of water. After m ixing thoroughly, 

300 ml of 10 % ( w / v )  sodium  hydroxide solution (carbonate free) 

was added followed by 1 g of potassium  iodide and then made up 

to 1 litre with water. The solution was stored in a plastic bottle. 

M ethod : 4.0 ml of B iuret reagen t and 1.0 m l o f pro tein  

so lu tion , containing 1 to 10 mg of protein , w ere m ixed and 

allow ed to stand at room  tem peratu re for 30 m inutes. The 

abso rb an ce  at 550 nm was then  d e te rm in ed . The p ro te in  

concentration was obtained by comparison with 1 to lOmg of BSA.

b. Bradford Dye binding method96

Coom assie Brilliant Blue G-250 (100 mg) was dissolved in 50 ml 

95 % ethanol and mixed with 85 % (w/v) phosphoric acid (100 

m l). The solution was diluted to 1L with d istilled  w ater and 

gravity filtered through W hatman No 1 filter paper.

M icro Assay : Emulsin was used for the standard curve, since this 

g lycopro tein  was likely  to give a sim ilar reac tion  as those 

proteins being measured. The concentration of em ulsin for use in 

B rad fo rd  m ethod  w as f irs t  d e te rm in ed  u sin g  the  B iu re t 

procedure. The standard curve was made by serial dilution of the 

stock protein  standard giving 0, 2, 5 and 10 p g /1 0 0  p i. The 

Bradford reagent (1.0 ml) was mixed and the readings recorded at 

595 nm after 30 m inutes. The sam ple fractions w ere suitably  

diluted and measured as with the standards.

4 . 2 . 2 . 1  P r o t e i n  D e t e r m i n a t i o n s
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a) A ryl sulfatase

T he su lfa ta se  w as assayed  by m easu rin g  the p ro d u c tio n  of 

n itro ca tech o l from  4-n itroca techo l su lfate  accord ing  to A .B. Roy

( 1 9 5 3 ) .97 The protein  precip ita tion  step using 2% phosphotungstic 

acid in 0.1 N HC1 was om itted.98

A lkaline quinol reagent, was prepared im m ediately  p rio r to use by 

adding 5 ml of a 4 % solution of quinol in 0.1 N HC1 to 100 ml of

2.5 M NaOH containing 5 % Na2SC>3.7H2C).

The reaction m ixture consisted of 0.4 ml of 2.5 mM 4-nitrocatechol 

sulfate at pH 4.5 (HC1) and 0.2 ml of 0.5 M sodium acetate buffer 

at pH 5, pre-incubated at 37 °C . The aryl sulfatase preparation was 

then added, mixed and incubated for 30 minutes at 37 ° C .

The reaction  was stopped by the addition of 3.0 ml 0.1 M HC1

and a 3.0 ml aliquot removed and mixed with 5.0 ml alkaline quinol 

reagent. An intense red com plex signified sulfatase activity  and was 

measured at 515 nm. ( £515 nm = 12 600 litre.m ol-1. cm -1).

One unit of enzym e activity  was defined as the am ount liberating

1 pm ol of nitrocatechol/m in under the above conditions. The specific 

activity was expressed as units per mg of protein.

b) p -g lucosidase .

The aqueous enzym e (10 |i l)  was incubated with 1.0 ml of 5 mM 

o -n itro p h e n y l-p -D -g lu c o p y ra n o s id e  (oN PG lu) in 0.2 M N a2H P Ü 4- 

0.1 M Citric acid buffer pH 5.4. The tubes were incubated at 25 °C  for 

4 hours and the absorbance read at 425 nm. The absorbance was

4 . 2 . 2 . 2  E n z y m e  A c t i v i t i e s
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coverted to concentration given an absorbance of 0.5 is equivalent to 

5 fimole of o-nitrophenol (1.0 ml), at 425 nm. 99

c) p -g lu cu ro n id ase .

T he a c tiv ity  w as assay ed  by m easu rin g  the  p ro d u c tio n  of 

phenolph thalein  w hich gives an in tense pink co loration  in alkaline 

so lu tion .

P henolph thale in  glucuronide (1.5 mM ) in 0.2 M phosphate buffer 

pH 6.8 (1.0 ml) was incubated for 1 hour at 25 °C  with 50 p i aliquots 

of fractions obtained from gel perm eation chrom atography.

The reaction was stopped by adding 5 ml of 0.4 M glycine buffer pH

10.4. The absorbance was measured at 550 nm .100

4 .2 .2 .3 (a ) Preparation of the Arvl Sulfatase

All operations were carried out at 10 °C  unless otherw ise m entioned. 

A uv-v isib le m onitor (280 nm) with flow cell was used to record 

the pro tein  elution at each stage. The concentration o f pro tein  was 

determ ined using the Bradford dye binding method 4.2.2.1 (b).

Stage 1. Gel perm eation: Sepharose C1-6B and U ltrogel AcA 34

C rude su lfa tase  pow der type H -l (200 m g) w as d isso lv ed  in

2.0 ml of 10 mM sodium acetate buffer (pH 5.5) and centrifuged at

1000 x g for 5 m inutes. The supernatant was then applied to a

colum n (2.5 x 80 cm) of either Sepharose CL-6B or U ltrogel AcA 34

and eq u ilib ra ted  w ith  10 mM sodium  ace ta te  b u ffe r (pH  5 .5),
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containing 20 mM EDTA and 0.02 % azide. The proteins were eluted 

w ith equilibration buffer at a flow rate 0.08 m l/m inute and fractions 

were collected every 25 minutes (2.0 ml fractions).

The elu tion  p rofile  is shown in F igure 37a and 37b. The pooled 

fractions containing the aryl sulfatase activity were concentrated to 5 

ml by ultrafiltration using a Diaflo P M -10 mem brane with an Amicon 

apparatus (A m icon corp., Lexington, MA, U .S.A ). The aryl sulfatase 

fraction was then loaded onto a column of Sephadex G-25 (30 x 2.5 

cm) and eluted with 20 mM Tris/HCl pH 7.6. Fractions (5.0 ml) were 

collected, and those containing the aryl sulfatase activity pooled.

Stage 2. Ion exchange Chromatography: DEAE Sephadex A-50

The pooled sulfatase fraction from  gel perm eation(30 mg protein) 

was chrom atographed on a column (20 x 0.8 cm) of DEAE Sephadex 

A-50 equilibrated in 20 mM Tris/HCl buffer (pH 7.6). The column was 

w ashed with 80 ml of the equilibration  buffer at 0.25 m l/m inute, 

before eluting with a continuous salt gradient from 0 to 0.2 M NaCl in 

the same buffer (Figure 39). Fractions were collected every 4.0 ml 

and those containing sulfatase activity were pooled and dialysed for 

24 hours against 20 mM Tris/HCl buffer pH 7.4 containing 150 mM 

NaCl /I  mM MnCl2 /I  mM CaCl.

S tage 3. G roup S pecific  A dsorbents : C oncanavalin  A -Sepharose 

C h ro m ato g rap h y .

A co lum n  (10 x 0 .6cm ) w as p acked  w ith  p re -sw o llen  Con 

A -Sepharose and equilibrated in 20 mM Tris/H C l buffer at pH 7.4 

contain ing 150 mM NaCl, 1 mM M nC l2 and 1 mM CaCl2 at room
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tem perature (20-25 ° C ) .

F ra c tio n s  c o n ta in in g  a ry l s u lfa ta s e  a c tiv i ty  in  the  

equilibrium  buffer were loaded onto the Con A -Sepharose colum n at 

0.25 m l/ min. The column was washed with equilibration buffer until 

unretained m aterial was eluted (about 50 m l). The proteins retained 

by Con A-Sepharose were eluted with 0.6 M methyl a -D -m annoside in 

equilibration buffer (Figure 40) and 2.5 ml fractions collected. 

F ractions containing aryl sulfatase activity were pooled and dialysed 

against 2 litres of 10 mM sodium  acetate buffer pH 5.0. A fter 15 

hours the su lfatase solution was concentrated  to 5 ml by u ltra 

filtration  using a Diaflow P M -10 membrane.

b) Sulfatase Purification Protocol by Heaney and Fenw ick74

Sulfatase type H -l (70 mg) was dissolved in water (3 ml) and diluted 

w ith an equal volume of ethanol. A fter centrifugation, the precipitate 

was discarded and the supernatant treated with ethanol (9.0 ml). The 

m ixture was again centrifuged, the supernatant d iscarded, and the 

p rec ip ita te  d issolved in w ater (2 m l). The aqueous solu tion  was 

passed through a colum n of DEAE Sephadex A-25 (20 mg, acetate

form) and then through a column of SP Sephadex C-25 (sodium form). 

The eluate from the second column was stored at -20 °C  and thawed 

im m ediately  before use.
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a) Phast System  electrophoresis

P hast Gel hom ogenous 7.5 % PAGE was used for non-denatured 

p ro te in  sam ples. The separation  conditions w ere according to the 

Separation Technique M anual.

Phast system gels were scanned with a laser densitom eter (LKB).

b) D iscon tinuous P o lyacry lam ide-gel e lec trophoresis  (PA G E) 

was perform ed as described by Laemm li (1970).101

For native PAGE, SDS was omitted from  the gel and sample buffer. 

SDS PAGE sam ple buffer containing 25 % ( w / v )  urea, was prepared 

according to Sigma Technical Bulletin Number M W S-877PSB,

The stacking gel was 5 % Acrylam ide/ 0.11 % NNN'N '-tetram ethylene- 

diam ine pH 6.5. A gradient separation (8 to 25 %) was performed in 

0.375 M Tris/H C l buffer at pH 8.8. The electrophoresis em ployed 

constant current 25 mA for the stacking gel and 38 mA for the 

separation gel.

Sam ples w ere d isso lved  in sam ple bu ffer and cen trifuged  in  a 

Beckman m icrofuge E (15,850 x g, 5 minutes) prior to electrophoresis.

c) P reparative Isoelectric  focussing

A ryl su lfatase purified  by gel perm eation, ion-exchange and Con 

A -S epharose  was subsequently  loaded onto a R otofor con tain ing  

Pharm alyte 3-9. A constant pow er of 25 watts was supplied for 5 

hours befo re  harvesting  the frac tions. In d iv id u a l frac tions w ere 

m easured  for pH  and those contain ing the su lfatase activ ity  were 

re -fo c u sse d  w ith  P h arm aly te  2 .5 -5 . T he fra c tio n s  w ere again  

m easu red  fo r pH  and the frac tio n s  co n ta in in g  ary l su lfa tase  

lyophilised and stored at -60 °C  .

4 . 2 . 2 . 4  E l e c t r o p h o r e s i s
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d ) W estern B lotting.

SD S-PA G E gels were electroblo tted  using a TR A N S-U N IT sem idry 

b lo tter according to the method the of K yhse-A ndersen.102 How ever, 

PVDF m em branes were used in place of nitrocellulose and 4-amino- 

cap ro ic  acid  bu ffer was used in p lace  o f T ris /G ly c in e  buffer. 

A constant 500 mM current was used with a 25 watt power limit.

e) P ro te in  S eq u en c in g .

The PVDF m em brane containing the aryl sulfatase band was stained 

w ith Coom assie B rilliant Blue R-250, the band excised and analysed 

by a gas phase am ino acid sequencer, A pplied B iosystem s M odel 

470A  equipped with a m odified cartridge, w ith on-line PTH amino 

acid analyser : Applied Biosystem Model 120A HPLC system.

The am ino acid  sequencing was perfo rm ed  by Dr. A. G ooley, 

M acquarie U niversity , Sydney.

4 .2 .2 .5  E lectrophoresis Staining.

a) Coomassie Brilliant Blue R-250 Staining 

P olyacry lam ide gels were stained with 0.1 % C oom assie B rillian t 

Blue R-250 in fixative (40 % Methanol, 10 % acetic acid) solution.

The gels were destained with 40 % methanol/ 10 % acetic acid.

b) Silver Staining.

The staining was perform ed by im m ersing the gel in 30 % ethanol/ 

10 % acetic acid overnight, followed by washing with distilled water 

to rem ove excess acid. The gel was then treated with Bio-Rad silver 

nitrate solution for 1 hour. The silver solution was then decanted and 

the gel washed with distilled w ater for 2 m inutes before developing 

with the B io-Rad developer.
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4.2.2.Ó Sulfatase Detection on Native Gel

The crude sulfatase was run on a Phast System N ative 7.5 % PAGE 

accord ing  to M ethods Section  4 .2 .2 .4  (a). A fte r e lec trophore tic  

separation  the gel was cut into two, one ha lf was stained with 

Coom assie B rilliant Blue R250 and scanned by a laser densitometer.

The rem aining half of the gel was cut into slivers at 1 mm 

in tervals and the pieces placed into an E ppendorf tube containing 

5 mM  4-nitrocatechol sulfate (250 p i) in sodium acetate buffer pH 5 

and incubated at 27 °C  for 6 hours. The 4-nitrocatechol produced 

was m onitored at 407 nm.

4.2.2.7 HPLC A nalysis of G lucosinolates in Rapeseed.

a). HPLC System.

A W aters H PLC so lven t g rad ien t de liv ery  system  fitted  w ith 

R heodyne in jecto r, was coupled to a K nauer variab le  w avelength 

detector. A wavelength of 226 nm was used for all HPLC separations. 

C hrom atogram s w ere recorded and peak areas and re ten tion  times 

were m easured using a Shimadzu C-R6A chrom atopac integrator.

A W aters Z -m odule (M illipore-W aters A ssoc., Inc., M ilford, 

MA) fitted with a 100 x 8 mm Radial-Pak ODS reversed phase C l8 (5 

mm particle size) cartridge was used. The elution scheme at 1.5 ml 

m i n -1 involved 1 m inute w ater follow ed by a linear gradient over 

20 m inu tes to 20 % ace to n itrile  w hich rem ained  constan t for 

5 m inutes before re-equ ilib ration . The separations w ere perform ed 

at am bient tem perature. An analytical colum n (250 x 4 mm) 5 pm  

ODS 2 Spherisorb HPLC column was also used at a flow rate of 1.5 

ml/min. The solvent program consisted of 100 % water for 1 minute; a
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g rad ien t o f 0-12 % ace ton itrile  over 30 m inutes and a constan t 12 % 

fo r a further 20 m inutes. The typical DS GSL profile  is shown in Figure 

32a,b, using a R adial Pak cartridge.

b ) P ro te in  R em oval

S am ples taken  fo r H PLC  analysis  w ere p laced  in to  a C en tricon -10  

u lta filtra tio n  un it and cen trifuged  at 1000 x g for 10 m inutes. The 

filtra te , free o f protein , was than injected onto the HPLC.

c )  O il R em oval from  Rapeseed.

Seeds o f rapeseed  (B rassica napus L. cv. C ow ra) w ere boiled  fo r 10 

m in u tes  to  in ac tiv a te  endogenous m yrosinase . T he p u lv e rised  seed 

w as than  d efa tted  w ith  d ie th y l e th e r by so x h le t e x tra c tio n  fo r 4 

hours. T he seed m ateria l was re-ground  in  a K rupps co ffee  g rinder 

and re -ex trac ted  as before. O il free m eal was spread on paper and 

air d ried  before storing in paper bags.

d )  Extraction  of R apeseed M eal.

D efa tted  rap eseed  m eal o f C ow ra RX 9 (5 g) w as ex trac ted  w ith  

20 m l o f bo iling  w ater fo r 5 m inutes. The slu rry  w as cen trifuged  

(1000 x g, 10 m inutes) and the supernatan t decanted . T he p recip ita te  

w as re -e x tra c te d  w ith  ho t w ater and the p ro te in  in  the  com bined  

ex trac ts  p rec ip ita ted  w ith 0.5 M of both lead and barium  acetate  (5 

m l). The volum e was adjusted to 50 ml and cen trifuged  at 1000 x g 

fo r 10 m inutes. A 10 ml aliquot was used for the isolation of the GSLs.
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e ) Isolation of Intact Glucosinolates (GSLs)

i) Pyridine A cetate E lution

A column ( 8 x 1  cm) of DEAE Sephadex A-25 (1 g) was converted to

the acetate form  by washing with 0.5 M am m onium  acetate (12 ml) 

and then equ ilib rated  in w ater. A GSL ex tract (10 m l), prepared  

according to M ethods Section 4.2.2.7 (d) (i), was diluted to 30 ml 

w ith  w ater and loaded onto the colum n. U nretained  m aterial was 

eluted w ith 0.06 M pyridine acetate ( 3 x 1  ml) follow ed by GSL 

elu tion  w ith 0.75 M pyridine acetate (40 ml). The pyrid ine acetate 

was rem oved under vacuum  and the yellow  oil containing the GSLs 

d isso lved  in 2.0 ml of w ater. A stock solution was prepared  by 

dissolving 1.0 ml of this intact GSL solution in 5 ml of 20 mM Tris 

buffer at pH  6.0.

ii)  Potassium  Sulfate E lution

A 5 ml aliquot of the GSL extract was diluted to 15 ml and loaded 

onto a DEAE Sephadex A-25 colum n ( 4 x 1  cm). The colum n was 

w ashed  w ith 0 .06 M pyrid ine acetate  ( 3 x 1  m l) fo llow ed  by 

w ater. The in tac t GSLs w ere then elu ted  w ith  0.3 M potassium  

sulfate (10 ml). The 10 ml solution of intact GSLs was divided into 

two 5 ml portions and adjusted to pH 6 using 1 M HC1. These were 

then  desu lfa ted  e ither w ith crude aryl su lfatase or aryl sulfatase 

purified  by gel perm eation.
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f) D esu lfa tion  Tim e C ourse o f GSLs E lu ted  w ith P yrid ine 

A ce ta te .

A rapeseed  ex trac t (Brass i ca  napus  cv L. Cowra  sam ple RX 9) 

p repared  according to M ethods Section 4 .2 .2 .7  (e)(i) was used to 

prepare  a 5 ml stock solution containing approxim ately  2 pm  o le  

GSL/ ml. The d esu lfa tion  using crude ary l su lfa tase  (1 mg) was 

perform ed in 20 mM Tris buffer, pH 6 at am bient tem perature.

At set tim e intervals (15 mins, 30 mins, 2, 12 and 20 hours) a 

2 5 0  p i  aliquot was passed through a Centricon 10 u ltrafilter and a 

50 p i aliquot of the filtrate analysed by HPLC with the detector set to 

0.5 AUFS.

The p eak  areas w ere co n v erted  to  p m o le  G SL / g seed 

using  the thym ol m ethod (M ethods Section 3 .2 .2 .10) and p lo tted  

against tim e.

g) Quantitation of DS GSL Peak Area by Thymol Method.

The conversion  of the peak area of an ind iv idua l DS GSL to 

(Xmole involved the collection of a DS GSL as it was eluted from the 

HPLC. Individual DS GSLs were then lyophilised  and reacted  with 

thym ol reag en t accord ing  to the thym ol p ro ced u re  in C hapter 

3 .2 .2 .10. G iven the am ount o f DS GSL determ ined by the thym ol 

m ethod corresponding to a particular peak area, a response factor was 

calculated. The am ount of DS GSL/ g seed was then plotted against 

tim e (hours).
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h ) D esulfation Time Course using GSLs Eluted with Potassium  

S u lfa te .

Tw o ary l su lfa tase  p repara tions : crude ary l su lfa tase  and aryl 

su lfa tase  pu rified  by gel perm eation  w ere used to desu lfa te  two 

identical batches of intact GSLs.

E ach GSL portion  (5 ml, M ethods Section 4 .2 .2 .7  (e) (ii)) 

rece ived  equ ivalen t am ounts of a ry lsu lfa tase  ac tiv ity  (100 un its), 

given 10 units will produce ap p ro x im ate ly  1 p m o le  DS GSL per hour. 

A t selected tim e intervals a 250 p i aliqout was rem oved from  each 

portion and passed through a Centricon 10 ultrafilter. An aliquot of 

the filtra te  (50 p i)  was m ixed with 100 p i of the in ternal standard 

(0.05 mM oNPGal) and 150 p i injected onto R.P. HPLC. The response 

factors listed  in the follow ing section were used to quantitate the 

peak areas.

i) Isolation of GSLs from Brussels sprout Leaf.

L eaf m aterial was extracted according to Sang, J.P., et al. (1984).2 

In brief, 50 g of leaf tissue frozen by im m ersion in liquid nitrogen 

was pulverised and 20 g weighed before being added slowly to 100 

ml boiling  m ethanol. A fter 3 m inutes the suspension was filtered 

through gauze and the tissue re-extracted as before with 100 ml of 75 

% (v /v) m ethanol. The com bined filtrates were rotary evaporated to 

rem ove m ethanol and the aqueous solution transfered  quantitatively  

to a volum etric flask containing 5 ml of 0.5 M barium and lead acetate 

solution. The volum e was made to 50 ml with w ater and the solution 

centrifuged (1000 x g, 10 m inutes). An aliquot (5 ml) was rem oved 

and diluted to a final acetate concentration of 0.025 M. The DS GSL 

were then purified according to M ethod section 4.2.2.7 e (i).
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j) Quantitation of DS GSL Peak Area with Response Factors.

L iqu id  ch rom atography  re ten tion  tim es and response facto rs used 

for quantitation of DS GSLs, as reported by Sang and T ru sco tt,

1 9 8 4 .7 2

Table 17. DS GSLs retention times and corresponding response factors.

G lu c o s in o la te
R e te n tio n  

T im e s  (m ins)

R esponse

F a c to rs

P r o g o itr in 4 .1 0 9 .2 3

N a p o le ife r in 8 .4 7 9 .3 4

G lu co n ap in 1 0 .4 9 9 .8 7

Sinalbin 1 3 .1 8 4 .6 8

4 -h y d r o x y g lu c o b r a s s ic in 1 7 .2 3 2 .4 4

G lu c o b ra s s ic a n a p in 1 9 .5 3 9 .8 7

G lu c o e ru c in 2 7 .4 3 9 .2 3

G lu co b rass ic in 2 8 .2 5 2 .6 2

Table 17. The time courses of desulfation using the intact GSLs eluted 

with potassium  sulfate (0.3 M ), w ere obtained by determ ining the 

re la tive peak areas of the DS GSL's relative to the in ternal standard 

oNPGal at 226 nm. These were then converted to p inole of GSL by 

using the response factors calculated by Sang and Truscott 1984.72 

At 226 nm, (Area DS GSL/Area oNPGal) x response factor = pm ole DS 

GSL.
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k) HPLC Analysis of Rapeseed M eal

200 mg of oil free rapeseed meal was weighed into a 10 ml graduated 

cen trifuge tube and heated in a boiling w ater bath for 1 m inute. 

Boiling w ater (4 ml) was added to the sam ple and the extract mixed 

w ith vortex m ixer. The caps were loosened and the tubes heated in 

boiling w ater for 10 m inutes, before centrifuging at 1000 x g for 10 

m inutes. A 2.0  m l a liquo t was m ixed w ith  0.5 ml of p ro te in  

precipitating reagent containing 0.5 M lead and 0.5 M  barium  acetate 

and then centrifuged at 1000 x g for 10 minutes. A 2.0 ml aliquot of 

the supernatan t was d ilu ted  to 10 ml and loaded onto a DEAE 

Sephadex A-25 column (100 mg) and washed with 0.5 ml formic acid 

(30 %) follow ed by two 1.0 ml aliquots of water. The retained GSLs 

were then eluted with 0.3 M potassium  sulfate (2 ml) into a 5.0 ml 

volum etric flask  and the volum e adjusted to the m ark. An aliquot 

(1.0 m l) was m ixed with purified aryl sulfatase (20 units) in sodium 

acetate buffer pH  5 and incubated at room  tem perature for 2 hours. 

The DS GSLs were then passed through a Centricon 10 ultrafilter and 

150 p i of the filtrate m ixed with internal standard solution (50 p i )  

and in jected  onto reversed  phase C l8 HPLC. The DS GSLs were 

separated as described in M ethods Section 4.2.2.7 (a).

4.2.2.8 D eterm ination of Optimum pH for Aryl Sulfatase Activity

The effect of pH on reaction rate was determ ined by incubating 1.0 

m l of the substrate (p-nitrocatechol sulfate; 0.125 mM) in buffer, 

w ith  50 p i  aqueous sulfatase at am bient tem perature. A decrease in 

absorbance at the selected w avelength occurred w ith desulfation  of 

the 4-n itrocatecho l sulfate.
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Table 18. M axim um  absorptivity  of 4-nitrocatechol sulfate at various 

pH.

Buffer pH
Absorbance Absorbance

m axim um

0 .2 M  KCI/
2 .0 3 16 .4 2.011

HCI
3 .0 317 .0 2 .0 6 2

0 .2M
4.0 3 1 7 .6 2 .0 4 6

Sodium 5.0 3 16 .2 2 .0 1 2

Phosphate

6.0 3 16 .8 1 .703

7.0 4 0 8 .2 2.381

8.0 4 0 3 .2 2 .60 0

0 .2M

N a 2 H P 0 4  / 9 .0 4 0 7 .6 2 .5 8 8

NaOH

Table 18. The w avelegth of m axim um  absorptivity  of 4-nitrocatechol 

sulfate at a particu lar pH  was determ ined by recording the spectrum  

of the substrate in the buffer being used.

T hese  fig u re s  w ere used to ca lc u la te  m olar ab so rp tiv itie s  at 

each wavelength. pH 2 to 5  was 0 3 1 7  nm = 16,400 L m o H c m -^ p H  6 

was £ 3 1 7  nm = 13,600 L m o H c n r1 and for pH 7  to 9  0 4 0 7  nm.= 2 0 ,0 0 0  

L m o W c n r1

From  the above data the rate of desulfation at a particu lar pH was 

m easured  on a Shim adzu uv-265 spectrophotom eter. The decrease 

in absorbance w ith tim e was recorded and converted to am ount of 

substrate (pm ole) desulfated. A ctivity  (p ino le  p -n itroca techo l su lfate 

desulfated per hour) was plotted against pH.
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4.2.2.9 DS GSL in cu b a tio n  w ith  su lfa ta se  P u rif ied  by Ion 

Exchange Chrom atography.

DS GSLs (approxim ately  15 p inole) were isolated from  a rapeseed 

m eal extract. Each extract was incubated for 12 hours w ith 250, 50 

or 25 p i  of aryl sulfatase (purified by ion exchange) at pH 6 and 

25 °C . The enzyme preparation was 9.6 mg protein/m l (10 units/m l) 

aryl sulfatase activity, where lu n it = 1 pm ol p -n itrocatecho l sulfated 

per hour). The peak area of the individual DS GSL were measured 

relative to the internal standard: oNPGal with HPLC.

4.2.2.10 Incubation of Intact GSL with Emulsin

A liq u o ts  co n ta in in g  10 pm ole  of the in tact GSL (sin igrin) were 

loaded onto DEAE Sephadex A-25 ion exchange columns (lOOmg). 

Each colum n was then incubated with p -g lucosidase (em ulsin) : 0; 

0.008; 0.05 or 0.15 units in 0.1 M sodium acetate buffer pH 5.0 were 

added (1 unit liberates 1 p m ole  o -n itropheno l from  the substrate  

oNPGlu per hour). After a 12 hour incubation at am bient tem perature 

the liberated glucose from  the intact GSL was m easured by eluting 

the colum n with w ater and reacting the eluate with thym ol reagent 

according to the Chapter 3, Methods Section 3.2.2.10

4.2.2.11 Incubation of DS GSL with Emulsin

Em ulsin (5 units; 1 unit will hydrolyse 1 pm ole oNPGlu per hour) a 

P-glucosidase enzym e type II from sweet alm ond (EC 3.2.1.21), was 

incubated with 1.0 mM DS sinigrin in 0.01 M phosphate buffer (5.0 

ml) at pH 6. At various times a 50 p i sample was chrom atographed by 

reversed phase HPLC with the internal standard of sulfanilic acid.
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4.2.2.12 Incubation of the B -glucosidase type A ctiv ity  from  Crude 

Sulfatase with Standard DS GSLs.

F rac tions 70 to 75 (F igure 37a) from  gel perm eation  contain ing  

p -g lucosidase activity , were pooled and subsequently incubated with 

standard DS GSLs. The activity of the p-glucosidase used was varied 

by the volum e added viz., 0, 200, 400 and 600 p i, (1 u n it/100 p i  

given 1 unit hydrolyses pm ole oN PGlu/hour) and the pH adjusted to 

5.6 using 0.05 M citric acid-disodium  orthophosphate buffer (400 p i) . 

The final volum e of each vial was adjusted to 2.0 ml with water. The 

reaction  was analysed after 20 hours by passing 0.5 ml through a 

C entricon  10 and in jecting  250 p i  on the HPLC. The profile was 

obtained using an analytical HPLC column (250 mm x 4 mm) packed 

with 5 m icron Spherisorb C l8.

4.2.2.13 Sulfatase Activity in the Presence of Sulfate Ion.

The possib le inhibition of aryl sulfatase activity  by the presence of 

su lfate ion was investigated  using purified aryl sulfatase from  gel 

perm eation . A liquots o f 2.5 mM  4-n itroca techo l su lfate  in w ater 

(1.0 ml) were mixed with potassium  sulfate to give final sulfate ion 

concentrations of 0, 0.05, 0.10, 0.20, 0.35 and 0.75 M. A 20 p i aliquot 

o f aryl sulfatase (0.034 mg) purified  by gel perm eation  was added 

and the m ixture incubated at room  tem perature for 15 m inutes. The 

reaction was stopped with 2.0 ml HC1 (O .l M) follow ed by alkaline 

quinol reagent. The absorbances were m easured at 515 nm.
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4.2.2 .14 D eterm ination  of K inetics/P roperties o f A rvl Sulfatase for 

GSL Desulfation.

a) D esulfation of Sinigrin.

V arying concentrations of sinigrin (0 to 1.0 mM) in 33 mM ethylene 

d iam ine/acetic acid buffer at pH 5.8 (2.0 ml) were desulfated with 

50 p i of aqueous aryl sulfatase. The rate of desulfation was m onitored 

at 228 nm. The in itial velocity  was determ ined and plo tted  against 

the sin igrin  concentration. This is a m odification o f the m ethod of 

R obbelen  (1987).84

b ) Desulfation of an Indole GSL.

T he p u rified  su lfa tase  from  gel p erm eatio n  (frac tio n s  156-165, 

Figures 37a) was used for desulfation of an indole GSL. Aqueous aryl 

su lfatase (25 p i) was added to glucobrassicin  (0 .5 ,1 .0 , 2.0 mM) in 

sodium acetate buffer pH 5.

A fter 5 and 10 m inutes incubation  tim es, the reaction  was 

stopped by passing  the solution through a C entricon 10 u ltrafilter. 

The am ount of DS glucobrassicin was quantified by injecting 50 p i 

into the HPLC and determ ining the peak area at 226 nm. The rate of 

d esu lfa tio n  o f the indo le  GSL was ca lcu la ted  by converting  the 

change in peak area to pm ole DS GSL produced/ hour and plotting 

this against the concentration of glucobrassicin (mM).
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4.3 RESU LTS

4.3.1 pH  VERSUS A C TIV ITY

T h e o p tim u m  ra te  o f d e su lfa tio n  o f 4 -n itro c a te c h o l su lfa te  in  0.1 M  

p h o sp h a te  b u ffe r  w as ob ta in ed  at ap p ro x im a te ly  pH  5 .5 . It w as also  

a p p a re n t th a t th e  a ry l su lfa ta se  e x h ib its  a c tiv ity  o v e r a b ro ad  pH  

ran g e  o f 2 to 9.5.

A s show n  in F ig u re  30 b e lo w , th e  o n -co lu m n  d e su lfa tio n  o f 

G S L s ca n  be a c h e iv e d  a t p H  8, b u t th e  ra te  w as re d u c e d  by 

ap p ro x im a te ly  80 % com pared  w ith  op tim um  ac tiv ity  a t pH  5.

pH

F ig u re  3 0 . V a r ia t io n  w ith  p H  o f  th e  r a te  o f  h y d ro ly s is  o f 

4 -n itro c a te c h o l su lfa te  by th e  ary l su lfa ta se  o f H . poma t i a . T he ra te  

o f  d e su lfa tio n  w as m easu red  as a d ec re a se  in  a b so rb a n c e  w ith  tim e 

acco rd in g  to M ethods S ection  4 .2 .2 .8
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T h e  d a ta  in  F ig u re  31 (b e lo w ) in d ic a te  th a t g ly c o s id a s e  en zy m es 

o c c u rr in g  in  the  g u t o f the  ed ib le  sn a il (H el ix p o ma ti a ) and  in  the 

c o m m e rc ia l a ry l su lfa ta se  ty p e  H - l  fro m  S ig m a, are  lik e ly  to  have 

a c tiv i t ie s  o v e r  th e  p H  ra n g e  2 .5  to  7 w ith  l i t t le  o r no  d e te c ta b le  

ac tiv ity  above p H  8 (F ig u re  31).

A

A

^ -G lu co s id a se

^-G a la c to s id a se

<<-Mannosidase

PH

F ig u re  31 . T h e  p H  v e rs u s  a c t iv i ty  p r o f i le  o f  g ly c o s id a s e  ty p e  

e n z y m e s  fo u n d  in  sn a il gu t. R e p ro d u c e d  fro m  "T he C a rb o h y d ra te s"  

W a rd  P ig m an  (1 9 5 7 ) .82

T he re su lts  sh o w n  in  F ig u re s  30 and 31 d em o n stra te  the  p o te n tia l o f 

p e rfo rm in g  the  d e su lfa tio n  o f G SL s at p H  above 7 .5 , w h ereby  the h igh  

p H  p re v e n ts  th e  p o ss ib le  d eg rad a tio n  o f the  G S L s by g ly c o s id ase -lik e  

en z y m es  as su g g ested  p rev io u s ly  by  S ang and  T ru sc o tt (1 9 8 4 ).72
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4.3.2 T IM E  CO U RSE W IT H  CRUDE ARYL SULFATASE

If  g lycosidase enzym es are indeed responsib le  for losses in GSL 

con ten t during  desu lfa tion , a decrease in DS GSL w ith  tim e of 

desu lfation  should be observed by HPLC. A tim e course study was 

therefore used to determ ine w hether a reduction in recovery of the 

DS G SL w ith  tim e occu rred  during  the d e su lfa tio n  p ro cess .

GSLs from  rapeseed  w ere purified  in their in tac t form  as 

described in the M ethods Section 4.2.2.7 (e),(i). These in tac t GSLs 

w ere incubated directly with the crude aryl sulfatase at pH 6 and at 

certain time intervals aliquots were rem oved and analysed by HPLC.

The ty p ica l rev ersed  phase HPLC p ro file s  o f DS GSLs 

obtained from  rapeseed, cu ltivar "Bunyip" and B russels Sprout leaf 

are shown in Figure 32a and 32b. A gradient elution on a reversed 

phase C 18 Radial pak cartridge allowed com plete separation of all 

GSLs from plant tissue within 30 m inutes (Figure 32a) according to 

M ethods Section 4.2.2.7(a).

Q uantita tion  in p in o le  fro m  the peak area of each DS GSL 

was achieved by collecting the peak fractions which eluted from  the 

reversed phase HPLC column and reacting the DS GSLs with thymol 

reagen t according to M ethods Section 4 .2 .2 .7  (g). This provided a 

d irect means of relating the peak area at 226 nm with the am ount of 

a particular GSL. This was especially useful when no internal standard 

is available. The results shown below are the response factors used 

for conversion of the peak areas to pm ole GSL.
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a b

Figure 32a,b

H P L C  p ro file s  o f DS G SL s fro m  R a p eseed (a ) and B ru sse ls  S p rou t 

L e a f(b ) .

1. P ro g o itr in  2. S in ig rin  3. N ap o le ife rin  4. G luconap in  5. 4 -H ydroxy- 

g lu c o b ra ss ic in  6. G lu co b rass ican ap in  7. G lu co e ru c in  8. G lu co b rassic in  

9. 4 -m e th o x y g lu c o b ra ss ic in  10. N eo g lu c o b ra ss ic in

G iven  the  tim e course  cond itio n s in M ethods S ection  4 .2 .2 .7 (f), it w as 

e s t im a te d  th a t  th e  p r o d u c t io n  o f  D S G S L  w o u ld  p e a k  at 

ap p ro x im a te ly  2 hours. H o w ev er the  tim e co u rse  w as m o n ito red  over
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the follow ing  20 hours to determ ine w hether a decline  in the 

recovery of the DS GSL was detectable.

Table 19. L iquid Chrom atography Retention Times and Conversion 

Factors for Quantitation of the DS GSLs.

G lu c o s in o la te
R e te n tio n  

T im es  (m ins)

C onversion

F a c to rs

P ro g o itr in 4 .1 0
- 8

9 .0 7  x 10

N a p o le ife r in 8 .4 7 3 .53  x 1 0 ' 8

G luconapin 1 0 .4 9
- 8

5 .9 9  x 10

G lucosinalb in 1 3 .1 8 1 .7 6  x 1 0 ' 7

4 -h y d ro x y g lu c o b ra s s ic in 17 .2 3
- 8

2 .4 2  x 10

G lu c o b ra s s ic a n a p in 1 9 .5 3 1 .5 6  x10" 7

G lu c o e ru c in 2 7 .4 3 2 .1 4  x 1 0 " 7

G lucobrass ic in 2 8 .2 5 1 .88  x 1 0 ' 7

pm ole GSL = Peak area x conversion factor.

uv-visible detector range set to 64 and the attenuation 10.

The results shown in Figure 33 dem onstrate a rapid production of DS 

GSLs which peak at approximately 2 hours. After this time a gradual 

decline in recovery can be observed over the 20 hours.

A rap id  ra te  o f d esu lfa tio n  m ay be a ttr ib u ted  to the 

desulfation reaction taking place in the absence of ion exchange resin, 

since sim ilar am ounts o f aryl su lfatase ac tiv ity  usually  required  

overnight incubation to liberate an equivalent amount of DS GSL.
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In  a d d itio n , th e  tim e  co u rse  re a c tio n  w as p e rfo rm e d  in  20 m M  T ris 

b u ffe r  at pH  6. T he p resen ce  of T ris  has been  rep o rted  to ac tiv a te  the 

a ry l su lfa ta se  e n z y m e .103

■  G lu c o n a p in  

*  P ro g o itr in

F ig u re  33. T im e course  o f hyd ro ly sis  o f G SLs w ith  crude ary l su lfa tase  

at p H  6.0. See M ethods Section : 4 .2 .2 .7  (f).

T h e  g rad u a l re d u c tio n  in  the  reco v e ry  o f th e  DS G S L s d u rin g  the  

in c u b a tio n  w ith  c ru d e  ary l su lfa ta se  (F ig u re  33) co n firm ed  the need  

to  e i th e r  p u r ify  th e  a ry l s u lfa ta se  or to  p e r fo rm  th e  d e s u lfa tio n  

acco rd in g  to the  p ro to co l rep o rted  by Sang and  T ru sc o tt.72
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4.3.3 . G S L  R E C O V E R Y  IN  T H E  P R E S E N C E  O F  A R Y L

S U L F A T A S E  P U R I F I E D  B Y  IO N -E X C H A N G E  

CHROM ATOGRAPHY.

A protocol for the purification of aryl sulfatase for GSL analysis has 

been reported  by H eaney and Fenw ick (1980).70 T h is p u rif ic a tio n  

schem e involved ethanol fractionation  follow ed by passing the crude 

su lfa tase  supernatan t through sequential anion and cation  exchange 

re s in s  (M ethods Section  4 .2 .2 .3  b). The re su ltin g  enzym e had

approxim ately 2 .5-fold increase in specific activity.

A tim e course study was undertaken  to de term ine w hether 

the reduced recovery of DS GSLs observed in F igure 33 could be 

p re v e n te d  by u s in g  s u lfa ta s e  p u r if ie d  by io n  e x c h a n g e  

chrom atography according to Heaney and Fenw ick (1980).

As Table 20 shows, a gradual loss in DS GSLs was observed 

w ith  the add ition  o f aqueous su lfa tase  p u rified  by ion-exchange 

c h ro m a to g ra p h y .

The degree o f DS GSL loss increased w ith the quantity  of 

aqueous enzym e added. This prelim inary  experim ent suggested that 

some com ponent w ithin the aryl sulfatase is capable of degrading the 

DS GSL and that the use of ion exchange chrom atography to purify the 

aryl sulfatase did not appear to remove the cause of GSL loss.
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Table 20 DS GSLs Incubated with Sulfatase Purified by Ion Exchange 

C h ro m a to g ra p h y .

G lucosinolate
%  Relative Areas

25  ul 50  ul 2 50  ul

Progoitrin 6 2 .2 0 3 8 .7 6 2 0 .7 5

Sinigrin 1.43 1.74 N.D.

G luconapin 2 5 .6 0 18.59 11.59

4-Hydroxyglucobrassicin 5 2 .1 6 4 7 .7 7 2 5 .0 6

G lucobrassicanapin 4 .8 7 3.71 2 .4 4

Glucobrassicin 11.02 8 .5 6 5 .9 3

N.D. : not detected.

The am ount of DS GSL present after 12 hours incubation w ith aryl 

su lfa tase  was d e term ined  by HPLC acord ing  to M ethods Section  

4 .2 .2 .9 . R ela tive  peak  areas w ere obtained  by d iv id ing  the peak 

a rea  o f DS G SLs by the peak  area o f the in te rn a l s tandard  

oN PG al. N ote: A 50 p i  aliquot o f the aqueous aryl su lfatase was 

equ ivalen t to a 0.2 % crude aryl sulfatase preparation norm ally  used 

fo r on-colum n desu lfa tio n .66
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4 . 3 . 4  R E A C T I O N  O F  A  G S L  W I T H  E M U L S I N

( a  ß - g l u c o s i d a s e  d e r i v e d  f r o m  S w e e t  A l m o n d ) .

4.3.4.1 Intact GSL and Emulsin

To investigate  the possib ility  that ß -g lucosidases can act on the 

th io - ß - D - g lu c o s e  p o rtio n  o f G SLs, a co m m erc ia lly  av a ilab le  

ß -g lucosidase  from  sweet alm ond (Em ulsin) was incubated with an 

intact GSL (Sinigrin).

Table 21 S in ig rin  C onversion to G lucose during Incubation  w ith 

E m ulsin

Units of Emulsin 

Activity Added
Glucose (umole)

0 .000 N.D

0 .0 0 8 0 .02

0 .05 0 0 .03

0 .150 N.D.

S in igrin  (in tact GSL) w hile re ta ined  on ion exchange resin  was 

incubated  w ith increasing am ounts of em ulsin. A fter 12 hours the 

colum n was washed with water and m easured for free glucose using 

the thymol method, (see Methods Section 4.2.2.10) N.D : N ot Detected.

The results (Table 21) indicated that little  or no detectable glucose 

was liberated by the cleavage of the p-linkage. The addition o f 0.15
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un its  o f (3 -g lucosidase ac tiv ity  u sed  in  th is  ex p e rim e n t w as su ffic ie n t 

to  lib e ra te  10 famole o f g lucose  from  oN P G lu  du ring  the sam e 12 hour 

in c u b a t io n  p e r io d . T h e  s l ig h t  a b s o rb a n c e  in  so m e  sa m p le s  w as 

a ttr ib u te d  to  th e  p re se n ce  o f p ro te in  in  th e  e lu a te . T he re su lts  w ere  

c o n f irm e d  u s in g  th e  C lin is t ix  re f le c ta n c e  m e th o d  (se e  C h a p te r  2) 

w h ich  also  gave no co lo u r reac tion .

4 .3 .4 .2  D e su lfo g lu c o s in o la te  in c u b a te d  w ith  E m u lsin .

A lth o u g h  th e  in ta c t  G S L s d id  n o t a p p e a r  to  b e  d e g ra d e d  by 

e m u ls in  it  w as fo u n d  th a t th e  d e s u lfa te d  fo rm  o f  th e  G S L  w as 

su sc e p tib le  to  h y d ro ly s is  (F ig u re  34).

T h e  ra te  o f  d e g ra d a tio n  o f  th e  d e su lfa te d  G SL  (D S s in ig rin )  

by  e m u ls in  w as m o n ito re d  w ith  H P L C  an d  th e  p e a k  a re a  w as 

d e te rm in ed  re la tiv e  to an in te rn a l stan d ard , su lfan ilic  acid .

F ig u re  34 T h e  e ffe c t o f  e m u ls in  on D S G S L s w as d e te rm in e d  by 

m e a s u r in g  th e  re c o v e ry  o f  th e  D S G S L , s in ig r in  (1 m M ) a f te r
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incubation with emulsin. The DS GSL was chrom atographed on HPLC 

and the peak area divided by the peak area of the internal standard, 

sulfanilic acid (M ethods Section 4.2.2.11).

It was found that the ra te  at w hich em ulsin  acted on the DS 

GSL was approxim ately  three tim es slow er than with the substrate 

oNPGlu. The results show that a loss of 0.58 p m o le  DS sin ig rin  

(20% ) occurred in the first hour. Hence these results dem onstrated 

that enzym ic breakdow n of DS GSL can occur in the presence of 

p-g lucosidase type activity.

4.3.5 BA TCH  TO  BA TCH  V A R IA TIO N  IN ARYL SU LFA TA SE 

AND /?-G LU C O SID A SE A C T IV IT IE S  IN  C O M M E R C IA L  

CRUDE SULFATASE

Four d ifferent batches of crude sulfatase from  Helix pomatia  were 

m easured for the content of both aryl sulfatase and p - g lu c o s id a s e  

activities. Table 22 shows the sulfatase and p-glucosidase activities in 

four separate com m ercial batches of both crude sulfatase and the 

corresponding activities after ion exchange chrom atography. A ctivity 

is listed in units each of which is equal to one p m ole  o f substrate 

hydrolysed per hour. The substrate 4-nitrocatechol sulfate was used 

aryl sulfatase and oNPGlu for P-glucosidase ac tiv ities. A significant 

varia tion  in the absolute enzym e activities from  batch to batch of 

crude aryl sulfatase preparation  from  Sigm a C hem icals is apparent 

(Table 22). H ow ever the proportion of p -g lucosidase activity  to aryl 

su lfa tase  ac tiv ity  is fa irly  co n sis ten t. The s ig n ifican t levels  of 

p -g lucosidase  activ ity , which rem ain after ion exchange purification  

shown in Table 20 may explain the gradual degradation of the DS GSL 

during the desulfation step.
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Table 22. S u lfa tase  and (3-glucosidase activ ities of various batches 

o f com m ercially  availab le su lfatase type H -l (Sigm a) before and 

afte r p u rifica tio n  according to H eaney and F enw ick74 (M ethods 

Section 4.2.2.3 (b)).

Batches Enzym es

Activity (units/mg)

Crude
Partially 

Purified (3)

Batch 1

Sulfatase 40 94.7

B-glucosidase 0.8 1.3

Batch 2

Sulfatase 55 128

B-glucosidase 0.9 2.3

Batch 3

*

Sulfatase 9 .3 18

B-glucosidase 0.3 0.9

Batch 4

Sulfatase 22 52

B-glucosidase 0.7 1.5

* This batch was delayed for many m onths in transit during 

sum m er. @ R efers to aryl sulfatase purified  according to 

Heaney and Fenw ick74

Assum ing that the p -g lucosidase  activity in crude aryl sulfatase from 

snail gut is capable of hydrolysing DS GSLs as was shown for the 

alm ond enzym e, then for quantitative GSL recoveries a purification 

scheme should be directed at rem oving such contam inants. Since the 

p u b lis h e d  io n  e x c h a n g e  p ro c e d u re  fa ile d  to rem o v e  the  

p -g lucosidase-like enzyme (Table 22) it was necessary to apply a new 

s tr a te g y  for the purification of aryl sulfatase from Helix pomatia.
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4 .3 .6  P U R IF IC A T IO N  O F  A R Y L  S U L F A T A S E

1. N ative  PA G E  o f C rude A rvl S u lfatase

A s a f irs t step  in  the  p u rif ic a tio n  o f co m m erc ia l ary l su lfa ta se  type 

H - l ,  th e  c ru d e  en zy m e w as ex am in ed  by n a tiv e  p o ly a c ry la m id e  gel 

e le c tro p h o re s is  (P A G E ). T he la se r  d en s ito m e te r  scan rev ea led  (F igu re  

35) th a t a ran g e  o f  p o ly p e p tid e s  is p re se n t in  the  co m m erc ia l aryl 

su lfa ta s e  p o w d er.

F ig u re  35. C rude ary l su lfa tase  w as e lec tro p h o resed  on a hom ogenous 

7.5  % P A G E  using  the P hast system  as described  in the M ethod Section 

4 .2 .2 .4 .(a). T he ary l su lfa tase  ac tiv ity  (x -x ), w as d e te rm in ed  accord ing  

to the M ethods Section : 4 .2 .2 .6
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T h e  n a t iv e  p r o te in  s ta n d a rd s  b o v in e  s e ru m  a l b u m in  : 1 3 2 ,0 0 0  

(d im e r) , 6 7 ,0 0 0  (m o n o m er) , p h o sp h o ry la se  b : 97 ,000 ,  and ca rb o n ic  

a n h y d ra se  2 9 ,0 0 0 , w ere  ru n  u n d e r id e n tic a l c o n d i t io n s  as the c rude  

a ry l su lfa ta se .

T h e  re la t iv e  p o s it io n  o f th e  a ry l su l f a t a se  to the  s ta n d a rd s  

w as d e te rm in e d  by  a p o s it iv e  re a c tio n  to w ard  the  s u b s t ra te  p N C S  

(sh o w n  in  F ig u re  35 : x -x). T hese  resu lts  suggested  a na t ive  m olecu lar  

w e ig h t o f  th e  o rd e r  o f 1 0 0 ,0 0 0 . In c u b a tio n  o f  the  gel  w i th  the 

s u b s tra te  o N P G lu  re v e a le d  th e  lo c a tio n  o f  the  (3- g l u c o s i d a s e s .  A 

y e llo w  c o lo u ra tio n  a t tw o  p o s itio n s  su g g e s ted  m o le c u la r  w e ig h ts  of 

the  o rder o f 130,000 and 40 ,000  (Show n as * in F igure  35).

F ig u re  36 : T h e  d e n s ito m e te r  scan  o f the  e l e c t ro p h o re s i s  p ro f i le  of 

a ry l su lfa ta se  p u rif ie d  by ion  ex ch an g e  acco rd ing  to M e th o d s  Sect ion 

4 .2 .2 .3  (b).
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2. N ative  PA G E of A ryl S u lfa tase  P u rified  by Ion E xchange 

C hrom atography according to Heaney and Fenw ick (1980).

The pro tein  com ponents of the aryl sulfatase purified by a published 

ion exchange chrom atography procedure w ere also exam ined.

A lthough  a 2.5 fo ld  increase  in specific  ac tiv ity  o f aryl 

su lfa ta se  w as ob ta ined  (T ab le  22) the p - g lu c o s id a s e  a c t iv i ty  

co -p u rif ie d  g iv ing  a s im ila r in c rease  in sp ec ific  ac tiv ity . The 

densitom eter scan o f the electrophoresis profile (Figure 36) reveals a 

range of proteins sim ilar to that obtained for the crude aryl sulfatase 

(F igure 35).
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4.3.6.3 Purification of Arvl Sulfatase bv Gel Perm eation

A lthough aryl sulfatase did not appear to be purified adequately by 

the  ion  exchange ch rom atography  it could  be seen from  the 

e lec tro p h o res is  p ro file  tha t the ary l su lfa tase  had an apparen t 

m o lecu la r w eigh t s ig n ifican tly  d iffe ren t from  enzym es reac tiv e  

tow ard  p -g lu co sid es . It therefo re  seem ed feasib le  to exam ine a 

purification scheme based initially on gel perm eation. Since the native 

m olecular size appeared to be of the order of 100,000 a suitable gel 

perm eation  packing was used to give optim um  separation  in this 

m olecular w eight range.

The gel perm eation  p ro file  of crude ary l su lfa tase  on a 

Sepharose CL-6B colum n (Figure 37a), showed a m ajor protein peak 

w hich contained the aryl sulfatase activity. E luting before and after 

a ry l su lfa tase  w ere p ro te in  frac tions con tain ing  ac tiv ity  tow ard  

P -g lu c o s id e s . The m o lecu la r w eigh ts o f th ese  p ro te in s  w ere 

approxim ately  130,000 and 40,000. The la tter elu ting  p ro tein  was 

om itted from  the results since it was not reproduced using U ltrogel 

AcA 34. This could be attributed to dissociation of the "P -g lu co sid ase - 

like" protein giving an active subunit in some environm ents. The gel 

perm eation  m aterial; U ltrogel AcA 34, was em ployed to determ ine 

w hether the resolution between the aryl sulfatase and the glucosidase 

activ ity  could be im proved. The results using U ltrogel AcA 34 are 

shown in Figure 37(b). The base-line separation between the sulfatase 

and glucosidase activity  was sim ilar to that obtained for Sepharose 

C L-6B. A nalysis of P -g lucu ron idase  using the su b stra te  p h en o l 

ph thalein  glucuronide revealed considerable activity , w hich eluted as 

tw o peaks one of which overlapped the p -g lu co sid ase  ac tiv ity . A 

sligh t m isalignm ent of these overlapping ac tiv ity  peaks suggested 

that these are two different enzymes.
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F ig u re  37 (a) G el p e rm e a tio n  ch ro m a to g rap h y  o f c ru d e  a ry l su lfa tase  

on S epharose  C1-6B. (M ethods S ection  4 .2 .2 .3 (a).
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F ig u re  3 7 (b ). G el p e rm e a tio n  c h ro m a to g ra p h y  o f  c ru d e  ary l 

on U ltro g e l A cA  34. (M ethods S ection  4 .2 .2 .3 (b ).

4  5

40

3 5

3 0

2  5

2 0

1 5

1 0

5

su lfa ta se

A
ctivities 

U
nits/m

g



1 4 7

4 .3 .6 .4  N a tiv e  P A G E  o f  a rv l su lfa tase  from  gel p e rm eatio n

A  P h a s t  e le c tro p h o re tic  e x a m in a tio n  o f  th e  ea r ly  p a r t  o f  th e  p eak  

c o n ta in in g  th e  a ry l su lfa ta s e  a c tiv i ty  f ro m  th e  S e p h a ro se  C L -6B  

e lu tio n  (frac tio n s  95 -110 ) w as p e rfo rm ed . T he re su lts  o f N a tiv e  P A G E  

(F ig u re  38) show  a s ig n ific an t im p ro v em en t in  th e  p u r ity  o f  the  aryl 

su lfa ta se  as a re su lt o f  th is  one ch ro m a to g ra p h ic  step . A lth o u g h  the 

a ry l s u lf a ta s e  e n z y m e  is  n o t p u re  (F ig u re  38) th e  c o n ta m in a n t 

p -g lu c o s id a se  ac tiv ity  (F ig u re  35) appears to have  been  rem o v ed .

F ig u re  38. G el scan o f  N ative PA G E  o f gel pe rm eation  frac tion

T h e  p o o le d  f ra c tio n  95 -110  from  the S ep h a ro se  C L -6B  w as fo u n d  to 

c o n ta in  84 % o f  the  o rig in a l enzym e ac tiv ity  ap p lied  to the  gel. T he 

sp ec ific  a c tiv ity  has been  im p ro v ed  by a fac to r o f 3. T he p o o led  aryl 

su lfa ta se  f ra c tio n s  101 to 108 h av e  a sp e c if ic  a c tiv ity  5 tim es the  

o r ig in a l  a c t iv i ty .  H a v in g  re m o v e d  th e  e n z y m e s  b e l ie v e d  to be 

re sp o n s ib le  fo r th e  red u ced  reco v e ry  o f  the  G SL s d u r in g  d e su lfa tio n , 

f u r th e r  p u r i f ic a t io n  o f  th e  a ry l s u lfa ta s e  w as  s o u g h t to  a llo w  

in v e s tig a tio n  o f  the  p h y sic a l and k in e tic  p ro p e rtie s  o f the  enzym e.
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4 .3 .6 .5  A ry l S u lfa tase  E lu tio n  fro m  Ion E x ch an g e  C h ro m ato g rap h y .

T h e  p o o le d  su lfa ta se  fra c tio n s  fro m  gel p e rm eatio n  on U ltro g e l A cA  

34  (F ig u re  37 (b ); F ra c tio n s  120 to  140) w e re  c o n c e n tra te d  and  

d e sa lte d  on  S ep h ad ex  G -10  acco rd in g  to M eth o d s S ec tio n  4 .2 .2 .3 (a ) , 

and then  app lied  to a co lum n o f  D EA E Sephadex  A -50 (Figure 39). A n 

in c r e a s e  in  th e  s p e c if ic  a c t iv i ty  o f  th e  a ry l s u l f a ta s e  w as 

a c h ie v e d  h o w ev e r , e x a m in a tio n  o f  th e  p ea k  f ra c tio n s  on S D S -P A G E  

re v e a le d  the  p rese n ce  o f  a t le a s t fiv e  o th e r m ajo r co m p o n en ts . (D a ta  

n o t sh o w n )

F r a c t i o n  N u m b e r

o >
E

>.

>

o
<

F ig u re  39 : T h e  p o o le d  su lfa ta se  a c tiv ity  fro m  gel p e rm e a tio n  w as 

lo a d e d  o n to  D E A E  S ep h ad ex  A -50 . A ry l su lfa ta se  w as re ta in e d  and 

e lu ted  u sing  a 0 to 0 .2  M  N aC l g rad ient. T he e lu tio n  o ccu rred  at abou t 

0.1 M  salt. See M ethods Section 4 .2 .2 .3 (a) (stage 2).

4 .3 .6 .6  C on A -S ep h a ro se  P u rif ic a tio n  o f  A rv l S u lfa ta se  p u r if ied  bv
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Gel Perm eation and Ion-Exchange C hrom atography.

It has been reported  that aryl sulfatases from  m ost o ther sources 

such as sheep  b ra in , ox liv er and rab b it k id n ey 104»105»106 are 

g ly co p ro te in s. C oncanavalin  A -S epha rose (C on A -S epha rose) was 

therefore em ployed in the purification of the aryl sulfatase from  Helix  

pomatia.

The pooled aryl sulfatase fractions from  28 to 35 (Figure 39) 

from  D EA E Sephadex  A-25 ion-exchange  ch rom ato g rap h y  w ere 

d ialysed a g a in s t  d is t i l le d  w a te r  and th en  c o n c e n tra te d  by

ultrafiltration to approxim ately 5 mis.

The retention of the aryl sulfatase from  H. poma t ia  on the 

Con A -Sepharose colum n and elution by m ethyl a - D - m a n n o s i d e  

indicated  the presence of carbohydrate m oieties in this aryl sulfatase 

(F igure 40).

An elec trophoretic  exam ination  of the pooled  aryl sulfatase 

fractions obtained from  Con A-Sepharose by SDS-PAGE revealed three 

p ro te in  bands.

A t th is  s tage  ap p ro x im ate ly  60 % re co v e ry  had been

acheived with a 50 fold increase in specific activity. A sum m ary of 

the p u rifica tio n  schem e (T able 23) reveals approx im ately  3 fold 

increase in specific activity for each purification stage.

The use of U ltrogel AcA 34 and DEAE Sephadex A-25 each 

gave 80 % recovery of the aryl sulfatase activity. Con A -Sepharose 

gave a 5 fold increase in specific activity  and approxim ately 97 % 

recovery of aryl sulfatase activity.



150

f l —  A bsorbance  280 nm 

+ —  S pecific  A c tiv ity  units/m g

o>
E
œ
c
D

-4-^

’>
O
<
O

O
0)
CL
05

F ig u re  40. Con A -S epha rose  e lu tion  o f pooled  aryl su lfa tase  frac tions 

fro m  Io n -ex ch an g e  ch ro m ato g rap h y  (M ethods S ection  4 .2 .2 .3 (a ) stage 

3 )

T ab le  23 Sum m ary o f A ryl S ulfatase R ecoveries and Specific  A ctiv ity  

for each P u rifica tion  Step.

Purification

Stage

Total Act. 

(units)

Total Protein 

(mg)

Specific Act. 

(units/mg)

Yield

(%)

Crude powder 

from snail gut
2,200 100 22 100

Ultrogel 

AcA 34
1,850 31.0 59.4 84

DEAE Sephadex 

A-50 1389 7.2 196.5 63

Concanavalin

A-Sepharose
1347 1.2 1,122 61
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4 . 3 . 8 . I N V E S T I G A T I O N  O F  A L T E R N A T I V E  P U R I F I C A T I O N  

S C H E M E S

S ince Con A -S epha rose  chrom atography  was sim ple , gave good 

recovery and a 5 fold increase in specific activity, it was investigated 

as a m eans o f d irec tly  p reparing  crude aryl su lfa tase  free  of 

p -g lucosidase  activ ities.

4 .3 .7 .1 . C oncanavalin A -Sepharose Purification of C rude Sulfatase

To determ ine w hether Con A-Sepharose can be used in place of gel 

perm eation as a means of obtaining purified sulfatase in one step 

for subsequent use in preparing DS GSLs, it was neccessary to see if 

those con tam inan t enzym es causing breakdow n of DS GSLs w ere 

also glycoproteins. The protein  elution profile  shown in F igure 41 

was m easured for sulfatase activity and (3-glucosidase type activity: it 

was apparent that the contam inant enzym es were also retained and 

co-eluted with the aryl sulfatase.

The re su lts  show n in T able 24 dem onstra ted  tha t alm ost 

50 % of the protein (22 mg) was retained with only a 10 % loss in 

recovery of aryl sulfatase activity.

T he a c tiv ity  p ro f ile s  h o w ev er d e m o n s tra te d  th a t Con 

A -S epharose was not useful as a single step purifica tion  m ethod, 

since those enzym es suspected of causing reduced DS GSL recovery 

were found to co-elute with the aryl sulfatase.
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F ig u re  41 : T he c ru d e  ary l su lfa ta se  (50  m g) w as d ia ly se d  fo r 24 

h o u rs  a g a in s t  th e  e q u i l ib r a t io n  b u f fe r  b e fo re  lo a d in g  o n to  C on  

A -S e p h a ro se . (M eth o d s S ec tio n  4 .2 .2 .3  (a) s tag e  3). T he e lu tio n  o f  

p ro te in  w as m o n ito red  at 280 nm .

T ab le  24. C on A -S ep h a ro se  P u rif ic a tio n  o f C rude A ry l S u lfa tase

Enzyme purification 

Stage

Total

A c t iv i ty

(U n its )

Total

P ro te in

(mg))

Specific

A c t iv i t y

(U n its /m g )

Y ie ld

%

Crude Powder 1 ,1 0 0 50 2 2 1 0 0

Con A-Sepharose 996 22.32 45 90.5

T h e  p u r if ic a t io n  o f  c ru d e  a ry l su lfa ta se  u sin g  C on A -S e p h a ro se  is 

su m m a r ised  in  T ab le  24. T h e  a ry l su lfa ta se  a c tiv ity  w as d e te rm in ed  

acco rd in g  to M ethods S ection  4 .2 .2 .2 (a ).
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4.3.8.2 Con A-Sepharose after Gel Perm eation.

The fractions isolated by gel perm eation (Figure 37 (b) fractions 120 

to 140) w ere chrom atographed  on Con A -Sepharose. The elu tion  

profile was sim ilar to that shown in Figure 41. A considerable amount 

o f pro tein  was not retained and this purification  step gave a 5-fold 

increase  in specific  activ ity  w ith approxim ately  2 % loss in aryl 

su lfa tase  recovery .

Table 25 Recovery and purification of Aryl sulfatase.

E n z y m e  p u rifica tio n  

S ta g e

Tota l

A c t iv i t y

(U n its )

Tota l

P ro te in

(m g ))

S p e c ific

A c t iv i t y

(U n its /m g )

Y ie ld

%

C rude Pow der 2 ,2 0 0 1 0 0 2 2 .0 1 0 0

U ltrogel A cA  34 1 ,8 5 0 31 5 9 .4 8 4

Con A -S ep h aro se 1 ,8 0 4 6 .4 2 7 9 .5 8 2

A sum m ary of the purification is shown in Table 25. The recoveries 

are given for each stage of purification . The specific activ ity  was 

found to increase from  59.4 units/m g to 279.5 units/m g protein a five 

fold increase in aryl sulfatase activity.
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4.3.9. IN C U B A T IO N  O F  T H E  P O O L E D  /2 -G L U C O S ID A S E  

A C T IV IT Y  FR A C T IO N  FR O M  G EL PE R M E A T IO N  W IT H  

DS G SLs.

To verify  the results showing the p resence of enzym es responsib le 

for the reduced  recovery during desulfation, the fractions (90-115) 

from  gel perm eation corresponding to the p -g lu c o s id a se  a c tiv itie s  

were incubated with standard DS GSLs.

Table 26. R elative Peak A rea Recoveries of DS GSLs after Incubation 

with the p-glucosidase from H. pomatia .

DS GSLs % Relative P eak A rea

Blank 400ul 600ul

Sinigrin 156 139 132

G luconapin 107 84 72

Glucosinalbin 53 54 41

4-hydroxyindoleG LB 89 79 74

G lucobrassicanapin 94 81 71

NeoGLB 91 77 64

R ela tiv e  peak areas w ere m easu red  against the in te rn al standard  

oN PG lu. The standard  GSLs w ere m easured according to M ethods 

Section 4 .2 .2 .12

A f te r  the addition o f 400 ml and 600 ml of the pooled b-glucosidase 

ac tiv ity  from  gel pe rm eation  it was observed  that a sign ifican t 

reduction in peak area o f the DS GSLs occurred. H ence an enzyme 

responsib le  for reduced recovery o f DS GSLs has been separated
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from  the crude aryl sulfatase by gel permeation.

E xam ination o f the pooled AcA 34 fractions causing b reak 

down o f the DS GSL on PAGE suggested there were a num ber of 

proteins with apparent m olecular weights in the region of 130,000.

4 .3 .1 0 . T IM E  C O U R SE  O F D E SU L FA T IO N  U SIN G  P U R IF IE D  

ARYL SULFATASE FRO M  G EL PERM EA TIO N .

A tim e course reaction employing rapeseed GSLs, as discussed in an 

earlier section (see M ethods Section 4.2.2.7 (h)), was used to confirm  

the rem ova l o f the co n tam inan t g lu co sid ase  enzym es by gel 

perm eation. As previously shown in table 22 the enzym es reacting 

w ith  the substra te  oN PG lu appeared  to be responsib le  for the 

observed loss of GSLs during desulfation. However, an enzyme which 

is not active on oNPGlu but active on GSLs may still be present in the 

aryl sulfatase. To determ ine w hether higher recoveries of the GSLs 

could be achieved using purified aryl sulfatase (free of glucosidases), 

a tim e course study was perform ed. Two identical stock solutions of 

in tac t GSL from  rapeseed w ere incubated w ith e ither crude aryl 

sulfatase or the purified aryl sulfatase.

The GSLs incubated  with the crude aryl su lfatase gave a 

peak recovery below that obtained using the purified aryl sulfatase. 

The am ount of DS GSLs using the crude aryl sulfatase declines over 

the fo llow ing  25 hours. This find ing  was co n sis ten t w ith that 

previously  observed in Figure 33.

In both trials of crude and purified aryl sulfatase using 100 

units of aryl sulfatase (10 units = 1 p m o le  GSL per hour), the 

conversion  of the GSL to DS GSL appear to be com pleted by 2 

hours as judged by the plateau in the time course study (Figure 42).
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■ Progoitrin

■ G luconapin

♦ 4-hydroxyglucobrassic in

F ig u re  42. T im e course  o f d ig estio n  o f tw o 5 .0  m l stock  so lu tions o f 

in ta c t G SL s (1 m M ) w ith  100 un its  o f c ru d e  ary l su lfa ta se  and  100 

u n its  o f  s u lf a ta s e  p u r if ie d  by g e l p e rm e a tio n . T h e  G S L s w e re  

h y d ro ly se d  in  20 m M  T ris  b u ffe r  pH  6 at 2 8 °  C . M e th o d  S e c tio n  

4 .2 .2 .7  (h). p = P u rified  aryl su lfa tase , c = c rude  aryl su lfatase .

T h e  D S G SL  reco v e ry  w ith  tim e using  p u r if ied  a ry l su lfa ta se  in  the 

tim e  c o u rs e  s tu d y  h o w e v e r ,  d e m o n s tra te d  a p la te a u  p h a s e  w h ich  

re m a in e d  a p p ro x im a te ly  c o n s ta n t ov er 20  ho u rs.
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4 . 3 . 1 1  GSL R EC O V ER Y  FR O M  C EN TRICO N -IO

On com pletion  o f the desu lfa tion  step, the DS G SLs w ere passed  

through a pro tein  filte r w ith a m olecular w eight cu t o ff o f 10,000 

(C entricon 10). This served two functions, the m ore im portant was the 

protection o f the analytical HPLC colum n. A lthough a guard colum n is 

ad eq u a te  fo r th is p u rp o se  som e p ro te in  m ay p ass  th rough  and 

accum ulate on the C18 analy tical colum n and the p recolum n causing 

poor DS GSL reso lu tion and peak shape. The other po tentia l benefit 

w as the recovery o f the pu rified  aryl sulfatase enzym e w hich could 

then be w ashed and reused , p roviding any residual DS GSLs have 

been rem oved. This how ever was not tested.

To ensu re  that the larger m ore hyd rophobic  G SLs are not 

re ta in e d  by the C en tricon  10, d e su lfo g lu co b ra ss ic in  w as passed  

repeated ly through a C entricon and the filtrate  re -in jected  onto HPLC 

as described in the M ethods Section 4.2.2.7 (b)

Table 27 DS GSL Recovery from Centricon 10

E luate

Load

A m ount of G S L  recovered  (m M )

Sinigrin G lucobrassicin

1 2 .0 7 2 .0 0

2 1 .9 8 2 .1 0

3 2 .2 1 2 .1 2

4 2 .1 1 2 .0 3

T w o s tan d ard  G SL s, s in ig rin  and g lu c o co b rass ic in  w ere  p assed  

through a C entricon 10 ultrafiltration and a 50 ^il aliquot in jected  onto
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C l 8 H P L C . T he re m a in d e r  o f the f iltra te  w as re lo a d ed  onto 

another C entricon and on each occasion an aliquot injected  on HPLC. 

The peak areas were m easured and the concentration o f GSL in the 

filtrate shown in Table 27.

The HPLC peak areas dem onstrated that the DS GSL can be 

passed through a C entricon 10 w ithout significant losses.

G iv en  a p u r if ic a tio n  p ro to c o l fo r c ru d e  a ry l su lfa ta se  

type H - l ,  it was desirable to fu rther investigate the p roperties o f this 

enzym e for the purpose o f optimisation in preparing DS GSLs for HPLC 

a n a ly s is .
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4 . 3 . 1 2  D E T E R M IN A T IO N  O F  T H E  P H Y S IC A L  P R O P E R T IE S  O F  

A R Y L  S U L F A T A S E .

4 .3 .12 .1  Iso e le c tr ic  F o cu ssin g

T he a ry l su lfa ta se  p rep a red  acco rd in g  to M ethods S ection  4 .2 .2 .3 (a ) 

w as fu r th e r  p u r if ie d  by p re p a ra tiv e  iso e le c tr ic  fo c u ss in g  u s in g  a 

R o to for accord ing  to M ethods Section 4 .2 .2 .4  (c).

A b ro ad  ra n g e  p i  am p h o ly te  w as u sed  f irs tly , fo llo w ed  by 

a na rrow  p i 2.5 to 5 .0  am pholyte for the second frac tionation .

T he re su lts  a f te r  the second  fo cu ssin g  step  are  show n below  

in  F ig u re  43 w hich  suggest the aryl su lfa tase  has a p i rang ing  from

3.9 to 4 .8 .

v —  pH

—  Activ ity  Abs 51 Onm

1.0

0.8 E 
c  
o
T—

If)

0 . 6  £ 
<

>
0.4 'o  

<

0 .2

0.0
0 2 4 6 8 1 0  1 2  1 4  1 6  1 8  2 0

Fraction Num ber

F ig u re  43. P rep ara tiv e  IE F  using  a R o to for accord ing  to M ethods Section 

4 .2 .2 .4  (c). F rac tio n s co llec ted  a fte r focussing  w ere  m easu red  using  a pH  

p ro b e . T h e a ry l su lfa ta se  w as d e tec ted  acco rd in g  to  M eth o d s S ectio n  

4 .2 .2 .2  (a).

a.



4 . 3 . 1 2 . 2  N a t i v e  a n d  S u b u n i t  M o l e c u l a r  W e i g h t s .

T h e  a ry l su lfa ta se  p u r if ie d  acco rd in g  to M eth o d s S ec tio n  4 .2 .2 .3 (a )  

fo llo w e d  by  p re p a ra tiv e  iso e le c tr ic  fo cu ss in g  ac co rd in g  to M eth o d s 

S ec tio n  4 .2 .2 .4  (c) w as ru n  on N ativ e  P A G E  and then  s ta ined  w ith  

s u b s tra te  as a p o s it iv e  co n firm a tio n  o f  its lo c a tio n , ac co rd in g  to 

M ethods S ection  4 .2 .2 .6 . A N ative PA G E o f aryl su lfa tase  run w ith  the 

s ta n d a rd s  b o v in e  se rum  album in  (B SA ) and soybean  try p sin  in h ib ito r 

(T I) w as s ilv e r  s ta ined  accord ing  to M ethods S ection  4 .2 .2 .5  (b). The 

re su lts  show n below  in F ig u re  44a d em onstra te  a sing le  band  w ith  an 

a p p a re n t  m o le c u la r  w e ig h t o f  a p p ro x im a te ly  9 0 ,0 0 0  w h ich  w as 

co n firm ed  as aryl su lfa tase  subsequen tly  by su b stra te  s ta in ing .

i 2 3 4 5

F ig u re  44a  N ative  PA G E  o f pu rified  aryl su lfatase.

L anes 1 and  5 : M W t. m a rkers , lane 2 : C rude aryl su lfa tase , lanes 3

and  4 : p u r ified  aryl su lfa tase .



1 6 1

T he a ry l su lfa tase  is seen to m ig ra te  as a b road  band. A ry l su lfa tase  

frac tio n s  o f  va ry in g  p i  w ere  found  to g ive the sam e m o lecu lar w eigh t 

es tim atio n s. T he aryl su lfa tase  run on SDS PA G E  accord ing  to M ethods 

S ec tio n  4 .2 .2 .4  (b) d em o n s tra te d  a su b u n it m o le cu la r w eig h t o f the 

ord er o f  32 ,000 . T his suggests tha t the  aryl su lfa tase  from  H. pomatia 

is p o ss ib ly  a trim e r.

F ig u re  44 (b) An SDS PA G E  o f  pu re  su lfa tase  p repared  accord ing  to 

M ethods S ection  4 .2 .2 .4  (b). L anes 1 and 4 are low  m o lecu lar w eigh t 

m a rk e rs , lanes 2 and 3 are ary l su lfa tase  1 and 2 re sp ec tiv e ly .
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4.3.12.3 Sequencing of A rvl Sulfatase

The pu rified  aryl su lfatase run on SDS PAGE was subsequently  

blotted onto a PVDF m em brane and the band corresponding to aryl 

su lfatase excised for am ino acid sequencing according to M ethods 

Section 4.2.2.4 (d and e). The first 14 amino acids sequenced from the 

term inal end were as follows : Ala Glu Asp Pro Pro Lys Val lie  Leu 

Pro Glu Val Phe Glu.

The 14 am ino acids sequence was not m atched w ith aryl 

su lfa tases  from  other sources and the c lo sest m atch was w ith 

g lu tam ine  syn thetase . The re la tiv e ly  high am ount o f p ro lin e  is 

consisten t w ith the m am m alian aryl su lfatases.107

4 .3 .1 3  K IN E T IC  STÜ M ES ON ARYL SULFATASE

4.3.13.1 E ffect of Sulfate lens on A ctivity of Aryl su lfatase from 

H. pomatia .

The elution of in tact GSLs derived from  plant m aterial from  DEAE 

Sephadex A-25 using 0.3 M potassium  sulfate was shown in Chapter 

3 to g ive good recovery . S ince on-colum n d esu lfa tion  proceeds 

slowly, it was considered desirable to attem pt to elute the intact GSLs 

and perform  the desulfation in solution, w ithout the possib ility  of a 

c h a rg e d  m a trix  re s tr ic tin g  e n z y m e -su b s tra te  in te ra c tio n . T he 

p resen ce  o f su lfa te  or phosphate  ions has been repo rted  to be 

strongly inhibitory for aryl sulfatase enzyme of the edible snail.67

To ex am in e  w h e th e r the  su lfa ta se  a c tiv ity  w o u ld  be 

appreciably affected by 0.3 M potassium  sulfate, a series of activity 

assays in the presence of increasing sulfate w ere conducted  (Table
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28). The re su lts  suggest tha t aryl su lfa tase  was not m arkedly 

inhib ited  by 0.3 M potassium  sulfate, since no significant sulfatase 

inhib ition  occurred even in the presence of sulfate concentrations as 

high as 0.75 M (Table 28). This finding is consisten t w ith those 

reported for other type 1 aryl sulfatase enzym es.105

Table 28. Sulfatase A ctiv ity  in the Presence of Sulfate ion 

M ethods Section 4.2.2.13

P o ta s s iu m

Sulfate

(m M )

R ate  of Hydrolysis  

u m o le /m g /m in

0 6 6 .5

0 .0 5 6 6 .9

0 ,1 0 6 7 .5

0 .2 0 6 7 .0

0 .3 5 6 6 .6

0 .7 5 6 5 .3

4 .3 .1 3 .2  Sulfatase Activity in the Presence of GSL Substrates.

To de te rm ine  the ra te  at w hich d esu lfa tion  w ill occur fo r a 

particu lar rapeseed extract it is im portant to know the Km value of 

the ary l su lfa tase  tow ard both a liphatic  and indole GSLs, since 

variable concentrations of the GSL substrate may appreciably affect 

the rate of desulfation. Given an estimate of the total GSL content, the 

p lan t or seed extract can be diluted if  neccessary to a concentration 

that w ill give an optimum rate of desulfation.
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a )  S in ig rin  In cu b atio n  w ith  A ryl S u lfa tase .

T h e  ra te s  o f  d e su lfa tio n  w as d e te rm in ed  u sin g  th e  a lip h a tic  G SL: 

s in ig rin  at va ry ing  co n cen tra tio n s.

F ig u re  45. T he ra te  o f  d e su lfo s in ig r in  fo rm a tio n  w as d e te rm in ed  

sp e c tro p h o to m e tr ic a lly  in 33 m M  e th y len e  d ia m in e /ac e tic  acid  bu ffe r 

at pH  5.8 accord ing to M ethods Section 4 .2 .2 .14  (a).

A p lo t o f  v e lo c ity  ve rsu s su b stra te  co n cen tra tio n  (F igu re  45) revea ls  

th a t a ry l s u lfa ta s e  a p p e a rs  to  ac t as a h o m o tro p ic  en zy m e  in 

w hich  the a liphatic  G SL serves as an in h ib itory  or negative  m odulator. 

T his is co n s is te n t w ith  o ther rep o rts  conce rn ing  the in h ib itio n  o f  aryl 

s u l f a ta s e  a c t iv i ty  w ith  in c r e a s in g  s u b s t r a te  c o n c e n t r a t io n .109 

H o w e v e r  it has a lso  been  re p o r te d  th a t th e  d e g re e  o f  su b s tra te  

in h ib i t io n  is p H  d e p e n d e n t w h e re b y  c h a n g e s  in  a c t iv i ty  w as 

a ttr ib u te d  to a ch an g e  in pH  op tim um  in  a sso c ia tio n  w ith  su b stra te  

c o n c e n t r a t i o n .109
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b) G lu co b ra ss ic in  In cu b a tio n  w ith  A ry l S u lfa ta se

T h e  ra te  o f  d e su lfa tio n  u sing  the  su b stra te  g lu c o b ra ss ic in  ap p ea red  to 

o ccu r c o n s id e ra b ly  m ore  slo w ly  than  th a t o f  a lip h a tic  G SL s. T h is  is 

c o n s is ite n t w ith  th e  o b se rv ed  d e su lfa tio n  ra te s  o f  G S L s in  rap eseed  

e x t r a c t s .  A n  o p tim u m  r a te  o f  d e s u l f a t io n  w a s  r e a c h e d  a t 

ap p ro x im a te ly  1.0 m M  g lu co b ra ss ic in  at pH  5. A co n c en tra tio n  above 

2 .0  m M  w as found  to in h ib it aryl su lfa tase  ac tiv ity .

G l u c o b r a s s i c i n  ( m M )

F ig u re  46 . T h e  ra te  o f  d e su lfa tio n  by a ry l su lfa ta se  in  20 m M  ace ta te  

b u f fe r  a t p H  5 .0  w as m e a su re d  by th e  ra te  o f  fo rm a tio n  o f  DS 

g lu co b ra ss ic in  using  H PL C  at 226 nm . T he cond itions are g iven  in  M ethod 

S ectio n  4 .2 .2 .1 4  (b).
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4 .4  D ISC U SSIO N

The use of aryl sulfatase from H . pomatia for on-colum n desulfation  

of GSLs was first reported by Theis 1979.67 A recent protocol utilising 

on-colum n desulfation prior to HPLC analysis using reversed phase 

C18 chrom atography was reported by Sang and T ruscott (1984).66 

T his m ethodology  invo lved  on-colum n d esu lfa tio n  in 20mM  Tris 

buffer at pH  8.0. The high pH desulfation was em ployed to prevent 

contam inant g lycosidase enzym es in the crude aryl su lfatase from  

acting on the GSLs.

The need to heat treat the DS GSLs after desu lfation  was 

reported  by M cG regor in order to inh ib it the degradation  of the 

in ternal standard oNPGal by the glycosidase p resen t in the crude 

aryl su lfa tase .52

It has been shown that some glycosidases becom e inactive 

at pH values above 7.5 (Figure 2). Aryl sulfatase however m aintained 

approx im ately  15 % o f its optim al ac tiv ity  (pH  5.5) in 0.1M  

phosphate  buffer at pH 8.0. It has been reported  that the aryl 

sulfatase from Aerobacter aerogenes strain 9621 retains 40 % of its 

activ ity  in 0.5 M T ris-chloride pH 10.108 This activity  assay was 

how ever perform ed in Tris buffer which has been shown to activate 

aryl sulfatase giving an increased apparent Km and Vm ax.109

High pH  desulfation  using aryl sulfatase from  H. pom a t ia  

resu lted  not only in slow er rates of desulfation therefore requiring 

m ore enzyme, but more seriously in the loss of 4-hydroxyindoleG LB. 

This GSL w ill be underestim ated due to oxidation  particu larly  at 

h igh  pH . The use of an an tiox idan t m ercap to e th an o l, gave a 

su b stan tia l im provem ent in the recovery  o f the indo le  G S L .7 2 

H ow ever the use of m ercaptoethanol was not a desirable solution for 

m ost laboratories considering the pervasive smell of this reagent.
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The time course study shown in Figure 33 dem onstrated the need to 

inhibit the activities of contam inant enzymes toward GSLs during the 

d esu lfa tio n  step , assum ing tha t these  w ere re sp o n sib le  for the 

observed decrease in recoveries.

A report by B uchner (1987) dem onstrated variab le recovery 

of the DS GSLs depending on the presence of buffer. The time course 

o f desu lfa tion was perform ed in w ater pH 4.7 or sodium  acetate 

buffer pH  4.5 at room  tem perature. Although a plateau was obtained 

in both studies , the yields of individual DS GSLs in w ater were 

variable , being approximately 20 to 30 % less than that obtained with 

20 mM  sodium  acetate buffer pH 4 .5 .110 This may possib ly be 

attributed to the inhibition of suspected glycosidase enzym es by the 

acetate io n ."  Further results dem onstrated variable yields depending 

on the tem perature of desulfation. Hence the existence of glycosidase 

enzym es in aryl sulfatase may explain the variable yields observed 

during  desulfation .

To confirm  the possibility  that p -g lu c o s id a s e - l ik e  enzym es 

m ay act on the p -D -th io g lu c o se  m oie ty  of G SL s, em u lsin  a 

P-glucosidase from sweet almond was incubated with both intact and 

DS GSLs.

The results shown in Table 21 and Figure 34 suggested that 

only the DS GSL was susceptible to hydrolysis. Em ulsin was reported 

to behave similarly to the p-glucosidase from  H. pomatia ,82

The rate of decline of DS GSL concentrations in the time course 

study (Figure 33) was seen to be approximately equal for all DS GSLs 

which was also consistent with a report that the snail P -glucosidase is 

not greatly influenced by variations in the aglycone structure.82

The am ount of p -g lu c o s id a se  a c tiv ity  m easu red  in  the 

crude aryl sulfatase from H. pomatia  was determ ined in four samples 

(T able 22) and found to be in su ffic ien t am ounts to cause the
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observed losses during desulfation of the GSLs.

A pu rification  p rotocol published for the crude sulfatase by 

H eaney and Fenw ick was based on ion-exchange ch rom atography.70 

A lthough a 2.5 fold increase in the sulfatase specific activity  (Table 

22) was obtained, the incubation o f this aryl sulfatase preparation 

with DS GSLs resulted in reduced peak areas of the DS GSLs depending 

on the am ount of enzyme added (Table 20). This dem onstrates that 

glycosidase enzymes are not rem oved from  the aryl sulfatase by the 

ion exchange chromatography method. This can result in the loss of DS 

GSLs. A ttem pts by Sang and Truscott to purify the aryl sulfatase 

by charge differences such as DEAE Sepharose or Chromatofocusing at 

pH  4-6 also failed to im prove the recovery of the GSLs during 

d e s u lfa tio n .72

Gel perm eation  on Sepharose CL-6B or U ltrogel AcA 34 

gave good separation  of the aryl su lfatase and ( 3 - g lu c o s id a s e  

activities. The p-glucuronidase activities were also well resolved from 

the aryl su lfa tase , w hich was consisten t w ith reports  by W ynn 

( 1 9 6 6 ) 111 and Y am ag u ch i(1 9 8 2 )112, in w hich m am m alian aryl 

sulfatase and p-glucuronidase were resolved by gel perm eation. T h e  

pooled aryl sulfatase fractions from U ltrogel AcA 34 was found to 

have a three fold increase in the specific activity with 84 % recovery. 

Further purification by DEAE Sephadex A-50 (Figure 39) gave an 

approx im ately  four fold increase in specific ac tiv ity , but 20 % 

loss in the total aryl sulfatase occurred (Table 23).

The separation of sulfatases 1 and 2 can be acheived using 

ion exchange chrom atography. However, it was reported by Roy and 

W illia m s  (1 9 8 9 ) that the enzym e preparation  needs to be firs t 

dissolved in 10 mM Tris-HCl, pH 7.4 with 75 mM NaCl in order to 

sep a ra te  the tw o fo rm s.109 An N aCl grad ien t then elu tes aryl 

sulfatase 1 at 0.1 M NaCl and aryl sulfatase 2 at 0.4 M NaCl. Aryl
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sulfatases 1 and 2 were found to be indistinguishable in term s of 

the ir k inetic p roperties .109

The binding site of C oncanavalin A -Sepharose is specific for 

a -D -m a n n o sy l, oc-D-glucosyl and ste rica lly  sim ilar residues. A ryl 

su lfa ta se  from  H_,_ p o m a t i a  was found to be re ta ined  by Con 

A -S epharose  p rov id ing  a sim ple and e ffic ien t p u rifica tio n  step 

(Figure 40 and Table 23). For the purpose of preparing DS GSLs for 

analysis on HPLC, alternative purification schemes were investigated.

The use of Con A -Sepharose as a one step purification  of 

the crude su lfatase was not successful due to the b inding and 

co-elution of the p-glucosidase enzyme with aryl sulfatase.

The use of Con A-Sepharose after gel perm eation gave a 10 

fold increase in the specific activity with only 2 % loss of activity 

(Table 25). If it is desirable to decrease the amount of protein added 

for the purpose of using aryl sulfatase for preparing DS GSLs, gel 

perm eation followed by Con A-Sepharose chrom atography was found 

to be advantageous.

To co n firm  the separa tion  o f ary l su lfa ta se  from  the 

g lycosidase enzym es acting on DS GSLs, studies re la ting  to the 

recovery of DS GSLs were performed.

The tim e course desu lfa tion  study perform ed in 20 mM 

Tris buffer pH 6 (Figure 42) dem onstrated that desulfation of GSLs 

was com pleted by 2 hours and further aliquots of the DS GSLs taken 

over the follow ing 20 hours showed no apparent decline in DS GSL 

recovery . Som e m inor decrease in the 4-hydroxyindoleG L B  was 

apparent after 5 hours, but the use of aryl sulfatase preparations 

with higher specific activity could enable com plete desulfation within 

30 m inutes, thereby m inim ising the tim e for analysis and loss of 

those GSLs susceptible to oxidation.

T he in h ib itio n  o f ary l su lfa tase  by su lfa te  ions rep o rted  by
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T hies, W .67 was not observed in these experim ents (Table 33). As 

m uch as 0.75 M potassium  sulfate was found not to cause any 

app reciable loss in aryl sulfatase activity  from  H. pomat ia .  T h is  

re su lt is co n sis ten t w ith the c lassifica tion  o f the aryl su lfatase 

from  pomat ia  as a type 1 aryl sulfatase. These enzym es are 

typ ically  in sensitive  to sulfate ion. For exam ple, studies on aryl 

su lfatases have shown that Aerobac te r  orvzae  produces an aryl 

sulfatase which is also not strongly inhibited by sulfate.107 Sim ilarly 

the aryl sulfatase from  A. aerogenes is not inhibited by sulfate, 

how ever a phosphate concentration of 10 mM gave 55 % inhibition 

using n itrophenylsu lfate  as substrate .108

A recen t report by Roy 1989, has dem onstrated  that the 

inh ib ition  of aryl sulfatase by sulfate is pH dependent how ever, 

sulfite was found to be a potent inhibitor.109

P o tassium  su lfa te  e lu tion  o f G SLs, as described  in the

Thym ol procedure (chapter 3), prior to desulfation should lead to 

im proved  enzym e-substrate  in terac tion  by rem oving the need for 

on-colum n desulfation thus giving an increased rate of desulfation. 

Another advantage is the elution of novel negatively charged DS GSLs 

such as 1-sulfoG LB w hich may not be elu ted  using on-colum n 

desulfation. In addition there is potential for the concurrent analysis 

of the eluate by thym ol for total GSL determ ination which can be

correlated with the HPLC technique.

A t pH  5.5 and increasing  sin ig rin  co n cen tra tio n  it was

found that the ra te  o f desu lfa tion  decreased w ith no detectab le

d esu lfa tio n  by aryl su lfa tase  observed at 1 mM  sin ig rin . W ith 

increasing concentrations of glucobrassicin, the rate of reaction firstly 

increases to a maximum at 1 mM, and then declines to 25 % of the 

maxim um  at 2 mM (Figure 46). M oreover, the rate of desulfation was 

m arkedly less than that for sinigrin at all substrate concentrations. It
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should be noted , however, that different buffers were used in these 

assays. Substrate inhibition has also been reported by Dodgson (1954) 

when aryl sulfatase A from  A. metalcaligenes was incubated with 

in c re a s in g  co n cen tra tio n s  o f 4 -n itro ca te ch o l su lfa te .97 The aryl 

su lfa tase  A from  ox liver was also reported  to be inhib ited  by 

concentrations of 4-nitrocatechol sulfate higher than 3.0 m M .103 More 

recen t rep o rts  by Roy (1989) have dem onstrated  that substrate  

inhibition of aryl sulfatase from H. pomatia is pH dependent.109

G iven the p ro te in  pu rifica tio n  p ro toco l it is possib le  to 

purify  large am ounts of crude aryl sulfatase (250 mg) in a single 

step by gel perm eation  and although it has been reported  that 

c a rb o h y d ra se s  are  cap ab le  o f a ttack in g  S ep h ad ex  su p p o rts , 

acrylam ide-agarose gel perm eation colum ns have been found to be 

durable. This allows relatively simple and repetitive purifications of 

aryl sulfatase to be acheived. A lthough further purification  of the 

aryl sulfatase is not necessary the use of Con A -Sepharose provides 

enzym e preparations of higher specific activity. W ith 200mg of crude 

sulfatase, the total activity rem aining after gel perm eation and Con 

A -S epharose  was approx im ately  1,800 units. S ince 1 un it w ill 

desulfate approxim ately 0.5 Rimóle GSL per minute, this is sufficient 

aryl sulfatase activity to analyse approxim ately 600 samples.

A rap eseed  m eal (60 Rimóle G S L /g  m ea l)  p re p a re d  

according to M ethods Section 4.2.2.7 (j), w ill yield approxim ately 1 

jim ole of GSL in a 1.0 ml aliquot. Desulfation with 1 unit (or 20 

p,g) of aryl su lfa tase  from  gel perm eation , is estim ated  to be 

com pleted  by 15 m inutes at pH 5. This rap id  ra te  of sam ple 

preparation  and desulfation should allow good recovery of unstable 

GSLs, for exam ple, 4-hydroxyglucobrassicin.

A sum m ary of the proposed m ethod for HPLC analysis of the 

GSLs in plant tissue is shown below.
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Plant Tissue

1. Boil to inactivate myrosinase

2 . Extract into water.

3. Protein precipitation

4. Load aliquot onto DEAE Sephadex A-25

5. Wash with 30% formic acid

6 . Elute GSL with 0.3M potassium sulfate

7. Adjust to 5.0 ml with distilled water

8 . Remove aliquot (1.0ml) for desulfation 

with purified sulfatase and an aliquot 

for thymol reaction.

9. Incubate for 15 minutes

10. Pass through Centricon 10 ultrafilter.

NK

Mix with internal standard and inject into 

reversed phase HPLC.

F ig u re  46. S tra tegy  for the  p rep ara tio n  o f DS G SL for rev ersed  phase 

H PL C  analysis.

T h is  m e th o d o lo g y  sh o u ld  e n a b le  e f f ic ie n t  d e te rm in a tio n  o f  G SL  

p r o f i le s  in  a ll c ru c i f e ro u s  se e d s  an d  c o u ld  be  a p p lie d  w ith  

m o d if ic a tio n  o f  in i t ia l  e x tra c tio n  c o n d itio n s  to o th e r  p la n t tis su e  

s a m p le s . P re v io u s  m e th o d s  h a v e  in v o lv e d  o v e rn ig h t  o n -c o lu m n  

d esu lfa tio n  or have  req u ired  e lu tio n  o f the  in ta c t G SL s w ith  p y rid in e  

ac e ta te  p r io r  to  d esu lfa tio n .
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E rrors in the quan tita tion  of the unstable 4-hyd roxyglucobrassicin 

w ill be m inim ised by perform ing the desulfation at low pH (pH 6 

instead of pH 8), which both im proves the rate of desulfation and 

reduces oxidation which is more pronounced at higher pH.

The other advantage of this m ethodology is the elu tion of 

novel GSLs which possess an additional acid group not cleaved by 

aryl sulfatase. For example, the analysis of 1-sulfoglucobrassicin may 

not be possib le  using on-colum n desulfation, since the additional 

su lfate group would prevent elution. E lution by potassium  sulfate, 

however, ensures 97 % of the GSLs are recovered.

Given the elution of the intact GSLs with potassium  sulfate, 

an aliquot could be removed for estim ation of the total GSL content 

using the thym ol method.

O verall, this strategy can provide a fast, sim ple and accurate 

m easu re of ind iv idual GSLs in rapeseed m eals and other GSL- 

containing plant tissues.
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