
_ .- 
:&$&-&&.~~~~~~~ 57.@7’1). IO34jgi. :. : ’ ‘_ 

.;@-- Elsevier~~~c’Publis~-C &nsterdti - Printed .ii BefgIuna 
‘_ _. :: -: . . _.._-:-:. _. ._-- ._ L ._ : !.__ .- . . . ..‘_ .‘.I.~- _.:‘. .. . .,. 

~&$&&&-j&&&-&&& p;ND &_&~~LA~OS~A~ES IN 

c~&j&,$~+JJJJ& ~+&i~N~* _ .’ . : ., 

._ .:: : 
N..g MATHES~N~I AND Ii&& S.!.%INI -_ _.. 
~&&hi&d’& ‘&r&&&~~C/~e~~y~ U+zq-& of Sydney, N.S. y -toad (Ausfralia) 

~(Recek_N~~~b~~ ;&b,-!976; ac-te for- psbkatibn, December 16th, 1976) 
_‘. 

: 
.: - 

.ABsTRAcT :. . . 

~. 

.- ’ ‘&act&. bf urinating-lupin.cotyledons, followed by &exchange and gel 
chromatogr&hy, gave two c+r_-arabinoftiosidases and three p-D-&actop$rano- 
sid&es. S+ne fractions .were further purified by using Concanavalin A-Sepharose. 
The chtiges in the activities of the enzymes duringgermination have been determined. 
Some kinetic and physical properties.of these. enzymes ti described, and their role 
in thy modification of cell-wall polysaccharides is discussed. 

INiRODUCTION 

‘On germination of lupia seeds, the growth of cotyledons is associated with a 

depletion of the in+rcellular ‘and cell-wall polqisaccharide3. The degradation of these 
p&ys&charides -is tiot uniform, but the neutr+l sugars, arabinose and galactose, are 
pief&ntially liydrolysed, leaving, atthe iater stages df germination, a polysaccharide 
having -a much higher. content 1 of uranic acid. Present theories of cell-wali poly- 
.saccharide st&ture depict a ~rhamnogal&uronan chain to which arc attached 
&ra~@~ogal&an side-chains, with much smaller amounts of other neutral mono- 

saccharides, and a. sm&’ proportion of D-glucuronic acid2. In lupins, the arabino- 
gala&an ;structure-.is based on a /?-B-(1+4)-linked D-galactose core3s4, and the L- 

arabi&se most probably has a furanoid structure. Enzymes that could be involved in 
the: selec& degradation of this structure are the exe-enzymes, a+arabino- 
f&an&id& (EC 3.2.1.55) and /SD-gala&osidase _(EC 3.2.1.23), and possibly the endo- 
_,enzy& ~~&~g&ct&ase. In the &ning of these enzymes, if the ring size of the 
subs&+@ sug& is not specified, pyranose is understood. 

.- &D-G&lactosidas& have been found in, many plant sources, including spinach 
.ieave$,.. Ip&nea Aowers~, Avet& coleo&iles’, .pea epicotyis*, appIe9, plum”, and 
~t&ato~fruits! 1~12~.sweet-almond emulsin 13, Vicin seedlings14, &seeds of clover”, 

I’, Dolichos br$orus .’ Cajanus indicm16, ja+bea+ 18, Phaseolus vulgaris 1 9, Canavalia 
;_ ,: .- 

‘- . . *Dedicated:& the &erno&-of’& Edmund k&t, C.B.E., F.R.9. 
‘*-To i&om correspdndence ‘sIzorild- be addAsse& 



activity in germinating Dolichos bifloms seeds increased three-fold Tom O-$ dais, and 
then declined’s; rice seeds ” showed similar behaviour. fn ripening apples, there w&s 
an increase in both soIuble and bound fractions during ripening’; &d the activity in 
thy CofoLfa of Ijomea tricolor krezsed and then deu&ied sli..txy6_ In-tomato 

fiait.~~~*~~, j?-D-g&CtOSidase activit$ was found to be high, relative to that of poly- 
galacturonase, at the green stages, and the latter activity did not rise to si@&t 
3@zS&3~*~M&ti~., 

-We now report studies of enzymes that hydrolyse a-L-a&mofur&nosyl and 
j3-D-galactosyl residues, and that could- modify cell-wall and intercellular poly-- 
saccharides. 

RESULTS AND DISCUSSION 

The ability of extracts of cotyledons, at various times after germk& -031 in the 

dark, to hydrolyse the c&wail polyeaccharide that can _Jx extracted from lupin 
CotyIedons by hot water containing EDTA and oxalate is shown in Fig. 1. This 
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t&&ii&‘- t$k&i@ng~ &i&hose; ;g&uitosti, rhamnose; and trac& of .oiher neud 
-~u~?.~~E&ir&tic +&vi@ w& alGays p&ent &the extra&s .of cotyledons; aftex 
z+ i&ial de&+e, ‘-it subse@en@y increased; Using nitrotih&yi glycoside substrates, 
@i& chan&&s jn a~,number of soluble glycusidase activities weie also. measured. -The 
&-&~si~_ level ~$0.2 J&M per lQ0 seeds before imbibiti&x, increased to 
0.3 at.-5 days, and th~n’decriased to 0.22 by 12 days. ac-D-Galactosidase activity was 
initialiy hi&G (0.6); tipidly in creased td 0.8 by 2 days, and then d-eased to 0.6 by 

12 days, c&Arabinofuranosidase activity was low in the. ungerminated seed (0.08) 
aridchangd little op ’ germination, Seeds grown in the light and in the dark behaved 
simil&ly: when--the act%&% of z@ptititiy cell-bound enzymes were assayed as 
se@ : ge rminated in the light, the ratio of celLbOund to soluble &D-galactosidase 
increased, At imbibition, the bound activity (0.03) was much less than the soluble, but 
by, 12.days there was mori: bound (0.34 than unbound, and’the increase continued 
up to 18 days when it was 0.5 ,&&@I per 100 seeds. In the dark, there was a small 
increAse in bound enzyme, but there was always less of this than the soluble fraction. 
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The i&ail level of bound &-arabinofuranosidase. was ~&ss thhan the Soiub~e;~:but .th&re 

w& so& &hse, both’ in the d&k and the- light, as; @edi&& @,wi so thatby li 
days, the. amount of. botid f%ac~tio~ -was :s.lightly’. higher: Additiom&:.&ia+ion & 

residues- with b-u&r did noi in&ase the:JeveIs: of soluble -e&yme~_si&i&antly, &d 
wh&n cotyledons that had.grownfor s days in .the d-ark-were extraqted .w&.t‘b&i%rsof 

highor ionic strength (up to .0.&t), there was no .inCrease in the Sohrble ftaction. ,men 
ffie soluble fractions were chromatographed on DEAE&Jh.dose, ‘two. &-arabino- 
furanosidases, two P-D-gtilactosidases, and thr& &qgalactosidaso ~-activities Gore 
obtained (Fig. 2): The cc-r.-arabinofuranosidases.and &D+&aetosidases were l&U&d I 
and II from the order of elu&r, and the a-D-galactosidases ja,:B,+nd C, following the 
convention applied to other iegunie seeds?” . Extracts ofcotyledons‘ @own in the dark 
were then prepared at 2&y intervals up to 12 days; :and the.changes in the levels of 
the multiple forms of.the enzymes measured after separation on DEZAE-ceihrlose. The 
level of So-ga&tosida&e I irrcreased-from 0.04 Katal p& 100 seeds-to 0.12 at 6.&s, 
and then remained constant, whereas II, after an initial i&ease from 0.06. to 0.11 at 
2 days, -decreased steadily to.0.05. a-r_-Arabinofuranosidase I de&a@ initially and 
then became constant (0.05 to 0.03), but e&me II was, at first, very low (0.01) and 
then increased to 0.025. 

a-D-Galaetosidase A decreased from 0.30 to very low values (O&l), and C 
increased from a trace to 0.13 in 12 days. Enzyme B rap& increased from 0.13 &LB. 
0.34 in 4 days, and then deoreased to 0.24 by 12 days. Two (A and C) or three (4, 

was concluded26 that it Gas involved in the hydrolysis of galactoniannan. & contrast 
to guar, luceme, carob, and honey locust, which have~endosperms~ofga!a&ntian, 
in soybeans, which contain only trace amounts of galactomannan,. the increase in 
enzyme C was slight. The changes in lupin .enzyme C are’simi~ar to those of soybean, 
and only trace amounts of this polysaccharide ampreseat in lupin seeds. 

B-D- 

galactosidase I and .cr-LArabinofuranosidase I Was cmomat&raphed oti gephadex 
G~lOO (Fig. 3). The p-n-gilactosidase ~&iv@y was septiated &to two fractions 
(Ia and Ib). The fraction .of higher mole&la? weight Yqo-chgomatograph,ed .with 
cr-L-arabiuofuranosidasc I, but w& fm of a-&j&actos&& F&action. Ib still. 

contained cr-D-galactosidasl A:’ Whed ia %G further- chromat&-aphed on sulpho-- 
ethyltiflulose, with a-linear gradient of KcI_up to O&f, it elutedl$s a-single Peak:, 8n _. 
oarboxymethyIc&uIose (CM), it also eluted.as a single.@& tii_th p&i@ separation ‘: 
from a-L-arabinofur&nos&h&e~~ I. -These two ._ac@ities_~&e;k .separ&ed. by $&orbing 

the mixture on a colur&of.Con&navalin A-Seph&ose~ &d &&&the~~&t$bitio~~ 
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Fig; 3. Chromatography on Sephadex G-100 of the fraction from DEAE-celhdose containing a-L- 
arabinof+nosidase I and J-D-galactosidase I: -, a-t.-arabinofuranosidase: - - -, B-D- 
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-Fig. 4. Chr&ato&aphy on CM-cellulose of 8_D-galactosidase Ib, using a pH_ 
- 7. - *_!7~D-gaktctosi~~~ Ib; -* a-o-gakwtos+iase; - ; 4 - - -, protein. 



The second fraction fkor.$ DEM&lltios~ cjxoi@t~gr$h~;, whi@ ~@t&r+$ 
B-D-galactosidase, a-kr~binofurankidase, an$ ~-D-~+titi~ti ti@i{s,’ we 

cbromatographed on Sephadejr G400, when -the East -and &nd .activiti&- &re~ 
separated to .give /I-D-galactos$&se iI and ar-L+rabinof&ano$_d& n (Fig: 35). -G&e 
r-D-gakctosid~e fraction (B) wasptient, and its eh+n $&ioti oV&&pped~th$.of 
j?-D-galactosidase II. The .latter enzyme. c&o&+tograQh&% g- a singIe &%ivity ori 
SP-Sephadex C-50, when it co-chromat_ograp&d with c+-&ala&sida& B. Wheti the 
.mixt~~re was applied iti 5m~ acetate btier tci a Coltiti of Skpharke 4e link&i 
dire&y to 4-aminophcnyl I-thio-/I-egalaCtoside2’, the’cnzjmkI~as b&d. Howevq; 
activity was eluted (with a KC1 gr&ent up to 0.5~ id pH 5.0) at a KCI conc!e@ra~on 
of 0.2~~ and a-mgalactosidase co-chknat?graphe& ._- i .- -- ; ...~ 
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arabinofkranosidase -II and -$-&&act&iq$ %’ -LA_ ) .or-r_atslr;ino~~-~~:~~‘~-~, ;-$D_ 

galactosidase; - - - - - +, protein.. ._ ._ ,’ : __ ., _-_; ~--.- .. 
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: .i Ml the. f&&o.nk from DEAE&lluios~’ chromatography of (I-, 6-, atid S-day 
‘e&&ti 6er& i&i. -f&r t&it! .ribility .-to -hydroIysekrpin c&l-wall polysaccharide. 
]@%ed~q&b~hy&z&&s estikated by r&&ion with fe&yanidez8. Only fractions 
~ut&ming the ho &ks’ of J?-D-gakctosidase and or-L-arabinofuranosidaso activities 
~~oduc&i.educing .sugar. .WhoIe extracts from 0,4, and 10 days after imbibition were 
-z&&d Thor th& -ability to degrade--the’ galacto-gaiacturonan produced, by partial 
:hydtolysis of &pin ee&tiall:polysacehari& with dilute acid. ‘Ihi viscosity decreased 
very slowly. Examination of the hydrolysate by UC. showed only galactose,- and no 
ohgosaceharides u&e produced.. These re3ult.s indicate an absence-.of a readily 
detected /3-~gala&nase. 

:‘l;he purified cc-L-arabinofuranosidases and /3-D-galactosidases were tested for : 
o+&ei .glyco$dase activities; The results _qe shown in Table I. Both cr-L-arabino- 
fukosidases were free of other activities’th& were assayed, but the /3-D-gahktosidases 
hydrolysed a number of other substrates. The ability of /%D-gzdactosidase preparations 
to hydrolyse &glycosides that have the 5hydroxymethyl group of D-galactose 
mod&d to a smaller size2’ (e.&, by change to H as in cc-L-tibinosides, to CH, as in 
~-D-&sides, or io -CH=CH,) has been noted. Some preparations have also been 
four+ to hydrolyse substrates in which the contiguration at C-4 has been changed 
(Lf., &D-glucosides) i3*3’?. When fi-D-galactosidties I and II from lupin cotyledons 
were further purified by chromatography on Con&navalin A-Sepharose and the 
activities eluted with o-nitrophenyI /i-D-galactoside, enzyme Ia lost a-D-gaiactosidase, 
j?-D-ghickidase, j?-D-xylosidase, and c+D-mannosidase activities, and enzyme II lost 
dj j&D-gz&ctosidase activity. 

TABLE-I 
GLYCDSlDESPECIFIClT~ OFfX-L-ARABINOFiJRANOSIDAAND 

~-D_GALA~~~~~~ ~ow~upmcoryLEDo~s 

Substrate a-L;Arabinofura~o~-me j?-mGafactosid&e _ 

:. : 
P If= rat Ib= NC 

. . .~ 
p-N&he&i a-L-Araf 1OW la0 28 9 0 
o-NOz-phenyl /?-D&~&J ,: 0 0 100 100 100 
p-NC&-phe& a-L-A@. 0 0 17 3: 7 
piN02-phiznyl ~~-D-Fuc~ 0 0 15 9 ..50 
o-N+phenyl a-&%.lp 0 0 0 3 61 

.,&NO;-tihedyl &~&lcp ' 
_o .o. 33.. ’ 2 0 

p-NOr;phenyi Cx-e-GJcp.. .o-. -:-0 . . -0.. 0 0 
o-~_O~,ph~~yl~-~-D-xy~ 0.: .o -9 5 0. ‘. 
$-~G&krry~ a-~-May N.d.A N.d.. 37 2 14 
o-NO&phedyl &n-Ma& ’ N.d. -N-d. 0 0 ‘0 
p-NOi;phenyl.g-i-Fucp .O o- : O- 0 0 
p-NO$pher&!?-e-GIcAp .o : 0 - 0 0 0 

$=&p&no1 (J& r&z&d in th&&ne p&od t&t the &y&.~eleases 100 pg from p-nitrobhenyl 
:&~&&bk$i&&o&& or-‘&nitrophexiyl -$-D-gklactopyranoside. *After Con-A.Sepharose chromato- 
graphy?Before Con-A+phtiose chromatography. AN.d., not determined. 
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P&e& : a-L-Arabitrofwanosiahse ~j$ti&&&iie:~. -_y : .: ;- 
. 

.i -- _&. Ta 
Ii ~: : ‘_N -, -. 

_ ._ 
Km- 
p-N02-phenyl a-L-Amf(m?!) 16.6 1.6 : _. _ ..-~ - 

Methyl a-L-Araf Cm& ~, o 11.1 : -_: -. .1 -.~ 

Neutral ceJJ;waJJ polysaccharide <g/l) 2.9 : .0.14 - - - 
Acidic cell-WEU poJysaccharid&#J) 0.19 0.14 - - 
o-NO,-phenyl B-D-GaJp’(mQ) - - 2.3 2.4 r-0 
Lactose(mhf) - T : 26 :. 33. -12-s 

GaIactan” @/II - ti.d. 0.17 0.19 
Rehtiuk V,, 
Methyl &GAraf m -- .21’ 

. . - - 
Neutral cell-waJJ polysacbharide 4.6 7.7 z - 2 
Acidic ceJJ-waJJ polysaccharide 1.3 II.5 -- -. - 
LZiCt?Se - - -13.3 16.7 221 
GRlRCtaab - -. N.d. 17.4 .19.2 .: 
pEf vs. activity 
optimum 4.4 3.5 3.2 3.9 3.1 

50% of max. vatues 
{ 

2.8 2.7_ t2.5 2.5 ~2.5 
5.6 5.0 6.6 5.5 5.1 - 

Mol. wt. (gel Riltration) 7.0 x 104 12.0.x 101 7.4 x 104 5.4x-lo4 6.5 x 10J -. 
J% (J+uJe) 41 10.4 3.5 12.6 .58 

%ee text. *From partial hydrolysis of cell-waJJ polysaccharide. CRelati% to p-NOz-phenyl a+ 
Araf or o-NOZ-phenyl /?+%GaJp as 100. 

Some of the properties of the purified enzymes are- shown -in Tabie .II. The 
values for Ia were determined as soon as possible after separatio&but some Ib may 

.. 
have been present. The high, relative V_ of II, using lactose as substrate, suggests a 
possible role in oligosaccharide hydrolysis. All three &zymes had similar pH 
maxima, and the 50% maximum values on the high-pH side lienear to-plan&cell pH 
values, so that a slight variation in cell pH would causa _a_consid&abie change .in rate 
of hydrolysis. All Were stab&up to at least pH 6. -AlI the j?-D~galactosidase activities 
were stable to freezing for up to 14 days followed- by thaw&, and were stable,- &hen 

= stored at 4”, for at least g w&s: .. : 

Common neutral sugars and. monk .&ids at 33m~ cx&entration had. :no. 
inhibitory effect; apart from D-gaIactose .tihich gave 86% inhibition DGalactal at 
0.7m, and D-galactono;l,S+ctone at 31&, gave almost cornplete~ inhibition. 
D-Glucono-1,5-lactone and r=arabinonoIacto&e at the-same concentr&ion ,h& no efi$k& 
3m~ 4-Aminoph&yl l-thio-j?-rqalactoside slightly d&reased th&actijity’.of Kb, but- 
not that .of II. 0.3m~ Hg2+ and Cd” gave almost &.&e~ &I&,i+jo$ &d_ I,+ 

and Cu?+ at the sa+e~concentration gave 50-7tk inhibition. .Z$2~~~~Fe2~;-Ni~c, 
molybdate, NaTi CO’+; Cazf, and Mg’+ at 0~3~~&nc@rationhad-no @$ficant- 
effect, +did also 3r&r kDTA. ~. -~ _-., : :- 1 :. -:._Y_- .’ i:_‘r: _m!.‘.c:.c.! { ~_ 



a-r_-Arabi&uranosidase I bad a relatively high K, with p-nitrophenyl Z-L- 
ar&inoGranoside CltXm@. The hydrolysis rate with methyl a-Tdrd%ofurzinosIde 
was -too- low to determine accurate kinetic constants using the ferricyanide assay for 

_ reducillg sugar’“. The Km wftli the acidic cell-wall polysaccharide was low (U-10 g/l), 
susesting a high affinity, but the relative V,, was also low. This enzyme was very 
stable to heat and co&d be held at 70” for 15 min with some decrease in activity, and 
this property gave an altemative~method of removing other aetivities, as all other 
p-u-galactosidases and a-L-arabinofmanosidase Ii were inactivated when held for this 
time at 70”. a-L-Arabmofuranosidase IX was also distinguished from I by its apparently 
h@h mokzcular weight. In view of-the binding to Concanavalin A-Sepharose, the 
enzym& may be glycoproteins, which can behave abnormally on gel cbromato- 
graphy. Both enzymes, like the B-D-gahtctosidases, had 50% p&maximum values 
near pH 5 and were stable up to at least pH 6. Both enzymes were stable to freezing 
for 14 days followed by thawing; on storage at C, +&ey lost about a quarter of their 
activity in- four weeks. They were not significantly inhibited by neutral monosac- 
charides, including L-arabinose and uranic acids at 33m~. At 0.3mM, enzyme I was 
slightly inhibited by Hg’ +, Cd’+ Zn2+, Pb*+, Ni2+, Co2+, and Fe*+. All of these 
metals at the same concentration have an unusual enhancement of activity of enzyme 
II, although 3m~ dithiothreitol had no effect, and neither enzyme was affected by 
3m~ EDTA. Mg2+ and Ca*+ (0.3m~) had no effect on either enzyme- A rn~ solution 
of L-arabinonolaetone, prepared by bromine oxidation of L-arabincse, inhibited 
enzyme I completely and enzyme II to 80%. o-Galactono-l,Blactone, D-gala&al, and 
4-aminophenyl l-thio-/9-D-galactoside at 0.3m~ concentration caused slight inhibition 
of I, but were without effect on IL, and L-ascorbate at the same concentration slightly 
inhibited both enzymes. 

Extracts of cotyledons that had germinated in the dark were assayed for 
polygal&turonase activity. Solutions, prepared at 0, 4, and 10 days, on incubation 
with sodium polygalacturonate solution for 3 h, decreased the specific viscosity by 
l-0,4.5, and 4.5%, respectively. This effect was accompanied by a 4.8,6.4, and 7.2% 
release of reducing sugar; The sample extracted from &clay plants, on incubation for 
36 h with polygalacturonate, decreased the viscosity to low values. These results can 
be interpreted as indicating low levels of polygalacturonase activity, and similar 
results have been found for soybeans3 ‘. 

0vernight incubation of lupin cell-wall a&bino-(l-+4)-j?-D-galactan (a type I 
arabinogalactan2), the acidic cell-wall fmcticm (a rhamnogalacturonan with arabino- 
gala&an side-chains?), and an arabino-(lj3),(1~~-8_D-galactan Q’ype lT, Serva) 
with the j3-D-galactosidases gave only several percent release of reducing su,oar. When 
incubated with the products of partial acidic hydrolysis of lupin cell-wall poly- 
satiharide and-of gum arabic [(l-t3),(1+6)-@-linkage& there was a large increase in 
-tlze~ reducing sugar released, altbough hydrolysis was not complete. These poiy- 
saizcharides had lost most of their arabinose. G.1.c.’ of aklitol acetates, formed after 
borohydride reduction, showed arabmose contents of 4%. for both, and galactose 
contents of 64and 36%, respectively; The uranic acid contents (determined colori- 

_ 



metrically3’?) were 25 and 60%. c&4rabinofkiGosidas& ~&eased ’ amxipts of 
reducing sugar from lupin~arabinogalactan and the acidic cell-waKpolFharid&tif the 
same order as their arabinose contents, and L&IX& of cc-L-arabiindfruanosi&@ and 
B-D-galactosidase gave much increased amounts, but h~drolysis.\lqas still riot c&p&e. 

The isolation of a-L-arabinofuranosidase from germinating-lupin cotyledons is 
the first report of a preparation of this enzyme from fan endogenous plant so&e-It 
has been suggested’ that, in the cutyIedons of germinating lupiti (where -only cell 
expangion occursj, there is a second phase of chemical structural modScation of the 
primary-wall polysaccharide. This differs from the first phase, -associated -with 

differentiation and early expansion when the wall is highly plastic, and in which there 
is extensive synthesis of pectic polymers. In this second phase, the neutral arabino- 
galactan side-chains are removed, and the exe-enzymes a-L-arabinofuranosidase and 
B-D-galactosidase described in this paper could cause part of the observed pattern of 
polysaccharide modScation. The pH-activity curves .of ail the enzymes wonid cause 
them to be very sensitive to changes in ceil pH. ln some organs, e.g., tomato fruit.~~~*~~, 
a third phase involving polygalacturonase activity, that is accompanied by hydrolysis 
of the polyuronic acid chain, is evident. In ripe&@ tomato tits, it has been 
suggested ’ ’ that &D-gaIactosidase and other glycosidases contribute_ to ceil modi- 
fication that leads to fruit softening, prior to the action of poiygalacturonase. The 
three phases may overlap, and the last may be associated with particular organs. 
AIthough some Ioss of polyuronic acid was detected in dark-grown lupin cotyIedons 
at 10 days, there was no sign&ant loss in light-grown plants’. 

EXPERIMENTAL 

Phnt material - Lupin seeds fLupinj2zLs luteus, Cv. Weiko III) were sterilized 
by soaking in 0.5% NaOCl for IO minutes, followed by washing with water. They 
were planted in trays of moistened perlite and grown at 30”_ Pauasand (3DHj was 
added to the surface. 

Enzyme substrates. - p-Nitrophenyl a-L-arabinopyranoside was prepared by 
the method of Feier and Westpha13 3, and p-nitrophenyl a-L-arabinofuranoside by the 
method of Fielding and Hough 34- Other nitrophenyl glycosides were supplied by 
Sigma. IMethyl a-r_.-arabinofiutioside was prepared by aIksrline hydrolysis of methyl 
2,3,5-tri-U-benzoyI+~-arabinofuranoside3s. 

Lupin cell-wail polysaccharide was prepared from lupin seeds that had been 
converted into ilour, .extracted- with .boiIing ethanol, and dried. This -flour was 
extracted with aqueouS 0.5% ammonium oxalate, to which N+EDTA (2 g/i00 ml) 
had been added, in a boiIing water-bath for 4 h. After -cooling and &ntrifi.zgation, 
the supematant was added to 4_ vol. of ethanol. The precipitate was dispersed in tiater 
(1 g/25 ml), heated in a boiling water-bath for 10 m& Jcooled; and centrifuged 
(24,ooO g, 15 min, 25“). The supernatant was incubated with purSed’pr?nase (Sigma, 
4 mg/lOO ml) at pH 5 and 37” in calcium acetate for- 18 h. Aft@ centrifug&ion 
(24,ooOg, 15 min., ~25”), the supernamt was dialysed against water, cent+fuged;and 



poured into 4.~2. of ethanol. .The precipitate was collected, *washed with ethanol, 
acetone,an~ether,aud.dried. ._.--._.- . _ j _-_ __ . . . . 

’ The neutral fka@io~~ (arabino~alactan) and the acidic polysaccharide fraction 
&re prepared’l chromato,mphy on DEAE-ceUulose (Cl-), and .the.bound fraction 
was eluted with ($5~ NaCl*.’ - .‘ .. 

l&pin. galacttgalacturorian was prepared from the cell-wall polysaccharide 
exticted by hot RDTA-o~~te.solution. This was heated at 1% concentration in 
Smti- oxa& acid3,, until the rate of release of reducing sugar was constant. After 
cooling, neutralization with 0.1~ NaOH, dialysis, imd 8 cexmifugation, the poly- 
saccharide in -the supernatant. was precipitated in ‘3 vol.. of ethanol, -collected by 
centrifugation, n-washed with ethanoi, acetone, and ether, and dried. Arabino- 
(1-+3),(1-+6)-/3-D-galactan was obtained from Serva. The partial hydrolysis product 
of gum arabic~was obtained from Calbiochem (Gala&an 345211). The arabinono- 
lactone solution was prepared by treating L-arabinose (Cl.5 g) in water (50 ml) and 
barium carbonate (2.0 g) with bromine (0.2 ml); Tbe Lbromine .was. dissolved by 
shaking, and the mixture stored for 36 h in the dark..Excess of bromine was removed 
by aeration, and the solution centrifuged. H,SOS (0.1~) was added to the supernatant 
to pH’2, followed by conti. aqneous Na,SO, until all the barium was precipitated. 
The solution was centrifu,gzdagain, brought to pH 5, andstored overnight before use, 

Assay of glycosidase activities in cotyledon extracts. - Cotyledons-from 30 seeds 
were macerated in.O.OW acetate buffer (pH S-O)+ and then further ground-in a glass, 
Term-Brock homogenizer and centrifuged (24,000 g, 15 min, 2”): Ammonium sulphate 
was added to 90% saturation to the supernatarit, and the p.recipita.ted protein. was 
redissolved in acetate buffer. and dialysed for 18 h against the same bufi?er, After 
centrifugation, the supernatant was suitably diluted, and an aliquot (0.1 ml) was 
incubated with nitrophenyl glycoside (25mhI in 0.05M acetate, 0.1 ml) at 30” for 1 Smin. 
Reaction was stopped by the addition of 2% -Na’&03 (2.8 -ml), and the amount of 
nitrophenol released was measured spectrophotometrically -at 420 run: To .measure 
cell-bound activities, &he residue was washed once with acetate .buffer, and a portion 
was gently shaken in a water bath during incubation,and filtered before assay. 

Assrry of polygahctwonase activity. - An extract of cotyledons from 30 seeds 
was prepared in 0.05~ acetate buffer (pH 5.5, le‘ml). An aliquot (1.0 ml) was in- 
cubated with 0.5% sodium polygalacturonate (Sigma, 10 ml); A -soIution of the 
commercial sample in water was centrifuged, the supernatant poured- i&to. ethanol, 
and the precipitate washed and dried beibre use. Viscosity change was measured in an 
Ubbizlohde viscometer, and reducing sugar released, after suitable dilution,. was 
determined with fticyanide2*_ _ _ 

- -j :. ~~~caticin.of-8-D_es and a-L~arabinofwanosikses: k Cotyledons 
from 200 lupins that had germinated for lo’days in the dark Were washed with distilled. 
water, and macerated, using an Ultra~Tusrax,-in.O.05~ acetate buffer @HE 5.0). The 
homogenate Was centrifuged (24,~ g,30 min,;2O)‘.and washed. Ammonium sulphate 
was:added to the supernataut to 90% saturationf-and the precipitate was-centrifuged 
(24,OOOg, 15 min, 2O). The pellet was re-dissolved in acetate butler and equilibrated 
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against 5m~ Kc1 by dialysis for 18-h. The solution was centrifuged (Z4,OOOg, 10 min, 
20). The supernatant had a specisc activity for B-D-galac?t;osidz+ of 2.71 nRat/mg 
ofproteln, and-for a-L-arabinofuranosidase of 1.32 nKat/mg.-It was chromatographed 
on a column (20 x 3 cm) of DEAE-cellulose (Cl-) with a 0.005-U.3M lit&& gradient of 
KC1 in mu EDTA. Two &actions, that each contained both &r+galactosidase and 
a-r,-arabinofuranosidase activities, were obtained, and were concentrated by the 
addition of ammonium sulphate. /?-D-Gafactosidases I and II had specitk activities of 
15.2 and 10.1 nKat/mg, with recoveries of 84 and 12%, and a-L-arabinofinanosidases I 
and II had specific activities of 2.4 and 1.9 nKat/mg, with recoveries of-48 and 19%. 

The first active&action from DEAE-cellulose was chromatographed on a 
column (80 x 2 cm) of Sephadex G-100 with 0.05~ acetate buffer (pH 5.0,-m&r EDTA) 
for elution. Two active fractions were obtained. The one that eluted first contained 
a-r.-arabinofuranosidase I (sp. act., 3.1 nKat/mg, recovery 69%) and B-D-galactosidase 
fa (sp. act., 18.3 nKat/mg, recovery 20%); and the second, /I-D-galactosiclase Ib 
{sp. act., 17.1 nKat/mg, recovery 76%). These fractions were concentrated by ultra- 
llttration with a Diaflo P&&IO membrane. /3-D-Galactosidase Ia was chromatographed 
on a cclumn (10 x 1.3 cm) of sulphoethylcellulose (Cellex-SE, Bio-Bad) with a 
0.005+0.4~ KCl gradient in 5m~ acetate buffer (pH 5.0). There was no further 
separation, but the specik activity of fl-n-galactosidase h was increased to 40 nKat/ 
mg, with 20% recovery_ j?-lo-Galactosidase Ib was chromatographed on a column 
(10 x 1.3 cm) of CWcellulose using a linear pH gradient (4.5+5.S) of acetate buffer, 
which gave a single peak of j?-D-galactosidasc Ib activity (sp. act., 79.8 nKat/mg, 
recovery 80%) and which separated most of the a-D-galactosidase. The mixttire of 
cr-L-arabinofuranosklase I and /3-o-galactosidase Ia from gel chromatography was 
separated on a column (IO x 1.3 cm) of Concanavalin A-Sepharose (Pharmacia) in 
25m~ acetate buffer (pH 5.0) conliaining mu I&r2 + aud mu Ca2 +. The column was 
washed with 4 column-volumes of this solution, followed by a solution of methyl 
a-L-arabinofuranoside in the same solvent, when a-L-arabinofuranosidase I was 
eluted. The column was then washed with 4 cohrnn-YOIUIWS of the acetate buffer, 
followed by a solution of p-nitrophenyl p-D-galactoside, when @-D-galactosidase Ia 
was recovered. 

The second active-faction from DEAE-cellulosc was chromat&-raphed on a 
cohunn (80 x 2 cm) of Sephadex G-160 with 0.05M acetate buffer @H LO), mhr EDTA. 
Two active fkactions were obtained. a-L-Arabiiofuranosidase II (sp. act., 7.2 nKat/- 
mg, recovery 69%) was eked kit, fke of P-D-galactosidase, folIowed by B-D- 
galactosidase II (sp. act, 14.4 nKat/mg, recovery @%) free of cr-L-arabino- 
furanosidase. Chromatography of /?-D-galactosidase II on a column (10 x 1.3 cm) of 
SP-Sephadex C-50 wi*& a pH gradient (4.5*5.8) in 25m~ acetate buffer gave a single 
frztion (sp. act., 63.8 nKat/mg, recovery 59%). 

Protein concentration in solutions for estimating activities, and. protein 
concentrations in fractions from DEAE-cellulose, were estimated by the Folin-Lowry 
method. Protein concentrations in f?actions from CP&cellulose, Celiex-SE, and gel- 
fZ&.ration columns were measured by the absorbance at 280 mu; : -- 
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Measurement of enzyme properties. - K, and V_ values were determined 
from Lineweaver-Burk plots using the substrate ranges: o-nitrophenyl j?-D-galacto- 
pyranoside, OS-12SmM; p-nitrophenyl a-r.-arabinofuranoside, OS-12Sm~; poly- 
saccharides,~0.2-1.0 g/l; and lactose, 2%10Om~. pH-Activity curves were determined 
in 0.1~ citrate-phosphate buffer (PH 2.2-8.0). Reaction mixtures containing buffer 
(0.1 ml) and nitrophenyl glycoside (0.1 ml) were incubated at 30” for 15 min. The pH 
stability was determined in the same buffer, and enzyme was stored for up to 2 h at 
room temperature. Energies of activation were determined at pH 5.0 in acetate buffer 
in the temperature-range 20-50”. To determine the temperature of inactivation, 
enzymes were heated in the same buffer. Molecular weights were determined by gel 
chromatographjr with Sephadex G-100, and the standards were myoglobin (mol. 
wt., 18,000), ovalbumin (45,000), bovine serum albumin (67,000), calf-intestinal 
alkaline phosphatase (115,OQO), and lactic dehydrogenase (140,060). The regression 
equation of the calibration line was log mol. wt. = - 0.00595 x elution vol. (ml) + 5.917, 
with a correlation coefficient of 0.999 and the following elution volumes: a-r,-arabino- 
furanosidase I, 181 ml; II, 142 ml; /3-n-galactosidase Ia, 177 ml; Ib, 199 ml; and 
II, 188 nil. 
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