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Extract:on of germmatmg—lupm cotyledons, followed by 1on-exchange and gel
- ch:omatography, gave two w«-L-arabinofuranosidases and three f-bD-galactopyranc-
ﬂ_sxdases.,Some fractions were further purified by using Concanavalin A-Sepharose.
The cha.nges in the activities of the enzymes during’ germination have been determined.
" Some kinetic and physmal properties. of these enzymes are described, and their role
‘VI.in,th'o modiﬁc‘:ation of cell-wall polysaccharides is discussed. =~ - -

- _INTRODUCTIO\I

7 On germmatlon of lupm seeds, the growth of cotyledons is associated with a

-_ ,deplenon of the mte:cellular and cell-wall polysacchandes The degradatlon of these

' ponsaccha.ndes is not umform, but the neutral sugars, arabinose and galactose, are

preferentially hydrolysed leaving, at the later stages of germination, a polysaccharide

_having a much higher content! of uronic acid. Present theories of cell-wall poly-

':sacchande structure depict a 1hamnogalacturonan chain to which are attached

: a.rabmogalactan 51de-cha1ns, ‘with much smaller amounts of other neutral mono-

- saccharides; .and a small proportion of p-glucuronic acid®. In lupins, the arabino-
: ‘galactan ‘structure- is- based on a - -(1-4)- -linked p-galactose core3'%, and the L-
-arabinose most probably has a furanoid structure. Enzymes that could be involved in

_the: selective degradatxon of this - structure are the exo-enzymes, «-L-arabino-
. furanosidase (EC 3.2.1.55) and §-p-galactosidase (EC 3.2.1.23), and possibly the endo-

:_‘enzyme B—D.galactanase In the nammg of these enzymes, if the ring size of the

, substrate sugar is- not speclﬁed -pyranose is understood. ‘

' B-D-Galactosxdases ‘have been found in many plant sources, mcludmg spinach
.5,_jleaves . Ipomea flowers®, Avena coleoptiles?, pea epxcotyls > apple®, plum!®, and
.- tomato fruitst1:12 sweet-almond ‘emulsin®3, Vicia seedlings*, the seeds of clover'®

'_'iCa]anus mdtcus A jack beans” Do!zchos bgflams18 Phaseolus vulgaris'®, Canaval:a

*Dedmted to the memory of Sir Edmund Hirst, C.B. E F.RS.
B "To wlzom correspondencc slzould be addressed. -



enszformzs” wheat??, and rice??, Mulﬁpfe activities have been lsofafed from sweetf
almond emulsin’? and from seeds of Dofickos bifforus'® and Cajanus indicus*®S. y

«-L-Arabinofuranosidase activity is produced by a number of plant Dav.tﬁogens1 )
e.g., Corticum roifsii=>, and there is aiso a report of the endo-enzyme w-L-arabinanase
(furanosej from Iesion extracts of Fusarium caeruleum. cultured on gota.fces"g
However, neither enzyme appeass to have been described as an. endogenous “plant
activity, afthough an extract of wheat flour has been shown fo reIease arabinose from
wheat-flour arabinoxylan??. (I —->4)-ﬁ-D-GaIactanases have not been’ reporfed ﬁ'om
plant sopross,

Changes in levels of activity of g-D-galactosidase have been exammecL TotaI -
activity in germinating Dolichos biflorus seeds increased three-fold from 0-6 days, and
then declined*®; rice seeds®? showed similar behaviour. In ripening apples, there was
an increase in both soluble and bound fractions during ripening®, and the activity in
the corolla of Ipomea tricolor increased and then decreased slightly®. In-tomato
fruits'*+12, B-p-galactosidase activity was found to be high, relative to that of poly-
gaIacfuronase, at the green stages, and the latter actmty dxd not rise to sxgmﬁcant
tevels unitdl the fToit started to colour,

‘We now report studies of enzymes that hydrolyse a-L-arabinofuranosyl and
f-D-galactosyl residues, and that could: modlfy cell-wall and intercellular poly-

saccharides.
RESULTS AND DISCUSSION
The ability of extracts of cotyledons, at various times after germinaﬁoﬁ in the

dark, to hydrolyse the cell-wall polysaccharide that can be exiracted from lupin
cotyledons by hot water containing EDTA and oxalate is shown in Fig. 1. This
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?polysacchande asla mnture of a neutral arabmogala.ctan and an acxdxc polysa.c— :
“charide™ contalmncr arabmose, gala.ctose rhamnose, and traces- of other neutral
“Sugars'=%; Hydrolyuc acitivity was always present in the extracts of cotyledons; after
‘an uimal decr&se, it subsequently increased. Using mtrophenyl glycoside substrates,

the changes in‘a: number of soluble glycosidase activities were also.measured. The
ﬁ-D-calactosxdase level was 0.2 gKatal per 100 seeds before imbibition, increased to
0.3 at 5 days, and then' decreased to 0. 22 by 12 days. «-D-Galactosidase activity was
'1mt1a11y Iugher (0.6), rapldly increased to 0.8 by 2 days, and then decreased to 0.6 by
-12. days. a—L-Arabmoﬁlra.nomdase activity was low in: the. ungerminated seed (0.08)

and changed httle on germnatxon Seeds grown in the light and in the dark behaved
smnlarly. When the. activities of apparently cell-bound enzymes were assayed as
“séeds: germinated in the: light, the ratio of cell-bound to soluble B-p-galactosidase
mcreascd At imbibition, the bound activity (0.03) was much less than the soluble, but
by 12 days there was more bound (0.34) than unbound, and the increase continued
'up to 18 days when it was 0.5 pKatal per 100 seeds. In the dark, there was a small
increase m bound enzyme, but there was always less of this than the soluble fraction.
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: an. 2. Chromatography on DEAE-cehquse of extrac:s from lupm ootyledons after germmauon
; m the da.rk for 10 days: - , a:~1,-arabmofuranosndase, —_——— ﬂ'-D—galacto:xdase, ----- -, protsin;
B i zz-n-galac_tosxdasg ’ :
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The mmal level of bound cc-L-arabmoﬁlranosxdase was less than the soluble, but there j

- was some mcrease, ‘both in; the dark: and the. hght, as. seedlmgs grew, so that- by 12;

- days, - the amount of bound fractlon was shghtly higher. - Addmonal extractlon of
res:dues with buffer did- uot mcrease the’ Ieveis of soluble: enzyme sxgmﬁcantly, and
when cotyledons that had. grown for 8 days.in the dark ‘were extracted with’ bnﬁ’ers of

“higher jonic strength (up 1o 0.2M), there was no increase in- the soluble ﬁ‘acuon ‘When »

~ the sofuble fractions were chromatographed on DEAE-ceHquse, two cc-L-arabmo-

: furanoaxdases, two ﬂ-D-galactomdases, and ‘three - oz-D-gaIactomdase actwmes were
obtained (Fig. 2). The a-L-arabmofuranosxdases and B-D-oalactos-dases were labelled I
and II from the order of elutlon., and the a-D-ga.lactoszdases A,:B,/and C foilowmg the
convention applied to other legume seeds?°. Extracts of cotyledons grown in the dark
were then prepared at 2-day intervals up to 12 days, and the changes in the levels of
the multiple forms of the enzymes measured after separanon on DEAE-cellulose: The
level of B-D—galactosxdase I increased from 0.04 Katal per 100 seeds to0.12'at 6 days,
and then remained constant, whereas II, after an initial increase from O. 06 t0 0.11 at
2 days, decreased steadily to 0. 05. a-L-Ambxnofuranosxéase I decreased initially and
then became constant (0.05 to 0. 03), but enzyme T was, at ﬁrst very low (0. 01) and -
then increased t00.025. B

a-p-Galactosidase A decreased from 0 30 to very low values (O 01), and C
increased from a trace to 0.13 in 12 days. Enzyme B rapxdly increased from 0.13 to’
0.34 in 4 days, and then decreased to 0.24 by 12 days. Two (4 and C) or three (4, B, .
and C) activities have been reported from. other legume seeds?®. The changes in the
levels of enzyme A in these seeds are relatxvely small; and ‘the direction of change is
variable. Enzyme B was detected only in -soybean, and initially increased and then
decreased, as did the lupin enzyme. The amounts of activity of 4 and Bin Tupins are
of the same order as those of the other legume seeds. One of the probable functions
of these forms is the hydrolysis of raffinose-series oligosaccharides, which are present
in high amounts is iupms1 From the locanon, amount,; and changes of enzyme G, it
was concluded?S that it was involved in the hydrolysis of galactomannan In contrast
to guar, lucerne, carob, and honey locust which have endosperms of galactomannan, ,
in soybeans, which contain only trace amounts of galactomannan, the increase in
enzyme C was slight. The changes in lupin enzyme C are similar to those. of soybean,
and only trace amounts of this polysaccharide are present in lupin seeds: :

After chromatography on - DEAE-cellulose, - the - fraction - comammg f-p-
galactosidase I -and. a-L-a.rabmofuranomdase 1. was. cln'omatographed on Sephadex
G-100 (Fig. 3). The ﬂ-D«gaJactomdase actmty was separated into two fractions
(Iz2 and Ib). The fraction of higher molecular -weight co-chromatographed ‘with -
c'-L-arabmo;uranosxdase I, but was free ‘of - oz-D-gaIactomdase Fractlon Ib. sull, :
contained- a-D-galactosidase 4. When Ia was further chromatographed on sulpho-
ethylcellulose, with a- lmear gradxent of KCl up to 0.4M; it eluted as a- single peak. On .
carboxymethylcellulose (CM), it also eluted asa smgle peak with pa.rtlal separatxon
from a-L-arabmofura.nosxdase I. These two actlvmes ‘were separated by adsorbmg '
the mixture on a column of Concanavalm A—Sepharose, and elutmg the a-L-arabmo-' :
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Fig. 3. Chromatography on Sephadex G-IOO of the fraction from DEAE-celiulose containing a-L-
arabinofuranosidase I and f-p-galactosidase I+ ———, a-L-arabinofuranosidase; — — —, f-p-
gglactosxdase »+ -+ protein.
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Flg. 4. Chromatogxaphy on C‘Vl-cellulose of ,B-D-gwa!actos;dase Ib, using a pH. gradxent (4.5-5.8):
= ﬁ-n-galactos:dase Ib; —_— a-D-galactosxdase' ««++-., protein. _ )
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’furanondase 1 thh methyl a—L—arabmofuranosnde and\the ;B-D-galactosxdase'la w1th
a-mtrophenyl ﬁ-D-galactopyran051de. Durmg the chromatography, there wds’ some*i
!eakage of protein from the column material, f-p-Gal qsxdase,fa was only found in
extracts prepared from cotyledons ‘that had’ germmated'for more. ‘than six days. Onj_.
storage, its molecular weight decreased, and the: product eluted on gel ﬁltrat:on at the
same volume asITb. This change in molecular welght took: several weeks for completxon. ;
B-D-Galactosidasé Ib could be almost completely separated from o-D-g osxdase A l
activity by chromatography OB CM—celluloce with a lmear pH—gradxent (Fxg. 4) '

~ The second fraction from DEAE-cellulose ch:omatography, which. contamed
B—D—galactosmase, a—L—axabmofuranosxdase and a-D-galac;omdase actlvmes, ‘was’
chromatographed on- Sephadex G-100, when the first and second activitiés: were -
separated to give B—D—ca.lactOSIdase 1 and a-L-arabmofuranomdase i g (Fig. 5j. ‘One
x-D-galactosidase fraction (B) was present, and its elution posmon overlapped that of
B-p-galactosidase II. The latter enzyme: chromatographed as a- smgle actmty on.
SP-Sephadex C-50, when it co—chzomatographed with a—D-gaIactoadase B: When the
mixture was apphed in SmM acetate buffer to a column of Sepharose 4B linked -
directly to 4-aminophenyl I-thxo-ﬁ-D-oalactosxdez" the'enzZyme was bound. However,’
activity was eluted (with a KCi gradient up to 0.5M at PHS 0) at a KCI concentrauon ‘-
of 0.2M, and a-D-galactosidase co-chrematographed : - . .
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“oon CAll the fractlons from DEAE-cellulose chromatography of 0-, 6-, and S-day :
Zextmcts were' tested for theu' ‘ability - to hydmlyse Iupin- cell-wall polysacchande
‘Released carbohydrate was estimated by reaction with ferricyanide?®. Only fractions
»contatmng the two peaks of ﬁ*D-galactoadase and «-L-arabinofuranosidase activities
~produced reducmg sugar ‘Whole extracts from 0, 4, and 10 days after imbibition were
-assayed for’ tﬁen‘ ablhty to degrade- the gaiacto-galacturonan produced by partial’
-hydrolysis of lupm cell-wall polysacchande with dilute acid. The viscosity decreased
very slowly Exarmnatxon of the hydrolysate by t.l.c. showed only galactose, and no
ohaosacchandes ‘were produced These results mdlcate an a.bsence of a readxly—
v detected B-D-galactanase
“'The purified a-L-a.rablnofuran051dases and ﬁ-D-galactOSIdases werc tested for

fodler glycosdasc activities. The results are shown in Table I. Both «-L-arabino-
furanosidases were free of other actwmes ‘that were assayed, but the f-D-galactosidases
hydrolysed a aumber of other substrates. The ability of p-p-galactosidase preparations
to hydrolyse B-glycosides that have the S5-hydroxymethyl group of b-galactose
modified to a smaller size?? (e.g., by change to H as in «-1.-arabinosides, to CH; as in

‘ ,S’-D-fucosndes, or to -CH=CH,) has been noted. Some preparations have also been
found to hydrolyse substrates in which the configuration at C-4 has been changed .
@.e. ﬁ-D-glucosxdes)13 -3°, When S-p-galactosidases I and HI from lupin cotyledons
-were further purified by chromatography on Concanavalin A-Sepharose and the
activities eluted with o-nitrophenyl S-p-galactoside, enzyme Ia lost «-D-galactosidase,
B-p-glucosidase, fi-D-xylosidase, and o-D-mannosidase activities, and enzyme H Ios..
_ all but ﬁ-D-galactosxdase activity. '

TABLE I

| GLYCOSIDE SPECIFICITY® OF Q-L-ARABINOFURANOSIDASES AND
B-D-GALACTOSIDASES FROM LUPIN COTYLEDONS

Substrate - .. - wg-L-Arabinofuranosidase = B-D-Galactosidase
Y L ¥/ I e e
p-N02~phenyl a-L—Araf 1002 - 100 28 9 0
" 0~NO,-phenyl ﬁ-D-Galp 0 4] 100 - 100 100
p-NQ,-phenyl a-L-Arap- .0 0 17 3 7
- p-NO;-phenyl f-p-Fucp (1) 1) 15 9 - 50
. o-NOz-phenyl z-D-Galp ) 0 0 3 61
" p-NOz-phenyl -p-Glcp - -0 0 33 - 2 0
“ p-NOz-phenyl a-p-Glcp- . = . 0--. L0 0. 0 .0
. 6-NO3-phenyl f-p-Xylp 0. .0 9 5 o
. p-NO;,-~phenyl a-p-Manp " N.d4 N.d. - 37 2 14
" 0-NOj-phenyl-8-p-Manp .~ """ N.d: I o 0 0
p-NO,-phenyla-L-Fucp -0 0 0. 0 0
:o . .o .0 0 0

~p—N02~phenyi _B-D-G!cA,p o

: ‘N" trophenol (yg) re!eased m the same penod that the enzyme releases 100 ug from p-mtrophenyl
:g-i-acabinofurancside or o-nitrophenyl f-p-galactopyranoside. 5A fler Con-A—Sepharose chromato-
- grapby ““Before Con-A—Sepharose chromatography IN.d., not c_etetmmed. :



TABLE H S o IR
PROPEPTIES OF z-L-ARABINOFURANOSIDASB AND ﬂ-D-GAl.ACIOSIDASFS FRQM
, LUmN GOTYI.EDONS ) L -

Property - .- ... . az-L-Arabmofumnas:dase ﬂu-GaIactas:dase
B SR / _,Ia: PR I, ‘,11

-NO,_-phenyl a-L-Araf(nm) ) 166 R L R U DU P
Methyl a-L-Araf (mM) : B & 5 B T RN I LR
- Neutral cell-wall polysacchande (g/l) 2‘9 . 10.14 - o — b= RS
- Acidic cell-wall pofysaccharide (g/I) 1019 - 0.14 e
0-NO,-phenyl ﬁ-D-GaIp (mM) R L Rt BESRS S 1.0 -
Lactose (mm) o e 26 .33 125
Galactan® (g/) R = . Nd. 017 013
Relative Viax L ST e e
Methyl g--Araf - - R 1 U R LA
Neutral cell-wall polysacchande 4.6 77 . =l = =
Acidic cell-wall polysaccharide” 1.3 s - = L=
Lactose o - = 133 167 221
Galactarn® - o S T S 7 174 . 19.2 .
DH vs. activity ) : o . ST B
Optimum 4.4 35 32 39 31
0% of max. values - S6 so o Tes . 53 o
Mol. wt. (gel ﬁltratxon) ) 7.0%10% 12 OXIO" . 74X10‘ 5.4x10% 6.5%10% .
Ea (kjoule) i : ) 41- . 10.4 ] 35 v' 126 ’ 58 .

4See text. *From partial hydrolysxs of cell-wall polysacchande "Relanve to p-NOz-phenyl cz-l.-
Araf or 0-NQO;-phenyl f-p-Galp as 100. .

Some of the properties of the punﬁed enzymes are shown in Table II The
values for Ia were determined as soon as possxble after separatxon, ‘but some Ib may
have been present. The high, relative V. of I1, using lactose as substrate, suggests a
possible -role in ohgosacchande hydrolysis. All three enzymes had similar pH
maxima, and the 50% maximum values on the hxgh—pH side lie near to: plant-oell pH
values, so that a slight variation in cell pH would cause a. con51derable change in rate
of hydrolysis. Al were stable up to at least pH 6.-All the B-D—galactosxdase actlvmes
were stable to freezing for up to 14- days followed by thawmg, and were stable, when

.stored at 4°, for at least 8 weeks. - N

Common neutral sugars and. uronic. acxds at. 33mM concentrauon ha.d no
inhibitory effect, apart from D-galactose Wthh gave 80% ll‘lhlblthlL D- Galactal at
0.7mM, and D-galactono-l S-lactone at 3mM, gave almost complete mlubmon
D-Glucono-1,5-lactone and L-arabinonolactone at the same concentranon had no effect.
3mM 4-Amincphenyl 1-thio-$-D- galactosxde shghtly decreased the: actnvxty of Ib, but"
not that of II. 0.3mm Hg?* and Cd?” gave almost complete ‘inhibition, and Pb“ :
and Cu?* at the same concentration gave 50-70% inhibition. Zn“, Fe“—f '
molybdate, Na*, Coz"' Ca*, and Mg“’ at 0 BmM concentranon had'ne signi
eﬁ'ect,asdlda.lso3mMEDTA T el :
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a-L-Arabinofuranosidase I had a relatively high K,, with p-nitrophenyl o-L-
_arabinofuranoside (16.6mMm). The hydrolysis rate with methyl a-L-arabinofuranoside
was too-low to determine accurate kinetic constants using the ferricyanide assay for
_reducing sugar>®, The K,, with the acidic cell-wall polysaccharide was low (0.10 g/},
suggesting a high affinity, but the relative V. was also low. This enzyme was very
stable to heat and could be held at 70° for 15 min with some decrease in activity, and
this property gave an alternative méthod of removing other activities, as all other
f-p-galactosidases and «-L-arabinofuranosidase II were inactivated when held for this
time at 70°. ¢-L-Arabinofuranosidase IT was also distinguished from I by its apparently
high molecuiar weight. In view of the binding to Concanavalin A-Sepharose, the
enzymes may be glycoproteins, which can behave abnormally oa gel chromato-
graphy. Both enzymes, like the f-p-galactosidases, had 50% pH-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 4°, they lost about a quarter of their
activity in-four weeks. They were not significantly inhibited by neutral monosac-
charides, including L-arabinose and uronic acids at 33mM. At 0.3mM, enzyme I was
slightly inhibited by Hg?*, Cd?*, Zn2?"*, Pb?*, Ni?*, Co?*, and Fe?*. All of these
metals at the same concentration gave an unustual enhancement of activity of enzyme
I, although 3mwm dithiothreitol had no effect, and neither enzyme was affected by
3mM EDTA. Mg?** and Ca?* (0.3mM) had no effect on either enzyme. A mM solution
of L-arabinonolactone, prepared by bromine oxidation of L-arabincse, inhibited
enzyme I completely and enzyme 1Y to 80%. p-Galactono-1,5-lactone, b-galactal, and
4-aminophenyl 1-thio-f-p-galactoside at 0.3mM 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
polygalacturonase activity. Solutions, prepared at 0, 4, and 10 days, on incubation
with sodium polygalacturonate solution for 3 h, decreased the specific viscosity by
1.0, 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 4-day 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
resuits have been found for soybeans3!

Overnight incubation of lupin cell-wall arabmo-(l —4)-B-p-galactan (a type I
arabinogalactan?), the acidic ceil-wall fraction (a thamnogalacturonan with arabino-
galactan side-chains?!), and an arabino-(1-3),(1-6)-B-p-galactan (Type II, Serva)
with the S-D-galactosidases gave only several percent release of reducing sugar. When
incubated with the products of partial acidic hydrolysis of lupin cell-wall poly-
saccharide and-of gum arabic [(1 —3),(1—6)-B-linkages], there was a large increase in
-the reducing sugar released, although hydrolysis was not complete. These poly-
saccharides had lost most of their arabinose. G.l.c.! of alditol acetates, formed after
borohydride reduction, showed arabinose contents of 4% for both, and galactose
contents of 64-and 36%, respectively. The uronic acid cortents (determined colori-
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metrically®?) were 25 and 60%.- a-L-Arabinofuranosidases released -amounts of
reducing sugar from lupin arabinogalactan and the acidic cell-wall polysaccharide 6f the
same order as their arabinose contents, and mixtures of a—L—arabmofuranosx&tse and
B-D-galactosidase gave much increased amounts, but hydrolysis was stiil niot complete.

The isolation of a-L-arabinofuranosidase from germinating-lupin cotyledons is
the first report of a preparation of this enzyme from an endogenous plant source. It
has been suggested! that, in the cotyledons of germinating lupins (where .only cell
expansion occurs), there is a second phase of chemical structural modification 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 arabinoc-
gailactan side-chains are removed, and the exo-enzymes a-L-arabinofuranosidase and
[-D-galactosidase described in this paper could cause part of the observed pattern of
polysaccharide modification. The pH-activity curves of all the enzymes would cause
them to be very sensitive to changes in ceil pH. In some organs, e.g., tomato fruits*!-2,
a third phase involving polygalacturonase activity, that is accompanied by hydrolysis
of the polyuronic acid chain, is evident. In ripening tomato fruits, it has been
suggested' ! that g-D-galactosidase and other glycosidases contribute to cell modi-
fication that leads tc fruit softening, prior to the action of polygalacturonase. The
three phases may overlap, and the last may be associated with particular organs.
Although some loss of polyuronic acid was detected in dark-grown lupin cotyledons
at 10 days, there was no significant loss in light-grown plants®.

EXPERIMENTAL

Plant material. — Lupin seeds (Lupinus luteus, CV. Weiko III) were sterilized
by soaking in 0.5% NaQCI for 10 minutes, followed by washing with water. They
were planied in trays of moistened perlite and grown at 30°. Panasand (BDH) was
added to the surface.

Enzyme substrates. — p-Nitrophenyl a—L—arabmonyranosxde was prepared by
the method of Feier and Westphal®?, and p-nitrophenyl «-L-arabinofuranoside by the
method of Fielding and Hough®%. Other nitrophenyl glycosides were supplied by
Sigma. Methyl a-L-arabinofuranoside was prepared by alkaline hydrolysis of methyl
2,3,5-tri-O-benzoyl-a-L-arabinofuranoside®?

Lupin cell-wall polysaccharide was prepared from lupin seeds that had been
converted into flour, extracted with beiling ethanol, and dried. This flour was
extracted with aqueous 0.5% ammonium oxalate, to which Na,EDTA (2 g/100 mi)
had been added, in a boiling water-bath for 4 h. After cooling and centrifugation,
the supernatant was added to 4 vol. of ethanol. The precipitate was dispersed in water
(1 g/25 mi), heated in a boiling water-bath for 10 min, cooled, and centrifuged
(24,000 g, 15 min, 25°). The supernatant was incubated with purified pronase (Sigma,
4 mg{100 mi) at pH S and 37° in calcium acetate for. 18 h. Afier centrifugition
(24,000 g, 15 min, 25°), the supernatant was dialysed against water, centrifuged, and
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pou:ned mto 4vol of ethanol. The precxpltate was collected, washed with etnanol
acetone, and ether, and dried. .

"7 The neutral fraction (arabmcgalactan) and 1he acxdxc polysacchande fractxon

Wwere prepared by chromatography on DEAE-cellulose (Cl ), and the bound fraction

was eluted with 0.5 NaCl*.-

Lupin. galacf.oga.lacturona.n ‘was prepared from tlle cell-wall polysacchande
extracted by hot EDTA-=oxalate solution. This was heated at' 1%- concentration in
SmM- oxalic acid?; until the rate of release of reducing sugar was constant. After
cooling, neutralization with 0.1M NaOH, dialysis, and' centrifugation, .the poly-
saccharide in the supernatant was precipitated in 3 vol.. of ethanol, -collected by
cenfrifugation, re-washed with ethanol, acetone, and ether, and dried. Arabino-
(1-3),(1-6)-f-D-galactan was obtained from Serva. The partial hydrolysis product
of gum arabic was obtained from Calbiochem (Galactan 345211). The arabinono-
lactone solution was prepared by treating L-arabinose (0.5 g) in water (50 ml) and
bariam carbonate (2.0 g) with bromine (0.2 ml). The :bromine 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,S80, (0.1M) was added fo the supernatant
to pH2, followed by cone. aqueous Na,SO, until all the barium was precipitated.
The solution was centrifuged again, brought to pH S, and stored overnight before use.

Assay of glycosidase activities in cotyledon extracts. — Cotyledonsfrom 30 segds
were macerated in 0.05M acetate buffer (pH 5.0), and then further ground-in a glass.
Tenn-Brock homogenizer and centrifuged (24,000 g, 15 min, 2°). Ammonium sulphate
was added to 90% saturation to the supernatant, and the precipitated protein. was
redissolved in acetzte buffer. and dialysed for 18 h against the same buffer. After
centrifugation, the supernatant was suitably diluted, and an aliquot (0.1 ml) was
incubated with nitrophenyl glycoside (25mM in 0.05M acetate, 0.1 ml) at 30° for 15-min.
Reaction was stopped by the addition of 2% Na,CO; (2.8 ml), and the amount of
nitrophenol released was measured spectrophotometrically -at 420 nm: To .measure
cell-bound activities, the residue was washed once with acetate buffer, and a portion
was gently shaken in a water bath during incubation, and filtered before assay.

Assay of polygalacturonase activity. — An extract of cotyledons from 30 seeds
was prepared in 0.05M acetate buffer (pH 5.5, 10 ml). An aliquot (1.0 ml) was in-
cubated with 0.5% sodium polygalacturonate (Sigma, 10 mi): A solution of the
commercial sample in water was centrifuged, the supernatant poured-into- ethanol,
and the precipitaté washed and dried before use. Viscosity change was measured in an
Ubbelohde .viscometer, and reducmg sugar released after suitable dﬂutxon was
determmed with ferricyanide?®

.. Purification.of" ﬁ-D-gaIactas:dases and a—L—arabmofuranOStdases —_ Cotyledons
from 200 lupins that had germinated for 10 days in the dark were washed with distilled.
water, and macerated, using an Ultra-Turrax, in-0.05M acetate buffer (pH 5.0). The
homogenate was centrifuged (24,000 g, 30 min,.2°) and washed. Ammonium sulphate
was:added to the supernatant to 90% saturation, and the precipitate was centrifuged
(24,000 g, 15 min, 2°). The pellet was re-dissolved in acetate buffer and equilibrated
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against SmM K Cl by dialysis for 18 h. The solution was centrifuged (24,000 g, 10 min,
2°). The supernatant had a specific activity for B-D-galactosidase of 2.71 nKat/mg
of protein, and for a-L-arabinofuranosidase of 1.32 nKat/mg. It was chromatographed
on a column (20 x 3 cm) of DEAE-cellulose (Ci™) with a 0.005-0.3m linear gradient of
KCl in mM EDTA. Two fractions, that each contained both f-p-galactosidase and
x-L-arabinofuranosidase activities, were obtained, and were concentrated by the
addition of ammonium sulphate. f-D-Galactosidases I and I had specific activities of
15.2 and 10.1 nKat/mg, with recoveries of 84 and 12%, and x-1-arabinofuranosidases I
and II had specific activities of 2.4 and 1.9 nKat/mg, with recoveries of 48 and 19%.

The first active-fraction from DEAE-cellulose was chromatographed on a
column (80 x 2 cm) of Sephadex G-100 with 0.05M acetate buffer (pH 5.0, mMm EDTA)
for elution. Two active fractions were cbtained. The one that eluted first contained
x-L-arabinofuranosidase I (sp. act., 3.1 nKat/mg, recovery 69%) and f-p-galactosidase
Ia (sp. act., 18.3 nKat/mg, recovery 20%); and the second, p-p-galactosidase Ib
(sp. act., 17.1 nKat/mg, recovery 76%). These fractions were concentrated by ultra-
filtration with a Diaflo PM-10 membrane. f-D-Galactosidase Ia was chromatographed
on a column (10x 1.3 cm) of sulphoethylcellulose (Cellex-SE, Bio-Rad) with a
0.005—-0.4M KCl gradient in 5SmM acetate buffer {pH 5.0). There was no further
separation, but the specific activity of f-D-galactosidase Ia was increased to 40 nKat/
mg, with 20% recovery. B-pD-Galactosidase Ib was chromatographed on a column
(10 1.3 cm) of CM-cellulose using a linear pH gradient (4.5—5.8) of acetate buffer,
which gave a single peak of f-b-galactosidase Ib activity (sp. act., 79.8 nKat/mg,
recovery 80%) and which separated most of the «-D-galactosidase. The mixture of
e-L-arabinofuranosidase I and SB-p-galactosidase Ia from gel chromatography was
separated on a2 column (10 x 1.3 cm) of Concanavalin A-Sepharose (Pharmacia) in
25mM acetate buffer (pH 5.0) containing mmM Mn2* and mM Ca?*. The column was
washed with 4 column-volumes of this solution, followed by a solution of methy!
a-L-arabinofuranoside in the same solvent, when o-L-arabinofuranosidase 1 was
eluted. The column was then washed with 4 column-volumes of the acetate buffer,
followed by a solution of p-nitrophenyl f-p-galactoside, when f-b-galactosidase Ia
was recovered. .

The second active-fraction from DEAE-cellulose was chromatographed on a
column (80 x 2 cm) of Sephadex G-100 with 0.05M acetate buffer (pH 5.0), mMm EDTA.
Two active fractions were obtained. «-1-Arabinofuranosidase I (sp. act., 7.2 nKat/
mg, recovery 69%) was eluted first, free of f-D-galactosidase, followed by f-D-
galactosidase II (sp. act., 14.4nKat/mg, recovery 60%) free of «-L-arabino-
furanosidase. Chromatography of §-p-galactosidase II on a column (10x 1.3 cm) of
SP-Sephadex C-50 with a pH gradient (4.5—5.8) in 25mM acetate buffer gave a single
fraction (sp. act., 63.8 nKat/mg, recovery 59%).

Protein concentration in solutions for estimating actlvmes, and. protein
concentrations in fractions from DEAE-cellulose, were estimated by the Folin—-Lowry.
method. Protein concentrations in fractions from CM-cellulose, Cellex-SE, and gel-
fiitration columns were measnred by the absorbance at 280 nm.
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Measurement of enzyme properties. — K,, and V,_,, values were determined
from Lineweaver-Burk plots using the substrate ranges: o-nitrophenyl f-D-galacto-
pyranoside, 0.5-12.5mM; p-nitropheny! «-L-arabincfuranoside, 0.5-12.5mM; poly-
saccharides, 0.2-1.0 g/l1; and lactose, 20-100mM. pH-Activity curves were determined
in 0.1M 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
chromatography with Sephadex G-100, and the standards were myoglobin (mol.
wt., 18,000), ovalbumin (45,000), bovine serum albumin (67,000), calf-intestinai
alkaline phosphatase (115,000), and lactic dehydrogenase (140,000). The regression
equation of the calibration line was log mol. wt. = —0.00595 x elution vol. (inl) + 5.917,
with a correlation coefficient of 0.999 and the following elution volumes: «-L-arabino-
furanosidase I, 181 ml; II, 142 ml; B-p-galactosidase Ia, 177 ml; Ib, 199 ml; and
11, 188 ml.
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