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Abstract-P-Galactosidase activity has been identified in soluble and cell wall preparations from apple cortex 
tissue. The enzyme degrades pectin galactan and has a pH optimum of 4.0 with p-nitrophenyl-b, n-galactopyr- 
anoside as substrate. Soluble polygalacturonide increased as the applies softened with ripening and these changes 
were preceded by loss of galactose residues from the cell waliand an increase in j-galactosidase activity. 

INTRODUCTION 
As APPLES soften during ripening, galactose and arabinose residues in the cortical cell walls 
decrease and the proportion of polygalacturonide which is freely soluble in aqueous 
extractants increases.’ The enzyme activites which lead to these changes have not been 
identified. Pectinesterase activity in apple fruits has often been reported; attempts to find 
polygalacturonase have failed’ and since polyuronide chains are not degraded during 
ripening’ there is no reason to think that it is present. Autolytic activities which release 
galactose and arabinose from apple cell wall preparations, have been found3 and it has 
been suggested that they have a role in wall breakdown and softening in whole fruits.’ 

This paper describes the identification of a P-galactosidase (E.C. 3.2.1.23) and the rela- 
tionship between enzyme activity and changes in the polysaccharides of the cell walls of 
the cortex tissue of apples ripening in air at 12” and 35”. 

RESULTS AND DISCUSSION 
Identijication of fl-galactosidase 

Autolytic glycosidase activity was maximal between pH 4 and 53 and a buffer of pH 4.5 
was therefore chosen for assay of enzyme activity. 

The abilities of soluble and cell wall preparations from apple cortex to degrade p-1, 4- 
galactan, p-nitrophenyl-sc, D-galactopyranoside and p-nitrophenyl-P, D-galactopyranoside 
are shown in Table 1. Escherichia coli P-galactosidase will release terminal P-linked galac- 
tose residues from glycoproteins and glycopeptides4 and it seemed possible that a similar 
enzyme was responsible for degradation of galactan and p-nitrophenyl-/?, D-galactopyr- 
anoside by the apple preparations. Phenylthiogalactoside which inhibits the E. coli 

1 KNEE, M. (1973) Phytochemistry 12, 1543. 
’ DOESBURG. J. J. (1965) I. B. V.T. Commun. No. 25. 
3 KNEE, M. (1973) Phytorhenzistr~~ 12, 637. 
4 SPIRO, R. G. (I 966) M&ods Enzymol. 8, 26. 
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Substrate 

___ 

Glycosidase activity 
Preparation fraction 

Soluble c‘cll wall 

Inhibition (‘I,,) of glqcosidass actkit) 
by /i-galactosidasc inhibitor: 

Preparation fraction 
Soluble (‘cl1 wall 

Galactan 
/I-Nitrophenyl-a, 

n-galactopyranoside 
I)-Nitrophcnyl-1. 

galactopyranoside 

0.35” 0,66+ 39 6? 

0.90t I .62? 95 95 

@30-t 0. I fib 3 0 

* Activity expressed as Llrnol glucose rclcascd (g fr. wt)‘L)O min. 
t Activity expressed as fin101 (ktrophenol released (g fr. wt)!45 min. 
: The inhibitor was freshly prepared from o-galactono-1.4-lactone’ and used at a final concentration of I mM. 

enzyme” had no effect on apple preparations at a final concentration of 1 mM. An inhibi- 
tor prepared from I,-galactono-l,4-lactone’ has been shown to act competitively on /I- 
galactosidases from mammalian plant and molluscan sources.’ The inhibition studies with 
this material (Table 1) indicate that there are separate x- and /I-galactosidases in the prcp- 
arations and that the [Ggalactosidase is ab c <1 to degrade both the galactan and the /I-galac- 
toside. The difference in inhibition observed may be explained by differing affinities of the 
enzyme for the galactan and the /I-galactoside substrates. 
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The soluble and cell wall b-galactosidase activities have a pH optimum at 4.0 with the 
fl-galactoside. The soluble enzyme activities have a second optimum at pH 8.0 (4I”,,, of the 
activity at pH 4.0). 

’ MOWD. J. and COHN. M. (1 W1) .A&. EII:J~~IIO/. 13, 67. 
” Lt:vvu. G. A., MCAI.I.AV. A. and HAY. A. J. (1962) Riochc~~ .I. 82, 22% 
’ CONCHII. J.. GI LMAi’i. A. L. and LI,VW. G. A. ( 1967) Bioc/w/,~. J. 103. 609. 
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Changes in polysaccharide composition of the cell wall and fl-galactosidase activity during 
ripening 

The apples were stored at 12” and 3.5” (the commercial storage temperature for Cox’s 
Orange Pippin in air) and the ripening of the fruit was followed by measurement of ethyl- 
ene synthesis and flesh softening. The data confirm the well established observations that 
lowering the storage temperature slows the ripening of the fruit. The increase in soluble 
polyuronide was coincident with softening of the cortex tissue (Fig. 1) and was preceded 
by loss of galactose residues from the cell walls (Figs. 2 and 3). A small loss of arabinose 
from the cell walls was noted toward the end of the storage life of the fruit, in agreement 
with earlier findings’ whilst the xylose content of the walls remained constant. The hy- 
drolysis of the starch of the apple during ripening caused considerable changes in the glu- 
cose content of the preparations and changes in the glucose-containing components of the 
cell walls could not be determined. 
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SOLUBLE AND CELL WALL /?-GALACTOSIDASE ACTIVITIES (0. .) 
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CONTENT OF THE CELL WALLS (0) AND 

DURING THE RIPENING OF THE APPLES 

Enzyme activity expressed as pmol of p-nitrophenol released/g fr. wt tissue12 min. 

FIG. 3. CHANGES IN SOLUBLE POL~URONIDE (----), GALACTOSE CONTENT OF THE CELL WALLS (QAND 

SOLUBLE AND CELL.WALL I((-GALACTOSIDASE ACTIVITIES ((I, l )Du~rNCi THE RIPENING OF THE APPLES AT 
3.5”. 

Enzyme activity expressed as pmol of p-nitrophenol released/g fr. wt of tissue/l2 min. 

In cortical cell walls of the apple the polysaccharides are thought to be linked to one 
another and to protein components to form a polymeric network.3 The data in Figs. 2 
and 3 indicate that hydrolysis of the galactan of the wall is initiated before the release of 
high MW polyuronide is detectable. The soluble polyuronide contains negligible neutral 
carbohydrate residues3 in contrast to the polymer in the wall which has neutral carbohyd- 
rates associated with it. This suggests that the galactan acts to stabilize the uronide in the 
cell wall and that hydrolysis of these galactan side chains leads to solubilization of the 
polymer. 
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An increase in the P-galactosidase activity associated with the wall occurred simul- 
taneously with loss of galactose residues. Soluble enzyme activity also increased during 
storage and was coincident with the solubilization of the uronide. As stated by Frenkel 
et al.” specific protein synthesis is required for pome fruit ripcninp: the observed increase 
in activity coincident with the onset of the disappearance of galactose may reflect 11ew pro- 
tein synthesis accounting for the release of the polyuronidc b) hydrol>-sis of cross linking 

galactan side chains. 
III a detailed study of cell wall structure. 9 ‘I it has been shoun that a linear I.4linked 

galactan is linked to a rhamnogalacturonan (polyuronide) and suggested that the galactan 
probably serves as a cross link between the xyloglucan and rhalnnogalactllrolian com- 
ponents. Therefore, for the /I’-galactosidase to function in the metabolism of the ~~11 an 

enzyme must hydrolyse the xyloglucan galactose linkages and rcleasc the non-reducing 
ends of the galactan chains. The activity of this enzyme may bc envisaged as controlling 
the solubilization of polyuronide. 

However. the mechanism of solubilization appears more complex for the loss of galac- 
tose residues from the wall preceded the release of polytrronide (Figs. 2 and 3) suggesting 
that hydrolysis of bonds which have to be characterized is required for the solubili~ation 
to occur.3 One such linkage is that between the polyuronidc and the protein components 
of the cell wall.’ 1 ’ 

Prc~/u_uarior~ c!f’r.utruc~s. All manipulations were at 2 Cortical slices cxcludlng peel. M crc cut l’rom opposite 
sides of fruit from stem to cal>x in segments of each of 5 apples. In the storage cxpcrimcnt a single segment 

was cut from IO apples. The cortical tissue was distintegrated in 9 vol. 01 Mc,CO 0.7 XI Trls HU buikr (pH 8.9) 
8: I in a hlcndcl-. liltcred on Whatman 541 paper under suction and washed with a liirthcl- 8 \ol of So”,, Mc,C‘O. 
The Me2C‘0 extracted material waz, resuspended in 5 mM KH,PO, IVaOH huflk. pH 7 to 2 ): the \\cight of 
tissue and stored at -20 ‘The pl-eparation was thawed slowI) iit room temp. and 30 ml liltctcd on \?‘hatman 
S41 paper. The cell wall matcl-ial was rcsuspcnded in huffcr to 3Oe and the solt~hlc and cc~ll \t:lII prcp;irations 
assayed. 

E/qrnr u.ssa~r. (a) With galactan of potato pectin, The substrate, /I- 1.4.Ii&cd g_aluctan. ’ ’ u’,I~ uscci at a con- 
centration of I m&ml of bufler. The incubation mixture contained I vol. of galactan. citrate phosphate buffer. 

pH 4.5 and I vol. of preparation. After 90 min incubation at 75 I ml aliquots wc~-c u\cd to dL~tcrmlne the rcduc- 

inp agar released in terms ofa glucose standard.’ I.” Incubations with the ccl1 \\a11 prcpal-atIons \bcre terminated 
hy filtration on Whatman 541 paper and filtrate assavcd as ahavc for reducing sugar. Substr~~ltc and pluzparation 

controls were included and incubations Mcrc in dupiicntc. (h) With p-nitrophcnyl _ ~alactosides. The incubation 
mixture contained 4 vol. of citratc~phosphatc butkr. pH 4.5 I WI. of /+nitrophcn>l galactosidc soln (final concn 
I mM) and 5 101. of prcparatlon. After 45 min incubative at 25 O-5 ml aliqtiots ot’ tcht \~~ln \scrc added 1~7 I ml 
1 M NalCO, and Z ml of H20. The mixture \\as centrifuged and the lihcratcd /I-nitrophcnol dctcrmincd I>! its 
A at 400 nm. Substrate and preparation controls were included. The incubations with wll vail preparations were 
terminated by filtration on Whatman 541 paper and the filtrate assayed ah above fol- II-nitrt>phenol rclcased. In 
the assay of activit) in preparations from the fruit in the storage cxpcriment. sarnplc\ \\crc‘ taken ;it /clo time 
and after 12 min incubation for the cull wall pl-eparation and 30 min inulhatien for the ~~~lublc prcp:~ration. Hy- 
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drolysis of substrate was linear during the period of the assay and directly proportional to the amount of enzyme 
added. 

Bufirs. Citric acid-Na,HPO, (Mcflvaine) buffer solutions” pH 3.c8.95 were used in the determination of pH 
optimum. 

Fruitfirmness. Fruit firmness was measured using a standard penetrometer with an 8 mm plunger. 
Determination ofpolyuronide. Soluble polyuronide was determined in the 5 mM phosphate buffer fraction by 

an automated procedure based on the carbazole H,SO, method.’ 
Hydrolysis ofcell walls and estimation ofneutral monosaccharides. Acetone (4 vol.) was added to 1 vol. of thawed 

preparation. The suspension was filtered after 16 hr and washed with 805; MeZCO. MezCO and Et10 and 
allowed to dry. The cell wall material was hydrolysed and the monosaccharides analysed by GLC as their TMS 
ether derivatives.3 
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r5 MCILVAINE, T. C. (1921) J. Biol. Chrm. 49, 183. 


