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Abstract-fi-Galactosidase activity occurs in all of the organs of the sugar cane plant, and is also of general occurrence 
among different cultivars and species. Most of the activity was associated with the cell wall, and only ca 12-16 ‘x was an 
intracellular form. Both activities posess similar optimum pH and K,, both are activated by Mn2+ and ethanol, and 
inhibited by Hg2+, and both attack the same substrates. 

INTRODUCTION 

Although the glycosidases from sugar cane are of 
physiological and practical importance, few workers have 
studied these enzymes. Hitherto, the only well 
characterized glycosidases from sugar cane are the 
invertases [l-3], trehalase [46] and /?-amylases [7,8]. 
However, other glycosidases also occur in the plant, such 
as polygalacturonase, a-glucosidases, CI- and b- 
galactosidases [9]. The present paper reports for the frrst 
time a study of the b-galactosidase from sugar cane. 

RESULTS 

Soluble /I-galactosidase 

A soluble fi-galactosidase occurs in leaf blades from 
sugar cane. The enzyme gave only one peak on gel 
filtration (Sephadex G-100 and G-150) and one active 
band after polyacrylamide gel electrophoresis [lo, I 11. 
The enzyme did not precipitate after 1 hr of centrifugation 
at 105 000 g. 

Effect qf‘pH 

The enzyme has an optimum pH 4.25 and is active 
between pH 3 and 6. The optimum pH resembles tha.t of 
some plant fl-galactosidases [12-161 and differs from the 
optimum found for bacteria!&galactosidases which tends 
to be at pH 7 [17,18]. Organisms such as Neurospora 
crassa have two isoenzymes with optimum pHs of 4 and 
7 1193. Certain moulds tend to have an acid /?- 
galactosidase like higher plants [20,21]. 

Effect of substrate concentration 

The soluble /J-galactosidase showed simple Michaelis 
Menten kinetics which corresponds with a K, of (2.7 
+ 0.51) x 10-j M (average of 7 determinations). In this 
the enzyme is similar to the /j’-galactosidase from Lupinus 
luteus [22], but it is less efficient than the enzymes from 
Petunia hybrida [14], and Canaralia ens$vmis [23,. 

Effect of temperature 

Arrhenius plots were straight-line graphs with an 
activation energy of 18 000 cal/mol. The /I-galactosidase 

from E. coli gives a biphasic curve, with an inflection point 
at 30”, and the activation energy is lower at higher 
temperatures [17]. Furthermore, the enzyme from sugar 
cane was relatively stable at 47” with a loss of ca 42 % of 
activity after 60 min at pH 4. Heating for 50 min at 50 
produced total inactivation. The maximal stability of the 
enzyme at 37” occurs at pHs between 4.5 and 6.7. 

Specijicity of enzyme 
The enzyme attacked lactose, phenyl-p-D-galactoside, 

o-nitrophenyl-fi-D-galactoside and various galactans 
(Table 1). 

Tissue distribution 

The enzyme was found in all tested tissues from sugar 
cane (Table 2). However, the enzyme appears to 
predominate in the stalk apex. These determinations were 
performed as described in the Experimental. Similar 
determinations with apex tissues of several varieties and 
species of sugar cane showed that fi-galactosidase was in all 
of the assayed plants (S. ojkinarum, S. spontaneum, cvs 
Tut. 68-19, NA 63-90 and CP 70-321). 

Effect of chemicals 

Among sugar cane metabolites tested as effecters, 
90 mM glucose produced 15 % inhibition, fructose had no 
effect at 90 mM and sucrose produced 10 “/0 inhibition at 
30mM and had an activating effect (6%) at a 
concentration of 350 mM. Cysteine inhibited by 7.5 “/, at a 
concentration of 8 mM and activated 10 y0 with increasing 
concentrations (16-24 mM). The activating effect of 
cysteine may be due to the -SH group, when 75mM 2- 
mercaptoethanol was tested, 13 Y’{ activation was found. 
Substances which have activity on E. coli fi-galactosidase, 
such as 75 mM NaCl and KC1 and 125 mM Be2+ have no 
activity on the sugar cane enzyme. Tris, an inhibitor of 
many enzymes [2426] was without effect on the p- 
galactosidase at concentrations of up to 125mM. Ions 
as 30mM Mg2+, Mn2+, Zn2+ and Co2+ produced 20,20, 
10 and 6 % activation, respectively. Although each effector 
has a small effect on the enzyme, a mixture of 30mM 

Mg > 2+ 300mM sucrose and 75mM 2-mercaptoethanol 
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Table 1. Specificity of /I-galactosidase activities 

Activities* 

Substrate Concentration Incubation 

time (hr) 

Soluble Cell wall 

o-Nitrophenyl-Galactoside 

Phenyl galactoside 

Lactose 

Reaction Wood gal. 

Larch gal. 

L.&us gal. 
Carrageenan 
Agaropectin 

17.5 mM 

17.5 mM 

12.5 mM 

0.25 0,) 

0.25 ‘I,, 

OSO”,, 

0.25 “<, 

0. I25 0,) 

I 9.25 2.17 

1 2.56 

1 1.68 
24 1.14 0.60 

24 2.28 I .03 

24 1.38 0.86 

24 1.00 0.73 

24 1.71 0.86 

* Results are expressed as {tmol producedim of enzyme. 

Table 2. Distribution oftotal P-galactosidase activity in different 

organs 

Organ Enzyme units/g fr. tissue 

Leaf-blades 0.214 + 0.050 

Leaf-sheaths 0.132 * 0.015 

Stalk apex 0.361 _+ 0.097 

Root (elongation zone) 0.270 f 0.005 

Root (hair zone) 0.133 + 0.048 

Mature stalk 0.036 + 0.004 

Each value is the mean of 5 determinations performed with 

tissue cuttings. 

produced ca 30”,, activation. A similar effect was observed 
for mixtures of cysteine and sucrose. A concentration of 
5 PM HgCI, produced an inhibition of 93.5 I’,,, and 0.84 M 
ethanol activated by 32 “b. The activity of the enzyme was 
not affected by 5”;, ethyl acetate. 

&jfkt qf’enqvme concentrutior7 

Reaction rates were proportional to the enzyme 
concentration from 0 to 50 /tl of extract. According to 
these results there are no endogenous reversible 
inhibitors, as known for potato invertase [27]. 

Occurrence qf’cell wall hound P-galactosidase 

Soluble jGgalactosidase represents cu 12 0o of the total 
activity found in tissue cuttings. Tissues treated with ethyl 
acetate gave 16.1 “(, more /i-galactosidase activity than 
untreated tissues. As ethyl acetate increases the 
permeability of the membranes 1281 the difference is 
attributable to a cryptic enzyme. Studies of cellular 
localization of the enzyme showed that /I-galactosidase 
occurs in the supernatant on centrifuging at 40 000 g (26.1 
x 10-4 enzyme units per g fresh tissue) and is absent from 

the cell membrane. Furthermore, cell wall preparations 
also showed /&galactosidase activity. The cell wall 
preparations were sonicated and successively washed with 
the homogenization buffer (M NaCl pH 7.5; 0.2 M Na- 
borate buffer pH 8.5 and 0.2 M NaPi-citric acid buffer pH 
8.5. M NaCI, 50mM EDTA, 1 mM 2-mercaptoethanol) 

without solubilization of the enzyme. All of these 
solutions have been used successfully in previous 
experimental work as a way of solubilizing cell wall 
enzymes [29%33]. According to these results the enzyme is 
firmly bound to the cell wall. 

Properties of ceil H.LIII P-gtrluc~to.sidu.se 

The optimum pH of the cell wall fi-galactosidase was 
4.4. The K,,, was (2.76 k 0.51) x lO_“M (mean of 7 
determinations). The enzyme was activated 25”,, by 
30mM Mn2+ and 32”,, by 0.84 M ethanol, and is 
inhibited 64.5”,; by 5pM HgCI,; further, there are no 
significant differences between the K,,, of the soluble and of 
thecell wall enzyme, (P 3 5 “,,). According to these results 
both activities appear to correspond to the same enzyme. 
The differences of the inhibitory values are probably due 
to differences in the environment of each enzyme. The cell 
wall /I-galactosidase attacked galactans containing 
/I( 1 + 4) bonds such as reaction wood, larch, and Lupinus 

alhs galactan. Heterogalactans such as carrageenan from 
Gigartiw skott.shergi [34] and agaropectin from 
Cormllopsis species, which contain I)-galactose, sulphated 
galactose, L-galactose and 3,6-anhydro-galactose with 
different types of bonds such as (1 + 4), (I + 3) and (I 
+ 2), were also attacked by the enzyme. 

DISCUSSION 

Although /j’-galactosidases are well known enzymes in 
many higher plants, the enzyme from sugar cane was 
recently found in this laboratory, The enzyme must be of 
general occurrence among commercial varieties of sugar 
cane. because most of these cultivars have S. oficinarum 

and S. .spontaneou,s among their ancestors and these 
species contain /I-galactosidase. The enzyme is present in 
all of the sugar cane tissues, but is mainly a leaf enzyme 
and an activity of growing tissues such as apex and root 
meristems. According to the K,,,, optimum pH, Mn’ + and 
ethanol activations, and Hg” inhibition, the same 
protein appears to be present in the cell wall and in the 
cell. Determinations ofenzyme localization using cuttings 
of tissues suggested that the activity is mainly 
extracellular, but as cell membranes did not show activity. 
the extracellular enzyme must be in the cell wall. Direct 
proof of this localization was obtained from cell wall 



&Galactosidase from sugar cane 51 

preparations. According to these facts it is possible that 
the cell wall enzyme originates in the cell, and afterwards 
is excreted and then bound to the cell wall. fi- 
Galactosidases bound to cell wall are also known in some 
fruits, for example in apples [35] and tomato [36]. In 
these fruits, however, the enzyme is involved with other 
glycosidases in the softening process by alteration of the 

cell wall structure. The functions of the galactosidases 

from sugar cane are not so clear, but it is possible that the 

cell wall enzyme participates in the turnover of the cell 
wall. This supposition is further supported by the attack 
ofvarious galactans with different structure by the cell wall 
enzyme. As there are no known soluble /I-galactosides in 
sugar cane it is probable that the cryptic enzyme i:s a 
precursor of the cell wall enzyme. However, it is possible 
that the intracellular form acts on the galactolipids which 
were not studied. 
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EXPERIMENTAL 8. 

A cultivar of sugar cane (cv Tut 68-19) cultivated in the field at 
the Estacion Experimental Agricola de Tucuman was used 

throughout this work unless otherwise stated. 

9. 

10. 
Soluble enzyme preparrrtion. Blades from leaf + 1, + 2 and + 3 

were used, where + 1 is the youngest fully-expanded leaf. ‘The 

leaves (200 g) were cut into small pieces and homogenized in 3 

vol. of lOmM NaPi buffer pH 7.2, 1mM 2-mercaptoethanol, 

5 PM MnSO, and 0.5 “{, Na2SOA. The homogenate was filtered 

through 4 layers of cheesecloth and centrifuged at 12 1OOg for 10 

min. Solid (NH4bS0, was added to the supernatant and a 

fraction which pptd between 30 and 60”<: satn was collected by 
centrifugation. The pellet was resuspended in 1.5 ml of 1OmM 
NaPi buffer pH 7.2, 1 mM 2-mercaptoethanol, and was dialyzed 

against the same buffer. 

11. 

12. 

13. 

14. 

15. 

16. 

Cell wull prepuration. Leaf blades without ribs (50g) were 

homogenized in 300 ml buffer as stated. The homogenization of 

the fibrous material was repeated x 3, and the combined 

fractions were filtered through 2 layers of cheesecloth and 
centrifuged for 10min at 270~. The pellet was washed x 5 and 

resuspended in 30ml of the homogenization buffer using a 

Potter. The suspension was sonicated, centrifuged and the pellet 

was washed x 5 and resuspended in 4ml of the buffer. 

17. 

18. 

19. 

20. 

21. 

Cell membranes were prepared from 1OOg of leaf tissues 

following ref. [37]. 
22. 

Assur of’cell p’-galartosidase. Incubation mixture consisted of 

30~110.2 M NaOAc buffer pH 4.25,70/d 0.05 M o-nitrophenyl-fi- 

t>-galactoside. 25~tlenzymeprepn and H,O in afinalvol. of2OOpl. 
Reaction time was 30 min (unless otherwise stated) at 37”. The 

reactionswerestopped byadding2mlMNa,CO,.Theamountof 

o-nitrophenol released was measured at 420nm. 

23. 

24. 

25. 

Assay of crlt wull /%gaktctosidase. Incubation miture consisted 

of 100 111 of cell wall suspension in 0.2 M NaOAc buffer pH 4.25, 

100~1 of 0.05 M o-nitrophenyl$-D-galactoside (pH 4.25). The 
incubations were performed for 30 min at 37”. 

26. 

Assay of’/%galactosidase in tissue cutlings. Tissue (1OOmg) was 

cut into small strips 1 2 mm wide. Cuttings were washed for 5 

min with H20. Washings were repeated x 3 and the tissues were 

suspended in 0.6 ml 0.05 M o-nitrophenyl-/?-D-galactoside, 0.2 M 

NaOAc buffer pH 4.25, 5”(; EtOAc and incubated at. 37’. 

Aliquots (lOOpI) of the incubation mixture were taken every 15 

min and the o-nitrophenol released was measured as stated in 

assay of soluble p-galactosidase. When an approximate measure 
of cell wall enzyme was required, EtOAc was omitted. 
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