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Abstract-Tomato frmt contained a high level of a-galactosldase activity, and the two components found responsible 
for this actlvlty, a-galactosldases I and II, were separated by chromatography on DEAE-Sephadex A-50 a- 
Galactosldase II, m particular, was highly purified by subsequent chromatography on a column of mehblose-agarose 
The two enzymes differed markedly m MW and m mhlbltlon by mercunc compounds but less so m other properties a- 
Galactosldase II converted type B erythrocytes to type 0 

INTRODUCTION contammant mvertase Chromatography on mehblose- _ 
a-Galactosldases are widely distnbuted m higher plants, agarose was very effective in -purifying a-galacto- 

but most earlier studies on these enzymes were made with s~dase II (Fig 2) It should be noted that this enzyme 

seeds [ 1-61 Their physiological functions may be to was simply retarded by the mehblose-agarose and that 

hydrolyse a-linked galactose residues m some storage 
it was eluted by the equthbrmm buffer wlthout added 

polysacchandes, such as the galactomannan m certam mehblose The specdic activity of a-galactosldase II was 

seeds [7], and m ohgosaccharldes of the raffinose series, Increased I-fold, and the solution was devoid of mvertase, 

which are major components of soybeans and other seeds /?-galactosldase, a-mannosldase and a-lucosldase 

[8] There 1s addItiona interest m plant a-galactosldases Summanes of the overall punficatlon procedures are 

because some of them can modify the B speclficlty of shown m Table 1 

intact human erythrocytes by removing a-1,3-linked gal- Many seeds contain multiple forms of a-galactosldase 

actose residues from cell surfaces [9] This reaction was [2,4,6-J, and often the forms differ markedly m molecular 

first demonstrated with the a-galactosldase from green size such that they can easily be separated by gel filtration 

coffee beans r9, 101, but has since been shown with the [4] The mung bean [12] and soybean [6] a-galacto- 

enzymes frod; figs*[ll] and soybeans [S] Prehmmary 
tests indicated that npe tomatoes are a rich source of a- 
galactosldase that can modify B-type blood cells, there- 
fore the study reported here was undertaken to isolate the 
enzyme and characterize its activity 

RESULTS AND DISCUSSION 

Separation and purlficatlon of tomato a-galactosadases 

The amount of a-galactostdase actwlty present m a 
crude protein extract of ripe. tomatoes indicated that the 
fruit contamed ca 0 15 unit of the enzyme/g fresh wt This 
extract was chromatographed on DEAE-Sephadex A-50 
(Fig l), and a plot of the collected fractions vs their a- 
galactosldase activity showed the presence of two en- 
zymes The earlier eluted enzyme was designated a- 
galactosldase I (fractions 22 through 28) and the later 
eluted enzyme, a-galactosldase II (fractions 59 through 

I I I 

68) The fractions correspondmg to each enzyme were 0 20 40 60 80 
pooled and concentrated to 10 ml by ultrafiltration Each 
enzyme was then chromatographed on a column of FRACTION NUMBER 
Sephadex G-100 The fractions contammg a-galacto- 
s&se were pooled and concentrated to 10ml Each Fig 1 Separation of tomato a-galactowiases by chromato- 
enzyme solution was adjusted to pH 4 and chromato- graphy on DEAE-Sephadex A-50 equlhbrated with 005 M 
graphed on a column of mehblose-agarose (Fig 2) soduun acetate (pH 5 5) eontammg 0 1 M sochum chloride 
Although this step did not greatly Increase the specific Protem was eluted with the equlhbratlon solutlon at a flow rate of 
actmty of a-galactosldase I, it did serve to remove the 30 mljhr 
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Fig 2 Punficatlon of tomato a-galactosldases by chromato- 
graphy on mehblose-agarose eqmhbrated with 0 05 M s&urn 
acetate (pH 4) contammg 0 1 M sochum chlonde Protem was 
eluted with the eqmhbratlon solution at a flow rate of 20 ml/hr 

sldases convert reversibly from a tetrarner at pH 4 to a 
monomer at pH 7 Possibly a-galactosldases m other seeds 
exhlblt slrmlar reversible aggregation An important dlf- 
ference between the tomato enzymes and those m most of 
the other sources studied 1s that the tomato u- 
galactosldases had relatively low MWs (see below) Also, 
the smaller form (a-galactosldase II) predommated in 
tomato extracts, whereas the larger enzyme was the major 
form m most other sources [2,4] The MWs of the tomato 
enzymes suggest a monomer-dlmer relationship, but no 
mterconverslon between the enzyme forms could be 

brought about by changing the pH of the enzyme 
solutions 

Properties of the a-galactosufases 

a-Galactosldase I was most stable at pH 5 2, and 
heating solutions of the enzyme at this pH for 5 mm at 70” 
resulted m 50 y0 mactlvatlon a-Galactosldase II was most 
stable at pH 4 5, and heating 5 mm at only 55” resulted m 
50% inactivation The MWs of the enzymes were de- 
termined by gel filtration on Sephadex G-100 The 
standard proteins and their elutlon volumes were as 
follows cytochrome c, 364 ml, ovalbumm, 261 ml, bovine 
serum albumin monomer, 231 ml, and bovine serum 
albumin dnner, 174 ml The elutlon volumes and calcu- 
lated MWs for a-galactosldases I and II, respectively, were 
266 ml and 44 000 and 335 ml and 19 000 

The tomato a-galactosldases hydrolysed p-rutrophenyl- 
a-galactoslde, raffinose, stachyose, methyl-a-galactoslde 
and locust bean galactomamman, which contams a-linked 
galactose [7] The K, values and relative maximum 
velocities are presented m Table 2 In contrast to other a- 
galactosldases [2,3], the tomato enzymes were not af- 
fected by high substrate concentrations, not even 7 6 mM 
p-mtrophenyl-a-galactoslde When this galactoslde was 
substrate, a-galactosldases I and II were active well mto 
the acid range with a pH optimum at 5 7 and 5 2, 
respectively, and a second, smaller, pH optimum near pH 
3.5 (Fig 3) Smular double pH optima have been reported 
for Vzcza faba [2], Ptsum satroum [4] and Glyczne max 
[5,6], a-galactondases acting on p-mtrophenyl-a- 
galactoslde The tomato a-galactosldases further resem- 
bled the above enzymes m that they each had a single pH 
optimum with raffinose as the substrate (Fig 3) 

The activities of the tomato a-galactosidases were not 
affected by the nature of the buffer Nor were they affected 
by 1 mM Mn”, Cu’+, Co2+, Zn2+, or Ag+ Mn2+ has 
been reported to activate weakly the a-galactosldase from 
Vzaa satwa [3] Tomato a-galactosldase I was not 
inhibited by 1 mM Hg 2+, however, a-galactosldase II was 
extremely sensitive to this cation, with total mhlbltlon by 
14 pM HgC12 as well as by 0 3 PM p-hydroxymercun- 
benzoate a-Galactosldase II was not activated by either 
2 mM EDTA or 2 mM cysteme Galactose was a relatively 
potent mhlbltor of the tomato a-galactosldases The 
concentrations of this sugar required to mhlbit a- 
galactosldases I and II by 50 % were 2 0 and 12 mM, 
respectively Glucose, mannose and arabmose at 14 mM 
levels were no_t mhlbltory 

Table 1 Purification of tomato a-galactosidases 

a-Galactosldase I a-Galactosldase II 

Enzyme Speafic Enzyme Specific 
Protem activity activity Protein activity activity 

Step (mg) (umts) (umts/mg) (mg) (units) (units/mg) 

Ammomum sulfate pellet 210 1.55* 270 155* - 
DEAE-Sephadex A-50 38 14 037 26 126 48 
Sephadex G-100 13 12 092 12 118 98 
Mehbrose-agarose 4 9 23 13 106 82 

*Total a-galactosldase actlvlty m the ammomum sulfate pellet 



Tomato a-galactosldases 57 

, - 

- 

I- 

100 

50 

0 

100 

50 

cl I- 

Table 2 MIchaelis constants and relative maxlmum velocltles for several substrates 

a-Galactosulase I a-Galactosrdase II 

Substrate K, V loax Km mx V 

p-Nltrophenyl-a-galactoslde 054mM 100 022mM 100 
Raffinose 18mM 47 27mM 19 
Stachyose 24mM 29 38mM 5 
Methyl-a-galactoslde 53mM 12 84mM 2 
Galactomannan 45mg/ml 19 63mg/ml 3 

2 4 6 8 

PH 

Fig 3 The pH profiles of or-galactosldases I and II with the 
substrates p-mtrophenyl-a-galactoslde (A) and raffinose (B) 

O-0, a-Galactosldase I, U, a-galactosldase II 

Effect on blood type B speczjiczty 

The studies with erythrocytes were conducted only with 
a-galactosldase II obtamed by chromatography on the 
mehblose-agarose column because the yield and punty of 
a-galactosldase I were too low Specdkally, the problem 
with a-galactondase I was that concentrates of this 
enzyme added to blood cells caused them to agglutinate 
although this actlon may have been due to the high 
concentration of protein rather than a hemagglutmm [6] 
Sufficlent a-galactosldase II for this study was accumu- 
lated by the punficatlon procedure from three extracts of 
tomatoes Washed suspensions of human type B erythro- 

cytes were Incubated with a-galactosldase II at final 
enzyme concentrations of 50 and 100 units/ml of suspen- 
sion A control sample was mcubated without the enzyme 
There was a gradual loss of B activity m the samples 
containing the enzyme, the loss being complete after 6 0 
and 3 5 hr for 50 and 100 umts/ml of a-galactosldase II, 
respectively 

Tomato a-galactosldase II can thus be added to the 
small number of a-galactosldases that hydrolyse the a- 
galactose moieties of blood group B substances The 
effectiveness of the tomato enzyme was similar to that of 
a-galactosldases from coffee beans [ 133 and soybeans [s] 
A possible advantage of tomatoes as a source of a- 
galactosldase 1s that they are readily available 
Furthermore, high yields of the enzyme can be obtained 
by a relatively simple procedure This enzyme, therefore, 
may be useful m converting group B erythrocytes to type 
0, a process that has drawn considerable interest recently 
[14] as a way of utlhzmg unused type B blood 

EXPERIMENTAL 

Enzyme extructzon One kg fresh, ripe tomatoes (cv Better Boy) 
was homogenized with 1 1 of cold Hz0 Sohd NaC1 was added to 
the suspension to a final concn of 1 M, and the pH was adjusted 
to 5 5 with 1 M NaOH All subsequent steps were conducted at ca 
3” The suspension was stured for 2 hr and then centrifuged at 
8000 g for 20 nun The supernatant was made 80 % saturated 
with (NH&SO4 and centnfuged The pelleted protems were 
collected, dissolved m 30 ml H20, and dlalysed agamst 0 15 M 
NaCl for 16 hr This protem soln was clardied by centnfugatlon, 
and the supematant represented the crude extract 

Enzyme ussays a-Galactosldase was assayed by measuring the 
rate at which it hydrolysed p-mtrophenyl-a-galactoslde The 
reactlon nuxture consIsted of 0 5 ml McIlvame buffer (pH 5 5), 
0 4 ml 0 1% bovine Serum albumm, 0 1 ml approprrately dduted 
enzyme soln (ca 0 01 umt)and 0 4 ml 13 mM substrate soln After 
15 mm at 37”, the reaction was termmated by the ad&on of 2 ml 
0 2 M Na,COa, and the liberated p-mtrophenol was measured at 
415 nm Appropnate controls with boded enzyme were Included 
One unit of a-galactosldase was defined as that amount that 
hydrolysed 1 pm01 of p-mtrophenyl-a-galactoslde per mm [5] 

a-Galactosidase actlvlty with the substrates raffinose, sta- 
chyose, methyl-a-o-galactoside and galactomannan was assayed 
by measurmg the rate at which reducmg groups were formed The 
reaction mixture consIsted of 0 5 ml McIlvame buffer (pH 5), 
0 1 ml dduted enzyme soln and 1 ml 2 “/, substrate soln After 30 
mm at 37”, the solns were analysed for reducmg groups by the 
method of ref [15] 

The protein content of chromatographlc fractions was es- 
tlmated by A at 280 nm, whereas those of concentrated crude and 
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purl&d solns were determined by the method of ref [16] REFERENCES 
Column chromatography The followmg columns were used for 

separatmg, punfymg and charactenvng the a-galactosldases a 5 
x 7Ocm column of DEAE-Sephadex A-50 eqmhbrated with 
0 05 M NaOAc (pH 5 5) contalmng 0 1 M NaCl, a 1 x 5 cm 
column of mehbrose-agarose eqmhbrated with 0 05 M NaOAc 
(pH 4) contammg 0 1 M NaCl, and a 2 5 x 90 cm column of 
Sephadex G-100 eqmhbrated wrth 0 15 M NaCl Each column 
was eluted with the eqmhbratlon soln The enzymes m the 
fractions were coned with Amlcon ultrafiltration units by using 
PM-10 membranes 
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