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Abstract 

Polyadenylated m R N A  was purified from the aleurone cells of Cyamopsis tetragonoloba (guar) seeds 
germinated for 18 h and used for the construction of a cDNA library. Clones with the a-galactosidase 
encoding gene were identified using oligo-nucleotide mixed probes based on the NH 2 terminal amino acid 
sequence and on the sequence of an internal peptide. The nucleotide sequence of the cDNA clone showed 
that the enzyme is synthesized as a precursor with a 47 amino acid NH 2 terminal extension. This 
pre-sequence most  likely functions to target the protein outside the aleurone cells into the endosperm. 
Based upon structural features, it is proposed to divide the precursor into a pre-(signal sequence) part 
and a glycosylated pro-part comparable with those of the yeast mat A/a factor and killer factor. A 
comparison of the derived amino acid sequence of this a-galactosidase from plant origin revealed 
significant stretches of homology with respect to the amino acid sequences of the enzymes from 
Saccharomyces cerevisiae and from human origin but only to a minor extent compared with the 
c~-galactosidase from Escherichia coli. 

Introduction 

The endosperm of legumes like Cyamopsis tetrago- 
noloba (guar) consists of an aleurone layer (cells) 
and of reserve material (mainly galactomannan), 
which is degraded during seed germination. Dur- 
ing imbibition, enzymes responsible for hydrolysis 
of the galactomannan are leased into the endos- 
perm. The main enzymes identified are ~-galacto- 
sidase (EC 3.2.1.22), fl-mannanase (EC 3.2.1.78) 
and ]~-mannoside mannohydrolase (EC 3.2.1.25). 
For the related legumes fennugreek and lucerne, 

there are indirect indications that these enzymes 
are synthesized in the aleurone cells (for a review, 
see [24]). For the a-galactosidase from guar, we 
have recently demonstrated this unambiguously 
by isolation of m R N A  from aleurone cells and 
analysis by hybridization and in vitro translation 
[17]. 

~-Galactosidase enzymes are present in a wide 
variety of organisms (for a review, see [ 12]). In 
man, the deficiency of this enzyme results in 
X-linked sphingolipidosis known as Fabry's dis- 
ease [ 11 ]. Enzyme preparations from microbial 

The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under 
the accession number X14619 C tctragonoloba galactosidase alpha. 
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sources may be of interest commercially; ex- 
amples are the hydrolysis of raffinose in sugar- 
beet processing, the hydrolysis of undesired galac- 
tose-containing sugars in soya milk and soya 
protein, etc. [ 15 ]. 

However, for each process, there are preferred 
specific e-galactosidase enzymes. The c~-galacto- 
sidase enzyme from guar is particularly suitable 
for the hydrolysis of guar gum to a gum with 
improved gelling properties [ 10]. This e-galacto- 
sidase has been purified and studied in detail [23]. 
The primary structures of only three e-galactosid- 
ases have been reported. These were derived from 
cloned genes, namely the MEL1 gene from Sac- 
charomyces carlsbergensis [19] and the gene from 
human origin [4, 33] and that from Escherichia 
coli [20]. 

The present work deals with the cloning and 
nucleotide sequence of the ~-galactosidase en- 
zyme from guar, being the first sequence of an 
~-galactosidase from plant origin. To this end, we 
used a recently developed method for the purifi- 
cation of RNA from aleurone cells and oligonu- 
cleotide mixed probes designed on established 
amino acid sequences [17]. 

Materials and methods 

Construction of the cDNA library 

Polyadenylated RNA was purified from aleurone 
cells ofguar seeds germinated for 18 h as describ- 
ed by Hughes et al. [17]. 

The method for cDNA synthesis was based on 
the RNase H procedure described by Gubler and 
Hoffman [ 16] and modified by Safford et al. [31 ]. 
THe ds-cDNA was size-fractionated on a 2 ml 
Sepharose CL4B column (Pharmacia). Fractions 
larger than 500 bp were collected and dC-tailed, 
using 40 units of terminal transferase (Bethesda 
Research Laboratories). The dC-tailed ds-cDNA 
was annealed with a G-tailed vector (pBR322 
cleaved with Pst I and dG-tailed from Dupont 
NEN). These samples were used to transform 
E. coli strain 192. 

Colony hybridization of the cDNA library with oligo- 
nucleotide mixed probes 

Samples of transformed E. coli cells were spread 
directly on nitrocellulose filters (Millipore, type 
HATF, 0.45/~m) placed on agar plates with tetra- 
cycline (10 #g/ml) such that each filter contained 
3-5 × 10 3 colonies after overnight incubation at 
37 °C. Colony hybridization was performed as 
described by the Bethesda Research Labora- 
tories. Briefly, two identical replicas were made 
from one master filter and grown for 3-5 h at 
37 °C until colonies became visible; these were 
transferred to L-broth agar plates containing 
chloramphenicol (150#g/ml), and incubated 
overnight at 37 ° C. The master filter was replaced 
on an agar plate containing tetracycline and stor- 
e d a t 4  °C. 

The bacteria on the replica filters were lysed by 
placing them for 15 min on a stack of Whatmann 
3MM papers saturated with 0.5 M NaOH and 
1.5 M NaC1, neutralization was subsequently per- 
formed by placing the filters for 2-3 min on paper 
saturated with 1 M Tris-HC1 (pH 7.0) and 1.5 M 
NaC1. Finally, the filters were dunked into 3 x 
SSC for 15-20 s, air-dried and baked at 80 °C 
under vacuum for 2 h. Prior to (pre)hybridization, 
the filters were washed extensively in 3 x SSC 
with 0.1 ~o SDS at 65 ° C for 16-24 h. Prehybridi- 
zation was performed for 2 h at 37 °C in premix 
A (5x SSC, 5x Denhardt's solution, 0.1~ 
SDS, 50mM sodium phosphate pH 7.5, 1~o 
glycine, 25 #g/ml calf thymus DNA, 75/~g/ml 
E. coli DNA (Sigma, type VIII; both DNA prepa- 
rations were sheared and denatured), 500 #g/ml 
tRNA, 50~o deionized formamide). Hybridiza- 
tion was performed in hybridization mix A (5 x 
SSC, l x Denhardt's solution, 0.1~o SDS, 
20 mM sodium phosphate pH 7.5, 25 #g/ml calf 
thymus DNA, 75 #g/ml E. coli DNA, 500 #g/ml 
tRNA, 50 ~o deionized formamide) with the oligo- 
nucleotide probe MP44 labelled with 7-32p-ATP 
essentially as described earlier [17]. Hybridiza- 
tion was performed overnight at 30 °C. Subse- 
quently, the filters were washed for 3 x 15 min 
with 6 x SSC at room temperature, 15 min with 
2 x SSC, 0.1~ SDS, and finally 15 min at 37 °C 



in prewarmed 0.1 × SSC with 0.1% SDS. The 
filters were dried and exposed to X-ray film over- 
night at - 70 ° C. Colonies giving a positive signal 
on both replicas were picked from the master 
plate. 

Plasmid purification and analysis 

Plasmids were purified using the method of 
Birnboim and Doly [3] and analysed by restric- 
tion enzyme digestion performed according to the 
instructions of the supplier (Amersham, UK). 
DNA fragments were transferred to a Gene- 
Screen Plus membrane (Dupont NEN) by 
Southern blotting [21 ] and hybridized with oligo- 
nucleotide mixed probes essentially as described 
for the colony blot hybridization but omitting the 
pre-washing step. 

Nucleotide sequence analysis 

Single-stranded phage DNA was isolated and 
used for establishing the nucleotide sequence by 
the Sanger dideoxy chain termination procedure 
as modified by Biggin et al. [2], using c~-35S-dATP 
(2000 Ci/mmol) and Klenow enzyme (Amer- 
sham), ddNTP's (Pharmacia-PL Biochemicals), 
and dNTP's (Boehringer). The sequencing 
reaction products were separated on a denaturing 
polyacrylamide gel using a buffer gradient [2]. In 
one specific case, namely the region around the 
internal Pst I site, the super-coiled sequencing 
procedure [8] was used. 

The nucleotide sequence was performed using 
a cascade-like approach (see Results and dis- 
cussion). The oligonucleotide primers required 
were synthesized on an Appfied Biosystems 
DNA synthesizer and purified as described 
earlier [ 17]. 

Strains, plasmids and growth conditions 

E. coli strain 294 (endoI-,  B1 , rk , m ;  [1]) was 
used for the construction of the cDNA library and 

543 

transformed by the 'Hanahan' procedure [21]. 
E. co/i strain JM 103 [25] was used as host for the 
vector M13mp18 (purchased from Bethesda 
Research Inc. and described by Norrander et al. 
[27]). This strain was transformed by the CaC12 
procedure and plated on L-Broth with X-gal and 
IPTG [21 ]. E. coli strains were grown on L-Broth 
supplemented with antibiotics where appropriate. 

Results and discussion 

Construction and analysis of  the cDNA library 

Polyadenylated RNA from Neurone cells of guar 
seeds germinated for 18 h, was used for cDNA 
synthesis and a cDNA library was constructed, 
yielding more than 104 colonies. Analysis of the 
cDNA library for the presence of the e-galacto- 
sidase gene according to Hughes et al. [17] re- 
vealed that out of about 3000 colonies, 7 showed 
a positive reaction on both filters. From these 
positive clones, plasmid DNA was purified, di- 
gested with Pst I and analysed on agarose gels. 
Next to the 4.3 kb vector fragment, all clones 
except one had a 1250 bp Pst I fragment in com- 
mon. All clones also had a smaller Pst I fragment 
ranging in size from 300 to 500 bp. These DNA 
fragments were subsequently transferred to nitro- 
cellulose filters and hybridized with probes 
MP42, MP43, MP44, based on the NH 2 terminal 
amino acid sequence and MP33, based on an 
amino acid sequence from an internal peptide 
(Fig 1). The small Pst I fragment hybridized with 
probes MP43 and MP44 (Fig. 1), which means 
that, most probably, the part of the gene encoding 
the amino terminus (the 5' part of the cDNA 
clone) is located on the small Pst I fragment. 
Probe MP33, based on an internal peptide, hyb- 
ridized with the large Pst I fragment; this means 
that the carboxy terminal part of the protein is 
encoded by the large Pst I fragment. The variation 
in size of the small Pst I fragment has, therefore, 
most likely resulted from a preliminary termi- 
nation of the first strand synthesis by reversed 
transcriptase. From the hybridization of the 
clones with three independent probes (MP42, 
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Fig. 1. Analysis ofplasmid pUR2302 by hybridization with several oligonucleotide mixed probes. Plasmid pUR2302 was digested 
with Pst I (lane 2) and hybridized with NH2 terminal probes MP44 (lane 3) and MP43 (lane 4) and with internal probe MP33 

(lane 5). Molecular mass standard in base pairs: lane 1. 

MP43 and MP33) we conclude we succeeded in 
cloning the cDNA encoding the e-galactosidase 
enzyme from guar. 

The amount of the guar m R N A  estimated from 
the number of positively-reacting clones (7 out of 
3000) is between 0.3~o and 0.1~o. These figures 
have not been corrected for the size fractionation 
performed after cDNA synthesis nor for the pres- 
ence of incomplete e-galactosidase clones. It 
remains questionable whether such corrections, if 
made, could account for the difference between 
the abundance of e-gaiactosidase m R N A  expect- 
ed (more than 1 ~ based on the abundancy of the 
protein) and the amount observed. Furthermore, 
levels of 0.1-0.3 ~/o seem to be in agreement with 
estimations based on in vitro translation of puri- 
fied m R N A  [17]. However, it should be noted 
that all m R N A  preparations were purified after a 
germination time of 18 h and a subsequent en- 
zyme incubation time of 7 h, which procedure is 
necessary to remove all polysaccharides [17]. As 
these conditions make a kinetic study on the 
m R N A  in guar seeds impossible at this moment,  
we can only give the following theoretical explan- 
ation for the discrepancy between abundancy of 
the e-galactosidase enzyme and the levels of 
mRNA. 

The e-gaiactosidase gene is induced upon ger- 
mination resulting in high levels of mRNA (more 

than 1 ~o)- However, the high quantity of m R N A  
has already passed its maximum and is going 
down at the moment  we are able to purify mRNA 
from the seeds. In a comparable system, the 
a-amylase enzyme induced by gibberellic acid in 
the aleurone cells of barley, it is known that an 
induction of only a few hours results in a maximal 
level of a-amylase encoding mRNA [26, 29]. If 
the induction of e-galactosidase mimicks more or 
less the a-amylase induction, we can purify the 
RNA only significantly after reaching the maxi- 
mum mRNA level. At that moment,  the e-galac- 
tosidase m R N A  level has already dropped con- 
siderably. 

Nucleotide sequence analysis 

From the plasmids harbouring the e-galactosid- 
ase cDNA the pUR2302 and pUR2314 were 
selected and digested with Pst I, resulting in frag- 
ments of 1 2 5 0 b p + 5 0 0 b p  and 1250bp+  
300 bp, respectively, in addition to the vector 
fragment. These four fragments were purified 
separately, ligated with vector M 13mp 18 and used 
to transform the E. coli strain JM103. 

The nucleotide sequence was determined using 
a cascade-like approach (Fig. 2). The sequence at 
the borders of the subcloned fragments was first 
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Fig. 2. Restriction map, subclones and sequencing strategy of plasmid pUR2302. A. Preliminary restriction map of the cDNA 
insert of plasmid pUR2302. B. The fragments from pUR2302 and pUR2314 as subcloned in the M13 vectors M13mpl8 and 
M 13mp 19. C. Sequencing strategy used for establishing the sequence of pUR2302 and pUR2314. Arrows indicate the direction 
of sequencing. The boxes indicate the priming site for the sequencing reaction with the different oligonucleotides (U: universal 
M13 primer; numbers: oligonucleotide primers synthesized for the sequencing experiments). The lower line represents the 

super-coiled sequencing experiment. P = Pst  I,  K = Kpn  I, X = X m n  I. 

determined by using the universal M13 sequenc- 
ing primer (Amersham). At the most distal po- 
sition where the sequence data were still reliable, 
sequencing was continued using two new se- 
quencing primers specially synthesized as de- 
scribed above; one for the continuation of the 
nucleotide sequence in the 3'-5' direction and the 
other for sequencing the complementary strand. 
By this cascade-like approach, the complete nu- 
cleotide sequences for the subclones of the clones 
pUR2302 and pUR2314 were established. The 
nucleotide sequence surrounding the internal Pst I 
site was determined using the super-coiled se- 
quencing procedure. Both Pst I fragments appear- 
ed to be joined directly. 

The complete nucleotide sequence of the guar 
e-galactosidase cDNA clone is shown in Fig. 3. 

The nucleotide sequence starting with nucleotide 
263 up to the poly(A) tail in plasmid pUR2302 is 
identical with the nucleotide sequence of the insert 
of plasmid pUR2314. Analysis of the nucleotide 
sequence shows an open translational reading 
frame encoding 411 amino acid residues with the 
first in frame ATG codon at nucleotide position 
166 and two consecutive translation stop codon 
at nucleotide position 1399-1404. This ATG 
codon at position 166 is also preceded by an A/T 
rich region making it very likely that it is the 
translation start. The deduced amino acid se- 
quence is shown in Fig. 3. The NH 2 terminal 
amino acid sequence of the ~-galactosidase en- 
zyme purified from guar seed has been identified 
as AENGLGQTPP. . .  [17]. This amino acid se- 
quence is encoded by nucleotides 307-336 
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CTGCAGGGGGGGGGGGGGGGATCCAICACACACACCTTTCTAAGTCTTTTACACTTAGCT 
10 20 30 40 50 60 

TATTGTTTCATCAATTGATAACAATAAGTCTTATATACTTATTTTGATTTGATACACATA 
70 80 90 100 110 120 

-47 -43 
M A T H Y 

CATTATTAATTATTACATTATTCATTCATCTATATATAAATTAAGATGGCAACGCATTAT 
130 140 150 160 170 180 

-42 -23 
S 1 I G G M I I V V L L M I N G S E G G 

TCAATTATAGGTGGGATGATTATAGTGGTGTTGTTGATGATTATTGGAAGTGAAGGTGGT 
190 200 210 220 230 240 

-22 -3 
R L L E K K N R T S A E A E H Y N V R R 

AGATTATTAGAGAAGAAGAACAGAACAAGTGCAGAGGCAGAGCATTATAATGTTAGGAGA 
250 260 270 280 290 300 

-2 i 18 
Y L A E N G L G Q T P P M G W N S W N H 

TATCTGGCTGAAAATGGACTAGGCCAGACACCTCCCATGGGGTGGAATAGCTGGAATCAC 
310 320 330 340 350 360 

20 38 
F G C D I N E N V V R E T A D A M V S T 

ITTGGCTGTGATATTAATGAAAACGTAGTTCGAGAAACAGCTGATGCAATGGTTTCAACG 
370 380 390 400 410 420 

40 58 
G L A A L G Y Q Y I N L D D C W A E L N 

GGGCTTGCTGCTTTAGGCTACCAATATATCAATTTAGATGACTGCTGGGCCGAACTTAAT 
430 440 450 460 470 480 

60 78 
R D S E G N M V P N A A A F P S G I K A 

CGAGACAGTGAGGGAAATATGGTTCCAAATGCTGCAGCATTTCCTTCAGGAATTAAGGCT 
490 500 510 520 530 540 

80 98 
L A D Y V H S K G L K L G V E S D A G N 

CTAGCTGATTATGTTCACAGCAAAGGTTTAAAGTTGGGAGTCTATTCAGATGCTGGAAAT 
550 560 570 580 590 600 

i00 118 
Q T C S K R M P G S L G H E E Q D A K T 

CAAACATGTAGTAAACGTATGCCTGGATCACTTGGACACGAAGAACAAGATGCAAAAACA 
510 620 630 640 650 660 

120 138 
F A S W G V D Y L K Y D N C E N L G I S 

TTTGCCICATGGGGAGTTGATTATTTGAAGTATGATAACTGTGAGAATTTGGGTATAAGC 
670 680 690 700 710 720 

140 158 
V K E R Y P P M G K A L L S S G R P I F 

GTCAAAGAAAGGTACCCACCAATGGGTAAAGCATTATTAAGTTCTGGAAGGCCAATCTTC 
730 740 750 760 770 780 

160 178 
F S M C E W G W E D P Q I W A K S I G N  

TTCTCCATGTGTGAATGGGGATGGGAAGACCCACAAATTTGGGCCAAAAGTATAGGAAAT 
790 800 810 820 830 840 

180 198 
S W R T T G D I E D N W N S M T S I A D  

AGTTGGAGAACAACTGGA~TATTGAGGACAACTGGAATAGTATGACTTCCATAGCAGAT 
850 860 870 880 890 900 

200 218 
S N C K W A S Y A G P G G W N D P D M L  

TCAAATGATAAATGGGCATCXTATGCTGGACCTGGAGGATGGAATGATCCTGACATGCTT 
910 920 930 940 950 960 

220 238 
E V G N G G M T T E E Y R S H P S l W A  

GAAGTTGGAAATGGAGGGATGACCACAGAAGAATATCGTTCCCATTTCAGCATTTGGGCA 
970 980 990 I000 1010 1020 

240 258 
L A K A P L L V G C D I R A M D D T T H  

TTAGCTAAGGCTCCTCTGCTGGTTGGTTGTGATATTAGAGCAATGGATGACACCACTCAT 
1030 1040 1050 1060 1070 1080 

250 278 
E L I S N A E V I A V N Q D K L G V Q G  

GAACTGATTAGCAATGCTGAAGTTATTGCAGTAAACCAAGATAAACTAGGAGTTCAAGGA 
1090 1100 1110 1120 1130 1140 

280 298 
K K V K S T N D L E V W A G P L S D N K  

AAGAAAGTAAAAAGCACTAATGATTTGGAGGTATGGGCAGGTCCTCTAAGTGATAACAAG 
1150 1160 1170 1180 1190 1200 

300 318 
V A V l L W N R S S S R A T V T A S W S  

GTGGCAGTGATCTTATGGAATAGAAGTTCTTCAAGAGCAACAGTCACTGCATCCTGGTCT 
1210 1220 1230 1240 1250 1260 

320 338 
D I G L Q Q G T T V D A R D L W E H S T  

GACATAGGCCTACAACAAGGAACTACAGTTGATGCAAGAGATTTATGGGAGCACTCAACA 
1270 1280 1290 1300 1310 1320 

340 358 
Q S L V S G E I S A E I D S H A C K M Y  

CAATCATTAGTTTCTGGAGAAATATCTGCTGAAATAGATTCACATGCTTGCAAGATGTAT 
1330 1340 1350 1360 1370 1380 

360 363 
V L T P R S * *  

GTTCTGACTCCAAGGAGCTGATGATTTCTGTAGTGGCAGAGAAGTAGATGAACAAGAGAA 
1390 1400 1410 1420 1430 1440 

GACAGGATTCAATTTMGGGAACTGCATTGGTTACTACTCATTCTTTCTCTGAGGGAAAG 
1450 1460 1470 1480 1490 1500 

ATAAATAAACACTGAGAATTTAATTTTCAATAAGAATTMCAGAATAAATGTATGTGCTA 
1510 1520 1530 1540 1550 1560 

GATTGCCATTGAGCTTCTATTTGTATTTGCGGTTGGCACTTTGAGGCCCATTTGATTTCA 
]570 1580 1590 1600 1610 1620 

ATAAAATAAATCTTTCAATTAAA -Poly adenyl 
1630 1640 

Fig. 3. Complete nucleotide sequence of the guar c~-galactosidase cDNA clone pUR2302. The nucleotide sequence of the 5'-3' 
strand is shown. The poly G/C tail synthesized in the cDNA cloning procedure is shown on the 5' site. At the 3' site it follows 
the poly(A) tail (not shown). Poly-adenylation consensus sequences [28] are marked with a line above the nucleotides. The amino 
acid sequence derived from the nucleotide sequence is shown in the one letter notation above the nucleotide sequence. The 
numbering of the amino acids starts at + 1 for the mature protein. The amino acids in the pre-pro sequence are negatively 

numbered. 

(Fig. 3). As the internal peptide DYLKYDN [ 17] 
was also found in the nucleotide sequence (nu- 
cleotides 680-701) in addition to the NH2 termi- 
nal peptide, it is beyond any doubt that the 
mRNA for the ~-galactosidase enzyme from guar 
was indeed cloned, 

These findings also show that the mature a-gala- 
ctosidase enzyme is composed of 364 amino acid 
residues having a calculated molecular mass of 

39777 Da. This is in good agreement with the 
molecular mass of 40.5 kDa estimated by SDS- 
PAGE [23]. Furthermore, the natural enzyme is 
most likely synthesized in a precursor form with 
a 47 amino acid residue extension (numbered 
- 47 to - 1 in Fig. 3). This is in agreement with 

the observation that the in vitro translated mRNA 
encodes a protein with a molecular mass of about 
44 kDa [ 17]. 



Analysis of the precursor sequence 

The precursor sequence of the e-galactosidase is 
intriguing. Its most  likely function will be the 
targeting of the protein outside the aleurone cells 
into the endosperm polysaccharide. This situation 
is very much comparable with that of the a-amy- 
lase enzymes from barley and wheat, which are 
secreted from the aleurone cells into the starch 
layer. However, the signal sequence from e-galac- 
tosidase is different from the signal sequences 
found for plant enzymes, for instance a-amylase 
from barley [7], a-amylase from wheat [30], and 
thaumatin [13]. The signal sequence of e-galacto- 
sidase from guar is significantly larger, namely 47 
amino acid residues compared with about 24 
residues found for the other sequences. Further- 
more, at positions - 16 and - 27 the guar ~-gal- 
actosidase precursor sequence has two concensus 
sequences where N-glycosylation may take place, 
Asn-X-Ser/Thr [32]. Applying the prediction of 
signal peptidase processing sites as described by 
Folz and Gordon [ 14], it is very likely there is a 
signal sequence processing site between residues 

- 24 and - 23. If processing takes place at this 
site, a prosequence of 23 amino acid residues with 
one site possible for N-glycosylation is left so that 
further processing will be necessary. It will be very 
interesting to know whether this guar e-galacto- 
sidase precursor sequence can also function in 
other plant species. Tobacco may be a good 
species because it is relatively easy to manipulate 
genetically. 

Although the guar e-galactosidase secretion 
sequence seems to be different from other known 
plant secretion sequences, there is a resemblance 
with the precursor sequences from the mat A/~ 
factor and the killer toxin in the yeast S. cerevisiae 
(for a review, see [6]). The model for processing 
these yeast precursor sequences is as follows: 
subsequent to the (assumed) processing of the 
signal sequence by a signal peptidase in the endo- 
plasmic reticulum, the first steps in glycosylation 
are performed. Further proteotytic processing 
occurs in the Golgi by e.g. a protease encoded by 
the KEX2 gene (cleaving the carboxyl side at the 
second of two basic residues) and a peptidase 
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encoded by the STE13 gene (a dipeptidyl-amino 
peptidase which cleaves Glu-Ala and Asp-Ala 
pairs). In the guar e-galactosidase there are two 
Arg residues (at - 4 and - 3), so that a 'KEX- 
like' protease may be involved. However, another 
dipeptide aminopeptidase than that in yeast 
should be required, removing Tyr and Leu in front 
of Ala being the first residue found in the mature 
protein. All these observations make it tempting 
to consider the precursor sequence of guar e-gal- 
actosidase as a pre-pro-sequences. Whether it is 
or not, it is structurally different from the pre- 
sequences of the a-amylase enzymes from barley 
and wheat, which are 24 and 23 residues, respec- 
tively [7, 30]. 

Although a-amylase and e-galactosidase are 
both induced upon germination in the Neurone 
layer and secreted into the reserve polysaccharide 
layer, their molecular mechanisms seem to be 
different. In contrast to e-galactosidase, the in- 
duction mechanism for a-amylase is dependent 
on the presence of gibberellic acid [26, 29]. Be- 
sides, the secretion mechanism seems to be differ- 
ent for the a-amylase, which has only a pre- 
sequence, whereas the e-galactosidase has a pre- 
pro-sequence. In this context it will also be inter- 
esting to establish whether the guar pre-pro- 
sequence indeed can be recognized by lower euka- 
ryotes such as yeast, as has been reported for the 
wheat a-amylase signal sequence [30] and in 
plant species other than guar. One can anticipate 
a correct processing of the 'KEX-like site' at - 4  
and - 3 ,  but further processing is questionable, 
which might result in an uncorrectly processed 
enzyme. 

Comparison of the guar c~-galactosidase amino acid 
sequence with other e-galactosidases 

A comparison of derived amino acid sequences of 
e-galactosidase from S. cerevisiae [19], human 
lysosomal [4, 33] and E. coli K-12 [20], with 
known nucleotide sequences, is depicted in Fig. 4. 
It shows there is a considerable degree of homol- 
ogy between plant e-galactosidase and the en- 
zymes from S. cerevisiae and human lysozyme. 
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i 6 ] I  16 21 26 31 
LDNGL ARTPT MGWLH WERFM CNLDC QEEPD SCISE KLFME MAELM VSEGW KDAGY EYLCI DDCWM 

+ * * *  * *  * * *  . . . . . ++ * *+  * * *  *+  * *  *+  + * * * *  

I 23 
AENGL GQTPP MGWNS WNHFG CD INE NVVRE TADAM VSTGL AALGY OYINL DDCWA 

• * *  . . * * *  * *  . . * +++ + * * *  + * *  + * *  * *  . * * * *  

i 23 
SYNGL GLTDQ MGWDN WNTFA CD VSE QLLLD TADR] SDLGL KDMGY K Y I I L  DDCWS 

56 101 
APQRD SEGRL QADPQ RFPHG IRQLA NYVHS KGLKL GIYAD VGNKT CAGF- PGSFG YYDID AQTFA DWGVD 

+ * *  * * *  + * *  * *+  * *  * * * *  * * * * *  * + *  * * *  . . * * * + .  + * * * * *  * * * *  

56 91 
ELNRD SEGNM VPNAA AFPSG IKALA DYVHS KGLKL GVYSD AGNQT CSKRM PGSLG HEEQD AKTFA SWGVD 

• * * + *  + * * *  * + +* * + *  + + * + * *  * *  . . * * * *  * *  . . * *  * *  

56 90 
SG-RD SDGFL VADEQ KFPNG MGHVA DHLHN NSFLF GMYSS AGEYT CAGY- PGSLY REEED AQFFA NNRVD 

Human 

P l a n t  

Yeast  

Human 

P l a n t  

Yeast 

135 166 
LLKFD GCYCD SLENL . . . . .  ADGYK . . . .  H MSLAL NRTGR SIVYS -CEWP LYMWP FQKPN YTEIR QYCNH WRNFA 

+ * * + *  * ~ * *  +*  * * *  + * *  * + + *  * * *  + + + * * *  

126 156 
YLKYD NC . . . . .  ENL . . . . .  G]SVK ERYPP MGKAL LSSGR PIFFS MCEWG WEDPQ IWAKS . . . . . .  IGNS WRTTG 

• * * * *  * *  +* * * *  + * *  * * * + *  +*  * *  + +*  * . * *  +* 

224 159 
YLKYD NCYNK GQFGT -PEIS YHRYK . . . .  A MSDAL NKTGR PIFYS LCNWG QDLTF YWGSG . . . . .  ]ANS WRMSG 

Human 

P l a n t  

Yeas t  

200 225 235 
DIDDS WKSIK . . . . . . . . . .  ~ . . . . . .  S]LDW TSFNQ ERIVD VAGPG GWNDP DMLVI GNFGL SWNQQ VTQMA LWAIM AAPLF MSNDL 

* * + . .  *+ * *  * + * * * *  * * * * *  * * *  . * *  *+  + + + + * * +  * * * +  + *+  

185 206 216 
DIEDN WNSMT . . . . . . . . . . . . . . . . .  SIADS NDKWA S . . . .  YAGPG GWNDP DMLEV GNGGM TTEEY RSHFS IWALA KAPLL VGCDI 

* + * *  * * * *  * * * * *  * * * *  . * + * +*  + * * *  + * * +  * * * +  + *  + 

188 231 240 
DTAEF TRPDS RCPCD GDEYD CKYAG FHCSIMNI LNKAA PMGQN -AGVG GWNDL DNLEV GVGNL TDDEE KAHFS MWAMV KSPL[ IGANV 

Human 

P l a n t  

Yeast  

270 305 
RHISP QAKAL LQDKD V I A I N  QDPLG KQGYQ LRQGD . . . . . . . .  NFEVW ERPLS GLAWA VAMIN kQEIG GPRSY TIAVA 

* + * + + * * * + *  * *  * *  * *  ++ + * * *  * * *  +*  * ++*  * 

251 286 
RAMDD TTHEL ISNAE VIAVN ODKLG VQGKK VKSTN . . . . . . . .  DLEVW AGPLS DNKVA VILWN RSSSR ATVTA SWSDI 

++ + + * + *  * * * + *  * *  * + ++ + *  * * *  * * + *  * + + +*  

27 320 
NNIKA SSYSl YSQAS V IA IN  QDSNG IPATR VWRYY VSDTD EYGQG EIQMW SGPLD NGDQV VALLN GGSVS RPMNT TLEE] 

Human 

P l a n t  

Yeast  

340 375 
SLGKG VACNP ACFIT QLLPV KRKLG FYEWT SRLRS HINPT GTVLL QLENT MQMSL KDLL Human 

. . * *++ + * , * *  

321 353 
GLQQG TTVDA RDL-W EHST- -QSLV SGEIS AEIDS HALKM -YVLT PRS P lanL  

• + * , * + 

355 390 425 
FFDSN LGSKK LTSTW DIYDL WANRV DNSTA SAILG RNKTA TGILY NATEQ SYKDG LSKND TRLFG QKIGS LSPNA ILNTT VPAHG IAFYR LRPSS Yeas t  

Fig. 4. Amino acid sequence homology between the different ~-galactosidases. The sequences are aligned for optimal sequence 
similarity. Asterisks indicate identical residues while + indicate similarities between like residues (D, E; F, Y, W; I, L, V; K, 

R; Q, N and S, T). 

Calculations show there is a 53 % functional ho- 
mology between plant and human 0~-galactosidase 
and only little less found for the S. cerevisiae 
enzyme. On the other hand, the c~-galactosidase 
from E. coli shows only relatively little homology 
with respect to the other three enzymes. It also 
differs from the other ~-galactosidases because of 
the requirement of Mn 2 ÷ and N A D  as cofactors 

for biological activity [5]. All the enzymes cata- 
lyse the same reaction, i.e. splitting a-linked galac- 
tose moieties. Although their overall composition, 
pH optima, enzyme kinetics and their cellular 
location are different, a common active principle 
may be expected. Because the exact enzyme me- 
chanism is not yet known it is tempting to specu- 
late that some residues present in the homologous 
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Fig. 5. Prediction of secondary structure elements of guar plant ~-galactosidase. a-Helix and t-strand curves are the average 
of a residue-specific attribute over a window of four using the method of Chou and Fasman [9]. The hydrophobicity curve is 

the average of a specific hydrophobicity index over a window of nine residues according to Kyte and Doolittle [18]. 

regions, are part of an active site [12, 22]. An 
aspartic acid residue might be involved in the 
active site during the hydrolysis reaction. For the 
plant e-galactosidase, Asp272 might be such a 
residue as it is present in a region with a strong 
homology towards all the other e-galactosidase 
enzymes. Prediction of the secondary structural 
elements together with hydrophilicity profile 
(Fig. 5) reveals that this residue is most  likely 
solvent-accessible due to its location on a predict- 
ed/%turn next to two/~-strands in a relative hydro- 
philic area. 

The glycosylation pattern of the above enzymes 
also differs from that of the yeast enzyme, which 
is heavily glycosylated and from that of the E. coli 
enzyme, which is not glycosylated. It would be 
interesting to establish whether this glycosylation 
has any effect on enzyme activity. Such a study 
requires the production of one enzyme in various 
hosts so that one can compare (next to e.g. the 
plant enzyme with plant-like glycosylation) the 
same enzyme with a yeast-type glycosylation, or 
the plant enzyme without any giycosylation. Ex- 
periments are in progress to express the guar 
enzyme in S. cerevisiae and B. subtilis, which 
might throw more light on the solution of these 
intriguing questions. 
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