Rev. 4 primers under the same condifions as in 3* RACE.

All PCR products were ligated into pGEM-T vector and transformed into
Eschéricia coli DHS-x according the supplier’s instructions. Mini-preparations of the
cloned products were prepared using the Wizard 373 plasmid preparation kit
according to the manufacturer’s specifications. The DNA was digested with Pst | and
electrophoresed in agarose according to standard methods to verify inserts [22], The
inserts were sequenced by automated sequencing using M13 forward and reverse
primers and internal printers derived from the cloned sequences on an ABI 373A
DNA sequencer,

/  The full-length cDNA was amplified using the 5'-term and 3'-term primers
(Table 1). The product was gel-purified using the Geneclean III procedure as above
and sequenced directly using the internal primers and the same automated sequencing
procedure (Figure 2),

Open reading frames for all sequences wene identified using the Baylor
College of Medicine (BCM) Search launcher Sequence Analysis tools. The final
Feng and Doolittle Propack programs[20] with the Dayhoff 250 and Blosum 62 amino
acid similarity matrices. Structural comparisons with the eyanogenic [-glucosidase
from white clover (1CBG){15] were made using the SwissProt PDB viewer{23] to
thread the sequence of the D. cochinchinensis f-glucosidase into this structure and
at the Swiss Model server using the default parameters. Further refinement of

|
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dalcochinase catalytic-site side chains was done by manually adjusting torsion angles
tumamhthﬁﬂﬂﬁrmme,whil:maintﬁ:ﬁngluwmug}rmnfmﬁm.

RESULTS: v [
Protein sequencing and analysis

ﬁadﬂmﬂﬂmmmmﬁﬂﬂﬁmﬁsufﬁﬂm&iﬂ
cochinchinensis Piemre by previously described methods which produce protein that is
homogeneous by SDS-PAGE and native gel electrophoresis [11]. The protein was
deglycosylated with Endo-F/Endoglycosidase F, which increased its electrophoretic
mobility on SDS-PAGE. After purification by HPLC on a C8 column, the
deglycosylated protein was sequenced by automated Edman degradation to yield the
N-terminal sequence: IDFAKEVA. Fractions of the deglycosylated protein were also
digested with Endopeptidase Lysine-C and Trypsin, and the resultant peptides were
separated by HPLC on a C8 column as shown in Figure | A and B, respectively. The
peak fractions were collected and several were subjected to antomated Edman
degradation. The sequences determined are indicated in Figure | beneath the peptide
maps,

Blast comparison of peptide sequences to the NCBI nr sequence database,
indicated several homologies with known sequences of J-glucosidases and related
proteins. [n particular, the Endo Lys-C peak 9 peptide was identical at 12 out of 13
positions with the sequence of a thioglucosidase (myrosinase 3D) from Sinapsis alba
which comtains the catalytic nucleophile. This analysis indicated that the dalcochinase
enzyme was likely to be a B-glucosidase from glycosyl hydrolase family 1 [2].
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was not significantly homologous to other sequences, so it could not be positioned
from the alignment. Degenerate oligonucleotide primers were designed by back-
translating the peptide sequence of the amino terminal to give the For. | primer, the
TP7 asd Lys9 peptides (in the antisense direction) to give the Rev.] and Rev.2
primers, respectively (Table 1, Figure 2).

To determine the best tissue to extract RNA for PCR cloning, crude enzyme
was extracted from several tissues and the relative amounts of B-glicosidase and p-
originally extracted, and germinated seeds had greater than 100 times the level of -
glucosidase activity found in leaf, stem, and shoot tip and approx. 450 times the levels
of p-fucosidase activity found in these tissnes. They each had a 2.2 fold B-focosidase
activity compared to f-glucosidase activity, in agreement with the previously
characterized enzyme purified from dried seeds [10,11]. Leaves, stems, and shoots, in
contrast, had much lower levels of P-fiscosidase relative to p-glucosidase, indicating
that other -glucosidases may predominate in these tissues. Though germinated seed
and dry seed had similar amounts of enzyme per mass, the germinated seed had twice
the activity per seed, indicating new enzyme was synthesized or activated during
germination. Therefore, the germinated seeds were used to prepare ENA for RT-PCR
cloning of the f-glucosidase cDNA.
transcribed from the Rev.2 primer, and the resultant single-strand cDNA was

amplified with the For.1 and Rev.] primers. A specific product was idemified by




" PAGE, eluted from the gel, cloned into a pGEM-T plasmid, and sequenced. The
insert sequence contained 224 bp, including the primer sequences, which translated to
74 amino acids at the amino terminal of the mature B-glucosidase sequence. The
fragment is indicated schematically in Figure 2. The protein sequence included the
Lys4 and TP23 peptide sequences in addition to the N-terminal and TP7 sequences
used to design the For.1 and Rev. primers.
3 and 5 RACE
In order to determine the sequence of the 3' end of the cDNA. 3 rapid
amplification of cDNA ends (RACE) was conducted starting with reverse-

transcription of RNA from germinated D. cochinchinensis seeds with the poly-T

prifher, AP (shown in Table 1), Hemi-nested PCR was then conducted with the For. 2
and For. 3 primers, derived from the ongmal cDNA fragment sequence and the
AUAP primer, contained in the AP sequence as shown in Figure 2. The first
amplification produced a diffuse band centered at approx. 2000 bp on agarose gel
electrophoresis, while the hemi-nested PCR produced a slightly smaller product. The
second product was gel-purified, cloned, and sequenced (Figures 2 & 3). The clone
contained 1,733 bp, including an uninterrupted reading frame of 473 amino acids,
starting from the For. 3 primer at the 5' end and ending with a TGA stop codon. After

the stop codon, there were 292 nuclectides of putative 3' untranslated region before
the polyA tail, corresponding to the reverse transcription primer. The sequence
included the 3' end of the initial PCR fragment, except that some of the nucleotides in
the area of the Rev. | primer used to amplify that fragment did not match the new
sequence. MNotably, the amino acid sequence had changed to VDQFHR YK, instead of

the VDQFHYYN of the TP7 peptide sequence used to design the primer. The
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= sequencs also included the sequérices 6f the Lys3, Ly, Lyss, Lys6, Lys9, Lys10,

TP9, TP22, and TP37 peptides (see Figure 3),

In order to determine the sequence of the amino terminal of the protein, 5
RACE was employed. Tﬂﬂiﬂmm‘hﬂmﬂnm.am.
designed from the sequence of the initial PCR product (Table 1, Figure 2). The single
mamamwmm.mwm“smmmu
oligo-dC,,-Sall primer and the Rev. 3 and Rev. 4 primers (see Figure 2). The secand
mnmmdlilﬂbgi'nﬂﬂhﬁmwhhhmmmww
found to contain 193 basé pairs 3 of the poly C tract of the Oligo-dC-Sall primer.
When translated, the protein sequence contained 75 amino acids, including the N-
tersinus of the mature protein and a 23 amino acid pre-sequenice, starting from the
first methionine (Figure 3). The pre-peptide inchuded a stretch of hydrophobic amino
acids, typical of a signal sequence for transport into the endoplasmic reticulum.
Direct Sequencing of the PCR-Amplified cDNA

In order to ensure that the cloned sequences were carrect, a full coding
sequence cDNA wes amplified with the 5'-term and 3'-term primers, designed from
the 5' and 3 RACE product clones. This 1906 bp PCR product was directly
sequenced in both directions at least twice from independent PCR amplifications. The
complete sequence, including the cloned sequences from outside the 5'term and 3
term primers is shown in Figure 3 (Genbank accession AF163097),
Analysis of Peptide Sequence

As noted, the TP7 peptide sequence did not match the DNA sequence for this
segment at its carboxyl-terminal, except in the initial clone, where this region was
provided by the Rev.1 primer designed from the TP7 peptide sequence. Inspection of

-
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valine at residue 127 with the sequence YYN in positions 13 to 15 (as in TPT). Closer
impecﬁnnufthcpmhhmquuﬁngdrmmmhdicmdmimrpuhhqﬂn
lallmmmm?ﬁﬂmﬂmﬂmmﬂpﬁdﬂmmle
WEIMEMWMHWIE{WMHIWAW&
Figures 1 and 3), Hm,mmh:pmkmmhﬂmﬂmhwd;m
TDFmaﬂsspﬁunﬁmprnflh:HPLEpmkﬁﬂnﬁminﬂimdmpmksﬂIMJ-m
and 1846.9 amy, consistent with the sequences SNGDVAVDQFHR (TP7A) and
VSGGINQTGVDYYN (TP7B) plus one N-acetyl-glucosamine {or N-acetyl-
galactosamine), respectively. No other major peaks were observed in the mass
specitrum of this fraction.
Sequence Analysis,
Thcprut:hsaqummtﬂnﬂmdﬁumﬂucﬂﬂﬁmmmﬁliﬂdhﬂt
known sequences of glycosyl hydrolase family 1, which contains the related plant fi-
glucosidases[2,14]. An alignment of some selected members of this family is shown
in Figure 4, The mature protein showed highest percent identities with the
cyanogenic and noncyanogenic fi-glucosidases from white clover (60% and 56%,
respectively), and the black cherry amygdalin hydrolase isoform AH 1 (56%). The
alignment showed that the glutamic acids which have previously been identified as
the catalytic nucleophile and catalytic acid are conserved in the D. cochinchinensis
protem at positions E 396 and E 182, respectively of the mature protein (E 419 and E
205 of the precursor protein). Other residues reported to be near the active site of the
white clover cyanogenic B-glucosidase were largely conserved in the dalcochinase,
Of the residues shown by Barret er al,[15] to swrround the active site, only Val 254 of
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the white clover enzyme is replaced (by His) in the dalcochinase. A model of the
active site based on the white clover protein shows that this residue is cloge to the
catalytic proton donor, where Val is thought to provide a hydrophobic pocket in the
white clover enzyme (Figure 6). The alignment and model also showed that all the
cysteines found in the 1CBG structure are conserved and additional cysteines are
found at positions 278, 338 and 339 in the mature dalcochinase.

A phylogenetic tree of the Family 1 glycosyl hydrolases was constructed and
is represented in the phenogram in Figure 5. Dalcochinin glucoside B-glusosidase is
clustered with the dicotyledon defense-related P-glucasidases, such as linamarase, and
wese next most closely related, followed by the mammalian enzymes, such as lactase
phlorizin hydrolase and the cytoplasmic B-ghucosidase (not shown).

Discussion:

This paper reports the cDNA and amino acid sequence of the dalcochinin-8'-
cochinchinensis Plerre. Possible N-linked glycosylation sites were identified and one
site was confirmed by Edman degradation and mass spectroscopy. The amino acid
sequence indicates that this protein belongs to the glycosyl hydrolase family | and a
preliminary structural model is predicted based on the previous x-ray crystallographic
model of the closely related cyanogenic f-glucosidase from white clover [15].
polymerase chain reaction (PCR). Because of the relative imprecision of the Tag

polymerase used in this 1echnique, the accuracy of the sequence was ensured by using




dkccruqumcinguﬂhnmmndmmmmmmuﬂuwdingmﬁm'

Dmmmmwdmamm:ﬂmmﬂmmmhhmm
amlhmfnmdinh:ﬂﬁduﬂ:lmaimemuﬂmhﬂnulannﬂm:
maﬂpurﬁmofﬂummmumﬁnmhmﬁmmmrﬂﬂ Use
ofmhdzpaﬂmmkmﬁdmfmwmﬁﬁnlim-
against mistakes made during early cycles 6f PCR.

Muhmmmmmmmmmmhﬂm
seen in that the predicted amino acid sequence matched the amino terminus and
proteolytic peptides sequenced by Edman degradation. Only one peptide, TP7, did
mwﬂbmﬂdhuﬁmdﬂmmm&mdﬁm;m
miémmmmmm.mwhmnmu
3). Secondary inspection of the automated sequencing cyele chromatographs
mdmaiaﬂﬂmﬂu:mmﬂfmumguh,mmmghﬂmm
peptide at the N-terminus: SNGDVAVDQFHR (TP7A), and one comrespanding to
another predicted peptide with the TP7 C-terminus: VSGGINQTGVDYYN (TP7B),
except that the asparagine peak was missing at cycle 6 (Asn109 iniﬁemmﬂ-uhh;l.
As Asn109 is a possible glycosylation site, it might be expected to be missing. Mass-
spectroscapy of the HPLC fraction containing the TP7 peak confirmed there were 2
signals corresponding to the peptides TP7A and TP7B with a mass greater than
predicted from its amino acid composition. The facts that the mass corresponded ta 1
N-acetyl-glucosamine, that the protein was deglycosylated by Endo F, which leaves
one glucosamine, and that the Edman degradation did not provide the predicted Asn
pmkmﬂ:aﬁ‘mh.wﬂmhmlm,hiudmduﬁ:ufﬁ-ﬁnhdm
It could be noted that N-acetyl gimamin:mdﬂwutrf-gdammm




eycle 8 (the only possible site of O-linked glycosylation in this peptide). Also, an O-

linked glycosylation site would be expected to have more than ane sugar residue,
since nio endoglycosidase specific for O-linked carbohydrates was used. Therefore,
the asparagine at position 109 is likely to be glycosylated.

An increase in electrophoretic mobility on SDS-PAGE after trestment with
Endo F (from an apparent MW of 66,000 Da to 63,000 Da) also indicated that
dalcochinase is a glycoprotein, which passes through the endoplasmic reticulum and
is N-glycosylated. Thus, the protein is likely localized in the secretory organelles,
vacuole, or owutside the cells. A total of § possible sites of N-linked glycosylation
weré identified in the sequence (Figure 3). Modeling of the protein structure based
on the x-ray crystallographic structure of the white clover cyanogenic f-glucosidase
(PDB code 1CBG [15]), indicated that all possible sites had some level of surface
m%mﬂd:&shhmuhﬂﬂﬂmhﬂ:wﬁhmﬂ
myrosinase crystal structure and significantly more than the 4 possible sites seen in
the 1CBG protein [25]. As both dalcochinase and white mustard myrosinase are
found in seeds, while 1CBG is found in white clover leaves, this supports the
suggestion of Burmeister ¢f al. that the high level of glycosylation may support
solubility in the relatively dry seed environment.
dalcochinin B-glucosidase belangs to glycosyl hydrolase family 1[2] and is most
closely related to P-glucosidases involved in dicotyledon defense mechanisms.
Highest percent identities were seen with white clover cyanogenic p-glucosidase

(60% identity) and black cherry amygdalin hydrolase (56% identity). Additionally,
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identical to the corresponding peptide from white mustard myrosinase 3D (identical at

12 of 13 residues). However, when the sequence was compared to the SWISSProt

Prosité consensus sequences for family | enzymes[26,27], they did not match exactly,
suggesting that these sequences need 1o be modified slightly. Residue Glu6l isata
position where Prosite pattern only allows Gly, Ser, Thr, or Ala. Tyr416 and Asp423
are also not allowed residues for their positions according to the Prosite pattern,
These are minor changes, since the Prosite consensus sequences are degenerate at
these positions, but they indicate the value of having more sequence data available for
developing such consensus libraries.

/  Glutamate 396 was postulated to be the catalytic nucleophile due to its
homology to Glu 358 in the f-glucosidase from Agrobacterium, which has been z

shown to act as the catalytic nucleophile.[28] Similarly, Glu 182 was homologous to

Glul98 of the cassava cyanogenic -glucosidase, which was shown to be the catalytic '
proton donor in that enzyme.[29] Though these exact positions have not been shown
experimentally, the carboxylic acid residues are in line with the inhibition of the
enzyme by mercuric compounds and CBE.[11,12]

Due to the high sequence identity with the cyanogenic f-glucosidase from
white clover, the structure of dalcochinase is expected to be very similar to the
crystallographic model for that protein. The sequence was therefore applied 1o that
model and energy minimization was performed to eliminate stomic overlaps using the
Swiss Model system [ 23], This approach was recently used to identify the catalytic
residues of the barley B-glucosidase BII [30). The model produced had an active site

which was superimposable with that of the 1CBG structure (Figure 6). Very few

| |
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changes were observed inh:d;mué;ﬂwm nucleaphile, Glu393, and

catalytic acid base, Glul 83, were observed in their expected positions nesr the
whn'lmﬂwfﬂ-bmﬂmm#}m&wvﬂli.mﬂﬂm
roles. 'Of the resicues identified by Barrett et al.[15] as participating in the active site,
the only substitution was of a Val with His at His253 of the mature dalcochinase
enzyme (Figure 6 c, d). This histidine appears to hydrogen bond 1o Glu182 in the
model. This, and the change of Trp to Ser at Ser184 may result in a less hydrophobic
environment for Glul82, which was proposed to be in a hydrophobic pocket in the
ICB(G structare, This mdy be reflected in the optimal pH of 5 for dalcochinase, which
is at the low end of the range for related f-glucosidases of pH 5-8 [11]. These
residues lie between the catalytic residues and the protein surface, in the cleft where
the aglycone is likely to bind, so they might also influence the substrate specificity. A
substitation of Ser for Trp may allow for the large rotencid structure of dalcochinin to
fit into this cleft more easily to interact with the many aromatic residues in this region.
The smaller structures of linamarin and lotaustralin, the substrates for the white clover
enzyme, may require the Trp in this position for tight binding. Ser is also seen in this
position in the noncyanogenic f-glucosidase from cassava (Figure 4), so perhaps this
enzyme hyrolyzes more bulky substrates as well. Steric considerations may play
discriminate in the opposite direction closer to the active site, since dalcochinin is &
primary alcohol, linamarin and lotaustralin are tertiary alcohols. More structural and
functional stdies will also be necessary 1o elucidate which amino acids may contact
the aglycone in the entrance to the catalytic pocket and account for the differences in
specificity between the D. cochinchinensis enzyme and the white clover enzyme.

The conservation of the cysteine residues with those of the white clover




cyanogenic P-ghucosidase [15], suggests they may be structurally important, though
they are not conserved in other related enzymes (Figure 4), Only residues 201 and
zm._fmmmuﬁm&ummmmmmmh:mmm
disulfide bonds between subunits. Indeed, some, but not all, of the protein migrates at
high molecular weight when no f-mercaptoethanol is added during its preparation for
SDS-PAGE (data not shown).
Theantmeﬁmﬂuhyﬁmﬂ-ﬂumﬁdmﬂmgmmmmpumds
suggests that the dalcochinase enzyme may also play some role in defense against
herbivores, as does its substrate, which is similar to the respiratory inhibitor rotenone.
This role is being investigated by studies of the bioactivity of the substrate. The
appéarent specificity of expression of enzyme activity in seeds and young plants will
also need to be explored further to determine the biological significance of the
enzyme. P-Glucosidases have also been implicated in activation of cytokinin growth
factors and phosphate stress response [6,7]. Bacterial f-glucosidases have been found
to play a role in plant-microbe interactions by activation of plant growth during
infection [32,33]. Thai Rosewood is a legume, which might produce glycosylated
signal molecules to interact with rhizobia bacteria during early stages of growth. So it
15 not yet possible to rule out that the enzyme and its substrate have some role in
growth or environmental interactions outside of defense against herbivores. Further

investigations will help clarify the biological role of the enzyme.
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Table I: Oligonueleotides Used in Cloning and Sequencing

A. Degenerate Oligonucleotides Used for RT-PCR:

For.1 5-GOGATCC AT(TIC/A) GA(T/C) TT(T/C) GC(N) AA(A/G) GA(A/G) GT-3'
Rev.1 5'-GGGAAGC TT (A/G)TA (A/G)TA (A/G)TG (A/G)AA (C/TYTG(G/AYTC-3'
Rev.2 5-CC(A/G) TT{C/T) TC(N) GT(A/GIT) AT(A/G) TA-3'

B. Oligonucleotides Used in 3' RACE

AP  5-0GC CAC GCG TCG ACT AGT ACT TTT TTT TTT TTT TTT T-3'
AUAP 5'-GGC CAC GCG TCG ACT AGT AC-¥'

For2 5-AGG TTC CTC CAT TCA ACC GAA G-3'

For3 §-CCACCA ATA TOC AGA AAA GAT AGC G-3'

C. Oligonucleotides Used in § RACE

Oligo-dC-Sall 5'-TTG TCG ACC CCC CCC CCC CCC-3'

Rev3. 5-AAC ATC TCC GTT GCT TCT ATC CGC-3'

Revé. 5'-GCT GTC CCA AAA ATG AAA TCT GA-3'

D. Oligonucleotides Used for Sequencing 3' RACE Product and Full cDNA
Ford. 5'-AGC CTT GGA GGA TGA GTA CGG T-¥

ForS, 5'-TCA AAA TGC TAC CCA GCG ATA TCT-3'

Forfh. 5'-CGC CAT CTC TTT TAT ATT CGA TAT GC-3'

For7. 5'-GGC AAG ATG GAG CTT ATC AAC G-3'

Revs. 5-TTT TGT CTT TTC CTT GAT CAT CG-¥'

Revé. 5'-CGC CAG ACC TAA TTG CAT ATC G-3'

Rev7, '-CAT CCA CAT GTG AAG TCA AGA TAT CG-3

RevB. 5-AAT TGG AAF CAA AGA TCC GCA TA-Y




E. Oligonucleotides Used to Amplify Full Coding Region of cDNA.
5'-Term ¥-CTT CCT TTC ATC TCA TGC TTG CA-¥

¥-Temn.  5-AAA GAG AAT ACA ATT CTT TTT GGG CG-3'

T =




Figure 1. Proteolytic Peptide Maps of Dalbergia cochinchinensis Pierre -
glunhfid:uudﬂaquumnﬂ'eplidu. Purified and deglycosylated protein was
digested with Endopeptidase Lysine C (A) and Trypsin (B) and peptides were purified
by reverse-phase HPLC as described in the methods. Peptides from selected peaks
were sequenced by automated Edman degradation sequencing and the determined
p@ﬁuwmlmm“mwﬂpﬁmmﬁkmm The
mpﬁ&wmmdﬁimﬂbrmdrﬁanﬁmmﬂ-ﬂhmlwﬂm
nfurm}mmﬁmmmmm. Secondary inspection of the
sequences of wrypsin digest peak 7, indieated two signals with the sequences TP7A
anil’P‘?Euindinnt:&. Asparagine was not seen at position 6 of TPTB, but was

derived from the nucleic acid sequence.

Figure 2: H:pnfﬁ:ﬁnqmmﬂnnuu:lhpﬂdnﬁnqlmu-f&:ﬂ-
Glucosidase. The sequence of the mﬂmmﬂﬂﬁ(:ﬂﬂﬁ}iummdhrﬂuup
band marked mRNA. The primers (small arrows) used for initial reverse transcription
MMmiﬁmﬂmmmﬁuﬁmwummuw
PCR product. Below this are the primers designed from this sequence and the other
primers used for 3’ and 5, followed by 3' RACE and 5 RACE products. The 5 term
and 3' term primers used for amplification of the full coding region for sequencing
and their amplification product are shown below this. Other primers used for
sequencing are shown below this product, along with segments sequenced by direct
sequencing (indicated by long, thin arrows). 'Ihn:primmmﬂmunihl

sequencing the cloned RACE products.




Figure 3: Nucleic Acid and Protein Sequence of the D, cochinchinensis -
glucosidase, Genbank accession, AF163097. Peptides are marked under the
sequences. Possible glycosylation sites are marked by stars and the site confirmed by
masg-spectroscopy and peptide sequencing is in bold. Primer sequences are indicated
by bold print in the nucleotide sequence.

Figure 4: Multiple Sequence Alignment of D. cochinchinensis f-glucosidase with
related enzymes. The sequence of the mature protein for the D. cochinchinensis -
glucosidase is aligned with the mature protein sequences for other f-glucosidase and
glycosyl hydrolase family | enzymes. Stars indicate residues that are completely
conserved among the selected enzyme sequences. The catalytic nucleophile (Ghu 395)
and catalytic scid/base (Glu 182) are indicated in bold font. The sequences were
retrieved from the NCBI nr database using the Entrez server and aligned with the
Feng and Doolittle Propack programs[20], using the Dayhoff PAM 250 substitution

matrix. The sequences (and nr accessions) are: DCDBGLU, D. cochinchinensis -

glucosidase (dalcochinase); 1CBG, white clover cyanogenic -glucosidase (1311336);

BCAHI, black cherry amygdalin hydrolase AH-1(833835); BCPH, black cherry
prunasin hydrolase (1236961); NCBGLU, white clover non-cyanogenic -
glucosidase, (114974); CVNCBGLU, cassava non-cyanogenic f-glucosidase
(1155090); CYNCBGLU, cassava cyanogenic p-glucosidase (linamarase) (249262);
wenebg 1, BBG(60, mmmmﬂﬁqm{lmlﬁjims,ﬁﬁn
mustard myrosinase 3D (127734); LPHdom3: Human lactase phlorizinhydrolase

domain 3 (187053); AGSPBGLU, Agrobacterium sp. (strain ATCC 21400) p-
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glucosidase (114966); PBGAL, Lactococcus casel 6-phospho--galactosidase

(P14696); PBGLU, Escherichia coli 6-phospho-f-glucosidase (24240),

Figure 5. Phylogenetic Relationship of Dalcochinase to Glycosyl Hydrolase
Family 1 Enzymes. The phylogenetic tree of the same sequences aligned in Figure 4
is represented in the phenogram. The branch lengths are proportional to phylogenetic
distance and percent reproducibility of the clusters in bootstrap analysis is indicated at
the branch points. The tree was calculated and bootstrap statistics determined with the
Propack programs of Feng and Doolitile [20] using the Dayhoff PAM 250 substitution
matrix. The numbers at the branch points are the bootstrap statistics in percent of

bog;th‘apspmduni.ngth:cluﬂernthathrmah.

Figure 6. Homology Model of the Dalcochinase 3-Dimensional Structure. The D
cochinchinensis dalcochinase sequence (a & ¢) was modeled on the white clover
cyanogenic f-ghucosidase 1CBG (b & d) as described in the methods. The overall
mpulngyn[lhedalmchinmmdlmﬁmmshuminnmdh.rﬁpmﬁudy,
with the catalytic residues in stick representation with the catalytic nucleophile in
cyan and the catalytic acid in green. The cysteine residues are shown in yellow in
space-filling representation. The catalytic sites are detailed in ¢ and d which show all
residues within 6 angstroms of the catalytic nucleophile and catalytic acid. Acidic
residues are shown in red, basic residues in blue, polar in yellow, and nonpolar in
gray. ﬂmmnlyﬁnruiduﬂmdﬂmmﬂmmids“ﬂhmmmﬁwdnhmgﬂhmwm

dalcochinase and 1CBG are labeled.
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and Sequences of Peptides.

=0 w8 p e  e0 | e 1 140
Elution Time (min.)
A. Endo Lysine C Peptide Map and Determined Peptide Sequences:
Lys2: ED-F-A-K
Lys3: ¥-F-L-A-R-D-0-X-5-A
Lysd: 1-A-D<X-S-N-G-D-V-A-V-D-Q-H
Lyss: Dl ML VoG- X-X- A V-D-0
Lyst: L-8-A-T-X-F-K
Lys9: Yo NN-P-LV- Y-l T-E-N-G-1
Lys1G: T-5-F-X-F-1-G-L-N-Y-X-T-T-N

Fl
|

1 ] ] l L] : ] | ] l :
n 1] ] 1% IL-
Eh.ﬂl Time (min.)

B. Tryptic Peptide Map and Determined Peptide Sequences.
7 5-N-G-D-V-A-V-D-Q-F-H-Y-Y-N

TrpTA: 5-N-G-D-V-A-

TrpTB: V-5-G-Grl-(NHQ-T-G- VDY -Y-N{R)
P9 D-M-N-L-D-A-Y
P22 L-5-A-T-X-F-K
P23 V-P-8el-X-X-N-F-T

TP37 X-F-F-A-X-X-L-L-D
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ATTACLCTER B TR GC C AT AT T RO o G A TG G e T T AT A GO T A TeT TTGCACCACO TCOATETICT
I TLHEPFBS IFTALAREZEZT LY SHAPFLPF RCS

CCATCOT M AATOC ALCT THC A MAGTG GGGA TEOLGG LAC LG AGACTTATC TOOTTOCGC ACARC CTGATCETT
FETREREPTCOCTGSOGOSED A8 TETIYLY LEFNL IL
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COTAAGTTTACT AL BT RGO LR T T AT A G T AT T TGAT T T TATTOGACT LARCTATTAC ACCACT

F EFTTD PO LELV EOG S FDF I G L NTYTYTT

1081 ARCTAToCTAC AL T oG A T O O T A A T T e S M T A TT A ST AC AGATCC TCAM TC ACTCTCTTA
ET LT ESD LT CLE PP I TLT MGV TLE

1136 CAGCALCOC AR TOOGETC T T AT AT e A TG A TCCC T RS AT GG ATOTOCATT TATC CAA ALGGACTICGA
g9 RN &Y F I agpPwTPFSS R Y PrPEOSDLE

12301 GATT TG T IGCT T TR T TC ALGGA L ARG TAT AL A LT TT T T TTAC AT A T AL R TGO TATAGATG AGAAG
L LLTYFXEKYTSENPFLYTYITIENGIODBDEHTK
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R ¥ 23 L 8 TR IUEKUTEUZEETUEDPTET RUGIUETGTEF
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- Cassava B-glucosidase

Cassava linamarase

Cherry amygdalin hydrolase

Cherry prunacin hydrolase »

Clover linamarase (1CBG)
Dalcochinase

Clover B-glucosidase

Mustard myrosinase

Arabidopsis psr 3.1

; Barley f-glucosidase BQ60
Human LPH domain 3 I

- Agrobacterium [-glucosidase
Phospho-[3-galactosidase

Phospho-f-glucosidase
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