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We isolated two genes for extracellular ,B-glucosidase, BGLI and BGL2, from the genomic library of the yeast
Saccharomycopsis fibuligera. Gene products (BGLI and BGLII) were purified from the culture fluids of
Saccharomyces cerevisiae transformed with BGLI and BGL2, respectively. Molecular weights of BGLI and
BGLII were estimated to be 220,000 and 200,000 by polyacrylamide gel electrophoresis in the presence of
sodium dodecyl sulfate. The two j-glucosidases showed the same enzymatic characteristics, such as thermo-
denaturation kinetics and dependencies on pH and temperature, but quite different substrate specificities:
BGLI hydrolyzed cellobiose efficiently, but BGLII did not. This result is consistent with the observation that
the S. cerevisiae transformant carrying BGLI fermented cellobiose to ethanol but the transformant carrying
BGL2 did not. Southern blot analysis revealed that the two ,B-glucosidase genes were derived from
Saccharomycopsisfibuligera and that the nucleotide sequences of the two genes are closely related. The complete
nucleotide sequences of the two genes were determined. BGLI and BGL2 encode 876- and 880-amino-acid
proteins which were shown to be highly similar to each other. The putative precursors begin with hydrophobic
segments that presumably act as signal sequences for secretion. Amino acid analysis of the purified proteins
confirmed that BGLI and BGL2 encode BGLI and BGLII, respectively.

The enzyme P-D-glucosidase catalyzes the hydrolysis of
alkyl and aryl ,B-D-glucosides (e.g., methyl-p-D-glucoside
and p-nitrophenyl-,B-D-glucoside) as well as glycosides con-
taining only carbohydrate residues (e.g., cellobiose). The
enzyme is widely distributed, from microorganisms to ver-
tebrates (13). Microbial 3-glucosidases play a part in assim-
ilation of cellulose.

Recently, ethanol production by fermentation of cellulose
has received much attention as an alternative energy source,
since cellulose is available in abundant biomass. During the
enzymatic hydrolysis of cellulose, cellobiose is usually ac-
cumulated because of the weak 3-glucosidase (cellobiase)
activity of most cellulolytic microorganisms (13). Although
the yeast Saccharomyces cerevisiae is most widely used in
the ethanol fermentation industry, this organism cannot
utilize cellobiose because it does not possess a permease for
cellobiose and, with the exception of strain C (6), does not
produce an extracellular cellobiase (3, 10).

In recent years, a great deal of interest has developed in
genetic manipulation of industrial ethanol-fermenting yeast
organisms. We have been very interested in the yeast genes
encoding secretable proteins and have developed the ability
of S. cerevisiae cells to secrete proteins extracellularly.
Previously, we constructed S. cerevisiae strains capable of
fermenting starch to ethanol by introducing either glucoam-
ylase genes or an a-amylase gene (4, 5, 14-17, 19).

It would be interesting to construct a cellobiose-fer-
menting S. cerevisiae strain by introducing a secretable
cellobiase gene. We searched for the source of the gene from
yeast cells, since we anticipated that gene products derived
from closely related organisms would be secreted more
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efficiently from S. cerevisiae. The cellobiose-assimilating
yeast Saccharomycopsisfibuligera was found to produce an
extracellular cellobiase (unpublished data) and is therefore a

potential donor of the cellobiase gene.
Although many P-glucosidases were purified from diverse

organisms, little is known about the amino acid sequence of
the enzyme. However, Kohchi and Toh-e reported the
amino acid sequence of Candida pelliculosa ,-glucosidase,
deduced from the nucleotide sequence (7). It has been
proposed that an aspartic acid residue plays important roles
in the action of 3-glucosidase (1), but the overall structure-
function relationship of the enzyme is not well understood.

In this paper, we report that S. cerevisiae was engineered
to ferment cellobiose to ethanol by introduction of a gene
coding for an extracellular cellobiase from Saccharomy-
copsisfibuligera. We also describe the nucleotide sequences
of BGLI and BGL2 and amino acid analyses of their gene
products. These studies led to the conclusion that BGLI and
BGL2 are structural genes for two ,3-glucosidases of different
substrate specificities. Comparative studies reveal con-
served amino acid sequences in yeast ,-glucosidases which
may be essential to enzyme function.

MATERIALS AND METHODS

Strains and media. S. cerevisiae YIY345 (a leu2 ura3 his4)
was used as a recipient. Escherichia coli JA221 (15) was used
for plasmid propagation. YEPD, YEPC, and YPGL (18) are

rich yeast media containing 1% yeast extract, 2% polypep-
tone, and, as carbon sources, glucose, cellobiose, and glyc-
erol and lactic acid, respectively. SD minimal medium (12)
supplemented with histidine (20 pLg/ml) was used for selec-
tive growth of yeast cells. The indicator plate for ,-gluco-
sidase activity was SD supplemented with 1 mM p-nitro-
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FIG. 1. Restriction maps of cloned segments and localization of essential regions. Plasmids pSfCB1 and pSf3Gl are the original plasmids;
the others are subcloned plasmids. The fragment designated S was used as a probe for Southern blot analysis ofgenomic DNA. The restriction
sites for BamHI (B), EcoRI (E), KpnI (K), PstI (Pt), BstEII (Bt), EcoRV (Ev), PvuIl (Pv), SaIl (S), and the BamHI-Sau3A boundary (B/Sau)
are indicated. The yeast transformants carrying each of the plasmids shown were cultured in YEPD. Culture fluids were assayed for
,B-glucosidase activities with cellobiose and PNPG as substrates. Symbols: +, activities were detected; -, no detectable activities were found.
kb, Kilobases.

phenyl-p-D-glucoside (PNPG) and histidine. Bacterial media
were described previously (2).

Preparation of DNA and other genetic methods, Plasmid
and chromosomal DNAs were prepared as described previ-
ously (15). Transformation of yeast and E. coli cells and
Southern blot analyses were performed as described previ-

TABLE 1. ,-Glucosidase activities and fermentation of
cellobiose in S. cerevisiae transformantsa

,-Glucosidase activity

Plasmid YEPD YPGL YEPC Fermentation

Aryl Cello Aryl Cello Aryl Cello

pSfCB1 + + + + + + +
pSfpGl + - + - + - -
pYIl - - - - - - -

a S. cerevisiae transformants carrying pSfCB1, pSf$G1, or pYI1 (the vector
plasmid) were cultured with shaking in three media (YEPD, YPGL, and
YEPC) for 3 days. Culture fluids were dialyzed extensively against deionized
water and assayed for P-glucosidase activity. Aryl ,B-glucosidase (Aryl) and
cellobiase (Cello) activities were determined with PNPG and cellobiose.
respectively, as substrates. +, Activities detected; -, no significant activities
found. Cell densities, determined at an optical density of 660 nm, were 13 for
all cultures in YEPD and YPGL; in YEPC, cell densities were 18.5 for
pSfC3l-carrying transformants, 2.1 for pSfpGl-carrying transformants, and
2.3 for pYlI-carrying transformants. Fermentation tests were carried out by
the classic Durham tube method as follows: a loopful amount of cells was
inoculated into 5 ml of YEPC with a Durham tube and cultured statically at
28°C for up to 2 weeks. +, Fermenting; -, nonfermenting.

ously (15). Recombinant plasmid DNA from the Saccha-
romycopsisfibuligera genomic library, which had been con-
structed by using pYI1 as a vector DNA (15), was used.
Plasmid pYIl carries ampicillin and tetracycline resistance
genes for E. coli and also LEU2, URA3, and a replication
origin of 2 jim of DNA for S. cerevisiae.

Assay for j8-glucosidase activity. The reaction mixture (final
volume, 50 ,ul) contained 4 mM substrate (as described for
each experiment), 60 mM Mcllvaine buffer (pH 5.0), and the
enzyme solution. The reaction mixture was incubated at
30°C. The reaction was stopped, and optical density was
determined by one of two methods: (i) for measurement of
p-nitrophenol, 0.5 ml of 0.25 M Na2CO3 was added to the
reaction mixture, and optical density at 400 nm was deter-
mined; (ii) for measurement of glucose liberated from the
substrate, the reaction mixture was boiled for 1 min and then
cooled on ice. Glucose was determined with a Gluo-statt
assay kit as recommended by the supplier (Fujisawa Yaku-
hin Kogyo Co., Osaka, Japan). One unit of enzyme activity
is defined as the amount of enzyme that hydrolyzed 1 p,mol
of substrate per min.

Yeast colonies secreting 3-glucosidase were easily identi-
fied by the yellow halo observed after a solution of 0.25 M
Na2CO3 was poured onto colonies grown on the indicator
plate.

Protein assay. Protein concentration was measured with a

protein assay kit (Bio-Rad Laboratories, Richmond, Calif.),
with bovine serum albumin as the standard.
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TABLE 2. Purification of BGLI and BGLII

Total activity' (U) Protein (mg) Sp acta Yield M
Purification step (U/mg of protein)

BGLI BGLII BGLI BGLII BGLI BGLII BGLI BGLII

Culture fluid 438 3,190 192 150 2.28 21.3 100 100
Ammonium sulfate precipitation 406 3,020 107 95.2 3.81 31.7 93 95
Acetone precipitation 326 2,770 28.4 39.6 11.5 69.9 74 87
DEAE-Sephadex A-50 302 1,150 18.1 17.4 16.7 66.1 69 36
Sepharose 6B 74.3 523 1.69 3.12 44.0 168 17 16

a 13-Glucosidase activities were determined with PNPG as a substrate.

Determination of molecular weight. Molecular weights
were determined by 10% polyacrylamide gel electrophoresis
in the presence of sodium dodecyl sulfate (SDS-PAGE) by
the method of Laemmli (8). The gel was stained for protein
with Coomassie brilliant blue R-250. A calibration curve was
made with erythrocyte membrane proteins.

Purification of ,-glucosidase. S. cerevisiae transformants
carrying either BGLI or BGL2 were cultured in YEPC or
YEPD, respectively, at 28°C for 4 days with shaking at 250
rpm on a G10 Gyrotory shaker (New Brunswick Scientific
Co., Inc., Edison, N.J.) in four 5-liter Erlenmeyer flasks,
each containing 1 liter of medium.

Culture fluid was obtained by centrifugation at 5,000 rpm
for 10 min and concentrated fivefold by using a rotary
evaporator at room temperature. The solution was brought
to 80% saturation by addition of solid ammonium sulfate and
left overnight at 4°C. Precipitates were collected by centrif-
ugation. Precipitates remaining in the supernatant were
collected by vacuum filtration through a thick bed of Stan-
dard Super-Cel (Nakarai Chemicals, Kyoto, Japan) over
Toyo no. 2 filter paper (Toyo Roshi Co., Tokyo, Japan) on a
Buchner funnel. Both precipitates were dissolved in 10 mM
Tris hydrochloride buffer (T buffer), pH 7.0, and dialyzed for
2 days against the same buffer.
Acetone at -20°C was added to the dialyzed solution to a

final concentration of 50% (vol/vol). The precipitate was
collected by centrifugation, dissolved in T buffer, and dia-
lyzed overnight against the same buffer.
The dialyzed solution was applied to a DEAE-Sephadex

A-S0 column (1.5 by 11.4 cm) equilibrated with T buffer.
After the column was washed with T buffer, the enzyme was
eluted with a linear gradient of NaCl (0.0 to 1.0 M) in T
buffer. Active fractions were collected, concentrated in a
dialysis tube with powder of polyvinylpyrrolidone K-90, and
dialyzed overnight against T buffer.
NaCl and glycerol were added to the dialyzed solution to

final concentrations of 0.1 M and 10% (vol/vol), respectively.
The solution was applied to a Sepharose 6B column (1.5 by
71.6 cm) equilibrated with T buffer containing 0.1 M NaCI.
The enzyme was eluted with the same buffer, and the active
fractions were collected and concentrated with poly-
vinylpyrrolidone K-90. The purified enzyme was dialyzed
overnight against T buffer.
Amino acid analysis. Amino-terminal sequences of the

purified ,-glucosidases were determined with an automated
protein sequencer (Applied Biosystems, Foster City, Calif.).
Amino acid compositions were determined with an amino
acid analyzer (Japan Electronic Co.) after hydrolysis of
proteins at 110°C for 22 h in 6 N HCI containing 1%
thioglycolic acid.
DNA sequence analysis. DNA was sequenced from M13

subclones by the dideoxy chain termination method of
Sanger et al. (11).

RESULTS

Cloning of the Saccharomycopsis fibuligera 13-glucosidase
genes. Recombinant plasmid DNA from the Saccharomy-
copsis fibuligera genomic library was used to transform S.
cerevisiae YIY345 (1eu2 ura3) to leucine and uracil prototro-
phy. Transformants carrying a plasmid capable of producing
P-glucosidase activity were then selected by their ability to
form yellow halos around colonies on the selection plates
containing PNPG (the substrate for ,B-glucosidase). Several
halo-forming transformants thus obtained were subcultured
to single colonies on YEPD (rich) agar to allow other
plasmids present in the transformant to segregate out. From
the resulting halo-forming clones, the plasmids were recov-
ered and then transformed again to bacteria by transforma-
tion to ampicillin resistance. Recombinant plasmids were
purified from bacterial cultures and used to transform the
yeast recipient strain (YIY345) to Leu+ Ura+. The plasmids
transforming the yeast cells to halo forming were selected
and identified as plasmids carrying putative ,-glucosidase
genes. We thus obtained two plasmid DNAs (pSfCB1 and
pSf3G1). Restriction maps of the cloned DNAs are shown in
Fig. 1.

Fermentation of cellobiose to ethanol by S. cerevisiae trans-
formants. S. cerevisiae transformants carrying pSfCB1,
pSfpGl, or pYIl (the vector plasmid) were cultured in three
media (YEPD, YPGL, and YEPC) (Table 1). The transform-
ant carrying pSf,Gl secreted only aryl I-glucosidase activ-
ity, whereas the transformant carrying pSfCB1 secreted both
cellobiase and aryl P-glucosidase activities (the latter activ-
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240>Z_
215 Us
.78_
72/'

43-
35 -
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FIG. 2. Sodium dodecyl sulfate-polyacrylamide gel electropho-
resis of purified P-glucosidases (BGLI and BGLII). Positions of
marker proteins are indicated; kd, kilodaltons.
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FIG. 3. Dependencies on pH (a) and temperature (b) and thermodenaturation kinetics (c) of BGLI (0) and BGLII (L1). P-Glucosidase
activity was determined with PNPG as a substrate. pH dependencies were examined in Mcllvaine buffer (pH 2.0 to 8.0; final ionic strength
was adjusted to 0.1 with KCl) at 300C. Temperature dependencies were examined at 30 to 600C in 60 mM Mcllvaine buffer (pH 5.0). Activities
are presented as percentages of the maximum activity. Thermodenaturation kinetics were examined as follows. Samples were incubated at
the indicated temperatures for 30 min and then immediately cooled on ice. The remaining activities were assayed at 300C. Residual activity
after the heat treatment is presented as a percentage of the original activity.

ity was apparently contributed by an aryl P-glucosidase
activity of cellobiase, as demonstrated by further investiga-
tions). The transformed cells with pSfCB1 grew fully in
YEPC and fermented cellobiose in static culture, in which
ethanol was accumulated in the medium at a concentration
of about 1%, as detected by high-performance liquid chro-
matography. It is likely that the P-glucosidase activities in
the culture fluids were due to secretion but not to leakage
from cells, since the activities increased in proportion to cell
growth (data not shown). The transformed cells carrying
either pSfpGl or pYIl grew very little in YEPC or did not
ferment cellobiose. These results suggest that pSfCB1 and
pSfpG1 encode different types of ,-glucosidase: cellobiase
and aryl ,-glucosidase, respectively.

Analysis of gene products. One of the two types of ,B-
glucosidases (BGLI or BGLII) was purified from the culture
fluids of the transformants carrying either pSfCB1 or pSf,BG1
(Table 2). Molecular weights of BGLI and BGLII were
estimated to be 220,000 and 200,000 by SDS-PAGE (Fig. 2).
The two ,-glucosidases showed the same enzymatic charac-
teristics, such as dependencies on pH (Fig. 3a) and temper-

TABLE 3. Substrate specificities of BGLI and BGLII

Sp acta (U/mg of protein)
Substrate

BGLI BGLII

PNPG 43.3 168
p-Nitrophenyl a-glucoside 0.0 0.0
p-Nitrophenyl ,-galactoside 0.0 0.0
p-Nitrophenyl P-xyloside 0.54 2.08
Cellobiose 20.1 0.84
Cellotriose 26.2 1.68
Cellotetraose 27.1 1.46
Gentiobiose 25.7 67.5
Salicin 17.5 14.3
Methyl-p-glucoside 3.61 52.4
Methyl-ot-glucoside 0.0 0.0
Maltose 0.0 0.0
Lactose 0.0 0.0
Sucrose 5.01 0.34

a ,B-Glucosidase activities were determined with each of the substrates
listed. Average specific activities from at least two independent experiments
are presented (deviation was less than 10%).

ature (Fig. 3b) and thermodenaturation kinetics (Fig. 3c).
However, substrate specificities of BGLI and BGLII were
quite different. In particular, BGLI hydrolyzed cellobiose
and cellooligosaccharides efficiently, but BGLII did not
(Table 3). This result is consistent with the observation that
the transformed cells carrying pSfCB1 (encoding BGLI)
fermented cellobiose but that the transformed cells carrying
pSf,BG1 (encoding BGLII) did not (Table 1).

Southern blot analyses. To localize the region responsible
for cellobiase (BGLI) or aryl ,-glucosidase (BGLII) activity
in plasmid pSfCB1 or pSf,G1, we subcloned restriction
endonuclease-digested fragments of the original inserts. The
smallest sequences essential for the activities (indicated by
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FIG. 4. Southern blot analyses of the plasmids carrying BGL1
and BGL2. Plasmids pSfCB1 (I) and pSfPG1 (II) were digested with
the three combinations of restriction enzymes indicated (abbrevia-
tions are as in the legend to Fig. 1), electrophoresed, transferred to
nitrocellulose papers, and hybridized with the fragments (A, B, and
C) of the BGLI-coding sequence. Kb, Kilobases.
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FIG. 5. Southern blot analyses of genomic DNAs from Saccha-
romycopsis fibuligera (Sf) and S. cerevisiae (Sc). Genomic DNAs
were prepared, digested with PstI, and processed for hybridization
with probe S (Fig. 1). kb, Kilobases.

thick lines in Fig. 1) showed similar restriction patterns, such
as the sites for KpnI, BstEII, and EcoRV. Southern blot
analyses were performed to examine whether DNA se-
quences of the two essential regions showed homology to
each other (Fig. 4). Three fragments (designated A, B, and
C) derived from the BGLI-encoding sequence were sub-
cloned and used as hybridization probes. Plasmids pSfCB1
and pSfpG1 were digested with three combinations of re-

striction enzymes (KpnI plus BstEII, BstEII plus EcoRV,
and EcoRV plus EcoRI) and probed with the subcloned A,
B, and C fragments, respectively. Analyses revealed that the
corresponding DNA fragments derived from BGLI- and
BGLII-encoding sequences were highly homologous with
each other.
We also performed Southern blot analyses to determine

whether the two 3-glucosidase genes were derived from the
genomic DNA of Saccharomycopsis fibuligera (Fig. 5).
Chromosomal DNA of Saccharomycopsis fibuligera was
digested with PstI and probed with a subcloned fragment (S
in Fig. 1) of pSfCB1. The data showed hybridizations of 1.8-,
1.6-, 1.25-, and 0.8-kilobase fragments derived from the
BGLI-encoding sequence and of 6.4- and 1.25-kilobase frag-
ments derived from the BGLII-encoding sequence, con-
firming that the two 3-glucosidase genes were derived from
Saccharomycopsis fibuligera. A 5-kilobase band could be
derived from a 5' portion ofBGLJ. Chromosomal DNA of S.
cerevisiae was also processed for hybridization, and no
hybridized fragments were detected.

Nucleotide and deduced amino acid sequences of BGLI
and BGL2. Nucleotide and deduced protein sequences of
BGLI and BGL2 are shown in Fig. 6. BGLI and BGL2
encode proteins of 876 and 880 amino acid residues with
molecular weights of 96,200 and 96,800, respectively. The
molecular weights of mature and secreted ,B-glucosidases
(BGLI and BGLII) were found to be 220,000 and 200,000,
respectively (Fig. 2), which suggests that a large part of the
molecular weights may be contributed by carbohydrate; the
deduced proteins encoded by BGLJ and BGL2 contain 16
and 12 potential N-glycosylation sites (Asn-X-Thr or Ser;
asparagine residues are circled in Fig. 7). The deduced
protein sequences were found to be highly similar to each
other; about 83% of amino acid residues were identical (Fig.
7).
Amino acid analyses of BGLI and BGLII. The amino-

terminal sequences of BGLI and BGLII, which were purified

from culture fluids of the S. cerevisiae transformants, were
determined by Edman degradation. The sequences NH2-
Val-Pro-Ile-Gln-X-Tyr-X-Gln-Ser-Pro-Ser-Gln-X-Asp-Glu-
Ser-Ser and NH2-Leu-Pro-Val-Gln-Thr-His-Asn-Leu-Thr-
Asp-Asn-Gln-Gly-Phe-Asp-Glu-Glu-Ser-Ser were obtained
for BGLI and BGLII, respectively. These peptides were
identical to those predicted from the DNA sequences (un-
derlined in Fig. 6). Amino acid compositions of the purified
proteins matched those predicted (data not shown). The
correlation between DNA and protein sequences confirmed
that BGLI and BGL2 are the structural genes for BGLI and
BGLII and showed that both precursors contain amino-
terminal extensions of 17 amino acids that are probably
cleaved during export of the proteins. The leader sequences
resemble signal sequences found in a wide variety of secre-
tory protein precursors.

DISCUSSION

Construction of cellobiose-fermenting S. cerevisiae. The
structural gene for P-glucosidase is present in S. cerevisiae
(3), but it is very poorly expressed (10). Furthermore, this
organism does not have a permease for cellobiose (10).
These properties could explain why S. cerevisiae is unable to
ferment cellobiose. The simplest strategy for constructing
cellobiose-fermenting S. cerevisiae is to clone and express a
gene for a secretable cellobiase. Several of the ,B-glucosidase
genes thus far cloned failed to confer cellobiose-fermenting
ability on S. cerevisiae, since their gene products were either
not secreted or unable to hydrolyze cellobiose (7, 9, 10).
We isolated the gene for extracellular cellobiase and

constructed, by introducing the gene, an S. cerevisiae strain
capable of fermenting cellobiose to ethanol. However, eth-
anol production by this transformant was very low, mainly
because the recipient used was a laboratory strain. Further
studies should be done on introduction of the gene into
industrial strains.
Polymorphic ,-glucosidases with different substrate speci-

ficities. It was shown by Southern blot analysis that the two
genes for extracellular 3-glucosidases cloned in this study
exist in the genome of Saccharomycopsisfibuligera. One, as
described above, encodes the 3-glucosidase which is capable
of hydrolyzing cellobiose, and another apparently encodes
aryl or alkyl 3-glucosidase. To our knowledge, this is the
first report showing that polymorphic ,B-glucosidases with
highly similar sequences possess quite different substrate
specificities.

Figure 7 shows the best-fit alignment of three amino acid
sequences from Saccharomycopsis fibuligera (this work)
and C. pelliculosa. These proteins share several homologous
peptides (boxed in Fig. 7) which are likely to be essential for
enzymatic activities. Although BGLI and BGLII are highly
homologous with each other, they also contain several
nonhomologous peptides (underlined in Fig. 7), some of
which may function in specific enzymatic actions so as to
determine substrate specificities.
On the basis of studies of the chemical modification of the

fungal P-glucosidase (1), the aspartic acid residue in the
peptide NH2-Val-Met-Ser-Asp-Trp-Ala-Ala-His-His-Ala-
Gly-Val-Ser-Gly-Ala-Leu is proposed to be essential for
enzymatic activities. We found similar peptides in both
BGLI and BGLII (asterisks in Fig. 7). To elucidate further
the structure-function relationship of ,-glucosidase, we
should analyze mutant enzymes whose amino acid residues
are substituted by protein engineering.
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Gly Sex Asp Pro Tyr Lea Gin Gly Thar Ala Ala Ala Ala Thw Ile Lys Giy Lea Gin Glu Asn Asn Val Met Ala Cye Val Lye His Ph. Ile Giy Ann Glu Gin

180 190 200 210

GCA AMG TMC AGA CGM OCGAT GAC ATA AMAC OCT GMA AMC CMA Ar Mr MAA GA Gd AMr AM OX AMM CCM GC AGA GM MG CRT GM PIG TMC PIG
Glu Lye [Tyr krg Gin Pro Asp Asp Ilie Ann Pro Ala 'Par Ann Gin Thr tAr Lye Glu Ala ne. Sex Ala AMn Ile Pro Asp krg Ala Matt His Ala Lea Tyr Lea

220 230 240
HincIl

TOG3 OCM TaT GO GAT Ta; GaT CA CM GaT Ga Ga Tar GaT MG TMC Ta TATWAM AGIG AMC AMC ACM CGrTMGaI AC AMC Tar TMC MG M2G AMC GM
TIp Pro Ph. Ala Asp Sex V.1 krg Ala Giy V.1 Giy Sex Va1 Mat Cys Sex Tyr AMn krg Va1 Asn Ann Ttr [Tyr Ala Cye Glu Asn Sex Tyr Mat Met AMn His

250 260 270 280

TIG CT MAA GAM GAGPIG GaT TaT CMA GIG Tar GaT Ga GQC5TM1 Ga GM CM TTAGMr GOG GaTATMTGO Ga MTG G3OC TTA GAT MG Tar MG Ga
Lea Lea Lye Giu Giu Leau Giy Ph. Gin Gly Ph. V.1 Val Sex Asp TIp Giy Ala Gin Leau Sex Giy Val Tyr Sex AlanIi Sex Giy Leau Asp Mat Ser Mat Pro

290 300 310

Ga GCM GIG TAT G35G GM TM1 AM ACG GOC MCG Tar TIG 1TM Ga CMA AMCTIGAMG MAA Ga MTr TM MAT GM Mr GaT COG MrT GM AG TM GAT GAT MIG
Giy Glu Val Tyr Giy Giy Trp AMn TAr Giy tAr Sex Ph. Trp Giy Gin Ann Leau Thr Lye Ala Il. Tyr AMn Giu Ttr Val Pro Ile Giu krg Leu Asp Asp Mat

320 330 340 350

GCLAC AGG AMG PIG Gar Ga PIG TAT Ga AMG MAT MGr PIG CMP MAC GA- CMA MT Ta Tar TC TOG ACA AMG MAA GA TAT GOC MAT MAA TA
Ala ThrrAkg IeA Lea Ala Ala Lea Tyr Ala TwArnn Sex Ph. Pro TAr Giu Asp His Lea Pro AMn Ph. Sex Ser TIp TAr Thr Lye Glua Tyr Giy Amn Lye Tyr

360 370 380
HinhIl

Gar GM AMC MrT MG GAG MTr GIG MAA GIG AMC TM MAT GIG GMC Ck ICdAAMT GAC TAT Tar MG GAG GAC AC Ga TIG AMG GaT Ga QG Oa Tar Mr GIG
Ala Asp AMn Ttr TAr Giu ne. Val Lye Val AMn Tyr AMn V.1 Asp Pro Sex Ann Asp Tyr Ph. VWr Glu Asp TAr Ala Leau Lye V.1 Ala Giu Giu Sex Ile V.1

390 400 410 420
Pet'

GaT TMAAMA MAT GM AMC AMC Mr PIG CM MrT Ta OO GM AMG Ga MAA AG PTA CIA PIG ITM Gar Mr Ga GM G O=GaAT COG ATA GaT TATCAG Tar
Lea Lea Lye Asn Giu AMn Ann Tr Lea Pro Ile Sex Pro Giu Lye Ala Lye krg LeaU LeAU Lea Sex Giy Ile Ala Ala Giy Pro Asp Pro Ii. Giy [Tyr Gin Cys

430 440 450

GCA GAT CMA TaT IC AC MAT GOC Gar PIG TaT CMA Ga TM Ga Tar MC MGr GaT Ga Ta OCMAMA TAT CMGIG r CMA Ta GMr GA Mr Ta TAT Ga
Glua Asp Gin Sex Cye lT Ar n Giy Ala Leau Ph. Gin Giy TIp Giy Sex Giy Sex Val Giy Ser Pro Lye [Tyr Gin Vai Thr Pro Ph. Giu Giu Ile Sex Tyr Lea

460 470 480 490

OCM AG MAA AMC AMG AMG CM Tar GAT TAT MrT COG GAG Tar TMC QC PA G=a CMGACMrAA GMa Gar TI GAT Ga CAT PIG Tar ATA Ga Gar GMC Tar
Ala krg Lye AMn Lye Mat Gin Ph. Asp Tyr nie krg Giu Sex Tyr Asp Lea Ala Gin Val TAr Lye V.1 Ala Sex Asp Ala His Lea Sex le V.1 V.1 Val Sex

500 510 520
HincIl BatErl

Ga GCM GMG GA G Gar TAT AT AMG Ga GAC Ga AMC CMA Gar GAC A MAA MAT CIC MCr PIG 1T30 AMC AMC Ga OATAA TIGMrA MM%A Ga WGPa
Ala Ala Sex Giy Glu Giy Tyr Ile TAr Val Asp Giy Amn Gin Giy Asp krg Lye Asn Leau Tr Lea TIp Asn An Giy Asp Lye Lea Ile Giu Twr Val Ala Giu

530 540 550 560

AACMrT OX MAT MCr Ga Gar Ga Gar MCr Ta MCrGaCMrMRTTAT Tar GA GOC Tar Ga GOAT CM MAT GaT AMGCM MrT GICTG11GOX aX CMA PTA
AMn Cye Ala AMn TAr V. V. V.1 Val tAr Sex 'Twr Giy Ginnle AMn Ph. Giu Gly Ph. Ala Asp His Pro Asn Val twr Ala Ilie V.1 Trp Ala Giy Pro LeAU

570 580 590

Ga GMC AGA TC GIG MCr Ga AMG OX MA TTMCrrG Tar Gar MAA GM AMC CM ICA Ga CAT Gar CMA TIC Mr MrT Ga AMG Mr GM GAT GOT TM MrT Cm
Giy Asp krg Sex Giy TAr Ala DAe Ala AMn Ile Leau Ph. Giy Lye Ala Asn Pro Sex Giy His Leau Pro Ph. TAr Ile Ala Lye Thr Asp Asp Asp Tyr lie Pro

600 610 620 630
Hincll

MrT GMA MG TMC MrT OCM TC MGr Ga GA Ga GMA GM AM GM PIG GaT G MAT G M CIGGa7G GAC TAT MGA TAT Tar GM GMG AMG MAT MrT GMG OCM
Ile Glu Ttr Tyr Sex Pro Sex Sex Giy Giu Pro Glu Asp AMn His Leau Val Giu Asn Asp Leau Leau V.1 Asp Tyr krg Tyr Ph. Glu Glu Lye Asn Ile Giu Pro

640 650 660

MGA TMC CM Tar Ga TAT GOC TIG TTMIMCAT GMG TAT GAMrGAO AAT CM AMAGG1OTC CM OXGMAA MAA GaT QCT GMG GM IG Ga GA OCM GaT MG
krg Tyr Ala Ph. Giy Tyr Giy Lea Sex Tyr AMn Giu Tyr Giu Val Sex AMn Ala Lye V.1 Sex Ala Ala Lye Lye V.1 Asp Glu Giu LeAU Pro Giu Pro Ala Ttr

670 680 690 700

TM PTTA TOG GMG Tar AMG TRT CMA MAT CM MAA GM AMG MAA MAT CM Mr OAT Ga Ta Ga CM GCM GAT PTA AMC MA Ga MAT GMG TMC Gar TAT CMTAT
Tyr Lea Sex Giu Ph. Sex Tyr Gin AMn Ala Lye Asp Sex Lye AMn Pro Sex Asp Ala Ph. Ala Pro Ala Asp Lea Asn krg V.1 AMn Giu Tyr Lea Tyr Pro Tyr

710 720 730

PTT GOAT MGAMT Ga:MG PAAMA GMC Cr AMC TAT GMG TAT GaT OAT GOC TMC MGC MCr GM CM MGA MCA AMA Ga AM CMLGaOG GOX GOX TIMGGO
Leau Asp Sex AMn V.1 TAr Lau Lye Asp Giy Amn Tyr Giu Tyr Pro Asp Giy Tyr Sex thr Glu Gin krg Ttr TAr Pro Asn Gin Pro Giy Giy Giy Lea Giy Giy

740 750 760 770

AMC OAT Gar PIG ITOM GIGG Ga TAT AMC TIX Mr OAT AMG TaT Gar CM CGMrG AMC TC MCr GAT AMG TaT Ga OCM GMPIG TATPG MAA GM Ga GM
Ann Asp Ala Lea Trp Gin V.1 Ala Tyr Msn Sex Thr Asp Lye Ph. Val Pro Gin Giy Ann Sex Thr Asp Lye Ph. V.1 Pro Gin Lea Tyr LeAU Lye His Pro Glu

780 790 800
s-ai 8911

OAT GOX AMG TaT GA MG Ga MTr CMA TIG MAG OX Ta GA AM Ga GMG TIG TM OM Gar GMG AMG AMG MA Ga OAT PIG AG Gar TIG MA MAG OAT Ga
Asp Giy Lye Ph. Giu TAr Pro Ile Gin Lea krg Giy Ph. Giu Lye V.1 Giu LeAU Sex Pro Gly Giu Lye Lye Thr V.1 Asp Lea krg Lea LeAu kg krg Asp LeAU

810 820 830 840
stul EooRV

MGr GFIG TM3 GAT MGCAMGhMAGM Ta ITM MGC Ga GMA Ta Gar Mr TAT GM OX PTA Mr OX Ga GaT Ga MAT GAT MGC AMG MAC TaGIOMX Tar Mr
Sex Val TIp Asp TAr TAr krg Gin Sex Trp nie Va1 Giu Sex Gly TAr Tyr Gilu Ala Lea Ile Giy Val Ala Val AMn Asp DAe Lye Thr Sex Val Lea Ph. Thr

850 860 870
.1

MTr IGAk
Ilie stp.
876

.20 +40 *60 .80 +100 .120
T17rCM GCATI'I'IA GaA%TAATa MIIIC AIYAGTCG AMAATITI TTTaMMMAA ATCIFITIG GTIIGACMT PI15ATIA MAAAAGTI GG7TIIAGaPIrr T

.140 .160 .180 .200 .220 +240 .260
GICIA XAOAAOTAT TAMTAIdAAT cxAAITIGO TAM'ITTCI'r ATRTAAI15i ATdMIAC ITOIM= GCIGGCIIG% TCGMTAOCMT OITITrrgCI TA7PIXAMr OAIXCCC

.280 .300 PatI
11553T'IAPI TI2ATAUP TMACTAGAa; PGTI'C CACITIGI G
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b~~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~PUI-400
-380 -360 -340 -320 -300 BSpIIl -280

ZAATA TAMWA COIAGPAC A~GOO M'A IGGAMK1 ATACAGN= AAGOCTIA A7TAGTPMT TGAAAAA=~ATAATAG%M ThTTTA TIGCAkO CGhAAGT
-240 -220 -200 -180 -160 -140

AACATAT TOCAGAM 7hC11MAATA ADCCTArTT?T TGAAIQ1= P~i1O~?IflTT?AMV* CMICTI AT GOIGTAAA GOCOL-GC MkTAT?ACI'r "AMAGCAC Tr1CGCTA
-120 -100 -80 -60 -40 -20

AACTLTlTA TAGA%TATAA MAG.TI'i TT?C?IK1TAT TlOCAAAT TTl'7l7l' AAI'TTTOCT Vc'iV1'GCr= LTCA'lTCA rACTA1'G? 1TJ 1AAMC? AAATGGAM AAAAATrAAT

1 ScaI
AM TM TTX AT? TM GAA CIC TTA PTA CTr ATr ATA GM CTr PGA GM OCT CTr OCT GT? CTAA r CRT AAT CTG ACT GAT MAT CAA aX Tf? GkT GAA GAA AM
P%t L.a Leu Ile Lou Glu Ltau Loeu Va Lau fle Ile Gly Leu Gly Val Ala Leu Pro Val Gln Thw His Msn l.eu 1tw ASP Asn Gi.n Gi Ph. Aso Glu Glu Sar

10 U

TCX Oa TM AT? AMV OCX CAT TAT TAT OC AMT OTA CTAA GOCT G=' AMGV CI AA GM X TOG OGM GoT OCT ACC MAA (Pak AMA GM CIC PT? AV CGM AG
.fe Gin Trp lie Sar Pro His Tyr Tyr Pro 11w Pro Gln Gly Gly Arg tau Gln Gly V.1 Trp Gin Asp Ala TyrThr Lys Ala Lys Ala L.au Val Set Gin Mat

40 50 60 70
Kpnl

ACT AT? MT? GAA AAGGM AAT TXG ACX Aa OCT AC OCT TOG TA TTA CTOXA if? PG? OCT AMC AXC OrCT ? PTr CCA A~ TMOGMAI C AMC CM? TC
Thr nie Val Giu Lys Va1 AMn la 11tw Ttw Giy 11w Gly Trp Gln rAu Giy Pro Cys Va1 Giy Msn 11w Gly Sat Va1 Pro Arg Ph. Gly le Pro AMn l.au Cys

80 90 100

CTM CMA GAT GM~(PA TTXGOCTrP AGA CT? AMr GAT TTC TVT ATk OCT TAU PA TM? GMC AM GM AX OCTr(GCA AG TC MAT AAG GAT TXG TX Crr CAAAG
l.au Gin Asp Giy Pro Lou Giy V.1 Arg l.a Ttw Asp Ph. Sar Thr Giy Tyr Pro Sar Giy Not Ala 11tr Gly Ala 11tw Ph. Asn Lys Asp L.au Ph Leu Gin Arg

110 120 130 140

OCT CMA OT Cl GO CMC GAG TTC AMC AX AAM GO? Pk CAT AT? GCA TXG GOX OCTG PT? GO OC Ci' G=M?AOXAMO M C'?C CGPTAAMT TXC GAG
Gly Gin Ala I.au Gly His Glu Ph. AMn Sat Lys Giy Va1 His Ile Ala r.au Gly Pro Ala Va1 Gly Pro Lou Giy Val Lys Ala Akg Giy Giy krg Mn Ph.s Glu

150 160 170
SbiI

OTif OCT TCX GAM PT TAT CTC CA OCT ATT OCT GCr' GT GM AC AMV AMA GOCT CTC CMA GG MAT MAT PT? AMG OCT TO MGTCAGC TT'? AT? G? MAC
Ala Ph. Giy Sax Asp Pro Tyr Lea Gin Gly Tle Ala Ala Ala Ala 11w le Lys Giy Lea Gin Giu Msn Mna Va1 Met Ala Cys Val Lys His Ph. Tle Giy Msn

180 190 200 210
EboRV Sal-

GAA CMA GAT AMV TM MAGMCAG MAT MAT AMT AMG CM GAC COX QGM TT GOT OCT ACA AM QC IC? AT? T OCTM=AT AT? CC GAC AGA GOX MV CAT
Glu Gin Asp le Tyr kg Gin Pro Set Amn Sat Lys Va1 Asp Pro Glu Tyr Asp Pro Ala Thr Lys Giu Set Ile Set Ala Msn le Pro Asp krg Ala Met His

220 230 240
HincIl

GGMGTACTMTG TOG OC T? OX GAT ICT AT? TCG A OCTPG OCT I P'MrVTATOC7 ICT TAT AAC AGA CM AAM AMC AA TMCif? TC CMA AMC TC TMC
Gblua 1W Lea Trp Pro Ph. Ala Asp Sar Ile kxg Ala Gly V.1 Gly Sar Va1 Met Cys Sat Tyr Msn krg Val Mnn Msn T1wrTyr Sat Cys Giu Msn Sar Tyr

250 260 270 280

MVAT?MTATCAT TG CI'r AMA Oa GA TG OCT TI'? CA GOCC if? PT? PT? TCG GAC TXOCT OXGM MVA AMT GMGOCT ATGM OCTMVC if? GOG T?A GAT
MetliaAsn His l.a Xlu Lys Glu Glu lau Giy Ph.s GlnGly Ph. Val V.1 Sar Asp Trp Ala Ala Gin Met Sat Giy Ala Tyr Ser Ala lie Set Giy Lou Asp

290 300 310

AMG TC AV a=T OCT GM CI? TTk OCT GM TOG MAT ACT OCT AAM TC? TMC TOG GOC GM AMC TM AM AMA OX GM TAT MAT GMG MTr O OOG AT? GAA AGA
met Sat mat Pro Gly Glu l.a Lea Gly Gly Trp Amn 7w Gly Lys Sat Tyr Trp Giy Gin AMn r.au 1w Lys Ala Va1 Tyr Msn Giu Ttw Val Pro Ile Glu krg

320 330 340 350

TIA GAT GAT MVATGGMACAA AMC TG OCT OCTi TMk OCTG VMCAT MTr TXC OC? Aa AMA GT COX CT? PCA AMC if? TM IV i? ATA ATA AMi GAG TAT
L.au Asp Asp Mat Ala 11w krg le Lou Ala Ala L.au Tyr Ala 7Th Men Sat Ph. Pro 11tw Lys Asp krg L.u Pro Msn Ph. Sat Sat Ph. 11w 1hr Lys Glu Tyr

360 370 380
HinenI

OCT MAT GAG Trr TC PIT GMCAAM M Ti PTA PTA PCM AMACM AMTOTAT?? GM TAT OT ITCA MAT GAT?? MTA GAG GAT MTr GT TXG AM P? OCT GAG
Gly AMn Glu Ph. Ph. V.1 Asp Lys Thr Sat Pro V.1 V.1 Lys Va1 Msn His Ph. V.1 Asp Pro Sat Msn AspPh Thr Glu Asp T1w Ala L.a Lys V.1 Ala Giu

390 400 410 420

GCAIV? AT? PCM CT? TTA AMA AMC GAMAGMAMC AMV7 ATCATMVIV? PAAMT AMA PON AGA AM CTA TM TM TM PCM AT? OX OCT GOX OCT GAT CO AMA
Glu sat no va1 l.au l.u Lys Msn Glu lys AMn bw leau Pro In. Sat Pro Mnn Lys Va1 krg Lys L.au L.au Leau Sat Giy Ila Ala Ala Giy Pro Asp Pro Lys

430 440 450

OCT TMC GA TXC ITC GAT CGM TMA Mr? P GAT GM (k TTA Tf? GAA OCT TM GOG i?r-MTG PT? OX TAT MrT MAM TAT CAA PT? AM PCA Tf? GCM GAG
Gly Tyr Gou CYS Sat ASP Gin Sat Cys Va1 Asp Giy Ala L.au Ph. Giu Giy Trp Giy Sat Gly Sat V.1 Giy Tyr Pro Lys Tyr Gin Va1 Thr Pro Ph. Glu Glu

460 470 480 490

AT? TC GM MAT OX AG AMG AMC MAA MV CGM fTTTGOAT MV AG MG ITM if GAT T? ACACAGMPTAMT ACA PG? OCT IV GAT GTA TAT MV MTr AT?
Ile Sat Ala Msn Ala kg Lys Msn Lys Mat Gin Ph. Asp Tyr Ile kg Glu Sat Ph. Asp L.a 7th Gin V.1 Sat IThr Va1 Ala Sat Asp Ala His Mat Set Ile500 510 520

BfftEII
PGM P'T? MT? if? GMP? VCITA M OCT TMC CT? AT? AT? GOT OX AMCGOCT G AMA MAT MAT OXG ACA TXG TOG CAC AMC MTr GAT MAT TXG AT? AMG
V.1 V.1 V.1 Sat Ala Val Sat Giy Giu Gly Tyr L.a ne Ile Asp Gly Msn krg Giy Asp Lys Men Msn Va1 TItw L.a Trp His Msn Sat Asp Msn l.a Ile Lys

530 540 550 560

OX GM? GMT GAA MAT if? GPAAMT MT GM? PT? PT? AT? AM TV? AC OX CM P1M? GAT OXG GA AV if? GOX GAT CAC PAAMT OXMVOCT MV P1?TXr
Ala V.1 Ala Giu Amn Cys Ala Msn Thr Va1 Va1 V.1 Ile 11w Sat Thr Giy Gin V.1 Asp V.1 Giu Sat Ph. Ala Asp His Pro Msn Val 11w Ala le Val Trp

570 580 590

GCA PT? CC TXG GOX GAT AGA if? CM ACA OCT AT? GOX AAMMV CTr if? GOX AM G AMAC TOC TT Mr T CTT? COX TX MTr PT? OCT AMA MTr MAT GAT
Ala Giy Pro LeA Gly Asp krg Sat Giy Thr Ala Ii. Ala AMn le L.a Ph. Giy Msn Ala Msn Pro Sat Giy His L.u Pro Ph. Ttw Val Ala Lys Sat Msn Asp

600 610 620 630
HinlII

GAT TAT AMV CX AT? OXG MCT TMC MAT C OCT MT O GMGA OCT GMG GMC MAT MTr TXM GMTAAT GMC TX CT? PT? GMC TAT MAG TAT if? GAA GMG AMG
Asp Tyr Il. Pro Ile V.111tw Tyr AMn Pro Pro AMn Giy Giu Pro Glu Asp Msn Thr L.a Ala Giu His Asp l.a l.au Val Asp IV? krg Tyr Ph. Giu Giu Lys

640 650 660
Hinh

MAT AT? GM OC AG TAGM(TTrif OCT TAT GOX TXG f TMC MAT GMG TAT MAA PT? AC MAT GM AMGOX TM GM OX MAM AMA PT? GMC GAA GMG TXG CCAmn Ila Glu Pro kzg Tyr Ala Ph. Gly Tyr Giy Leau Sat Tyr Mn Giu Tyr Lys V.1 Sat AMn Ala Lya V.1 Sat Ala Ala Lys Lys V.1 Asp Giu Giu L.au Pro
670 680 690 700

saoRI
CMA OCT AMA TXG TAT TTA OCT GMG TM AM TMc AM MAA MTr GMG GA ATA MAT MAT ocT GAA GMC OCT TXc if? OCA AMV AMc GT AGA AGA AT? Oa GMG TXCGin PrO LYs Leu Tyr L-au Ala Giu Tyr Sat Tyr Mnn Lys 11w Giu Giu lIe AMn Msn Pro Giu Asp Ala Ph. Ph. Pro Sat Msn Ala krg kg lie Gin Giu ph.

710 720 730

CTC TM OCA TAT TTA GAT MC MAT PT? AC TXG MAA GMC (PA AMC TAT GMG TAT OC GAT OX TM AM ACA GMG aA AGA ACTAMV OCT MV CAA OCT GOXGOLea Tyr Pro Tyr L.a Asp Sat Amn V.1ltTrl.a Lys Asp Gly Msn Tlyr GiLu Tyr Pro Asp Giy 1Wr Sat 11w Giu Gin kg 1w 11w Pro Ile Gin Pro Gly Giy
740 750 760 770

OX TX GG GOX AMC GAT OCT TXI TM GMG OXC OT TAT AMAPTCM OXM GMCPT? CA AMC TXG OCT AMC Ta MCT GAT AMG if? GTT PA CGM TXG TAT TXGGly Lea Giy Gly Msn Asp Ala Lai Trp Glua V.1 Ala Tyr Lys V.1 Glu V.1 Asp Va1 Gin Msn Leau Giy AMn Sat 11w Asp Lys Ph. Va1 Pro Gin Leau Tyr L.au
780 790 800

AMA CGM OCT GCM GAT GOX AMG TT? GAA AXC OXK PT? M TXG AM OX TXC G AMGPT? GMG TX TC COX OCT GMG AM AMG ACA PT? GMG if GM CT? TX
LYS His Pro Giu Asp Gly Lys Ph. Giu 11w Pro Val Gin L.a krg Giy Ph. Giu Lys V.1 Giu I.a Sat Pro Gly Giu Lys Lys tAr V.1 Giu Ph. Giu L.a Leu810 820 830 840

Spill stulOOR
AGA AGA GAT CT? MTrOX TX TAT AOV AMV AGA Oa TX TXMVPT?GrIV? OCTMrAT TAT GMG OX TTA AT?OT PT? GCT PT? MAT GAT MV AM AMAifkg kg APspu. Sat Va1 Trp Asp 11w 11w krg Gin Sat Trp le Val Glu Sat Giy 11w Tyr Glu Ala l.au Ile Giy Va1 Ala val Mgn Asp le Lys 1hw sat

850 860 870
+1

OXC CTG if? MCT AT? ITA
Va1 l.A Ph. 1w Ilie Stp.

880
+20 .40 +60 .80 .100 .120

iTL'r'IGT GCAT'TTACT CI'TATAAIT?r TMCcrIVIIIV ITX' AMATTAiTT? MAAAAMAAA T1V?lT'IVPG TCAiT?TICCTTAA AAAGPTr?I'I'I G=P'''il? ITACIGII'.140 .160 .180 .200 +220 +240 +260APIOCT?ThAAGT~ATAMT ATICIVAAMTAAC ?PV AATrrl'CI'T TAMUTAAIAT TT?CAACTAT PT?A7TTIG OGXCICTG AMAATA1C!G AT'T'TrIifI ATIXX2a=T ATCOMICIAT.280 .300 Path
(P3TT?TAT CTATTAGT? MAITUA=C Ti1IlI ATACG=

FIG. 6. Nucleotide and deduced protein sequences of BGLI (a) and BGL2 (b). Numbers above a sequence indicate the number of the
nucleotide, in each direction, from the A in the translation-initiating ATG or the T in the stop codon TGA. Restriction sites are indicated above
the nucleotide sequence. Numbers below the protein sequence denote the amino acid number, starting with 1 at the initiator methionine.
Underlined is the amino-terminal peptide of the mature or secreted protein determined by direct sequencing.
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Sf I ( 1) MLMIVQLLVFALGLAVA'VPTI TQSPSQR DE SSQW PHYYPTPQGG LQDV WQEAYAR ( 60)
Sf II( 1) --L-LE---LII--G--¶-V- TIUTD -GF--E-----I--- -G- --D--TK ( 62)

Cp ( 1) --LPLYG-ASF-V-SQ-ALV - -SA-QASN-DPFNH J-SP------- IN-GK--A-FY- ( 59)

Sf I ( 61)
Sf II( 63)
Cp ( 60)

Sf I (124)
Sf 11(126)
Cp (123)

Sf I (187)
Sf II(189)
Cp (186)

AKAIV TTG GWQL CVGNTGSVP FGIPNLC DGPL FADFVTGYPSG
---L- -- ---------- ----- -----_LT--S------
-REL-t --S-A----- -SAS --S---- LN-SSI-V ----S-- --LTDVF-C-

LATGATFNKDLFLQRGQALGHEFNSKGVHIALGPAV PLGVKARGGRNFEAFGSDPYLQGTAA
M-----------------_----------------- ----------------_-------I-
H-ASSS---Q-IYD-AV-1-S--KG--ADAI---VI--M-- --GW-GH-P----E-VI-

AA TIKGLQENNVMAC HFIG EEKYRQ PAT&T TKEAISA IPDRAM AL
________________. ______ DI---- PEYDP ---S---- ----- -
YLQ-- -I-SQG-VST -L-----__ HF-FAKKDKH-GKIDPGMFN-SSSL-SE D---- I

(123)
(125)
(122)

(186)
(188)
(185)

(243)
(247)
(247)

Sf I (244) YLWPF DSVRAGVG S Y R TYACENSYMM HLLEELGFQG SDWGAQLSGVYSA (306)
Sf TI(248) I------------ - --S-- --- -I ----A--M--A--- (310)
Cp (248) __.EA--G-- -I------KL-GSH--Q---LI-Y---------- MT----LY--IDA- (310)

Sf I (307)
Sf II(311)
Cp (311)

Sf I (369)
Sf 11(373)
Cp (364)

Sf I (432)
Sf 11(436)
Cp (426)

Sf I (495)
Sf 11(499)
Cp (488)

Sf I (557)
Sf 11(561)
Cp (550)

Sf I (619)
Sf II(623)
Cp (612)

'FWG F~i4TILAYATNSFPTED (368)IGLDMSMP GEVYGGWNTGTSFG f TKAIVW TVPIE RDDMATRILAALYTSPE 38
__ _____ -LL ---K-Y-- ----V + ----- ---------------VK- (372)

NA ----D-- C-AQY -G- ----T-VL-G-L-QD- ----------S-ISGVHN- - (363)

HL SSWTTKEYGNKY VKVNYNVDPSNDFTEDTALKVAEESIVLLKN TLPI (431)

R- o--F------- EF -----Hr -------------------- --- (435)
G --YNAQ-FLTE-HE-FKQQEGD--VL-KH--VRS-INRAV--RS-V-GV_--_--_H E---L (425)

SPEKAKRLLLSGIAAGPDPIGYQCEDQSCTNGALFQGWGSGSVGSPKYQVTPFEEISYLARKN
--N-VRK------------K--E-S----VD----E--------Y------------AN----
GR--V--ISIL-Q---D-SK-TS-SLRG-GS--IGT-Y--- A-TFS-F---ADG-GAR-QQE

KMQFDYIRESYDLAQVTKVASDAHLSIVVV SAASGEGYITVDGNQGDRi* TLWNNGDKLIE
----------F--T--ST------M----- --V-----LII---R--KNO,---H-S-N--K
-ISYEF-GD-WNQ-AAMDS-LY-DAA-E-AN-V- --EIGD----Y--LN-----H-AVP--K.

TVAENCANTVVVVTSTGQ INFEGFADHIG TAIVWAGPLGDRSGTAIANILFGK PSGHLP
A----------- VDV-S-----o----------------------N-N-____-
NISSINN--I-I--- --Q-DL-P-I-NE----VIYSSY--QDF--VL-KV---D --K--

( 494)
(498)
( 487)

( 556)
( 560)
( 549)

(618)
(622)
(611)

FTIAK DDDYIP IETYSPSSGEPEDNHLVENDLLVDYRYF EEKNIEP YAFGYGLS NEYE (680)
--V- SN----- -V--N-PN------T-A-H----_----------- -------- --K (684)

VN----V--KVDVPD -V- KFT-SIY ------ DKY-K -j-NE------NFS (670)

Sf I (681) VSNAKVSAAKKVDEELPEPATYLSEFSYYNAKDj 9 PSDAFAPADLNRVNEYLYPYLDS T (741)
Sf 11(685) -----------------Q-KL--A-Y- TEEN- -E---F-SNAR-IQ-F------G-- (745)

Cp (671) L-DIEIQTLQPFS-NA ---ANY--T -- Y-Q-NMD--EYTV-EGFKELAN-T---IHDASS (729)

Sf I (742)
Sf II ( 746)
Cp ( 730)

Sf I (803)
Sf IT(807)
Cp (793)

LKDGN YEYPDGYSTEQ TTPNQPG GGLGGDALWEVAY D P TDKFVPQLYLK (802)

_____+___________-----I--- -----I ------ ViEV VQNL ---- --- (806)
I-ANSS -D--E------ LDG-KSLAA-- -----HTCGMLVTLL-SQIKVLMLVGLHLNCM-D (792)

HPEDGKFETPIQLRGFEKVELSPGEKKTVDLRLLRRDLSVWDTTRQSWIVESGTYEALIGVAV (865)
----------V------------------EFE------------------------------- (869)
IQIMMNSQHLQCNYWDL-RCFWIKIILKLF-LN (825)

Sf I (866) NDIKTSVLFTI (876)
Sf 11(870) ----------- (880)

FIG. 7. Sequence homologies among yeast P-glucosidases. Amino acid sequences deduced from the following P-glucosidase genes were
aligned to maximize the homologies: Saccharomycopsis fibuligera BGLI (Sfl); Saccharomycopsis fibuligera BGL2 (SfII); and Candida
pelliculosa P-glucosidase gene (Cp) (7). Symbols: -, residue is identical to that shown for Saccharomycopsis fibuligera BGLI; El, highly
conserved region; 0, potential N-glycosylation site; V, possible signal sequence cleavage site; *, conserved peptide including the active-site
aspartic acid residue. Underlined are the nonhomologous peptides between BGLI and BGLII. Numbers in parentheses indicate amino acid
numbers.
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