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The fopA gene encoding a fructooligosaccharide-
producing p-fructofuranosidase was isolated from
Aspergillus niger ATCC 20611. The primary structure
deduced from the nucleotide sequence showed consider-
able similarity to those of two other f-fructofuranosi-
dases from A. niger, but the fopA gene product had
several amino acid insertions and an extra C-terminal
polypeptide consisting of 38 amino acids that could not
be found in the two others. We could successfully ex-
press the fopA gene in S. cerevisiae and the fopA gene
product obtained from the culture supernatant of the .S.
cerevisiae transformant had similar characteristics to
the f-fructofuranosidase purified from 4. niger ATCC
20611. However, we could not detect any p-fruc-
tofuranosidase activity in either the culture supernatant
or cell lysate when the C-terminal truncated fopA gene
product by 38 amino acids was used to transform .
cerevisiae. In western analysis of those samples, there
was no protein product that is cross-reacted with anti-g-
fructofuranosidase antibody. These results suggested
that the C-terminal region of the fopA gene product
consisting of 38 amino acids was essential for the en-
zyme production.
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p-fructofuranosidases (invertase, EC 3.2.1.26) are
widely distributed in the bacterial, fungal, and plant
world, and catalyze mainly the following reaction;
Sucrose + Acceptor — Glucose + Fructosyl-Acceptor.
In this reaction, a preference for water as an acceptor
gives a hydrolyzed product, but other acceptors, such
as sugar and alcohol, give fructosyl transferred
products. Therefore, a S-fructofuranosidase intrinsi-
cally has both hydrolysis (Uh) and fructosyl transfer
(Ut) activity, but the ratio (Ut/Uh) of each enzyme
seems to be very different.

A number of B-fructofuranosidase coding genes
have been isolated from bacteria, fungi, and plants,

and therefore their amino acid sequences have been
predicted. On S-fructofuranosidase related enzymes,
such as inulinase and levanase, several amino acid se-
quences have also been deduced from the nucleotide
sequences of their genes. A comparison of their ami-
no acid sequences indicated six well-conserved
regions that might be important for the enzyme activ-
ity.” However, the relationship between the strength
of fructosyl transfer activity of g-fructofuranosidase
and its primary structure remains unknown.

Aspergillus niger ATCC 20611 produces a unique
S-fructofuranosidase, which has not only a very high
ratio (Ut/Uh) compared to those of other strains be-
longing to Aspergillus, but also a high regiospecificity
for fructosyl transfer to the 1-OH group of terminal
fructofuranosides when sucrose is used as substrate.?
Owing to this, the crude enzyme preparation derived
from A. niger ATCC 20611 has been used for
commercial production of fructooligosaccharide
(Meioligo®) from sucrose, which is a mixture of
oligosaccarides with inulin-type structure and has
been shown to have beneficial health effects as a func-
tional food component.® Information concerning the
structure of this enzyme must be useful to understand
how S-fructofuranosidases show fructosyl transfer
activity. In this paper, we describe the molecular
cloning and characterization of the fructooligosac-
caride-producing f-fructofuranosidase gene derived
from A. niger ATCC 20611.

Materials and Methods

Strains, media, and culture conditions. A. niger
ATCC 20611 was cultivated for 20 h at 28°C in YPD
medium containing 1% yeast extract, 2% polypep-
tone, and 2% glucose to prepare the chromosomal
DNA. Saccharomyces cerevisiae MS-161 (MATa
trpl ura3 Suc™) is a stock strain of our laboratories
and is not able to assimilate sucrose as a carbon
source. This yeast strain was used as host cell for the

To whom correspondence should be addressed. Koji YaNai, FAX: + 81-465-37-6397; E-mail: koji_yanai@meiji.co.jp
" Present address: Pharmaceutical Technology Laboratories, Meiji Seika Kaisha, Ltd., 788 Kayama, Odawara-shi, Kanagawa 250-0852,

Japan
Abbreviation: kb(p), kirobase (pair)



B-Fructofuranosidase Gene from Aspergillus niger ATCC 20611 767

expression of the fopA gene, which encodes the fruc-
tooligosaccharide-producing S-fructofuranosidase of
A. niger ATCC 20611. Yeast cells were grown in
YPD medium. Yeast transformants were selected on
SD-U medium (0.67% yeast nitrogen base w/o ami-
no acids, 2% glucose, 0.005% uracil) containing 2%
purified agar. For the expression of the fopA gene,
transformants were cultivated in SD-U medium over-
night and a part of the culture was inoculated to a
final concentration of 1% into SD-CU medium
(0.67% vyeast nitrogen base w/o amino acids, 2%
glucose, 2% casamino acids, 0.005% uracil). Es-
cherichia coli JA221 (recAl leuB6 trpES hsdR~
hsdM~ lacl thr thi) was used for plasmid construc-
tion and propagation. E. coli XL1-Blue MRA
(A(mcrA)183 A(mcrCB-hsdSMR-mrr)173 endAl
supEd44 thi-1 recA96 gyrAl relAl lac) was used as a
host for phage ADASHIIL. E. coli IMI109 (recAl
supE44 endAl hsdR17 gyrA96 relAl thi A(lac-
proAB) F'[traD36 proAB lacl? lacZ AMI15]) was
used as a host to prepare single-stranded DNA for se-
quencing. E. coli cells were cultivated in LB medium
(1% tryptone, 0.5% yeast extract, 0.5% sodium
chloride, with 50 ug/ml ampicillin added when re-
quired).

Plasmids. Plasmids pUC118 and pUCI119 were
purchased from Takara Shuzo Co., Ltd. (Japan) and
used for sequencing. Plasmid pY2831, a yeast expres-
sion vector, was constructed from the pYPR2831,
which had been reported by Horiuchi et al. as
described below; the pYPR2831 was digested with
EcoRI and Sall, treated with Klenow fragment, and
recirculized with the BaemHI linker (5'-CGGAT-
CCG-3').

Analysis of N-terminal and internal peptide se-
quences of the B-fructofuranosidase. The [-fruc-
tofuranosidase of A. niger ATCC 20611 was purified
as described previously.® The purified enzyme was
desalted by dialysis and underwent automated Ed-
man degradation with a protein sequencer PSQ-1
(Shimadzu Corporation, Japan). To analyze internal
amino acid sequences, the purified enzyme was
digested with endoproteinase Lys-C (Promega Cor-
poration, USA). The digests were put through rever-
se-phase HPLC on a TSKgel ODS 120T column
(Tosoh Corporation, Japan) and each of eluted pep-
tides was analyzed with a protein sequencer PSQ-1.

Amplification of a specific fragment of the fopA
gene. Two degenerate oligonucleotide (5'-ATC-
GCSGAYCAYCCSTTYGC-3" and 5'-TCRTTRTC-
SACSACRTTYTC-3’; where S=CorG; Y=CorT;
R = A or G) were designed and synthesized. PCR was
done with a DNA Thermal Cycler PJ2000 (Perkin El-
mer) by using these oligonucleotides and chro-
mosomal DNA from A. niger ATCC 20611 under the

following conditions: melting temperature, 94°C for
1 min; annealing temperature, 54°C for 2 min; exten-
sion, 72°C for 3 min; and 25 cycles. The resulting
DNA fragment was fractionated on and recovered
from an agarose gel, and used as a probe for screen-
ing of the genomic DNA library described below.

Construction and screening of a genomic DNA
library. The chromosomal DNA of A. niger ATCC
20611, isolated by the method of Horiuchi et al.,®
was digested with EcoRI and fractionated on a 1%
agarose gel. Fragments of 10 to 20 kbp were reco-
vered from the gel and ligated to ADASHII phage
DNA that had been digested with EcoRI and Hin-
dIIl. The ligated DNA was packaged in vitro, and the
phage particles were transfected to E. coli XLI-Blue
MRA. The genomic DNA library was screened by
plaque hybridization by using the PCR fragment as a
probe. Plaque hybridization was done with ECL
direct nucleic acid labelling and detection systems
(Amersham K. K., Japan) according to the manufac-
turer’s instructions.

DNA sequencing. DNA sequencing was done by
the dideoxy chain termination method of Sanger
et al.” with an ALFred DNA sequencer (Pharmacia
Biotech, Japan).

Deglycosylation of the fopA gene product.
Deglycosylation of the fopA gene products from A.
niger and S. cerevisiae was done with a Glycopepti-
dase F De-N-glycosylation Set (Takara Shuzo Co.,
Ltd., Japan) according to the manufacturer’s in-
struction.

Enzyme assay. The reaction mixture, which con-
tained 500 ul of 20% sucrose, 40 ul of 0.5 M sodium
acetate (pH 5.5), and 460 ul of enzyme solution, was
incubated for 1h at 40°C, and the reaction was
stopped by heating in boiling water. Fructose and
kestose in the reaction mixture were measured by
HPLC as described previously.? The fructosyl trans-
fer activity and hydrolysis activity were measured
from the amounts of kestose and fructose, respec-
tively. For total g-fructofuranosidase activity, the
amount of glucose was measured with a Glucose CII-
Test Wako (Wako Pure Chemical Industries, LTD.,
Japan) according to the manufacturer’s instructions.
One unit of each of these enzymatic activities was de-
fined as the amount of enzyme required to produce 1
umol of the corresponding saccharide per min under
these conditions.

Western analysis. Protein samples to be assayed
were separated by SDS-polyacrylamide gel elec-
trophoresis by the method of Laemmli® and trans-
ferred to Hybond-ECL (Amersham K. K., Japan) by
using standard procedures.” Detection of the fopA
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gene product was done with an ECL Western blotting
analysis system (Amersham K. K., Japan) according
to the manufacturer’s instructions. Polyclonal an-
tibody was raised in a rabbit against the purified S-
fructofuranosidase.

Preparation of cell lysate. Transformant cells of S.
cerevisiae were collected by centrifugation, washed
two times with the lysis buffer (50 mm Tris-HCl
(pH 7.3), 5mM EDTA, 1 mM dithiothreitol, 1 mm
phenylmethylsulfonyl fluoride, 10% glycerol), and
homogenized in the lysis buffer by ultrasonication.
After centrifugation, supernatants were used as cell
lysates.

Protein measurement. Protein concentrations were
measured with a Bio-Rad Protein Assay (Bio-Rad
Laboratories, Japan) using bovine gamma globulin
as a standard.

DNA manipulations. Lambda phage DNA was
isolated by the method of Davis et al.'” Plasmid
DNA was isolated from E. coli by the alkaline lysis
method.” E. coli was transformed using standard
procedures.” S. cerevisiae MS-161 was transformed
by the lithium acetate method of Ito et al.'V Recom-
binant DNA manipulations were done by standard
methods.”

Nucleotide sequence accession number. The
nucleotide sequence reported in this paper has been
submitted to the DDBJ, EMBL, and GenBank data-
bases under the accession number AB046383.

Results

Purification and amino acid sequence analyses of
B-fructofuranosidase

Fructooligosaccharide-producing S-fructofurano-
sidase was purified from A. niger ATCC 20611 as
described previously.” Peptides were prepared by en-
doproteinase Lys-C digestion of a purified sample.
Amino acid sequence analyses of the N-terminal part
of the protein and several internal peptides were done
and the results are shown in Table 1. A total of 85
amino acids were sequenced.

Cloning and sequence analysis
tofuranosidase gene

We named the gene encoding the fructooligosac-
charide-producing S-fructofuranosidase for fopA
(fructooligosaccharide-producing S-fructofuranosi-
dase). In order to isolate the fopA gene, two degener-
ate oligonucleotides were designed based on the ami-
no acid sequences of peptides 1 and 3, and used for a
PCR experiment. A specifically amplified DNA was
cloned into pUC119, and sequencing of this fragment
showed it was 788 bp long. The amino acid sequence

of p-fruc-

Table 1. Amino Acid Sequences of N-terminus and Internal Pep-
tides of the #-Fructofuranosidase from A. niger ATCC 20611

Source Amino Acid Sequence
Purified enzyme SYHLDT
Peptide 1 LDQGPVIADHPFAVDVTAFR
Peptide 2 VEFSPSMAGFLDWGFSAYAA
Peptide 3 VQTVENVVDNELVREEGVSW
Peptide 4 AALLAXGSVTAEEDRTLQTA

Underlined amino acids indicate the sequences used for the design of
oligonucleotides. An X indicates an undetermined amino acid.

deduced from the DNA sequence of the PCR frag-
ment included the amino acid sequence of peptide 2
as well as those of peptides 1 and 3, which were used
for oligonucleotide design. From these results, we
concluded that this PCR fragment encoded a part of
the fopA gene, and decided to use it as a probe.

Southern blot analysis of the chromosomal DNA
digested with several restriction enzymes indicated
that there was a single hybridizable band the molecu-
lar size of which was about 15 kbp in the EcoRI
digested sample. A subgenomic DNA library con-
taining EcoRI fragments of 10 to 20 kbp was con-
structed in the ADASHII vector as described in
Materials and Methods, and screened by plaque
hybridization. All positive clones obtained had the
same 15-kbp EcoRI fragment judging from restric-
tion enzyme analyses. The region that hybridized
with the probe was sequenced. The nucleotide and
deduced amino acid sequences of the fopA gene are
shown in Fig. 1. There is an open reading frame of
1962 bp that encodes 654 amino acids including an N-
terminal signal sequence of 19 amino acid residues.
The amino acid sequences of the N-terminus and all
the internal peptides from the purified S-fruc-
tofuranosidase can be identified in the deduced ami-
no acid sequence. Cleavage of this putative signal
peptide from precursor results in yielding a mature
protein the molecular mass of which is 69061 Da. The
difference between the deduced molecular mass of the
fopA gene product and that of the purified f-fruc-
tofuranosidase, which was estimated to be 100 kDa
on SDS-PAGE, seems to be due to post-translational
modification, e.g., N-glycosylation. Twelve potential
N-glycosylation sites are present in the amino acid se-
quence deduced from the fopA gene. To analyze the
effects of N-glycosylation on the molecular mass of
the p-fructofuranosidase, the purified pg-fruc-
tofuranosidase was deglycosylated with N-glycosi-
dase F'? and put through western analysis. As shown
in Fig. 3 (lane 2), the molecular mass of the
deglycosylated p-fructofuranosidase was 70 kDa,
which is in good agreement with the calculated
molecular mass.

The 5’-noncoding region of the fopA gene con-
tains a typical TATA box that could be involved in
transcriptional initiation, and it is present 66 bp up-
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Nucleotide Sequence of the fopA Gene and the Deduced Amino Acid Sequence of the Gene Product.
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FopA  MKLTTTTLALATGAAAAEA----- SYHLDTTAPPPTNLSTLPNNTLFHVWRPRAHILPAEGQIGDPCAHYTDPSTGLFHV
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FopA  SGGVHGVGPAQFLYRQNGGNASEFQYWEYLGEWWQEATNSSWGDEGTWAGRWGFNFETGNVLFLTEEGHDPQTGEVFVTL
Suc! KA RRKARRKERRRRYD - - - PDXKRKKFRKQRKHAPRRKTRAN - KRk KK AKKIAAKRKE SKDXYRYN* - HRQI %Sk
Sir-1  RKALKEKKRRRKLRKRYD - - - XDRKKRKKRKQRKHRPLRKTHRN - 0k IR AL KKK KK KF SKDRYKYN, - HXQI KT *]
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Sucl  --ermeeeee e
Sir-1 oo

Fig. 2. Alignment of the S-Fructofuranosidase Amino Acid Sequences Deduced from the fopA, sucl, and sir-1 Genes.
Asterisks indicate amino acids identical to those of the fopA gene product.

stream of the ATG codon. In addition, there are two
consensus binding target sequences for CreA,'
which plays a major role in carbon catabolite repres-
sion, located at 49 and 259 bp upstream of the ATG
codon. The existence of CreA binding sites in the 5’-
noncoding region of the fopA gene is consistent with
the expression of the g-fructofuranosidase being
repressed by glucose (data not shown).

The deduced amino acid sequence of the fopA
gene product had high degrees of similarity to the pri-
mary structures deduced from the sucl'® and sir-1'®
gene (62% and 59% identity, respectively), both of
which were isolated from A. niger and encoded g-
fructofuranosidases (Fig. 2), and also had a sig-
nificant level of similarity to the primary structure of
the sucrose:sucrose 1-fructosyltransferase from A.
Soetidus (22% identity).'® Among the three 8-fruc-
tofuranosidases from A. niger, sequence similarity

was observed throughout the amino acid sequences,
but in the fopA gene product there were several ami-
no acid insertions and an extra C-terminal polypep-
tide consisting of 38 amino acids which could not be
found in two other S-fructofuranosidases.

Expression of the fopA gene in S. cerevisiae

To ascertain whether the presumption of the open
reading frame of the fopA gene is correct, we tried to
express it in S. cerevisiae. The plasmid pYSUC for
yeast transformation was constructed as follows. The
coding region of the fopA gene was amplified by
PCR method using the following primers, 5'-GC-
GGATCCAATGAAGCTCACCACTACC-3’ and
5'-GCGGATCCCGGTCAATTTCTCTCC-3’ as N-
and C-terminal side primer, respectively. The ampli-
fied DNA fragment was digested with BamHI and in-
serted into the BamHI site of yeast expression vector
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pY2831, which has the promoter and terminator of
the glyceraldehyde 3-phosphate dehydrogenase gene
of S. cerevisiae, yielding the plasmid pYSUC.

S. cerevisiae MS-161, which is not able to assimi-
late sucrose as a carbon source, was transformed
with each plasmid, pY2831 and pYSUC. Transfor-
mants harboring plasmid pY2831 did not show any
enzymatic activity of S-fructofuranosidase in the cul-
ture supernatant, but transformants harboring plas-
mid pYSUC showed significant S-fructofuranosidase
activity, the fructosyl transfer and hydrolysis activity
of which was 10.5 and 0.47 units/ml, respectively.
The Ut/Uh ratio of the fopA gene product produced
by S. cerevisize was 22.3 and higher than that
(=14.2) of crude enzyme prepared from A. niger
ATCC 20611.% This may be due to the yeast host
strain used for transformation experiment having no
endogenous hydrolysis activity for sucrose. The car-
bohydrate composition of fructooligosaccharides
produced by the culture supernatant of the yeast
transformant was almost the same as that produced
by the g-fructofuranosidase prepared from A. niger
ATCC 20611 (data not shown).

In western analysis of the culture supernatant of
the transformant harboring plasmid pYSUC (Fig. 3),
a smear signal was detected at more than 100 kDa, in-
dicating that the fopA gene product produced by S.
cerevisiae was heterogeneous in size, mostly larger
than the native enzyme produced by A. niger (lane 1
and 3). This was due to the high N-glycosylation oc-
curring in S. cerevisiaze, because N-glycosidase F
treatment of the fopA gene product produced by S.
cerevisiae increased its mobility and it migrated as
one distinct band, and its size corresponded to that of
the deglycosylated native enzyme (lane 2 and 4).

Analysis of C-terminal region of the fopA gene
product

As described above, amino acid sequence align-
ment indicated the fopA gene product contained an
additional C-terminal region consisting of 38 amino
acids, which was not present in the amino acid se-
quences deduced from the sucl and sir-I genes en-
coding S-fructofuranosidases of A. niger. To analyze
the function of the C-terminal region of the fopA
gene product, we decided to express the 3’-truncated
mutant gene in S. cerevisiae and constructed the ex-
pression plasmid pYSUC-DEL as follows. Using the
same N-terminal side primer for plasmid pYSUC
construction and a new C-terminal side primer, 5'-
GCGGATCCTCATCTCGCCCAGGTGCTCA-3,
the PCR reaction was done to introduce a new termi-
nation codon, TGA, just below the 597th amino
acid, arginine, for the mature enzyme. The specific
amplified 1.87-kb DNA fragment was digested with
BamHI and inserted into the BamHI site of the
expression vector pY2831, yielding pYSUC-DEL.
Hence, yeast transformants harboring plasmid

(kDa)

Fig. 3. Western Blot Analysis of the S-Fructofuranosidase Puri-
fied from A. niger ATCC 20611 and the Culture Supernatant
from the S. cerevisiae Transformant Expressing the fopA Gene.

Lane 1, the purified S-fructofuranosidase; lane 2, the purified
p-fructofuranosidase after treatment with N-glycosidase F; lane
3, the culture supernatant from the S. cerevisiae transformant;
lane 4, the culture supernatant from the S. cerevisige transfor-
mant after treatment with N-glycosidase F. The position and
size of the molecular mass markers used are shown on the left.

Table 2. f-Fructofuranosidase Activities in the Culture Super-
natants and Cell Lysates of S. cerevisize Transformants

f-Fructofuranosidase activity

Plasmid e — e
Supernatant (U/ml) Cell lysate (U/mg- protein)
pYSUC 12.4 50.3
pYSUC-DEL <2.8x107° <1.5%x1072

One unit of S-fructofuranosidase was defined as the amount of enzyme re-
quired to produce 1 gmol of glucose per min under the conditions described
in Materials and Methods.

pYSUC-DEL should express the C-terminal by 38
amino acids truncated fopA gene product, the C-ter-
minus of which was equivalent to those of two other
B-fructofuranosidases of A. niger.

S. cerevisiee MS-161 was transformed with
pYSUC-DEL and the transformant obtained was cul-
tivated in the same way as the transformant harbor-
ing pYSUC. The culture supernatants and cell lysates
were prepared from each transformant, and the
measurement of total f-fructofuranosidase activity
and western analysis were done. The results were
shown in Table 2 and Fig. 4. In the case of the trans-
formant harboring pYSUC, enzymatic activities and
protein products that cross-reacted with anti-f-fruc-
tofuranosidase antibody were detected in both of the
supernatant and cell lysate. On the other hand, in the
case of the transformant harboring pYSUC-DEL, no
enzymatic activity and protein product cross-reacting
with the antibody was detected in both of the super-
natant and cell lysate. These results suggest that the
C-terminal region of the fopA gene product consist-
ing 38 amino acids was essential for the production
of it.

Discussion

In this report, we describe the isolation of the gene
(fopA) encoding the fructooligosaccharide-produc-
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Fig. 4. Western Blot Analysis of the Culture Supernatants and
Cell Lysates from the S. cerevisiee Transformants Harboring
pYSUC and pYSUC-DEL.

Samples were concentrated by ultrafiltration and then put
through SDS-PAGE. Lane 1, the culture supernatant from the
S. cerevisiae transformant harboring pYSUC (200 ul); lane 2,
the culture supernatant from the S. cerevisiae transformant har-
boring pYSUC-DEL (200 ul); lane 3, the cell lysate from the S.
cerevisiqe transformant harboring pYSUC (20 ug); lane 4, the
cell lysate from the S. cerevisige transformant harboring
pYSUC-DEL (20 ug). The position and size of the molecular
mass markers used are shown on the left.

ing p-fructofuranosidase from A. niger ATCC
20611. Nucleotide sequence analysis indicated that
the fopA gene had an open reading frame composed
of 1962 bp and not interrupted by introns. All of the
five amino acid sequences obtained with the sequence
analyses of the N-terminus and four internal peptides
from the purified g-fructofuranosidase could be iden-
tified in the amino acid sequence deduced from the
open reading frame. S. cerevisiae transformants har-
boring the plasmid pYSUC, constructed for the ex-
pression of the open reading frame, produced a f-
fructofuranosidase that had the same catalytic
properties as the enzyme derived from A. niger
ATCC 20611. Moreover, western analysis of the f-
fructofuranosidase produced by S. cerevisige trans-
formants and native enzyme showed that the two
proteins were different in molecular mass but the
same after enzymatic deglycosylation of them, in-
dicating that two proteins had the same polypeptide
chain length. Taken together, these data show that
this open reading frame certainly encodes the amino
acid sequence of the fructooligosaccharide-produc-
ing p-fructofuranosidase from A. niger ATCC
20611.

Two genes, sucl and sir-1, have been isolated as -
fructofuranosidase encoding genes from other strains
of A. niger. The catalytic properties of the two -
fructofuranosidases, especially fructosyl transfer ac-
tivity /hydrolysis activity (Ut/Uh), remain unknown.
Recently we have obtained data that show that A.
niger NRRL 4337 has the same gene as the suc/ gene.

The p-fructofuranosidase prepared from A. niger
NRRL 4337 showed a much lower ratio (=Ut/Uh)
than that of A. niger ATCC 20611 and could not be
used for fructooligosaccharide production.” There-
fore, the fructosyl transfer activity of the sucl gene
product might be lower than that of the fopA gene
product.

Amino acid sequence alignment indicated that the
fopA gene product contained an extra C-terminal
polypeptide consisting of 38 amino acids, which
could not be found in the sucl/ and sir-I gene
products. At first we thought that this extra C-termi-
nal polypeptide plays an important role in fructosyl
transfer activity, and then we tried to express and
characterize the C-terminal truncated fopA gene
product by 38 amino acids in S. cerevisiae. However
we could not express it. From this result, it was sug-
gested that the extra C-terminal polypeptide was not
important for the fructosyl transfer activity but es-
sential for the enzyme production itself. There is
62% sequence similarity between the fopA and sucl
gene products, and they are regarded as f-fruc-
tofuranosidases belonging to the same family. It is
very strange that the polypeptide region essential for
the production of the fopA gene product does not ex-
ist in the sucl gene product. So, we looked over the
nucleotide sequence of the suc/ gene in detail and
found a candidate for an intron at 1 bp upstream of
the deduced termination codon. It is composed of
55 bp and consistent with the consensus sequences of
filamentous fungal introns.'” If our assumption for
the existence of intron in the sucl gene is correct, the
coding region of the sucl gene is longer than that
reported before' by 39 amino acids, the sequence of
which has 68% sequence similarity to that of the ex-
tra C-terminal polypeptide of the fopA gene product.
Therefore, it is reasonable that the intron is really
present in the sucl gene. On the sir-1 gene, it remains
unknown whether an intron is present at the same po-
sition as the sucl gene or not because the nucleotide
sequence of the 3’-noncoding region has not been
shown. cDNA analyses of the suc/ and sir-1 genes
will clarify this ambiguity.

One of our interests is why the fopA gene product
has strong fructosyl transfer activity. Somiari et al.
describe how 16 amino acids between positions 61
and 77 of the sir-1 gene product are different from
that reported for the sucl gene product, and specu-
late that the hydrophobicity of this region relates to
the transfructosylating properties.'® This is not ap-
plicable to the fopA gene product because the amino
acid sequence in this region of the fopA gene product
is identical to that of the sucl gene product. The
fopA gene and its expression system in this study will
provide a clue as to the mechanism by which the
JopA gene product shows strong fructosyl transfer
activity.
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