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Abstract: The main commercial production of fructooligosaccharides (FOS) comes from enzymatic transformation using
sucrose as substrate by microbial enzyme fructosyltransferase. A fructosyltransferase genomic DNA was isolated from
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Aspergillus niger QU10 by PCR. The nucleotide sequence showed a 1 941 bp size, and has been submitted to GenBank
(KF699529). The cDNA of the fructosyltransferase, containing an open reading frame of 1 887 bp, was further cloned by
RT-PCR. The fructosyltransferase gene from Aspergillus niger was functionally expressed both in Escherichia coli and
Pichia pastoris GS115. The highest activity value for the construction with the a-factor signal peptide reached 431 U/mL
after 3 days of incubation. The recombinant enzyme is extensively glycosylated, and the active form is probably represented
by a homodimer with an apparent molecular mass of 200 kDa as judged from mobility in seminative PAGE gels. The
extracellular recombinant enzyme converted sucrose mostly to FOS, mainly 1-kestose and nystose, liberating glucose. FOS
reached a maximal value and represented about 58% of total sugars present in the reaction mixture after 4 h reaction. The
results suggest that the availability of recombinant Pichia pastoris as a new source of a FOS-producing enzyme might result

of biotechnology interest for industrial application.

Keywords: Aspergillus niger, fructosyltransferase, cloning, expression, fructooligosaccharides

Introduction

Fructooligosaccharides (FOS) as functional

food ingredients
[1-2]

owing to their prebiotic

properties are produced either from plant
sources or from microorganisms.
Fructosyltransferase (EC 2.4.1.9, FTase) and
B-fructofuranosidase, also called invertases (EC
3.2.1.26, FFase) are particularly useful for FOS
production at industrial level'. Thus, there is

considerable interest in the isolation and
characterization of enzymatic activities capable of
fructosyl polymerization and also in the genes
them!*!.
possessing fructosyl-transferring activity
including Aspergillus niger, Aspergillus oryzae,
Aspergillus  japonicus, Neurospora crassa,
Aureobasidium  sp.,  Fusariumoxys  porum,
Arthrobacter sp. and yeast were reported™ ).

Fungi fructosyltransferase coding genes have

encoding Several  microorganisms

been isolated mainly from Aspergillus strains,
which genes are more homogeneous with size
ranging from 1.6 to 2.2 kb. These genes have been
expressed in genetically modified bacteria, yeast,
molds and plants, allowing the production of
recombinant fructosyltransferases with similar or
even better fructosyltransferase activity than
observed in native enzyme, and have been used
for FOS production®. Although successful FOS
production

using microorganism, especially

fungus, has been carried out during the last 20
years, it is still necessary to isolate new genes
encoding fructosyltransferases  with
Aspergillus  niger QUI10

fructosyltransferase, which has been characterized

higher
activity. secretes
enzymologically by our laboratory. In this work,
we reported the cloning of a fructosyltransferase
gene from the A. niger strain and its heterologous
expression in Escherichia coli (E. coli) and
Pichia pastoris (P. pastoris). The effect of
secretion signal peptide type on the expression
level and the use of the recombinant enzyme for
FOS production were also investigated.

1 Materials and methods

1.1 Materials
1.1.1 Strains and plasmids

A. niger QU10 (CGMCC3.316) was obtained
from the CGMCC (Beijing, China). The E. coli
DH5a was used in DNA manipulation. The BL21
and P. pastoris GS115 (Invitrogen) were used as
microbial expression systems. pET-22b
(Novagen), pGAPZA and pGAPZoA (Invitrogen)
were used as expression vectors.
1.1.2 Culture of A. niger

The fungus was grown on 15% sucrose, 1%
yeast extract, 0.5% NaNO;, 0.5% K,;HPOy,,
0.05% MgS04, 0.05% KCl, 0.2% CMC-Na,
adjusted to pH 5.5!""". The medium was incubated
for 72 h at 28—30 °C and 200 r/min.
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1.1.3 Genomic DNA and total RNA extraction

Fungal biomass was harvested by filtration
through a filter paper and frozen in liquid nitrogen
and homogenized by grinding in a mortar.
Genomic DNA was extracted using plant genomic
DNA kit (Tiangen). Total RNA was isolated using
SV total RNA isolated system (Promega). First
strand cDNA was synthesized using the GoScript
reverse transcript system (Promega) following
manufacturer’s instructions.

1.2 Methods
1.2.1 Cloning of A. niger fructosyltransferase
gene

PCR primers were designed using the
reported sequences of A. niger

fructosyltransferase genes. The primer sequences
used were sense primer and anti-sense primer!'"
or anti-sense primer 2 (GenBank Accession No.
DQ233218)!'* (Table 1), PCR reactions were
carried out using Q5™ High-Fidelity DNA
polymerase (NEB) and A. niger QU10 genomic
DNA or first-strand cDNA as a template,
according to the following temperate program:
98 °C for 10 s, 54 °C or 59 °C for 30 s and 72 °C
for 80 s for 35 cycles. The amplified DNA

fragments were cloned into the pEASY-B vector

Table 1 Sequences of primers used in this study

and sequenced.
1.2.2 Construction of expression plasmids

To construct the expression vectors,
fructosyltransferase ¢cDNA was amplified using
Q5™ High-Fidelity DNA polymerase. Primer P1
and cP2 (Table 1) wused for

fructosyltransferase cDNA with the native signal

cloning

sequence, under the following temperature
program: 98 °C for 10 s, 59 °C for 30 s and 72 °C
for 80 s for 35 cycles. The amplified DNA
fragments were digested by EcoR I and Not I,
and then cloned into pGAPZA digested by the
same restriction enzymes. Primers cP1 and cP2w
(Table 1) were used to clone cDNA without the
native signal sequence. The PCR products were
digested by EcoR I and Not I, and cloned into
pGAPZoA digested by the same restriction
enzymes. Primers cP11 and cP2w (Table 1) were
used to clone cDNA without the native signal
sequence. The PCR products were also digested
by EcoR I and Not I, and cloned into pET-22b
digested by the same restriction enzymes. The
presence of the PCR products was verified by
restriction agarose gel

enzyme digestion,

electrophoresis and sequencing.

Primer name Primer sequence (5'-3") Size (bp)
Sense primer TAGGCGGATCCCATGAAGCTTCAAACGGCTTC 32
Anti-sense primer AGGGCGGAATTCAAGATACTCACCGAACCCAA 32
Anti-sense primer 2 AGGGCGGAATTCAAGATACTCACCGAACCCAA 32
Pl CTCGGAATTCATGAAGCTTCAAACGGCTTC 30
cP2 TAGCGGCCGCTTAAGACTGACGATCCGGC 29
cP1 CTCGGAATTCGCCTCTCCTTCCATGCAGAC 30
cP2w TAGCGGCCGCAGACTGACGATCCGGCCAAG 30
cP11 CTCGGAATTCAGCCTCTCCTTCCATGCAGAC 30

Italicized letters indicate restriction enzyme sites.

http://journals.im.ac.cn/cjben



KES F/RME QUI0 REEEBIIRERIX

1.2.3 Heterologous expression of A.
fructosyltransferase
To ascertain whether the presumption of the

niger

open reading frame of the fts gene is correct, we
tried to express it in E. coli and P. pastoris. E. coli
BL21 was transformed with pET-22b/cFTSW by
heat shock. The engineering bacteria were grown
in LB medium until mid-log phase before adding
0.01 mmol/L IPTG. Then FTase expression was
continued at 25 °C. Samples were taken at
intervals for analysis of biomass yield (ODgg) and
fructosyltransferase activity.

P. pastoris GS115 was transformed with
pGAPZA/cFTS and pGAPZaA/cFTSW by
electroporation. The plasmids were linearized at
the BspH I site prior to transformation for
efficient integration into the P. pastoris genome.
selected for Zeocin
YPDS
extract-peptone-dextrose, with 1 mol/L sorbitol

Transformants  were

(Invitrogen)  resistance  on (yeast

added) agar supplemented with 100 pg/mL Zeocin.

Transformants were transferred by toothpicks into
16-well plates, ensuring that each well containing
1.2 mL YPD liquid. The plates were incubated at

28 °C with 180 r/min for 24 h in a humidity shaker.

After centrifugation, the culture supernatants were
higher
fructosyltransferase activities were transferred by
toothpicks into a 250 mL flask with 50 mL YPD
liquid media. Samples were taken at intervals for
determination of biomass yield (ODgy) and
fructosyltransferase activity. The transformant

assayed. Colonies with the

with highest-secreting ability was then screened
out.
1.2.4 Sequences analysis

A. niger QUI10 fructosyltransferase protein
sequence was translated using the DNAMAN,
which  was also used to align the
fructosyltransferase sequences. A. niger QUI10
protein sequences were analyzed using the
ProtParam, NetOGlyc and NetNGlyc
available at the Expasy Proteomics

tools,
Server

(http://www.expasy.ch/tools), to identify basic
physico-chemical parameters, and number and site
of N- and O-glycosilations, respectively.
1.2.5 Enzyme assay

The enzymatic analysis was performed as
described by Wang and Zhou!'”. One unit of the
transfructosylating activity was defined as 1 pmol
of fructose transferred per minute!"!.
1.2.6 Seminative polyacrylamide gels analysis
of the expressed activity
PAGE gels were
according to Laemmli"* containing 0.1% SDS,

Seminative prepared
but samples were loaded in a buffer containing the
same amount of SDS without B-mercaptoethanol
and boiling. After electrophoresis, the gel was
washed extensively with 50 mmol/L sodium
acetate (pH 5.0) containing 0.5% (V/V) Triton
X-100 for 15 min to remove the SDS. Afterwards,
the gel was incubated in 25% sucrose and
50 mmol/L sodium acetate (pH 5.0). Incubated
time was 30 min at room temperature.
Visualization of sucrolytic activity was performed
by incubation with 1% (W/N) in 23,5-
triphenyltetrazolium-chloride (TTC) in 0.25 mol/L
NaOH at 100 °C. Sucrolytic activity resulted in
formation of red formazan dye due to the reaction of
TTC with reducing sugars. After a few minutes, the
TTC solution was discarded, and the staining was
stopped with 5% (V/V) acetic acid™',
1.2.7 FOS production

The heterologous fructosyltransferase was
used for batch production of FOS. The assay was
carried out using 250 g/L sucrose at 45 °C in
0.1 mol/L sodium acetate buffer, pH 5.0, and
8 U/mL crude enzyme from recombinant
P. pastoris (measured in the standard assay).
Aliquots were taken at intervals. The enzyme was
inactivated by boiling for 20 min in water. Then
the FOS was analyzed quantitatively by HPLC
under the following conditions: column, Hypersil-
NH; (250 mmx4.6 mmx5 plL); mobile phase V
(acetonitrile): V (filtered distilled water) = 75:25;
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flow rate: 1 mL/min; column temperature: 30 °C;
refractive index detector (Waters 2414) was used.

2 Results

2.1 Cloning of A. niger fructosyltransferase gene

Sense primer and anti-sense primer 2 were
designed (see material and methods) in order to
amplify the coding sequence from A. niger QU10.
The primers were designed in such a way that the
entire fructosyltransferase coding sequence would
be amplified. The amplified DNA fragment of
about 1.9 kb was cloned into the pEASY-B vector
and sequenced. The full-length cDNA was
amplified by RT-PCR using the sense and
antisense primer 2, Q5'" High-Fidelity DNA
polymerase, and the first strand ¢cDNA as a
template. A single band of about 1.9 kb was
obtained and sequenced. The fructosyltransferase
genomic DNA consisted of 1 941 bp (Fig. 1A),
and the nucleotide sequence has been submitted to
GenBank. The obtained ¢cDNA contained an open
reading frame of 1 887 bp (Fig. 1B). Sequence
comparison of the genomic DNA and cDNA of the

A

Fig. 1

A. niger QU10 fructosyltransferase showed the
presence of a 54 bp intron located between 1 767
and 1 820 bp (Fig. 2), and the splicing site
matched the GT-AG rule'®. One nucleotide in the
fructosyltransferase cDNA was not consistent with
corresponding nucleotides of exons from the
genomic DNA. It was at position 918 according to
the genomic DNA sequence; however, the
nucleotide discrepancy did not result in a
discrepancy in deduced amino acid sequence.

2.2 Characterization of the deduced protein

The cloned cDNA encodes a protein with 628
amino acids with a deduced molecular mass of 68 kDa.
Part of the ORF is a putative signal sequence
encoding 15 amino acids!'”. Computational analysis
showed that the enzyme has a 4.75 isoelectric point
(pl) and 12 potential N-glycosylation sites (Fig. 2).
The active site was located in Asp64 into the
HVLPPNGQIGDPCL sequence (Fig. 2), according
to the glycosyl
correspond to the catalytic nucleophile, transition

state stabilizer and acid-base catalyst, respectively!'®.

consensus pattern of the

B

Agarose gel analysis of PCR product of fts gene. (A) PCR amplified fragment of the fts gene from A. niger

QUI10 genomic DNA. (B) PCR amplified fragment of the fts gene from A. niger QU10 cDNA. 1: standard DNA
marker of different molecular weight; 2: PCR amplified fragment.
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The fructosyltransferase gene sequence from has  demonstrated that A. niger QUI0
A. niger QUI10 showed a 94% identity with fructosyltransferase has 99% homology with
fructosyltransferase genes from other A. niger A. kawachii IFO4308 extracellular invertase!',
strains. Comparison of the amino acid sequences of followed by 98% homology with A. niger
the A. niger QUIO fructosyltransferase with CBS513.88 extracellular invertase (NCBI reference
fructosyltransferase sequences available in database sequence: XP_00139209.2), and 92% with A. niger

. M KLOTASVLLGSAARRSPSMOTRASVVIDY

91 AATGTCGCTCCTCCRAACCTCTCCACCCTGCCCARTGGCTCCCTCTTCGARACATGGCGTCCCCGCGCCCACGTCCTGCCCCCCARTGGC

31 NV APPNILSTTILZPNGSTILZFETWIRUPIRAHRVYVTILZPPNG
*

181 CAGATCGGTGACCCCTGCCTGCATTACACCGATCCTGCCACGGGCCTCTTCCACGTCGGCTTCCTTCACGATGGCAGCGGCATCTCCAGT

61 Q I b PCLHYTDU®POATS GTLUEFHVYV GFULUHDSGSGTI S S

271 GCCACCACCGATGATCTAGCCACCTACCAGGACCTCAACCAAGGCARCCAAGTCATTGTCCCCGGGGGCATCARCGACCCCGTCGCTGTC
91 A T TDDILATYOQDILNOQGNOQOQV IV PGGTINTDU®PV AV

361 TTCGACGGCTCCGTCATCCCCAACGGCATCAACGGCCTCCCCACCCTCCTCTACACCTCCGTCTCCTTCCTCCCCATCCACTGGTCCATC
121 rFrDGSVIPNSGINSGL®PTULILYTS SV S FLPIHW®WSI

451 CCCTACACCCGCGGCAGTGAGACCCAATCTCTCGCCGTCTCCTCCGACGGCGGCAGCAACTTCACCAAGCTCGACCAGGGCCCCGTCATC

151 PYTRGSETOQSLAV S SDGSGSNZEFTIE KTILDGOQG?©?PVTI
*®

541 CCTGGCCCTCCTTTCGCCTACAARCGTCACCGCATTCCGGGACCCCTACGTCTTCCAARACCCCACTCTCGACTCCCTCCTCCACAGCARG

181 P GGPPFAYNVTAFIRDZPYVFQNZPTTULDSTLTUILHS K
* *

631 ARCAACACCTGGTACACCGTCATCTCCGGTGGTCTGCACGRARARGGGCCCCGCCCAATTCCTCTACCGTCAGTACGACTCAGACTTCCAG

211 N NTWYTVV IS GGILUHEIE KG G®PAQUFILYRQYDSDF Q

721 TACTGGGAGTACCTCGGCCAATGGTGGCACGAACCCACCAACTCCACCTGGGGTAACGGCACCTGGGCCGGCCGCTGGGCCTTCAACTTC

241 Y WE YL GOQWWHEU®PTWNSISTWSGNGTWASGI RWATFNF
* *

811 GAGACGGGCAACGTCTTCAGTCTCGACGAGTACGGATACAACCCCCACGGCCAGATCTTCACCACCATCGGCACCGAGGGCTCTGACCTG

271 ETGNV FSLDEYGYNU&PHGOQETIUFTTTISGTETGSDTL

901 CCCGTCGTGCCCCAGCT!ACCAGCATCCACGACATGCTCTGGGTGTCCGGTACAGTCTCCCGCAATGGCTCTGTCTCTTTCACCCCCAAC
301 pvwv?ePQLTSsSIHDMTILW®WYVSGTV S RNGSV S F T PN
*

991 ATGGCGGGCTTCCTCGATTGGGGCTTCTCCTCT TACGCTGCTGCCGGAAAGGTTCTCCCCTCGACTTCTCTGCCTTCCACGAAGAGCGGC
331 MAGPFLDWSGEFSSYAAAGIE KVUL?PSsSTSULPSTI KSG

1081 GCCCCGGRCCGCTTCATCTCGTACGTCTGGCTGTCCGGTGACCTGTTCGRACAGGCCGAAGGATTCCCCACGRACCAGCAGAATTGGACC
361 A PDRPFISYVWILSGDILU FEGOQAEGTEFU&PTNOQOQNWT
*

1171 GGTACGCTGCTGCTTCCGCGTGAGTTGCGCGTGCTGTATATTCCCAATGTGGTGGACRATGCTCTGGCCCGGGAGTCTGGTGCCTCGTGG
391 G TLLLPREI LIRVVLYTIU®PNVVDNAILA AIZRIES S GASW

1261 CAGGTCGTGAGCAGCGATAGCAGTGCGGGCACCGTCGAGCTGCAGACGCTGGGTATCTCTATCGCGAGAGAGACCAAGGCCGCGTTGCTG
421 QvvssSDbDSSAGTVETLSOQTTZLSGTISTIARETI KA ARATLTL

1351 TCGGGAACTTCGTTCACTGAGTCCGACCGCACCCTGAACAGCAGCGGTGTTGTTCCGTTCAAGCGCTCGCCGTCCGAGARGTTCTTCGTT
451 s TS FTESDIZRTILNSS GV VYV PFIKI RSP S EIZ KT ETFV
*

1441 CTTTCCGCGCAGCTGTCCTTCCCTGCGTCTGCTCGAGGATCGGGACTTAAGAGTGGATTCCAGATCCTCTCGTCGGAGCATGARAGTACT
481 L s A QL SFPASARSGSSGILIZ KSSGU FOQQIUILSSEUHTEST

1531 ACCGTGTACTACCAATTCTCGAATGAGTCGATTATTGTCGATCGCAGTAACACTAGTGCTGCGGCGCGCACGACTGATGGCATCGATAGC

511 TV YYQFSNZESTITIVDIRSNTSAAARTTUDSGTITDS
*

1621 AGTGCGGAGGCTGGCARGTTGCGTCTGTTTGATGTGCTGAATGATGGAGAGCAGGCCATTGAGACATTAGACTTGACTCTCGTGGTGGAT
541 S A EAGKILIRILUFDVLNDSGEQATIZ ETTZLDTILTT LV V D

1711  AACTCGGTGTTGGAGGTTTATGCCAATGGTCGGTTTGCATTGAGTACTTGGGTTCGgtgagtatecttectagttgatgattgaagagtgyg
571 N S VL EVYANGI R FALSTW®WYV R

1801 tgatgctaacgtgaggatagTTCCTGGTACGCCARTTCCACCARCATCAGCTTTTTCCATARTGGTGTGGGTGGTGTCGCGTTCTCCRAC
590 s WYANSTNTISVFFHDNGVY GGV A F S N
* *
1891 GTGACTGTTTCCGAGGGCTTGTATGATGCTTGGCCGGATCGTCAGTCTTAA
613 v T v S E GLYDAWUPUDUZ ROQ S -—
Fig. 2 Gene and protein sequences of fructosyltransferase from A. niger QU10. Intron is shown in lower case letters.
N-glycosylation potential sites are represented by asterisks. Nucleotide discrepancy between genomic and cDNA is
showed in the white box. The signal peptide is dashed-underlined. Active site is shown in the gray box and active site

residue is shown with a double-line.
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. 2
1nvertase[ O].

2.3 Expression of fructosyltransferase in
E. coli and P. pastoris
For heterologous
fructosyltransferase, the E. coli strain BL21 and
the yeast GS115 were used. Both
completely lack sucrolytic activity and therefore
system. The
fructosyltransferase cDNA without native signal
sequence was cloned into the vector pET22b. The
resultant plasmids were transformed into E. coli
BL21. The enzyme activity was determined in the
highest
intracellullar fructosyltransferase activity reached
1.68 U/mL. But 0.3% of total fructosyltransferase
activity was present in the culture medium.
Similar result was reported by Trujillo et al'l.
For yeast transformation, the fructosyltransferase
cDNA with native signal sequence was cloned
into the vector pGAPZA, under the control of the
GAP. Another cDNA
without native signal sequence was inserted
downstream of the a factor secretion signal
sequence of pGAPZaA. The resultant plasmids
and the control vectors were digested by BspH 1,
and transformed into GS115, respectively. About
2x107 colonies were evaluated for fructosyltransferase

expression of
strains

served an ideal expression

cell lysate and supernatant. The

constitutive promoter

expression in 16-well plates. In all cases, the
enzyme accumulated activity in the supernatant

A
= FTase activity with native

80 secretion signal peptide 125
~ 70} & Biomass -
2 60l 120 " g
g )
> 50t 115
T 40t P
£ 30] 110 2
5 20t 15 2
< q0t M

0 : : ; ; 10

1224 36 48 60 72
t(h)

fluids although at different levels. The
fructosyltransferase activity for the construction
with o factor secretion signal sequence, which
reached 431 U/mL after 3 days of incubation, was
6 fold higher than that for the construction with
native signal sequence (63 U/mL). Therefore, the
a factor secretion signal peptide is useful for
expression in P. pastoris. It is consistant with
previous investigation'*?. However, in other study,
replacing the a factor secretion signal peptide with
the native signal sequence of laccase resulted in 5
(23] The biomass yield of the
signal

fold higher activity
construction with o factor secretion
sequence was lower than that with native signal
sequence (Fig. 3).

2.4 Characterization of the recombinant
fructosyltransferase

Molecular mass of the A. niger QUI0
fructosyltransferase protein was estimated to be
approximately 100 kDa, as judged by SDS-PAGE
run under fully denaturing conditions (Fig. 4A).
The high apparent molecular mass of the mature
by SDS-PAGE
probably results from post-translational modification.
Under these conditions, the intensity of the 200
kDa band seen in seminative PAGE was greatly
increased (Fig. 4B). It is to assume that the active

fructosyltransferase  protein

enzyme is a homodimer. The heterologous
fructosyltransferase exhibited a pH optimum at

B
# FTase activity with a-factor

308 r secretion signal peptide 125
3 400 [ * Biomass 20 2
£ 350 Q
= B s
£ 200 {10 &
2 100f 5 :
< 50| ag]

0 S ———

12 24 36 48 60 72
t (h)

Fig. 3 Comparison of fructosyltransferase expression using the native and the a-factor secretion signal peptide in
P. pastoris GS115. (A) With the native secretion signal sequence. (B) With the a-factor secretion signal sequence.
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kDa 1 2

116.0

66.2

45.0

35.0

25.0

18.4
14.4

1 2 kDa

Fig. 4 SDS-PAGE analysis of heterologous fructosyltransferase. (A) Denaturing SDS-PAGE analysis. 1: standard
protein marker of different molecular weight; 2: culture supernatant of pGAPZaA/cFTSW-GS115. (B) Seminative
SDS-PAGE analysis. 1: culture supernatant of pGAPZaA/cFTSW-GS115; 2: standard protein marker of different

molecular weight.

5.5, and the optimal temperature of the enzyme
was 45 °C. The optimal pH and temperature of the
recombinant fructosyltransferase was similar to
that of the natural enzyme (data not published).

The heterologous fructosyltransferase from P.

pastoris was assayed for the production of FOS. A
sucrose solution (250 g/L) containing recombinant
enzyme (8 U/mL) was incubated at 45 °C in
0.1 mol/L sodium acetate buffer, pH 5.0, and then

analysed by HPLC. As shown in Fig. 5, the

extracellular recombinant enzyme converted
sucrose mostly to FOS, mainly 1-kestose and
nystose, liberating glucose. Small amounts (1%)
of 1"-fructofuranosylnystose (GF;) were also
formed after 8 h (Table 2). The time course of
FOS production revealed that more than 84% of
the sucrose was consumed by the action of
heterologous fructosyltransferase after 4 h of
incubation. FOS reached a maximal value and
represented about 58% of total sugars present in

the reaction mixture. The efficiency of FOS

synthesis was about 69%. The trisaccharide
kestose reached a maximal value (45% of total
sugars present) after 2 h (Table 2).

3 Discussions

In this report, the sense and anti-sense
primers were designed. A PCR product of 1.7 kb
was amplified with A. niger QU10 genomic DNA
as the template. We tried to express the
fuctosyltransferase gene with 589 amino acids in
E. coli and P. pastoris. However, we could not
express it (data not shown). Based on these results,
the extracellular invertase gene sequence from
A. niger CBS513.88"% was selected for the
cloning primers design. PCR from genomic and
first-strand cDNA samples using the sense primer
and anti-sense primer 2 produced a 1.9 kb PCR
product (Fig. 1). Sequence comparison of the
DNA and cDNA  of  the

fructosyltransferase showed the presence of an

genomic

intron. As described above, amino acid sequence
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indicated the
c¢DNA product contained an additional C-terminal
region consisting of 39 amino acids, which was
not present in the amino acid sequence deduced
PCR product of 1.7 kb. The
cDNA was successfully
expressed and secreted in functional form by
E. coli and P. pastoris. From this result, it was
suggested that the extra C-terminal polypeptide

alignment fructosyltransferase

from the
fructosyltransferase

was not important for the frutosyl transfer activity
but essential for the enzyme production itself. Yanai
and Somiari et al get a similar conclusion!'"**.

The sequence comprises an ORF of 1 887 bp
encoding a protein of 628 amino acids and thus

has a calculated mass of 66.6 kDa, not including a

50}
40}

i GF
>3O G 2
=20} (‘\

S || GF,
10} LR
ol

1 2 3 4 5 6 7 8 9 1011 12

¢ (min)
Fig. 5 HPLC chromatogram of oligosaccharides
produced from sucrose by heterologous

fructosyltranferase. G: glucose; S: sucrose: GF,:

kestose; GF;: nystose.

Table 2 Products and substrate concentration
variation of heterologous fructosyltransferase
during the reaction course

Concentration (%)

Time
(b)) Sucrose Kestose Nystose I'-fructofura-
nosylnystose
: 3 42 © 0 48
: 2 s 0 56
4 16 39 19 0 s
6 14 36 1 0 5
’ = 2 =5 1 56
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1 460 Da signal peptide. An increase in mass of
about 30 kDa 1is given that 12 possible
N-glycosylation sites could be identified within
the sequence of the mature peptide. Due to
glycosylation, the apparent molecular mass of the
protein by SDS-PAGE was much higher than that
calculated for the ORF of fts (Fig. 4A). Unlike
N-glycosylations, the sequences did not present
O-glycosylations. Fructosyltransferase sequences
in fungi were grouped in two different clades as
reported previously!®. The amino acid sequence
of fructosyltransferase from A. niger QUI10
belonged to clade VIb. Although a wide variation
was observed, a tendency of higher number of
N-glycosylations was observed for clade VIb
(fungi) sequences.
Preparations ~ of  active  heterologous
fructosyltransferase show a single protein band of
200 kDa by seminative PAGE (Fig. 4B). This
band disappears when gels are run under
denaturing conditions. As only one peptide
species with a molecular mass of 100 kDa results
from reductive denaturation (Fig. 4A), we believe
that the active heterologous fructosyltransferase is
a dimmer with identical subunits. Dimerrization

shown for
[1,4]

has also been secreted fungal
fructosyltransferase

As shown in Fig. 5, FOS reached a maximal
value and represented about 58% of total sugars
present in the reaction mixture. Therefore, we
believe that the fts gene product has strong
fructosyl transfer activity. In the deduced peptide
sequence of A. niger QU10 fructosyltransferase,
we could recognize that the amino acid sequence
between positions 61 and 77 of the fts gene
product is identical to that of the sucl gene
product. The fts gene and its expression system in
this study also will provide a clue as to the
mechanism by which the fts gene product shows
strong fructosyl transfer activity[24]. The highest
fructosyltransferase activity for the construction
with o factor secretion signal sequence reached
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431 U/mL after 3 days of incubation. The activity of
recombinant fructosyltransferase is approximately
35-fold than that of the natural frutosyltransferase
(12.3 U/mL, data not published). Therefore, the
recombinant P. pastoris is more efficient to
produce this enzyme. Although the methods of
assay are different, it is worth nothing that the
activity of recombinant fructosyltransferase is

significantly  high, compared with other
study[21’24].
In conclusion, the recombinant

fructosyltransferase from P. pastoris GS115 has a
higher transfructosylating capacity and activity
compared with related enzymes,
advantageous for FOS synthesis. The availability
of recombinant P. pastoris as a new source of a

which are

FOS-producing enzyme might result of

biotechnology interest for industrial application.
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