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Abstract

DFA I (difructose dianhydride I) is a disaccharide composed of 2 molecules of fructose.  DFA 
I is generated from inulin by the action of an enzyme produced by a bacterium Arthrobacter 
globiformis S14-3.  The gene encoding the enzyme was cloned and the nucleotides 
sequenced, for the first time.  The sequence indicated that the native enzyme is composed of 
392 amino acid residues.  The 1.5 kb DNA fragment encoding the gene was found to produce 
the active enzyme, under the control of the lac promoter of pUC 119.
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Introduction 

Sugar beet is an important crop for sugar produc
tion. In recent years, the consumption of sugar in 
Japan and European countries has reached a plateau, 
because of the spread of high fructose corn syrup 
and the popularity of low calorie sweeteners among 
consumers. In the European countries, chicory is 
being introduced as an alternative crop for sugar 
beet, because chicory can be cultivated using the same 
agricultural machines as those for the cultivation of 
sugar beet. Presently, chicory is mainly utilized as 
a vegetable. On the other hand the root of chicory 
contains a large amount of inulin. 

Inulin is a storage polysaccharide contained in 
chicory, Jerusalem artichoke, etc. with a chemical. 
structure consisting of beta-2, I linked fructose poly
mer with a terminal sucrose residue. In studies on 
inulin-decomposing enzymes, hydrolases (inulinase) 
from yeast 1,3J and mold zi were mainly reported. 
Uchiyama et al. SJ identified a new type of inulin
decomposing enzyme. The enzyme converted inulin 
into DFA III (di-D-fructofuranose I, 2': 2, 3' di
anhydride) and a small amount of oligosaccharides. 
The enzyme was designated as inulin fructotransfer
ase (DFA III-producing) [EC 2. 4. I. 93]. 

We isolated a bacterium which produced a novel 
type of inulin-decomposing enzyme4

l. The enzyme 
converted inulin into DFA I (di-D-fructofuranose 

I, 2' : 2, I' dianhydride) and a small amount of nys. 
tose (GF3) and fructofuranosyl nystose (GF4). The 
enzyme was designated as inulin fructotransferase 
(DFA I-producing), which was officially recognized 
as (EC 2. 4. I. 200]. The bacterium which produces 
this enzyme was identified as Arthrobacter globijor
mis Sl4-3. Since DFA I is half as sweet as sucrose, 
it can be used as a low calorie sweetener. In this 
paper, we describe the cloning of the gene of the 
enzyme and the nucleotide the sequence of the gene. 

Materials and methods 

1) Purification of enzyme 
Inulin fructotransferase (DFA I-producing) was 

purified from a culture supernatant of Arthrobacter 
globiformis Sl4-3 by the method described in the 
previous report 4 l. 

2) Partial digestion of enzyme protein by lysyl 
endopeptidase 

The purified enzyme protein was digested with 
lysyl endopeptidase for 20 h at pH 9.5 and 30°C. 
The peptidase reaction was stopped by heating at 
I00°C for 5 min. The reaction products were sub
jected to high pressure liquid chromatography on 
a Shimpack CLC ODS column, and eluted with a 
linear gradient of acetonitrile (0 to 80%) containing 
0.1 % trifluoroacetic acid. 
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3) Amino acid sequencing 
The amino acid sequences of the N-terminal region 

of the enzyme and the lysyl endopeptidase fragment 
were analyzed with a Perkin Elmer 477A/ 120A pro
tein sequencer. 

4) PCR reaction 
Mixed oligonucleotide primers were chemically 

synLhesized. The PCR product was obLained with 
a DNA thermal cycler (Zymoreactor II, Atto Co., 
Ltd.) using Ampli Taq DNA polymerase. The PCR 
reaction was conducted for 40 cycles, with I cycle 
at 94°C for 0.5 min, 40°C for 2 min, 72°C for 
3 min. 

5) DNA sequencing 
The DNA fragments were digested wiLh various 

restriction enzymes and subcloned into plasmids pUC 
118 or pUC I I 9 and, using the helper phage M 13K07, 
single strand DNA for sequencing was prepared. The 
dideoxy sequencing reaction was performed with 
Ampli Taq DNA polymerase using a Prism Dye 
Primer Unicycle Sequencing Kil (Perkin Elmer Co., 
Ltd.). The nucleotides were sequenced with a 373A 
DNA sequencer (Perkin Elmer Co., Ltd.). 

6) Expression of inulin fructotransferase (DFA 
!-producing) gene in E. coli 

For the preculture, E. coli clones were cultured 
overnight in a test tube containing Luria-Bertani broth 
wi th ampicillin (100 ~g/ ml) at 37°C. The cultures 
(0.1 ml) were inoculated into the same medium, con
taining I mM IPTG or without IPTG, and cultured 
at 37°C for 24 h. The cells were removed by cen
trifugation ( I 0,000 x g, 15 min). The inulin fructo
transferase activity in the cu!Lure supernatants was 
measured by the method described in our previous 
report 4>. For the preparation of the cell-free extract, 
the cells of the E. coli clone were washed witb 
10 mM phosphate buffer, pH 6.0, and resuspended 
in the same buffer. The cells were disrupted with 
a Sonifier 200 (Branson Co. , Ltd.) and centrifuged 

Probe1 5'GTGACCACTTGGTCTGGG3' 

Probe2 5'TACGTCGACATCGGTGCT3' 

Fig. I. Synthesized hybridization probes 

(15,000 x g, 30 min). The supernatant was used as 
the cell-free extract and the enzyme activity was 
measured. 

Results and discussion 

1) PCR reaction and preparation of probes 
The 2 mixed oligonucleotides were chemically syn

thesized based on the amino acid sequences of the 
N-terminal region of the enzyme and a lysyl endopep
tidase fragment. Using these PCR primers, a I-kb 
DNA fragment was amplified. The amplified DNA 
was purified by agarose electrophoresis and treated 
with a DNA Blunting Kit (Takara Shuzo Co., Ltd.). 
The blunted DNA was ligated at the Sma I site of 
pUC 118. E. coli MVI 184 was transformed with 
the plasmid. The partial nucleotide sequence of the 
PCR product was analyzed and 2 probes were chem
ically synthesized (Fig. 1). 

2) Cloning of the enzyme gene 
The chromosomal DNA of A . globijormis S14-3 

was digested with Sph I. The digests were analyzed 
by Southern hybridization. The hybridization was 
carried out at 46°C for probe I, and 57°C for probe 
2. In both cases, the probes hybridized with a 
1.5 kb Sph l fragment. The Sph I digests of the 
chromosomal DNA were electrophoresed on an 
agarose gel and a 1.5 kb fraction was recovered with 
a DNA Cell (Daiichi Kagaku Yakuhin Co., Ltd.). 
The 1.5 kb fraction was ligated into the Sph I site 
of pUC 119. Using this ligation mixture, E. coli 
MVl 184 was transformed and a gene library was 
constructed. The gene library was screened by colo
ny hybridization and a positive clone was obtained. 
A plasmid obtained from this clone was designated 
as plF!-l. Fig. 2 shows the restriction map of the 
cloned 1.5 kb fragment. 

Sph I Sal I Sal I Sac I Sal I Sph I 

I I I ~ 
1--- ----1 lnulin Fructotransferase Gene 

'---r-1 -----.-, -----~, -....;._--~ 

1---1 
100 bp 

Sma I E coR I Hind Ill 

Fig. 2. Restriction map of cloned fragment 
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3) Nucleotide sequence of the gene 
The nucleotide sequence of the cloned 1.5 kb frag

ment is shown in Fig. 3. The fragment contained 
a l , 182 bp open reading frame. The open reading 
frame started with ATG and ended with T AA. The 
N-terminal amino acid sequence of the native en
zyme was described in our previous report4> 
(NH2-Ala-Asn-Thr-Val-Tyr ... ). Based on these 
results, it was estimated that ihe native enzyme was 
composed of 392 amino acid residues. The molecu
lar weight of the enzyme was calculated to be 41,600. 
In our previous report 4>, the molecular weight of 
the enzyme was estimated at 39,000 by SDS-PAGE 
and 46,000 by gel filtration . The molecular weight 
obtained from sequencing data was in agreemem 
with the values described in our previous report. The 
native enzyme is an extracellar enzyme produced in 
a culture supernatant. Usually, an extracellular 
enzyme has a signal peptide for secretion, but in 

the nucleotide sequence of the enzyme gene, no se
quence for signal peptide was found. The codon 
usage of the enzyme gene is shown in Table I. The 
nucleotide sequence of the gene had no distinct ho
mology with that. of inulinase gene of Kluyverornyces 
marxianus 1

'. 

4) Expression of the gene 
In the plasmid plF l -1, the gene of the enzyme 

was located downstream of the lac promoter of pUC 
119. The cloned 1.5 kb fragment was introduced 
into pUC 119 in the opposite direction to that of 
p!Fl-1. The constructed plasmid was designated as 
prFl-2. The culture supernatant of the E. coli clone 
containing plFl-1 or plFl-2 was prepared, and the 
enzyme activity was measured. Ju the culture super
natant of the £. coli clone carrying plFl -1 the 
enzyme activity was 0.34 U/ ml when the culture 
medium contained I mM !PTO, while without £PTO 
the activity occurred as trace. However, the culture 

1 OCATOC ACCCGAA CA TCCTTACCACAGGCC TCAACAA CGC TfC AOO l AC TOCCGCTT TACTCACCGAAGGAOAACTTClAAT GGACGCAG 90 
-3 5 -10 

91 CCAAACGOCCCG TTfCACOCCOCAAfATC110C TTGG CGG ACTC ACAGG fC!CG~TAAT CGCl 11 CAGCGGCGCCGCACAAGCGG 180 
-30 -10 

101 CAGC IA CGACGOCACCAOTOCCGATCOACAACICT~GGCTCAOAGCATCCGCCGfAICACGCC AT CG ICOGCOTTCICIAGCfCG 270 
Prime, A Prob• \ 

n I GC AOAC TT TC AGAOCCCAA re re TA IT TCAAGA rcccc1 ACOAA.t\QfillCAOCT A TOGC I A'Ac iit'fiiY n >."tiiAcii t GACCAC l T 00 IC l O 360 
so 14./INJYYPYJJWSO 

Prob• 2 
36 1 GGOCAA CAA TCTCCC CC TACGICOACATCGGTGC TGI CATCA/\TCAGAT CAICOCIOACATCAAAOCCAACCA AACOAGCCMGCAGCAC • SO 

ATISP V VD I GAV I IIO I I AO I KAIIOTSOAA R 

45 1 GC CC GGGCGC AOI CA ICIAIA TCCCGCCGGGGCACIAIGAICIAC IGACCCGCOICOICOTCO ACO IGAGT l fCC I ICAAAIAAAOOOCI 5 40 
r o A V I Y I r r G H Y O L L 1 R V V V O V S F L O I K G S 

541 CCOOGC ACOOCTTCCICTCAOA OGCAAIT COTGAIGAG ICCICA ACCGG IICC TGGGTGGAOACACAOCCC.GGCGCCAGICATA TCCGTO 630 
O n G F L S E A I R O E S S I G S W V E T O P ~ A S H I n V 

631 IGAAAAA CACCOAT00AAACCGOOAAGCC l 1 TCI 00 11TCCCOCIC AOGAGAT CC AAA TG TCGTCGOCCGICTGAACAGCAT1GAAll1A 720 
K II T O G tt R E A F L V S n S G O P II V V G R L II S I C F K 

721 AGGGC TICJOCCTIGACOOCOTOACCGACAOCAAGCCO TACTCOCCGGGGAAT TCC AAAAT COOCATClCGGTGCAATCCGATAACOACl 810 
G F C L O G V r O S K P V S P O II S K I G I S V O S O II O S 

81 I CGI Tl CACGTCGA OOOCATGGGG TTTOICTACCICGAOCACGCCAI CAICOICAAOOO TOCOGA I GCICCCAACATCAClAACAACllCA 900 
F II VEOMOFVVLEIIA 11 V K OADAP/111/I U f I 

90 1 ICOC AGAATOC OGCAOl fOCATTGAGClCACCGOOOCITCOCAOO TCGCCAAAA ICACCAACAAC1TCCIIATCAGCOC1 1GOOCIGGAI 990 
A E C O S C I E L T G A S O V A K I 1 N N F L I S A W A O V 

991 ACTCO AI CTACOCGGAA AA TGCCGAGGOICCACICAICACIOOGAACAGICII II ATOOOC I OCAAACATAACGCIGAGIGACIGCAAIC 1080 
S I y A E II A E G P L I T G II S L L W A A II I I l S O C tt R 

108 1 GGO TIT CCATCAOCl CCAACAA GCT TCICAGCAACT1CCCAA0C AT OOTCGCCCTTCIGOOCAAClO TT CCGAGAACCICAICOCCOCCA 1170 
V S I S S II K L L S II F P S M V A L L O tt C S E II L I A A II 

I 171 ACCACITCCG CAGOGTC ICTOOCOA TOOCACOTCOACTCOC ITTGA CG ACTTOIICGOGCTOO ICCACAT CGAAOGAAAC AACAACACGO 1260 
11 F R R v s O O O T S I n F O O L F O L V H I E G tt tt N f V 

1261 IOACOOGC AA CAIOIIITCCITCAACO TOCCO OCTTCAA OC ATIT CCCC lT CAOGTOCCACCCCOACAATAATTTIGGICAAGAGCOOTG 1350 
TG llld FSFNVPASS I SPSOAI Pl 11 L VKL..ll.-J1 

Prlm•r IJ 
1 JS I ACAGC AAC 1 ACT 1 G01:t!KC'CXA1: A'A n,co,c AGCAACOTO r CGOCOA T GO T AO TCC ICGACOOCAO T ACAAC I OCCACGCGAA I CATC 1 14 •o 

s N y A I N II I y s II v s A M v Y L o o s r r A r R I I Y 

I 4 d I ACAOC OCCAAAAA I AOCCAA C I CAA CGCC l ACACCACOAO TT A CA CCC l GOT I CCC ACOCCA T AAOAOTCOC f OOCGGA I AACCOC roo 1 15 JO 
S A K II S O L II A Y r r S Y l L V P T P t 

ISJ I TCO CCCTTlOCAT GC 15<5 

Fig. 3. Nucleotide sequence or chromosomal fragme111 co111aining the enzyme gene 
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Table I . Codon usage of inuli11 fruclolransfcrasc (OF A I -producing) 

Amino acid 
(Total) 

Ala 
(33) 

Arg 
(12) 

Asn 
(34) 

Asp 
(19) 

Cys 
(5) 

Gin 
(8) 

Glu 
( 13) 

Cly 
(33) 

His 
(7) 

lie 
(33) 

Leu 
(26) 

Codon 

CCT 
CCC 
CCA 
CCC 

CCT 
CCC 
CCA 
CCC 
ACA 
ACC 

AAT 
AAC 

CAT 
CAC 

TGT 
TGC 

CAA 
CAG 

CAA 
GAG 

CGT 
GGC 
GCA 
GGG 

CAT 
CAC 

An· 
ATC 
ATA 

TTA 
TTG 
CTT 
CTC 
CTA 

Frequency 
of use 

9 
14 
7 

3 

3 
5 
I 

2 
0 
I 

7 
27 

7 
12 

4 

5 
3 

5 
8 

6 
15 
4 
8 

I 
6 

5 
25 

3 

3 
6 
8 
I 

supernatant of the £. coli carrying plF 1-2 had no 
activity. The results suggest tha t the expression of 
the enzyme gene is controlled by the lac promoter 
of pUC 119. The cell-free extract of the £. coli 
clone (plF l-1 , with IPTG) was prepared and the en
zyme activity was compared with that of the culture 
supernatant. The ratio of the total enzyme activity 
expressed (cell-free extraci: culture supernatant) 
ranged from 46 to 54. 

Amino acid 
(Total) 

Leu 

Lys 
( 11) 

Met 
(5) 

Phe 
( 15) 

Pro 
(16) 

Ser 
(46) 

Thr 
(29) 

Trp 
(4) 

Tyr 
(12) 

Val 
(32) 

Stop 
(I) 

References 

Codon 

CTG 

AAA 
AAC 

ATC 

TIT 
TTC 

CCT 
CCC 
CCA 
CCC 

TCT 
TCC 
TCA 
TCG 
ACT 
ACC 

ACT 
ACC 
ACA 
ACG 

TGG 

TAT 
TAC 

GTT 
GTC 
GTA 
GTG 

TAA 
TAG 
TGA 

Frequency 
of use 
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6 

5 

6 
6 
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II 
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0 
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